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 [https://github.com/pyiron//pyiron/actions][image: _images/downloads.svg][image: _images/latest_release_date.svg]pyiron - an integrated development environment (IDE) for computational materials science. It combines several tools in a common platform:


	Atomic structure objects – compatible to the Atomic Simulation Environment (ASE) [https://wiki.fysik.dtu.dk/ase/].


	Atomistic simulation codes – like LAMMPS [http://lammps.sandia.gov] and VASP [https://www.vasp.at].


	Feedback Loops – to construct dynamic simulation life cycles.


	Hierarchical data management – interfacing with storage resources like SQL and HDF5 [https://support.hdfgroup.org/HDF5/].


	Integrated visualization – based on NGLview [https://github.com/arose/nglview].


	Interactive simulation protocols - based on Jupyter notebooks [http://jupyter.org].


	Object oriented job management – for scaling complex simulation protocols from single jobs to high-throughput simulations.




[image: Screenshot of pyiron running inside jupyterlab.]
pyiron (called pyron) is developed in the Computational Materials Design department [https://www.mpie.de/CM] of Joerg Neugebauer [https://www.mpie.de/person/43010/2763386] at the Max Planck Institut für Eisenforschung (Max Planck Institute for iron research) [https://www.mpie.de/2281/en]. While its original focus was to provide a framework to develop and run complex simulation protocols as needed for ab initio thermodynamics it quickly evolved into a versatile tool to manage a wide variety of simulation tasks. In 2016 the Interdisciplinary Centre for Advanced Materials Simulation (ICAMS) [http://www.icams.de] joined the development of the framework with a specific focus on high throughput applications. In 2018 pyiron was released as open-source project.


Note

pyiron 0.X – Disclaimer: With the first open source release of pyiron under the BSD license [https://github.com/pyiron/pyiron/blob/master/LICENSE] we provide a fully functional core platform. We are currently working on finalizing various plugins, e.g. to enhance high throughput simulations, for Computational Phase Studies [https://www.mpie.de/2891195/computational_phase_studies], and Electrochemistry and Corrosion [https://www.mpie.de/3119070/Corrosion]. The code is published on Github.org [https://github.com/pyiron], PyPi.org [https://pypi.org/user/pyiron/] and Anaconda.org [https://anaconda.org/pyiron]




Explore pyiron

We provide various options to install, explore and run pyiron:


	Workstation Installation (recommeded): for Windows, Linux or Mac OS X workstations (interface for local VASP executable, support for the latest jupyterlab based GUI)


	Mybinder.org (beta): test pyiron directly in your browser (no VASP license, no visualization, only temporary data storage)


	Docker (for demonstration): requires Docker installation (no VASP license, only temporary data storage)







Join the development

Please contact us if you are interested in using pyiron:


	to interface your simulation code or method


	implementing high-throughput approaches based on atomistic codes


	to learn more about method development and Big Data in material science.




Please also check out the pyiron contributing guidelines




Citing

If you use pyiron in your research, please consider citing the following work:

@article{pyiron-paper,
  title = {pyiron: An integrated development environment for computational materials science},
  journal = {Computational Materials Science},
  volume = {163},
  pages = {24 - 36},
  year = {2019},
  issn = {0927-0256},
  doi = {https://doi.org/10.1016/j.commatsci.2018.07.043},
  url = {http://www.sciencedirect.com/science/article/pii/S0927025618304786},
  author = {Jan Janssen and Sudarsan Surendralal and Yury Lysogorskiy and Mira Todorova and Tilmann Hickel and Ralf Drautz and Jörg Neugebauer},
  keywords = {Modelling workflow, Integrated development environment, Complex simulation protocols},
}





Read more about citing individual modules/ plugins of pyiron and the implemented simulation codes.










            

          

      

      

    

  

    
      
          
            
  


About


Introduction

[image: Screenshot of pyiron running inside jupyterlab.]
pyiron is an integrated development environment for implementing, testing, and running simulations in computational materials science. It combines several tools in a common platform:


	Atomic structure objects – compatible to the Atomic Simulation Environment (ASE) [https://wiki.fysik.dtu.dk/ase/].


	Atomistic simulation codes – like LAMMPS [http://lammps.sandia.gov] and VASP [https://www.vasp.at].


	Feedback Loops – to construct dynamic simulation life cycles.


	Hierarchical data management – interfacing with storage resources like SQL and HDF5 [https://support.hdfgroup.org/HDF5/].


	Integrated visualization – based on NGLview [https://github.com/arose/nglview].


	Interactive simulation protocols - based on Jupyter notebooks [http://jupyter.org].


	Object oriented job management – for scaling complex simulation protocols from single jobs to high-throughput simulations.




pyiron (called pyron) is developed in the Computational Materials Design department [https://www.mpie.de/CM] of Joerg Neugebauer [https://www.mpie.de/person/43010/2763386] at the Max Planck Institut für Eisenforschung (Max Planck Institute for iron research) [https://www.mpie.de/2281/en]. While its original focus was to provide a framework to develop and run complex simulation protocols as needed for ab initio thermodynamics it quickly evolved into a versatile tool to manage a wide variety of simulation tasks. In 2016 the Interdisciplinary Centre for Advanced Materials Simulation (ICAMS) [http://www.icams.de] joined the development of the framework with a specific focus on high throughput applications. In 2018 pyiron was released as open-source project.




Getting Help

Technical issues and bugs should be reported on Github [https://github.com/pyiron] all other questions can be asked on stackoverflow using the tag pyiron [https://stackoverflow.com/questions/tagged/pyiron].




Release history


Release 0.2.0 (2018)


	Implement interactive interface to communicate with codes at runtime.







Release 0.1.0 (2018)


	opensource release - licensed under the BSD license.


	installation available on pip and anaconda.


	moved opensource repository to github.







Release 0.0.9 (2017)


	Name changed from PyIron to pyiron


	Fileoperations implemented (move, copy_to and remove).


	NGLview for visualisation.


	Atoms class speedup.


	Serial- and parallelmaster work with the cluster environment.


	Python 3.6 support added.







Release 0.0.8 (2016)


	Rewirte serial- and parallelmaster.


	Deprecated Qt environment in favor of jupyter.


	Python 3.5 support added.


	Use anaconda as recommended Python environment.


	Switch to Gitlab rather than subversion.







Release 0.0.5 (2015)


	Linux and Mac OS X support added.


	ASE compatible atom and atoms class.







Release 0.0.1 (2011)


	initial version named PyCMW












            

          

      

      

    

  

    
      
          
            
  


Installation


Conda Installation

The recommended way to install pyiron is via the conda package manager in a Linux environment. So if you are using Windows we recommend installing the Windows subsystem for Linux [https://docs.microsoft.com/en-us/windows/wsl/install-win10] before you install pyiron and if you are on macOS X we recommend using a virtual machine/ virtual box [https://www.virtualbox.org]. Native installations on both Windows and macOS X are possible but are restricted to molecular dynamics calculations with interatomic potentials and do not support density functional theory(DFT) codes. We collaborate with the open-source community at conda-forge [https://conda-forge.org] to not only provide the pyiron package via their community channel, but also executables for compatible simulation codes like GPAW [https://wiki.fysik.dtu.dk/gpaw/], LAMMPS [https://lammps.sandia.gov] and S/PHI/nX [https://sxrepo.mpie.de] and their parameter files like pseudopotentials and interatomic potentials. To get started you can install pyiron using:

conda install -c conda-forge pyiron






Optional Dependencies

All the optional dependencies can also be installed via conda directly to simplify the setup of your simulation environment.


NGLview (Atomistic Structure Visualisation)

In pyiron we use the NGLview [http://nglviewer.org/nglview/latest/] package to visualise atomistic structures directly in the jupyter notebook. To enable this feature, install NGLview:

conda install -c conda-forge nglview





In case you prefer jupyter lab [https://jupyter.org] over jupyter notebooks, you can also install NGLview for jupyter lab. This requires a few additional dependencies:

conda install -c conda-forge nodejs nglview
jupyter labextension install @jupyter-widgets/jupyterlab-manager --no-build
jupyter labextension install nglview-js-widgets





In addition to NGLview [http://nglviewer.org/nglview/latest/] the first line also installs nodejs which is required to install your own jupyterlab plugins and rebuild jupyter lab. The following two lines install the jupyterlab extensions. Starting with the jupyterlab manager and followed by the NGLview javascript widget. During the installation of NGLview [http://nglviewer.org/nglview/latest/] it is important to confirm that the NGLview version installed via conda is the same as the version of the NGLview javascript widget:

conda list nglview
jupyter labextension list








Supported simulation packages (quantum engines)

The following packages are supported to work out-of-the-box with pyiron,
but must be installed independently either using conda or manual compilation. Manually compiled executables can be as much as 2-3x faster than conda-installed executables, and are therefore strongly recommended for high performance computing (HPC) usage. We discuss how to link any “homemade” executables to your pyiron installation in the advanced section.


LAMMPS (Molecular Dynamics with Interatomic Potentials)

LAMMPS [https://lammps.sandia.gov] stands for Large-scale Atomic/Molecular Massively Parallel Simulator and it is one of the most popular open-source molecular dynamics simulation codes for simulating solid-state materials (metals, semiconductors). As part of the pyiron project we maintain the conda package for LAMMPS to simplifiy its installation.

# serial + parallel, for linux and mac systems
conda install -c conda-forge lammps

# only serial (no python bindings), for native windows
conda install -c conda-forge -c pyiron lammps





On the conda-forge channel we provide LAMMPS executables for both serial and parallel (MPI) execution as well as their respective python bindings. The LAMMPS version on the pyiron channel is for native windows installations only and it is limited to serial execution with no Python bindings. We therefore highly recommend using the Linux subsystem for Windows rather than the native Windows installation.




S/PHI/nX (Density Functional Theory)

The S/PHI/nX [https://sxrepo.mpie.de] DFT code is an open-source DFT code developed in close collaboration with the pyiron developers, therefore it is the recommended DFT code to be used with pyiron. The applications of S/PHI/nX range from constrained magnetic calculations to charged defects which makes it suitable for ab initio thermodynamics and beyond. The S/PHI/nX DFT code is only officially supported for Linux, so we recommend the use of a Linux subsystem (on Windows) or a virtual machine (on mac).

conda install -c conda-forge sphinxdft








GPAW (Density Functional Theory)

pyiron also supports GPAW [https://wiki.fysik.dtu.dk/gpaw/], an open-source realspace DFT simulation code which is popular because of its Python bindings which allow accessing parameters of the DFT code during the run time. GPAW can be installed on Linux directly via conda:

conda install -c conda-forge gpaw










Additional simulation packages


SQSgenerator

The sqsgenerator [https://github.com/dgehringer/sqsgenerator] is command line tool written in Python/Cython for finding optimized SQS structures. It is available as a separate conda package, once it is installed pyiron is able to use it inside pyiron simulation protocols without any additional imports:

conda install -c conda-forge sqsgenerator














Advanced Configuration

While the conda-based installation is usually sufficient for workstation installations to get started with pyiron, it can be extended to support your own executables, include your own parameter files, support commercial codes like VASP [https://www.vasp.at] or updating the database performance by switching from SQLite [https://www.sqlite.org] to PostgreSQL [https://www.postgresql.org].


Custom Executables and Parameter Files

pyiron can either be configured using a configuration file named ~/.pyiron located in the user’s home directory or by specifying environment variables. The options are similar either way, so we start with the configuration file. The default configuration file pyiron assumes if it does not find a configuration file is:

[DEFAULT]
PROJECT_CHECK_ENABLED = False
FILE = ~/pyiron.db
RESOURCE_PATHS = ${CONDA_PREFIX}/share/pyiron





The first line [DEFAULT] defines the current configuration to overwrite the default configuration. The second line PROJECT_CHECK_ENABLED disables the project check which enables pyiron to write to the whole file system. The third lines defines the object index to be stored in an SQLite database file FILE which is located in the home directory ~/pyiron.db. It is important to copy the database in case you change the configuration otherwise existing calculation are lost. Finally the RESOURCE_PATHS provides the path to the parameter files. Inside pyiron you can check the current configuration using:

from pyiron_base import Settings
s = Settings()
s._configuration





Below, the individual options are explained one by one:


	the [DEFAULT] option defines the current ~/.pyiron configuration to overwrite the default configuration.


	the RESOURCE_PATHS option defines the resource path is a list of ; separated paths where pyiron checks for resource files. A template of such a resource directory is available on github [https://github.com/pyiron/pyiron-resources] and it can be downloaded as an archive from the release page [https://github.com/pyiron/pyiron-resources/releases]. We recommend to create a folder ~/pyiron/resources and store the parameter files and links to the executables there. The links are basically shell scripts which can be modified to load modules. By default the conda path is added, therefore there is no need to add it manually.


	the PROJECT_PATHS option is similar to the resource path but for storing simulation protocols rather than parameter files. When the PROJECT_CHECK_ENABLED option is set to true then the read and write access within pyiron is limited to the directories defined in the PROJECT_PATHS. Again multiple directories can be separated by ;. An alternative but outdated name for this option is TOP_LEVEL_DIRS.




Besides the general variables in the ~/.pyiron configuration, the other settings are used to define the database connection. More detailed examples about the configuration can be found below; for now we continue with the configuration of the database. pyiron can use a database to build an index of the HDF5 files on the file system which accelerates job analysis. By default pyiron uses an SQLite [https://www.sqlite.org] database for this index, but the database can also be disabled or a PostgreSQL [https://www.postgresql.org] database can be used to improve performance.


	By default the database is defined by the FILE option which is equal to the DATABASE_FILE option and gives the path to the SQLite [https://www.sqlite.org] database file. As the SQLite [https://www.sqlite.org] database is a file-based database, it struggles with parallel access on a shared file system (common for HPC clusters).


	To address this limitation it is possible to disable the database on HPC clusters using the DISABLE_DATABASE option by setting it to true. This is commonly used when the calculations are only executed on the remote cluster but the analysis is done on a local workstation or a group server which supports an SQL-based database.


	The other database options, namely TYPE, HOST, NAME, USER, PASSWD and JOB_TABLE define the connection details to connect to a PostgreSQL database. Inside pyiron sqlalchemy [https://www.sqlalchemy.org] is used to support different SQL-based databases, therefore it is also possible to provide the sqlalchemy connection string directly as CONNECTION.


	Finally some pyiron installations use a group management component which is currently in development. They might have additional options in their ~/.pyiron configuration to enable sharing calculations between different users. These options are VIEWERUSER, VIEWERPASSWD and VIEWER_TABLE. As this is a development feature it is not yet fully documented. Basically those are the access details for the global database viewer, which can read the database entries of all users. With this configuration it is possible to load jobs of other users.




In analogy to the ~/.pyiron configuration file pyiron also supports using environment variables to configure the pyiron installation. The available environment variables are:


	the PYIRONCONFIG environment variable defines the location of the .pyiron configuration file.


	the PYIRONRESOURCEPATHS environment variable defines the RESOURCE_PATHS option.


	the PYIRONPROJECTPATHS environment variable defines the PROJECT_PATHS option.


	the PYIRONPROJECTCHECKENABLED environment variable defines the PROJECT_CHECK_ENABLED option.


	the PYIRONDISABLE environment variable defines the DISABLE_DATABASE option.


	the PYIRONSQLTYPE, PYIRONSQLFILE, PYIRONSQHOST, PYIRONSQLDATABASE, PYIRONUSER and PYIRONSQLUSERKEY environment varaibles define the SQL database connection and can also be summarized in the PYIRONSQLCONNECTIONSTRING environment variable.


	the PYIRONSQLVIEWTABLENAME, PYIRONSQLVIEWUSER and PYIRONSQLVIEWUSERKEY environment variables define the SQL viewer connection and can also be summarized in the PYIRONSQLVIEWCONNECTIONSTRING environment variable.




To further explain the usage of the different parameters, we discuss common use cases in the following:


Use your own Executable for LAMMPS/ S/PHI/nX or GPAW

To add your own executables or parameter files it is necessary to initialise a user-defined configuration ~/.pyiron. You can start with a basic configuration like:

[DEFAULT]
FILE = ~/pyiron.db
PROJECT_PATHS = ~/pyiron/projects
RESOURCE_PATHS = ~/pyiron/resources





In this case pyiron can only execute calculations in the ~/pyiron/projects directory. pyiron can’t delete files outside this directory. Next to the projects directory ~/pyiron/projects we create a resource directory ~/pyiron/resources to store links to the executables and the corresponding parameter files. Both directories have to be created by the user and in case no FILE option is defined pyiron by default creates an SQLite [https://www.sqlite.org] database in the resource directory. Example resource directories are available on Github [https://github.com/pyiron/pyiron-resources/tree/master] . Here we just discuss the LAMMPS resource directory as one example.

resources/
  lammps/
    bin/
      run_lammps_2020.03.03.sh
      run_lammps_2020.03.03_mpi.sh
    potentials/
      potentials_lammps.csv





The resource directory contains two sub folders bin which includes links to the executables and potentials which includes links to the interatomic potentials. The links to the executables are shell script which follow the naming convention run_<code name>_<version>(_<tag>).sh the mpi tag is used to indicate the MPI-enabled executables. If we take a look at the run_lammps_2020.03.03_mpi.sh shell script, it contains the following lines:

#!/bin/bash
mpiexec -n $1 --oversubscribe lmp_mpi -in control.inp;





Scripts with the mpi tag are called with two parameters the first being the number of cores the second the number of threads, while regular shell scripts do not get any input parameters. By using shell scripts it is easy to link existing executables which might require loading specific modules or setting environment variables. In the same way the parameter files for pyiron are stored in the csv format which makes them human editable. For shared installations we recommend storing the pyiron resources in a shared directory.




Configure VASP

The Vienna Ab initio Simulation Package [https://www.vasp.at] is a popular commercial DFT code which is commonly used for large DFT calculations or high-throughput studies. pyiron implements a VASP wrapper but does not provide a VASP license. Therefore users have to compile their own VASP executable and provide their own VASP pseudopotentials (included with the VASP license). An example configuration for VASP in pyiron is available on Github [https://github.com/pyiron/pyiron-resources/tree/master/vasp]:

resources/
  vasp/
    bin/
      run_vasp_5.4.4_default.sh
      run_vasp_5.4.4_default_mpi.sh
    potentials/
      potpaw/
      potpaw_PBE/
      potentials_vasp.csv
      potentials_vasp_lda_default.csv
      potentials_vasp_pbe_default.csv





Similar to the LAMMPS resource directory discussed above the VASP resource directory also contains a bin diirectory and a potentials directory. By adding the default tag we can set the default executable, in particular when compiling multiple variants of the same VASP version. Finally the directories potpaw and potpaw_PBE contain the VASP pseudopotentials, which are included with the VASP license and have to be added by the user.






PostgreSQL Database

To accelerate the pyiron installation it is recommended to use a PostgreSQL [https://www.postgresql.org] database rather than the default SQLite [https://www.sqlite.org] database. To configure the database server, the following options can be added to the ~/.pyiron:


	TYPE the typ of the database, while sqlalchemy [https://www.sqlalchemy.org] supports a wide range of differnet databases PostgreSQL [https://www.postgresql.org] is recommended and can be selected by setting the type to Postgres.


	HOST the database host where the database is running.


	NAME the name of the database.


	USER the database user, in contrast to many other software packages pyiron requires one database user per system user who is using pyiron. The database is only used to store an index of the calculations executed with pyiron, therefore knowledge gained from accessing the database is limited unless the user has also access to the file system.


	PASSWD the database user password. While it is a bad practice to store the database password in the configuration file, the database only contains the the job index. Still it is important that the user creates an pyiron specific password and should never store their system user password in the .pyiron configuration file.


	JOB_TABLE the name of the database table. pyiron is commonly using one table per user.




A typical .pyiron configuration with a PostgreSQL [https://www.postgresql.org] database might look like this:

[DEFAULT]
TYPE = Postgres
HOST = database.hpc-cluster.university.edu
NAME = pyiron
USER = janj
PASSWD = **********
JOB_TABLE = jobs_janj
PROJECT_PATHS = ~/pyiron/projects
RESOURCE_PATHS = ~/pyiron/resources





Be careful when updating the database configuration as pyiron does not transfer the content of the database automatically.




Remote HPC Cluster

While the previous section discussed the installation of pyiron on a local workstation, the following section discusses how to configure a remote HPC cluster to transfer jobs to the HPC cluser for execution and back for analysis. For setting up pyiron on an HPC cluster there are basically three different configurations available:


	Install pyiron on the HPC cluster, with jupyterhub [https://jupyterhub.readthedocs.io] running as a central service on the login node using the sudospawner [https://github.com/jupyterhub/sudospawner] to authorize users. In this configuration the user only needs a web browser and all simulation results will remain on the HPC cluster. The limitation of this approach is that both the global PostgreSQL [https://www.postgresql.org] database as well as the jupyterhub [https://jupyterhub.readthedocs.io] have to be running on the cluster with the PostgreSQL [https://www.postgresql.org] database being accessible from all compute nodes.


	The second configuration is running pyiron on the HPC without the jupyterhub [https://jupyterhub.readthedocs.io] or a database, and storing the simulation results on a group server. Servers in the research group are commonly less strictly governed, so installing the jupyterhub [https://jupyterhub.readthedocs.io] on the group server as well as the PostgreSQL [https://www.postgresql.org] database for faster data analysis should be possible in most cases. From the user perspective the setup still only requires a web browser on the user’s end device, and leaves the task of backing up the simulation data on the group server side rather than the end-user.


	Finally the third configuration is the workstation installation, with a PostgreSQL [https://www.postgresql.org] database or even just a SQLite [https://www.sqlite.org] file based database with using the HPC cluster only to execute the calculation and copying the simulation results to local workstation after every calculation.




We start by explaining the first configuration and then build on top of this setup to add the remote transfer capabilities.


HPC Cluster with PostgreSQL Database and Jupyterhub

The ~/.pyiron is structured just like a workstation installation with a PostgreSQL [https://www.postgresql.org] database as explained above. In addition to the previous resource directories we add another subfolder in the resource directory to configure the queuing system using pysqa [https://github.com/pyiron/pysqa] as queuing system adapter. pysqa [https://github.com/pyiron/pysqa] is based on the idea of using shell script based templates to configure the different queues as modern queuing sytem provide a wide range of settings but most users commonly submit their jobs with very similar settings. We discuss a sample configuration for SLURM [https://slurm.schedmd.com/documentation.html] sample configurations for other queuing systems are available on Github [https://github.com/pyiron/pysqa/tree/master/tests/config].

resources/
  queues/
    queue_1.sh
    queue_2.sh
    queue.yaml





The queues directory contains one queue.yaml configuration file and multiple jinja [https://jinja.palletsprojects.com] based shell script templates for submitting jobs. These templates define a commonly used set of parameters used to submit calculations, it can contain a restriction on a specific queue or partition but it does not have to. A typical queue template that might be used in queue_1.sh and queue_2.sh is shown below:

#!/bin/bash
#SBATCH --output=time.out
#SBATCH --job-name={{job_name}}
#SBATCH --workdir={{working_directory}}
#SBATCH --get-user-env=L
#SBATCH --partition=slurm
{%- if run_time_max %}
#SBATCH --time={{run_time_max // 60}}
{%- endif %}
{%- if memory_max %}
#SBATCH --mem={{memory_max}}
{%- endif %}
#SBATCH --cpus-per-task={{cores}}

{{command}}





Such a template contains the variables {{job_name}} which is used to identify the job on the queuing system. Typically, pyiron job names are constructed using the prefix pi followed by the pyiron job id. This allows pyiron to match the job on the queuing system with the job table. The second option is the {{working_directory}} which is the directory where the job is located and the simulation code is executed. For pyiron this is typically a subdirectory of the simulation protocol to simplify identifiying broken calculation on the filesystem. The third option is the run_time which specifies the run time in seconds, followed by the memory_max which specifies the memory requirement of a given calculation. Both parameters are optional. Finally the cores defines the number of CPU cores used for a calculation and the command parameter is set by pyiron to load a pyiron object during the execution. When a pyiron job is executed on a compute node, a python process is first called to reload the pyiron object and then the pyiron object calls the shell script just like a regular job executed on the login node. By initially calling a python process, pyiron is able to track the progress of the calculation.

Besides the queue templates, the queues directory also contains the queue configuration queue.yaml:

queue_type: SLURM
queue_primary: queue_one
queues:
  queue_one: {cores_max: 40, cores_min: 1, run_time_max: 3600, script: queue_1.sh}
  queue_two: {cores_max: 1200, cores_min: 40, run_time_max: 345600, script: queue_2.sh}





The queue configuration defines the limits of the individual queues which helps the user to select the appropriate queue for their simulation. The queue_type defines the type of the queuing system, the queue_primary defines the primary queue and finally queues defines the available queues. Typically each queue is associated with a shell script template, like in this case queue_one is associated with queue_1.sh and queue_two is associated with queue_2.sh. Additional queue configuration templates are available on Github [https://github.com/pyiron/pysqa/tree/master/tests/config].




Submit to Remote HPC

Submitting calculations to a remote HPC requires some light configuration. On the HPC, disable the database in the .pyiron with the following lines:

[DEFAULT]
DISABLE_DATABASE = True
PROJECT_PATHS = ~/pyiron/projects
RESOURCE_PATHS = ~/pyiron/resources





Then configure the remote HPC just like a regular HPC by adding the queuing system configuration as described above. It is recommended to test the submission on the remote HPC before configuring the datatransfer.

On the system that will be used to submit calculations to the remote HPC (e.g. your laptop or an in-between login machine), create the queues directory in the resource path, containing only the queue configuration:

resources/
  queues/
    queue.yaml





This queue configuration now includes additional options to handle the SSH connection to the remote cluster:

queue_type: REMOTE
queue_primary: queue_one
ssh_host: hpc-cluster.university.edu
ssh_username: janj
known_hosts: ~/.ssh/known_hosts
ssh_key: ~/.ssh/id_rsa
ssh_remote_config_dir: /u/share/pyiron/resources/queues/
ssh_remote_path: /u/janj/remote/
ssh_local_path: /home/jan/pyiron/projects/
ssh_continous_connection: True
queues:
  queue_one: {cores_max: 40, cores_min: 1, run_time_max: 3600}
  queue_two: {cores_max: 1200, cores_min: 40, run_time_max: 345600}





The ssh_host defines the name of the login node, with ssh_username the user on the remote machine and known_hosts and ssh_key the local configuration files to connect to the remote host. Currently pyiron only supports ssh key based authentification for remote calculation. By setting ssh_continous_connection, the same connection is reused for data transfers which is commonly more efficient than creating individual connections for each command. Still, this assumes that the connection between the workstation or group server and the remote HPC cluster is stable. If this is not the case - for example, when using a mobile connection - it is recommended to disable this option. The ssh_remote_config_dir defines the configuration of the queuing system on the remote cluster. Finally the calculations are copied from the local directory ssh_local_path to the remote directory ssh_remote_path. In the above example, if a calculation is submitted in the directory /home/jan/pyiron/projects/first/subproject then the files are copied to /u/janj/remote/first/subproject. By retaining the path when transfering the files it is easier to debug failed calculations. Finally the queues are defined locally to have quick access to the queue configurations, but it is not necessary to define the submission templates as those are available on the remote machine. In addition the other resources have to be identical on both systems. The easiest way to achieve this is to copy the resource directory once the installation is working on the remote machine.




Submit to multiple Remote HPC Clusters

Finally pyiron also supports configuring multiple HPC clusters. In this case rather than creating a queue.yaml file in the queues resource directory we create a clusters.yaml file with the following content:

cluster_primary: cluster_one
cluster:
  cluster_one: cluster_1.yaml
  cluster_two: cluster_2.yaml





The cluster_primary defines the default cluster and the different clusters are each defined in their own cluster_*.yaml file. Those cluster_*.yaml have the same structure as the queue.yaml file discussed above, but they cannot be named queue.yaml as pyiron otherwise assumes that only one cluster is available.








Alternative Installation Options

So far we discussed the installation of pyiron on an individual workstation via conda or on a HPC cluster. In the following we focus on developer-specific setups to install pyiron directly from its source. It is recommended to start with a conda installation and then replace only the pyiron version so that conda can still automatically manage all dependencies/environment settings for you. In case this is not possible, e.g. if conda is not allowed on your HPC cluster, then pyiron can be installed directly from the source code.


Install from Source

For development, it is recommended to first create a conda environment containing all of pyiron’s dependencies. The dependencies are available in pyiron’s environment.yml [https://github.com/pyiron/pyiron/blob/master/.ci_support/environment.yml] file.

If conda is not available on your machine, the next best thing would be to install pyiron and its dependencies via pip.


Using pip

The default installation via pip installs the latest release version of pyiron. So in case your HPC cluster does not support installing pyiron via conda you can install this release version via pip and then continue with the setup of your remote HPC cluster as described above.

pip install pyiron





For those who want to test the nightly releases of pyiron which include the latest status of the master branch you can install those via pip as well:

pip install --pre pyiron








Using git

To get the latest pyiron version and access changes on development branches pyiron can also be installed via git. For example you can download the pyiron sourcecode to ~/pyiron/software using:

git clone https://github.com/pyiron/pyiron.git ~/pyiron/software





Based on the previous workstation setup your ~/pyiron directory should contain the following folders:

pyiron/
  projects/
  resources/
  software/





To include this version in your PYTHONPATH add the following line to your ~/.profile or ~/.bashrc configuration:

export PYTHONPATH=${HOME}/pyiron/software/:${PYTHONPATH}





When you import pyiron in any python shell or jupyter notebook it should load the version from ~/pyrion/software. Finally you can switch to other branches using git:

git checkout -b master





In this case we switch to the master branch.






Download pyiron Parameter Files

For source code based installations it is also possible to download the pyiron resources directly from within pyiron. Simply open a python shell and import pyiron:

> import pyiron
> pyiron.install()
>>> It appears that pyiron is not yet configured, do you want to create a default start configuration (recommended: yes). [yes/no]:
> yes
> exit()





This command does the following steps in the background:


	Create a ~/.pyiron config file – with the default settings (for simple installations)


	Create a ~/pyiron/projects directory – pyiron can only execute calculations within this project directory to prevent any interference with other tools or simulation management solutions.


	Create a ~/pyiron/resources directory – this directory includes the link to the executables and potentials, sorted by code.









Demonstration and Training Environments

For workshops, tutorials, and lectures it is sometimes necessary to setup multiple computers with very similar configurations, and - depending on the conference location - internet access might be limited. For these cases pyiron provides setup instructions for demonstration and training environments.


Cloud Solutions

You can test pyiron on Mybinder.org (beta) [https://mybinder.org/v2/gh/pyiron/pyiron/master?urlpath=lab], without the need for a local installation. It is a flexible way to get a first impression of pyiron but it does not provide any permanent storage by default. Loading the pyiron environment on mybinder can take 5 to 15 minutes in case a new docker container needs to be built. Mybinder is a free service, so sessions on its servers are limited in duration and memory limits, and their stability is not guaranteed. We recommend having a backup plan when using mybinder for presentations/interactive tutorials, since the mybinder instance might be shutdown if it is idle for too long.




Docker Container

For demonstration purposes we provide Docker containers on Dockerhub [https://hub.docker.com/r/pyiron/pyiron/] these can be downloaded and executed locally once docker is installed. Again, these container images do not provide any permanent storage, so all information is lost once the docker container is shut down. To download the docker container use:

docker pull pyiron/pyiron:latest





After downloading the docker container you can use it either with jupyter notebook:

docker run -i -t -p 8888:8888 pyiron/pyiron /bin/bash -c "source /srv/conda/envs/notebook/bin/activate; jupyter notebook --notebook-dir=/home/pyiron/ --ip='*' --port=8888"





or with jupyter lab:

docker run -i -t -p 8888:8888 pyiron/pyiron /bin/bash -c "source /srv/conda/envs/notebook/bin/activate; jupyter lab --notebook-dir=/home/pyiron/ --ip='*' --port=8888"





After the run command the following line is displayed. Copy/paste this URL into your browser when you connect for the first time, to login with a token:

http://localhost:8888/?token=<your_token>





Open the link with your personal jupyter token <your_token> in the browser of your choice. Just like the Binder image, the Docker image comes with several pyiron examples preinstalled.




Install Utility

To setup a local lab with pyiron when the internet connection is limited, we provide a classical installer for Windows, macOS X and Linux which is based on the conda constructor [https://github.com/conda/constructor]. If you do not have anaconda installed you can download this installer and get started with just a single download [https://github.com/pyiron/pyiron-installer/releases].






Getting Started

Finally once you have installed pyiron you can quickly test your installation with the following minimalistic example. Many more examples are available in the Github repository [https://github.com/pyiron/pyiron/tree/master/notebooks].


First Calculation

After the successful configuration you can start your first pyiron calculation. Navigate to the the projects directory and start a jupyter notebook or jupyter lab session correspondingly:

cd ~/pyiron/projects
jupyter notebook





or

cd ~/pyiron/projects
jupyter lab





Open a new jupyter notebook and inside the notebook you can now validate your pyiron calculation by creating a test project, setting up an initial structure of bcc Fe, and visualising it using NGLview.

from pyiron import Project
pr = Project('test')
basis = pr.create_structure('Fe', 'bcc', 2.78)
basis.plot3d()





Finally a first lammps calculation can be executed by:

ham = pr.create_job(pr.job_type.Lammps, 'lammpstestjob')
ham.structure = basis
ham.potential = ham.list_potentials()[0]
ham.run()








Next Steps

To get a better overview of all the available functionality inside pyiron we recommend the examples provided in the examples section - Tutorials.
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First steps through pyiron

This section gives a brief introduction about fundamental concepts of pyiron and how they can be used to setup, run and analyze atomic simulations. As a first step we import the libraries numpy [http://www.numpy.org/] for data analysis and matplotlib [https://matplotlib.org/] for visualization.


[1]:






import numpy as np
%matplotlib inline
import matplotlib.pylab as plt







To import pyiron simply use:


[2]:






from pyiron import Project







The Project object introduced below is central in pyiron. It allows to name the project as well as to derive all other objects such as structures, jobs etc. without having to import them. Thus, by code completion Tab the respective commands can be found easily.

We now create a pyiron Project named ‘first_steps’.


[3]:






pr = Project(path='first_steps')







The project name also applies for the directory that is created for the project.


Perform a LAMMPS MD simulation

Having created an instance of the pyiron Project we now perform a LAMMPS [http://lammps.sandia.gov/] molecular dynamics simulation.

For this basic simulation example we construct an fcc Al crystal in a cubic supercell (cubic=True). For more details on generating structures, please have a look at our structures example


[4]:






basis = pr.create_ase_bulk('Al', cubic=True)
supercell_3x3x3 = basis.repeat([3, 3, 3])
supercell_3x3x3.plot3d()

















Here create_ase_bulk uses the ASE bulk module [https://wiki.fysik.dtu.dk/ase/ase/build/build.html]. The structure can be modified - here we extend the original cell to a 3x3x3 supercell (repeat([3, 3, 3]). Finally, we plot the structure using NGlview [http://nglviewer.org/nglview/latest/api.html].

The project object allows to create various simulation job types. Here, we create a LAMMPS job.


[5]:






job = pr.create_job(job_type=pr.job_type.Lammps, job_name='Al_T800K')







Further, we specify a Molecular Dynamics simulation at \(T=800\) K using the supercell structure created above.


[6]:






job.structure = supercell_3x3x3
job.calc_md(temperature=800, pressure=0, n_ionic_steps=10000)







To see all available interatomic potentials which are compatible with the structure (for our example they must contain Al) and the job type (here LAMMPS) we call job.list_potentials().


[7]:






job.list_potentials()








[7]:







['Al_Mg_Mendelev_eam', 'Zope_Ti_Al_2003_eam', 'Al_H_Ni_Angelo_eam']






From the above let us select the first potential in the list.


[8]:






pot = job.list_potentials()[0]
print ('Selected potential: ', pot)
job.potential = pot













Selected potential:  Al_Mg_Mendelev_eam






To run the LAMMPS simulation (locally) we now simply use:


[9]:






job.run()










Analyze the calculation

After the simulation has finished the information about the job can be accessed through the Project object.


[10]:






job = pr['Al_T800K']
job








[10]:







{'groups': ['input', 'output'], 'nodes': ['NAME', 'server', 'VERSION', 'TYPE']}






Printing the job object (note that in Jupyter we don’t have to call a print statement if the variable/object is in the last line). The output lists the variables (nodes) and the directories (groups). To get a list of all variables stored in the generic output we type:


[11]:






job['output/generic']








[11]:







{'groups': [], 'nodes': ['temperatures', 'positions', 'steps', 'forces', 'energy_pot', 'energy_tot', 'volume', 'cells', 'pressures', 'unwrapped_positions', 'time']}






An animated 3d plot of the MD trajectories is created by:


[12]:






job.animate_structure()

















To analyze the temperature evolution we plot it as function of the MD step.


[13]:






temperatures = job['output/generic/temperature']
steps = job['output/generic/steps']
plt.plot(steps, temperatures)
plt.xlabel('MD step')
plt.ylabel('Temperature [K]');












[image: ../../_images/source_notebooks_first_steps_32_0.png]




In the same way we can plot the trajectories.


[14]:






pos = job['output/generic/positions']
x, y, z = [pos[:, :, i] for i in range(3)]
sel = np.abs(z) < 0.1
fig, axs = plt.subplots(1,1)
axs.scatter(x[sel], y[sel])
axs.set_xlabel('x [$\AA$]')
axs.set_ylabel('y [$\AA$]')
axs.set_aspect('equal', 'box');












[image: ../../_images/source_notebooks_first_steps_34_0.png]







Perform a series of jobs

To run the MD simulation for various temperatures we can simply loop over the desired temperature values.


[15]:






for temperature in np.arange(200, 1200, 200):
    job = pr.create_job(pr.job_type.Lammps,
                        'Al_T{}K'.format(int(temperature)))
    job.structure = supercell_3x3x3
    job.potential = pot
    job.calc_md(temperature=temperature,
                pressure=0,
                n_ionic_steps=10000)
    job.run()







To inspect the list of jobs in our current project we type (note that the existing job from the previous excercise at \(T=800\) K has been recognized and not run again):


[16]:






pr








[16]:







['Al_T600K', 'Al_T800K', 'Al_T1000K', 'Al_T200K', 'Al_T400K']






We can now iterate over the jobs and extract volume and mean temperature.


[17]:






vol_lst, temp_lst = [], []
for job in pr.iter_jobs(convert_to_object=False):
    volumes = job['output/generic/volume']
    temperatures = job['output/generic/temperature']
    temp_lst.append(np.mean(temperatures[:-20]))
    vol_lst.append(np.mean(volumes[:-20]))







Then we can use the extracted information to plot the thermal expansion, calculated within the \(NPT\) ensemble. For plotting the temperature values in ascending order the volume list is mapped to the sorted temperature list.


[18]:






plt.figure()
vol_lst[:] = [vol_lst[np.argsort(temp_lst)[k]]
              for k in range(len(vol_lst))]
plt.plot(sorted(temp_lst), vol_lst,
         linestyle='-',marker='o',)
plt.title('Thermal expansion')
plt.xlabel('Temperature [K]')
plt.ylabel('Volume [$\AA^3$]');
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Create a series of projects

We extend the previous example and compute the thermal expansion for three of the available aluminum potentials. First, let us create a new pyiron project named ‘Al_potentials’. We can use the information of the previously run job ‘Al_T200K’ of the ‘first_steps’ project to find all the compatible potentials.


[19]:






pr = Project('Al_potentials')
pot_lst = pr['../first_steps/Al_T200K'].load_object().list_potentials()[:3]








[ ]:















[20]:






pot_lst








[20]:







['Al_Mg_Mendelev_eam', 'Zope_Ti_Al_2003_eam', 'Al_H_Ni_Angelo_eam']






Note again that list_potentials() automatically only returns the potentials that are compatible with the structure (chemical species) and the job type.

We can now loop over the selected potentials and run the MD simulation for the desired temperature values for any of the potentials.


[21]:






for pot in pot_lst:
    print ('Interatomic potential used: ',pot)
    pr_pot = pr.create_group(pot)
    for temperature in np.arange(200, 1200, 200):
        job = pr_pot.create_job(pr.job_type.Lammps,
                                'Al_T{}K'.format(int(temperature)))
        job.structure = supercell_3x3x3
        job.potential = pot
        job.calc_md(temperature=temperature,
                    pressure=0,
                    n_ionic_steps=10000)
        job.run()













Interatomic potential used:  Al_Mg_Mendelev_eam
Interatomic potential used:  Zope_Ti_Al_2003_eam
Interatomic potential used:  Al_H_Ni_Angelo_eam






With the pr.create_group() command a new subproject (directory) is created named here by the name of the potential.

For any particular potential the thermal expansion data can be obtained again by looping over the jobs performed using that potential. To obtain the thermal expansion curves for all the potentials used we can simply iterate over the subprojects (directories) created above by using the pr.iter_groups() command.


[22]:






for p in pr.iter_groups():
    vol_lst, temp_lst = [], []
    for out in p.iter_jobs(path='output/generic'):
        volumes = out['volume']
        temperatures = out['temperature']
        temp_lst.append(np.mean(temperatures[:-20]))
        vol_lst.append(np.mean(volumes[:-20]))
    # Plot only if there is a job in that group
    if len(p.get_job_ids()) > 0:
        plt.plot(temp_lst, vol_lst,
                 linestyle='-',marker='o',
                 label=p.name)
plt.legend(loc='best')
plt.title('Thermal expansion for different interatomic potentials')
plt.xlabel('Temperature [K]')
plt.ylabel('Volume [$\AA^3$]');
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[ ]:




















            

          

      

      

    

  

    
      
          
            
  


Energy volume curve


Theory

Fitting the energy volume curve allows to calculate the equilibrium energy \(E_0\), the equilirbium volume \(V_0\), the equilibrium bulk modulus \(B_0\) and its derivative \(B^{'}_0\). These quantities can then be used as part of the Einstein model to get an initial prediction for the thermodynamik properties, the heat capacity \(C_v\) and the free energy \(F\).




Initialisation

We start by importing matplotlib, numpy and the pyiron project class.


[1]:






%matplotlib inline
import matplotlib.pyplot as plt
import numpy as np
from pyiron import Project







In the next step we create a project, by specifying the name of the project.


[2]:






pr = Project(path='thermo')










Atomistic structure

To analyse the energy volume dependence a single super cell is sufficient, so we create an iron super cell as an example.


[3]:






basis = pr.create_structure(element='Fe', bravais_basis='bcc', lattice_constant=2.75)
basis.plot3d()






























Calculation

Energy volume curves are commonly calculated with ab initio codes, so we use VASP in this example. But we focus on the generic commands so the same example works with any DFT code. We choose ‘vasp’ as job name prefix, select an energy cut off of \(320 eV\) and assign the basis to the job. Afterwards we apply the corresponding strain.


[4]:






for strain in np.linspace(0.95, 1.05, 7):
    strain_str = str(strain).replace('.', '_')
    job_vasp_strain = pr.create_job(job_type=pr.job_type.Gpaw, job_name='gpaw_' + strain_str)
    job_vasp_strain.set_encut(320.0)
    job_vasp_strain.structure = basis.copy()
    job_vasp_strain.structure.set_cell(cell=basis.cell * strain ** (1/3), scale_atoms=True)
    job_vasp_strain.run()













The job gpaw_0_95 was saved and received the ID: 1
The job gpaw_0_9666666666666667 was saved and received the ID: 2
The job gpaw_0_9833333333333333 was saved and received the ID: 3
The job gpaw_1_0 was saved and received the ID: 4
The job gpaw_1_0166666666666666 was saved and received the ID: 5
The job gpaw_1_0333333333333334 was saved and received the ID: 6
The job gpaw_1_05 was saved and received the ID: 7






As these are simple calculation, there is no need to submit them to the queuing sytem. We can confirm the status of the calculation with the job_table. If the status of each job is marked as finished, then we can continue with the next step.


[5]:






pr.job_table()








[5]:








  
    
    
    Creating structures in pyiron
    

    
 
  

    
      
          
            
  


Creating structures in pyiron

This section gives a brief introduction about some of the tools available in pyiron to construct atomic structures.

For the sake of compatibility, our structure class is written to be compatible with the popular Atomistic Simulation Environment package (ASE [https://wiki.fysik.dtu.dk/ase/]). This makes it possible to use routines from ASE to help set-up structures.

Furthermore, pyiron uses the NGLview [http://nglviewer.org/nglview/latest/api.html] package to visualize the structures and trajectories interactively in 3D using NGLview-widgets.

As preparation for the following discussion we import a few python libraries


[1]:






import numpy as np
%matplotlib inline
import matplotlib.pylab as plt







and create a pyiron project named ‘structures’:


[2]:






from pyiron import Project
pr = Project(path='structures')








Bulk crystals

In this section we discuss various possibilities to create bulk crystal structures.


Using create_structure()

The simplest way to generate simple crystal structures is using the inbuilt create_structure() function specifying the element symbol, Bravais basis and the lattice constant(s)

Note: The output gives a cubic cell rather than the smallest non-orthogonal unit cell.


[3]:






structure = pr.create_structure('Al',
                            bravais_basis='fcc',
                            lattice_constant=4.05)







To plot the structure interactively in 3D simply use:


[4]:






structure.plot3d()






























Using create_ase_bulk()

Another convenient way to set up structures is using the create_ase_bulk() function which is built on top of the ASE build package for bulk crystals [https://wiki.fysik.dtu.dk/ase/ase/build/build.html#ase.build.bulk]. This function returns an object which is of the pyiron structure object type.

Example: fcc bulk aluminum in a cubic cell


[5]:






structure = pr.create_ase_bulk('Al', cubic=True)
structure.plot3d()

















Example: wurtzite GaN in a 3x3x3 repeated orthorhombic cell.

Note: - In contrast to new_structure = structure.repeat() which creates a new object, set_repeat() modifies the existing structure object. - Setting spacefill=False in the plot3d() method changes the atomic structure style to “ball and stick”.


[6]:






structure = pr.create_ase_bulk('AlN',
                           crystalstructure='wurtzite',
                           a=3.5, orthorhombic=True)
structure.set_repeat([3,3,3])
structure.plot3d(spacefill=False)






















Creating surfaces (using ASE)

Surfaces can be created using the create_surface() function which is also built on top of the ASE build package for surfaces [https://wiki.fysik.dtu.dk/ase/_modules/ase/build/surface.html]

Example: Creating a 3x4 fcc Al(111) surface with 4 layers and a vacuum of 10 Ångström


[7]:






Al_111 = pr.create_surface("Al", surface_type="fcc111",
                           size=(3, 4, 4), vacuum=10, orthogonal=True)
Al_111.plot3d()




















Creating structures without importing the project class

In all the examples shown above, the structures are create from the pyiron Project object. It is also possible to do this without importing/initializing this object. For this the appropriate imports must be made.


[8]:






from pyiron import create_ase_bulk, create_surface








[9]:






structure = create_ase_bulk('AlN',
                            crystalstructure='wurtzite',
                            a=3.5, orthorhombic=True)
structure.set_repeat([3,3,3])
structure.plot3d(spacefill=False)


















[10]:






Al_111 = create_surface("Al", surface_type="fcc111",
                        size=(3, 4, 4), vacuum=10, orthogonal=True)
Al_111.plot3d()


















Using the ASE spacegroup class


[11]:






from ase.spacegroup import crystal
from pyiron import ase_to_pyiron

a = 9.04
skutterudite = crystal(('Co', 'Sb'),
                       basis=[(0.25, 0.25, 0.25), (0.0, 0.335, 0.158)],
                       spacegroup=204,
                       cellpar=[a, a, a, 90, 90, 90])
skutterudite = ase_to_pyiron(skutterudite)








[12]:






skutterudite.plot3d()






















Accessing the properties of the structure object

Using the bulk aluminum fcc example from before the structure object can be created by


[13]:






structure = pr.create_ase_bulk('Al', cubic=True)







A summary of the information about the structure is given by using


[14]:






print(structure)













Al: [0. 0. 0.]
Al: [0.    2.025 2.025]
Al: [2.025 0.    2.025]
Al: [2.025 2.025 0.   ]
pbc: [ True  True  True]
cell:
Cell([4.05, 4.05, 4.05])







The cell vectors of the structure object can be accessed and edited through


[15]:






structure.cell








[15]:







Cell([4.05, 4.05, 4.05])






The positions of the atoms in the structure object can be accessed and edited through


[16]:






structure.positions








[16]:







array([[0.   , 0.   , 0.   ],
       [0.   , 2.025, 2.025],
       [2.025, 0.   , 2.025],
       [2.025, 2.025, 0.   ]])









Point defects


Creating a single vacancy

We start by setting up a 4x4x4 supercell


[17]:






structure = pr.create_ase_bulk('Al', cubic=True)
structure.set_repeat([4,4,4])







To create the vacancy at position index “0” simply use:


[18]:






del structure[0]







To plot the structure that now contains a vacancy run:


[19]:






structure.plot3d()




















Creating multiple vacancies


[20]:






# First create a 4x4x4 supercell
structure = pr.create_ase_bulk('Al', cubic=True)
structure.set_repeat([4,4,4])
print('Number of atoms in the repeat unit: ',structure.get_number_of_atoms())













Number of atoms in the repeat unit:  256






The del command works for passing a list of indices to the structure object. For example, a random set of n\(_{\text{vac}}\) vacancies can be created by using


[21]:






# Generate a list of indices for the vacancies
n_vac = 24
vac_ind_lst = np.random.permutation(len(structure))[:n_vac]

# Remove atoms according to the "vac_ind_lst"
del structure[vac_ind_lst]








[22]:






# Visualize the structure
print('Number of atoms in the repeat unit: ',structure.get_number_of_atoms())
structure.plot3d()













Number of atoms in the repeat unit:  232



















Random substitutial alloys


[23]:






# Create a 4x4x4 supercell
structure = pr.create_ase_bulk('Al', cubic=True)
structure.set_repeat([4,4,4])







Substitutional atoms can be defined by changing the atomic species accessed through its position index.

Here, we set \(n_{\text{sub}}\) magnesium substitutional atoms at random positions


[24]:






n_sub = 24
structure[np.random.permutation(len(structure))[:n_sub]] = 'Mg'








[25]:






# Visualize the structure and print some additional information about the structure
print('Number of atoms in the repeat unit: ',structure.get_number_of_atoms())
print('Chemical formula: ',structure.get_chemical_formula())
structure.plot3d()













Number of atoms in the repeat unit:  256
Chemical formula:  Al232Mg24





















Explicit definition of the structure

You can also set-up structures through the explicit input of the cell parameters and positions


[26]:






cell = 10.0 * np.eye(3) # Specifying the cell dimensions
positions = [[0.25, 0.25, 0.25], [0.75, 0.75, 0.75]]
elements = ['O', 'O']

# Now use the Atoms class to create the instance.
O_dimer = pr.create_atoms(elements=elements, scaled_positions=positions, cell=cell)

O_dimer.plot3d()




















Importing from cif/other file formats

Parsers from ASE can be used to import structures from other formats. In this example, we will download and import a Nepheline structure from the Crystallography Open Database (COD) [http://www.crystallography.net/cod/index.php]


[27]:






# The COD structures can be accessed through their unique COD identifier
cod = 1008753
filename = '{}.cif'.format(cod)
url = 'http://www.crystallography.net/cod/{}'.format(filename)








[28]:






cif_structure = """\
#------------------------------------------------------------------------------
#$Date: 2015-01-27 21:58:39 +0200 (Tue, 27 Jan 2015) $
#$Revision: 130149 $
#$URL: svn://www.crystallography.net/cod/cif/1/00/87/1008753.cif $
#------------------------------------------------------------------------------
#
# This file is available in the Crystallography Open Database (COD),
# http://www.crystallography.net/
#
# All data on this site have been placed in the public domain by the
# contributors.
#
data_1008753
loop_
_publ_author_name
'Buerger, M J'
'Klein, G E'
'Donnay, G'
_publ_section_title
;
Determination of the crystal structure of nepheline
;
_journal_coden_ASTM              AMMIAY
_journal_name_full               'American Mineralogist'
_journal_page_first              805
_journal_page_last               818
_journal_volume                  39
_journal_year                    1954
_chemical_formula_structural     'K Na3 Al4 Si4 O16'
_chemical_formula_sum            'Al4 K Na3 O16 Si4'
_chemical_name_mineral           Nepheline
_chemical_name_systematic        'Potassium trisodium tetraaluminium silicate'
_space_group_IT_number           173
_symmetry_cell_setting           hexagonal
_symmetry_Int_Tables_number      173
_symmetry_space_group_name_Hall  'P 6c'
_symmetry_space_group_name_H-M   'P 63'
_cell_angle_alpha                90
_cell_angle_beta                 90
_cell_angle_gamma                120
_cell_formula_units_Z            2
_cell_length_a                   10.01
_cell_length_b                   10.01
_cell_length_c                   8.405
_cell_volume                     729.4
_cod_database_code               1008753
loop_
_symmetry_equiv_pos_as_xyz
x,y,z
-y,x-y,z
y-x,-x,z
-x,-y,1/2+z
y,y-x,1/2+z
x-y,x,1/2+z
loop_
_atom_site_label
_atom_site_type_symbol
_atom_site_symmetry_multiplicity
_atom_site_Wyckoff_symbol
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
_atom_site_occupancy
_atom_site_attached_hydrogens
_atom_site_calc_flag
K1 K1+ 2 a 0. 0. 0. 1. 0 d
Al1 Al3+ 2 b 0.3333 0.6667 0.18 1. 0 d
Si1 Si4+ 2 b 0.3333 0.6667 0.82 1. 0 d
O1 O2- 2 b 0.3333 0.6667 0. 1. 0 d
Na1 Na1+ 6 c 0.008 0.432 0. 1. 0 d
Al2 Al3+ 6 c 0.092 0.33 0.67 1. 0 d
Si2 Si4+ 6 c 0.092 0.33 0.33 1. 0 d
O2 O2- 6 c 0.02 0.33 0.5 1. 0 d
O3 O2- 6 c 0.18 0.5 0.75 1. 0 d
O4 O2- 6 c 0.17 0.53 0.25 1. 0 d
O5 O2- 6 c 0.23 0.28 0.25 1. 0 d
O6 O2- 6 c 0.23 0.28 0.75 1. 0 d
loop_
_atom_type_symbol
_atom_type_oxidation_number
K1+ 1.000
Al3+ 3.000
Si4+ 4.000
O2- -2.000
Na1+ 1.000"""








[29]:






# Download and save the structure file locally
# import urllib
# urllib.request.urlretrieve(url=url, filename='strucs.'+filename);
with open('strucs.'+filename, "w") as f:
    f.writelines(cif_structure)








[30]:






# Using ase parsers to read the structure and then convert to a pyiron instance
import ase
from pyiron import ase_to_pyiron

structure = ase_to_pyiron(ase.io.read(filename='strucs.'+filename,
                                      format='cif'))
structure.info["cod"] = cod













/srv/conda/envs/notebook/lib/python3.7/site-packages/ase/io/cif.py:380: UserWarning: crystal system 'hexagonal' is not interpreted for space group Spacegroup(173, setting=1). This may result in wrong setting!
  setting_name, spacegroup))







[31]:






structure.plot3d()

















Structures can be stored indepently from jobs in HDF5 by using the special StructureContainer job. To save to disk, call run().


[32]:






container = pr.create_job(pr.job_type.StructureContainer, "nepheline")
container.structure = structure
container.run()













The job nepheline was saved and received the ID: 1






It’s also possible to store multiple structures in one container and to store directly from a job. Let’s use this here to store the equilibrated structures at finite temperatures.


[33]:






al_container = pr.create_job(pr.job_type.StructureContainer, "al_temp", delete_existing_job=True)
for T in (400, 600, 800):
    j = pr.create_job(pr.job_type.Lammps, "T_{}".format(T))
    j.structure = pr.create_ase_bulk("Al", cubic = True)
    j.potential = j.list_potentials()[0]
    j.calc_md(temperature=T, n_ionic_steps=1000, pressure=0)
    j.run()
    structure = j.get_structure(-1)
    structure.info["T"] = T
    structure.info["P"] = 0
    al_container.append(structure)

al_container.run()













This group does not exist in the HDF5 file al_temp
The job T_400 was saved and received the ID: 2
The job T_600 was saved and received the ID: 3
The job T_800 was saved and received the ID: 4
The job al_temp was saved and received the ID: 5







[34]:






al_container.structure_lst[0].info








[34]:







{'T': 400, 'P': 0}







[35]:






al_container.structure_lst








[35]:







InputList([Al: [0.13389146 3.96541338 4.05893092]
Al: [3.99018226 2.0071096  1.95618182]
Al: [1.98560236 3.88778884 2.0465924 ]
Al: [2.04906472 2.05913422 0.09311447]
pbc: [ True  True  True]
cell:
Cell([[4.079370396328773, 2.497893949200251e-16, 2.497893949200251e-16], [0.0, 3.973148678151775, 2.4328519056175543e-16], [0.0, 0.0, 4.077409804014059]])
, Al: [0.0070279  4.03832899 0.08383998]
Al: [4.08339864 2.06533333 2.03444326]
Al: [2.20534808 4.07618808 1.94632881]
Al: [1.91118709 2.15964157 0.05514228]
pbc: [ True  True  True]
cell:
Cell([[4.103480856873612, 2.5126573483663535e-16, 2.5126573483663535e-16], [0.0, 4.11316398781314, 2.5185865560217624e-16], [0.0, 0.0, 4.119754328387385]])
, Al: [3.7382874  0.12171228 4.27645154]
Al: [0.05199557 1.91099383 2.20493355]
Al: [1.92074788 0.03592662 2.13915097]
Al: [1.89264518 1.93451826 0.04368514]
pbc: [ True  True  True]
cell:
Cell([[3.8018380195130206, 2.3279543807366664e-16, 2.3279543807366664e-16], [0.0, 4.003150985990483, 2.451223020748408e-16], [0.0, 0.0, 4.332110602330072]])
])







[ ]:
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Data mining using pyiron tables

In this example, the data mining capabilities of pyiron using the PyironTables class is demonstrated by computing and contrasting the ground state properties of fcc-Al using various force fields.


[1]:






from pyiron import Project
import numpy as np








[2]:






pr = Project("potential_scan")








Creating a dummy job to get list of potentials

In order to get the list of available LAMMPS potentials, a dummy job with an Al bulk structure is created


[3]:






dummy_job = pr.create_job(pr.job_type.Lammps, "dummy_job")
dummy_job.structure = pr.create_ase_bulk("Al")
# Chosing only select potentials to run (you can play with these valuess)
num_potentials = 5
potential_list = dummy_job.list_potentials()[:num_potentials]










Creating a Murnaghan job for each potential in their respective subprojects

A separate Murnaghan job (to compute equilibrium lattice constant and the bulk modulus) is created and run for every potential


[4]:






for pot in potential_list:
    pot_str = pot.replace("-", "_")
    # open a subproject within a project
    with pr.open(pot_str) as pr_sub:
        # no need for unique job name if in different subprojects
        job_name = "murn_Al"
        # Use the subproject to create the jobs
        murn = pr_sub.create_job(pr.job_type.Murnaghan, job_name)
        job_ref = pr_sub.create_job(pr.job_type.Lammps, "Al_ref")
        job_ref.structure = pr.create_ase_bulk("Al", cubic=True)
        job_ref.potential = pot
        job_ref.calc_minimize()
        murn.ref_job = job_ref
        # Some potentials may not work with certain LAMMPS compilations.
        # Therefore, we need to have a little exception handling
        try:
            murn.run()
        except RuntimeError:
            pass













The job murn_Al was saved and received the ID: 1
The job strain_0_9 was saved and received the ID: 2
The job strain_0_92 was saved and received the ID: 3
The job strain_0_94 was saved and received the ID: 4
The job strain_0_96 was saved and received the ID: 5
The job strain_0_98 was saved and received the ID: 6
The job strain_1_0 was saved and received the ID: 7
The job strain_1_02 was saved and received the ID: 8
The job strain_1_04 was saved and received the ID: 9
The job strain_1_06 was saved and received the ID: 10
The job strain_1_08 was saved and received the ID: 11
The job strain_1_1 was saved and received the ID: 12
job_id:  2 finished
job_id:  3 finished
job_id:  4 finished
job_id:  5 finished
job_id:  6 finished
job_id:  7 finished
job_id:  8 finished
job_id:  9 finished
job_id:  10 finished
job_id:  11 finished
job_id:  12 finished
The job murn_Al was saved and received the ID: 13
The job strain_0_9 was saved and received the ID: 14
The job strain_0_92 was saved and received the ID: 15
The job strain_0_94 was saved and received the ID: 16
The job strain_0_96 was saved and received the ID: 17
The job strain_0_98 was saved and received the ID: 18
The job strain_1_0 was saved and received the ID: 19
The job strain_1_02 was saved and received the ID: 20
The job strain_1_04 was saved and received the ID: 21
The job strain_1_06 was saved and received the ID: 22
The job strain_1_08 was saved and received the ID: 23
The job strain_1_1 was saved and received the ID: 24
job_id:  14 finished
job_id:  15 finished
job_id:  16 finished
job_id:  17 finished
job_id:  18 finished
job_id:  19 finished
job_id:  20 finished
job_id:  21 finished
job_id:  22 finished
job_id:  23 finished
job_id:  24 finished
The job murn_Al was saved and received the ID: 25
The job strain_0_9 was saved and received the ID: 26
The job strain_0_92 was saved and received the ID: 27
The job strain_0_94 was saved and received the ID: 28
The job strain_0_96 was saved and received the ID: 29
The job strain_0_98 was saved and received the ID: 30
The job strain_1_0 was saved and received the ID: 31
The job strain_1_02 was saved and received the ID: 32
The job strain_1_04 was saved and received the ID: 33
The job strain_1_06 was saved and received the ID: 34
The job strain_1_08 was saved and received the ID: 35
The job strain_1_1 was saved and received the ID: 36
job_id:  26 finished
job_id:  27 finished
job_id:  28 finished
job_id:  29 finished
job_id:  30 finished
job_id:  31 finished
job_id:  32 finished
job_id:  33 finished
job_id:  34 finished
job_id:  35 finished
job_id:  36 finished
The job murn_Al was saved and received the ID: 37
The job strain_0_9 was saved and received the ID: 38












2020-05-01 14:22:19,979 - pyiron_log - WARNING - Job aborted
2020-05-01 14:22:19,982 - pyiron_log - WARNING - LAMMPS (3 Mar 2020)
Reading data file ...
  orthogonal box = (0 0 0) to (3.91023 3.91023 3.91023)
  1 by 1 by 1 MPI processor grid
  reading atoms ...
  4 atoms
  read_data CPU = 0.00191307 secs
ERROR: MEAM library error 3 (src/USER-MEAMC/pair_meamc.cpp:596)
Last command: pair_coeff * * MgAlZn.library.meam Mg Al MgAlZn.parameter.meam Mg Al Zn













The job murn_Al was saved and received the ID: 39
The job strain_0_9 was saved and received the ID: 40
The job strain_0_92 was saved and received the ID: 41
The job strain_0_94 was saved and received the ID: 42
The job strain_0_96 was saved and received the ID: 43
The job strain_0_98 was saved and received the ID: 44
The job strain_1_0 was saved and received the ID: 45
The job strain_1_02 was saved and received the ID: 46
The job strain_1_04 was saved and received the ID: 47
The job strain_1_06 was saved and received the ID: 48
The job strain_1_08 was saved and received the ID: 49
The job strain_1_1 was saved and received the ID: 50
job_id:  40 finished
job_id:  41 finished
job_id:  42 finished
job_id:  43 finished
job_id:  44 finished
job_id:  45 finished
job_id:  46 finished
job_id:  47 finished
job_id:  48 finished
job_id:  49 finished
job_id:  50 finished






If you inspect the job table, you would find that each Murnaghan job generates various small LAMMPS jobs (see column hamilton). Some of these jobs might have failed with status aborted.


[5]:






pr.job_table()








[5]:
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Phonopy in pyiron

We will use the quasi-harmonic approximation (via PyIron’s implementation of the popular phonopy package) to evaluate look at thermal expansion and self-diffusion in Aluminium


[1]:






# Generic imports
from pyiron import Project
import numpy as np
%matplotlib  inline
import matplotlib.pylab as plt
import seaborn as sns








[2]:






pr = Project("PhonopyExample")
pot = '2009--Mendelev-M-I--Al-Mg--LAMMPS--ipr1'








Helper functions

Because repeating code is evil.


[3]:






def make_phonopy_job(template_job, name):
    """
    Create a phonopy job from a reference job.

    Args:
        template_job (pyiron job): The job to copy.
        name (str): What to call this new job.

    Returns:
        A new phonopy job.
    """
    project = template_job.project

    # What I want:
    # job_type =  template_job.job_type
    # What I have to do instead:
    job_type = pr.job_type.Lammps

    ref = project.create_job(job_type, name + "_ref")
    ref.structure = template_job.get_final_structure().copy()
    ref.potential = template_job.potential

    phono = project.create_job(pr.job_type.PhonopyJob, name)
    phono.ref_job = ref
    return phono








[4]:






def scale_array(arr, scaler=None, new_range=1.):
    """
    Linearly transforms an array so that values equal to the minimum and maximum of the
    `scaler` array are mapped to the range (0, `new_range`). Note that rescaled values can
    still lie outside this range if the orignal values of `arr` are outside the bounds of
    `scaler`.

    Args:
        arr (np.array): Array to rescale.
        scaler (np.array): Array by which to rescale. Default is `arr`.
        new_range (float): New value for data which was the size `np.amax(scaler)`.
          Default is 1.
    """
    if scaler is None:
        scaler = arr
    return new_range * (arr - np.amin(scaler)) / np.ptp(scaler)










Thermal Expansion

What does the QHA say the lattice constant is as a function of temperature?


[5]:






pr_te = pr.create_group("ThermalExpansion")








Relax the unit cell

If we were doing VASP instead it would be important to do the least computation as possible, so here we’ll start by relaxing a simple unit cell to turn into a supercell later.


[6]:






job_unit = pr_te.create_job(pr.job_type.Lammps, "UnitCell")








[7]:






basis = pr_te.create_structure("Al", "fcc", 4.04)








[8]:






job_unit.structure = basis
job_unit.potential = pot








[9]:






job_unit.calc_minimize(pressure=0.0)
job_unit.run()













The job UnitCell was saved and received the ID: 8886147







[10]:






basis_rel = job_unit.get_final_structure()










Relax the bulk supercell

A relaxation which should take zero steps given our starting position!


[11]:






job_bulk_1 = pr_te.create_job(pr.job_type.Lammps, "Bulk_1")
# The _1 here refers to the fact that the volume has been rescaled by a factor of "1.0"
# (i.e. it hasn't been rescaled)








[12]:






n_reps = 3
job_bulk_1.structure = basis_rel.repeat(rep=n_reps)
job_bulk_1.potential = pot








[13]:






job_bulk_1.structure.plot3d();


















[14]:






job_bulk_1.calc_minimize(pressure=0.0)
job_bulk_1.run()













The job Bulk_1 was saved and received the ID: 8886148









Calculate phonons

Run phonopy on the bulk supercell


[15]:






phono_bulk_1 = make_phonopy_job(job_bulk_1, "PhonoBulk_1")








[16]:






phono_bulk_1.run()
# Run performs a whole bunch of child calculations
# Each one has the positions slightly deformed in the symmetry-appropriate ways needed
# to get the phonon properties













The job PhonoBulk_1 was saved and received the ID: 8886149
The job supercell_phonon_0 was saved and received the ID: 8886150







[17]:






# Let's see what we got...
T_min = 0
T_max = 800 # a bit below melting
T_step = 25
temperatures = np.linspace(T_min, T_max, int((T_max - T_min) / T_step))
tp_bulk_1 = phono_bulk_1.get_thermal_properties(temperatures=temperatures)
# `get_thermal_properties` uses the displacements and forces to generate phonon information








[18]:






U_bulk_1 = job_bulk_1.output.energy_pot[-1]
Fvib_bulk_1 = tp_bulk_1.free_energies
plt.plot(temperatures, U_bulk_1 + Fvib_bulk_1)
plt.xlabel("Temperature [K]")
plt.ylabel("Free energy  ($U+F_{vib}$)  [eV]")








[18]:







Text(0, 0.5, 'Free energy  ($U+F_{vib}$)  [eV]')











[image: ../../_images/source_notebooks_phonopy_example_23_1.png]







Calculate thermal expansivity

Above we have the (QHA approximation to the) free energy as a function of temperature at a fixed volume. To evaluate the thermal expansivity, we need to create the entire F(V,T) surface. To get this, we just loop over jobs like the above, but scaled to have different lattice constants.


[19]:






# According to Wikipedia, the thermal expansivity is about 0.0023% / Kelvin
# So at our maximum temperature, we expect around 1.8% expansion
scale_min = -0.005
scale_max = 0.02
scale_step = 0.002
scales = np.linspace(scale_min, scale_max, int((scale_max - scale_min) / scale_step))








[20]:






# Let's keep things clean by making another sub-directory
pr_scales = pr_te.create_group("ScanScales")








[21]:






# Loop the phonon calculation over all the volumes
sc_bulk_rel = job_bulk_1.get_final_structure()
bulk_free_energies = np.zeros((len(scales), len(temperatures)))

for i, scale in enumerate(scales):
    name_tail = "_{}".format(str(scale).replace(".", "c").replace('-', 'm'))

    # Make a bulk job with the rescaled structure
    # (already relaxed, by symmetry won't change, calc static will be enough)
    job_bulk = pr_scales.create_job(pr.job_type.Lammps, "Bulk" + name_tail)
    job_bulk.potential = pot
    job_bulk.structure = sc_bulk_rel.apply_strain(epsilon=scale, return_box=True)
    job_bulk.calc_static()
    job_bulk.run()
    U = job_bulk.output.energy_tot[-1]

    # Use that job as a reference for a phonopy job
    phono_bulk = make_phonopy_job(job_bulk, "PhonoBulk" + name_tail)
    phono_bulk.run()
    tp_bulk = phono_bulk.get_thermal_properties(temperatures=temperatures)
    Fvib = tp_bulk.free_energies

    # Fill in the row of free energies for this volume
    bulk_free_energies[i] = Fvib + U













The job Bulk_m0c005 was saved and received the ID: 8886151
The job PhonoBulk_m0c005 was saved and received the ID: 8886152
The job supercell_phonon_0 was saved and received the ID: 8886153
The job Bulk_m0c002727272727272727 was saved and received the ID: 8886154
The job PhonoBulk_m0c002727272727272727 was saved and received the ID: 8886155
The job supercell_phonon_0 was saved and received the ID: 8886156
The job Bulk_m0c000454545454545454 was saved and received the ID: 8886157
The job PhonoBulk_m0c000454545454545454 was saved and received the ID: 8886158
The job supercell_phonon_0 was saved and received the ID: 8886159
The job Bulk_0c0018181818181818186 was saved and received the ID: 8886160
The job PhonoBulk_0c0018181818181818186 was saved and received the ID: 8886161
The job supercell_phonon_0 was saved and received the ID: 8886162
The job Bulk_0c004090909090909092 was saved and received the ID: 8886163
The job PhonoBulk_0c004090909090909092 was saved and received the ID: 8886164
The job supercell_phonon_0 was saved and received the ID: 8886165
The job Bulk_0c006363636363636366 was saved and received the ID: 8886166
The job PhonoBulk_0c006363636363636366 was saved and received the ID: 8886167
The job supercell_phonon_0 was saved and received the ID: 8886168
The job Bulk_0c008636363636363636 was saved and received the ID: 8886169
The job PhonoBulk_0c008636363636363636 was saved and received the ID: 8886170
The job supercell_phonon_0 was saved and received the ID: 8886171
The job Bulk_0c01090909090909091 was saved and received the ID: 8886172
The job PhonoBulk_0c01090909090909091 was saved and received the ID: 8886173
The job supercell_phonon_0 was saved and received the ID: 8886174
The job Bulk_0c013181818181818183 was saved and received the ID: 8886175
The job PhonoBulk_0c013181818181818183 was saved and received the ID: 8886176
The job supercell_phonon_0 was saved and received the ID: 8886177
The job Bulk_0c015454545454545457 was saved and received the ID: 8886178
The job PhonoBulk_0c015454545454545457 was saved and received the ID: 8886179
The job supercell_phonon_0 was saved and received the ID: 8886180
The job Bulk_0c01772727272727273 was saved and received the ID: 8886182
The job PhonoBulk_0c01772727272727273 was saved and received the ID: 8886183
The job supercell_phonon_0 was saved and received the ID: 8886184
The job Bulk_0c02 was saved and received the ID: 8886186
The job PhonoBulk_0c02 was saved and received the ID: 8886187
The job supercell_phonon_0 was saved and received the ID: 8886188







[22]:






# The lattice constant is probably a more informative value than the 0K-relative strain
latts = basis_rel.cell[0][0] * scales








[23]:






# At each temperature, find the optimal volume by a simple quadratic fit
# ...Wait, which order fit will be good enough? Let's just spot-check
free_en = bulk_free_energies[:, -1]
plt.plot(latts, free_en, color='b', label='data')

# We'll plot the fit on a much denser mesh
fit_deg = 4
p = np.polyfit(latts, free_en, deg=fit_deg)
dense_latts = np.linspace(np.amin(latts), np.amax(latts), 1000)
#dense_latts = np.linspace(0, 10, 1000)
plt.plot(dense_latts, np.polyval(p=p, x=dense_latts), color='r', label='fit')
plt.xlabel('Lattice constant [$\mathrm{\AA}$]')
plt.ylabel('Bulk free energy [eV/supercell]')
plt.legend()
# Ok, a fourth-order fit seems perfectly reasonable








[23]:







<matplotlib.legend.Legend at 0x2b151bd2ac10>
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[24]:






# Now find optimal temperatures
best_latts = np.zeros(len(temperatures))
best_latt_guess = basis_rel.cell[0][0]
for i, T in enumerate(temperatures):
    free_en = bulk_free_energies[:, i]
    p = np.polyfit(latts, free_en, deg=fit_deg)
    extrema = np.roots(np.polyder(p, m=1)).real  # Find where first-derivative is zero
    best_latts[i] = extrema[np.argmin(np.abs(extrema - best_latt_guess))]








[25]:






# Check that they're resonable
print(best_latt_guess, '\n', best_latts)













4.045270475668763
 [0.11555233 0.11352406 0.10694882 0.10163624 0.09885196 1.43573459
 0.77014253 0.60322527 0.51918649 0.46683335 0.43047109 0.40346556
 0.38247104 0.36559688 0.35168556 0.33998477 0.32998232 0.32131628
 0.31372298 0.30700538 0.30101301 0.29562879 0.29076015 0.28633285
 0.28228657 0.2785718  0.27514744 0.27197909 0.2690377  0.26629857
 0.26374056 0.26134543]







[26]:






# Let's look at the landscape
fig, ax = plt.subplots()
sns.heatmap(bulk_free_energies, ax=ax, cmap="coolwarm",
            xticklabels=['{:,.0f}'.format(T) for T in temperatures],
            yticklabels=['{:,.2f}'.format(a) for a in latts])
ax.set_xlabel("Temperature [K]")
ax.set_ylabel("Lattice constant [$\mathrm{\AA}$]")

# Overlaying the optimal path takes a couple changes of variables
# since the heatmap is plotting integer cells


ax.plot(scale_array(temperatures, new_range=len(temperatures)),
        scale_array(best_latts, scaler=latts, new_range=len(latts)),
        color='k')









[26]:







[<matplotlib.lines.Line2D at 0x2b1519223a90>]
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Vacancies and diffusion

Another common use of QHA is to calculate the pre-factor for migration in a diffusion event.

In particular, the diffusion jump barrier looks like \(\omega_0 = \nu_0^\star \exp(-H_\mathrm{m} / k_\mathrm{B} T)\), where \(\nu_0^\star = \prod_{i=1}^{3N-3} \nu_i^\mathrm{IS} / \prod_{i=1}^{3N-4} \nu_i^\mathrm{TS}\), with IS and TS indicating the initial and transition states, respectively. Note that the transition state is missing a single frequency, which is from the instability of the transition state. It’s either an imaginary mode, which I think means a negative frequency.
Meanwhile, \(H_\mathrm{m}\) is the enthalpic barrier (difference between the initial and transition states) and \(k_\mathrm{B} T\) is the usual thermal energy term.

Typically, these sorts of investigations use the nudged elastic band (NEB) to find the 0K transition state. You can do that with our new flexible jobs, but we’ll save that for later. For now we’ll just “approximate” the transition state with a simple linear interpolation.


Stable vacancy structures

Let’s start by generating and relaxing the initial and final states


[27]:






pr_vac = pr.create_group("Vacancies")








[28]:






# Find two adjacent sites
print(job_bulk_1.structure.positions[0])
print(job_bulk_1.structure.positions[1])
# Yep, 1 and 2 will do













[0. 0. 0.]
[ 2.02263524e+00  2.02263524e+00 -7.63052415e-33]







[29]:






job_vac_i = pr_vac.create_job(pr.job_type.Lammps, "VacancyInitial")
job_vac_f = pr_vac.create_job(pr.job_type.Lammps, "VacancyFinal")

job_vac_i.potential = pot
job_vac_f.potential = pot








[30]:






sc_vac_i = sc_bulk_rel.copy()
sc_vac_i.pop(0)
job_vac_i.structure = sc_vac_i

sc_vac_f = sc_bulk_rel.copy()
sc_vac_f.pop(1)
job_vac_f.structure = sc_vac_f








[31]:






# Relax the new vacancy structures
job_vac_i.calc_minimize(pressure=0.0)
job_vac_i.run()

job_vac_f.calc_minimize(pressure=0.0)
job_vac_f.run()













The job VacancyInitial was saved and received the ID: 8886189
The job VacancyFinal was saved and received the ID: 8886190









DOS

The pyiron implementation of phonopy makes it very easy to look at the DOS. Let’s see what the effect is of introducing a vacancy, and confirm that our two vacancies are equivalent.


[32]:






phon_vac_i = make_phonopy_job(job_vac_i, "PhonoVacInitial")
phon_vac_f = make_phonopy_job(job_vac_f, "PhonoVacFinal")








[33]:






phon_vac_i.run()
tp_vac_i = phon_vac_i.get_thermal_properties(temperatures=temperatures)

phon_vac_f.run()
tp_vac_f = phon_vac_i.get_thermal_properties(temperatures=temperatures)

# Note that the vacancy structures spawn many more child processes
# This is because the vacancy structure has lower symmetry













The job PhonoVacInitial was saved and received the ID: 8886191
The job supercell_phonon_0 was saved and received the ID: 8886192
The job supercell_phonon_1 was saved and received the ID: 8886193
The job supercell_phonon_2 was saved and received the ID: 8886194
The job supercell_phonon_3 was saved and received the ID: 8886195
The job supercell_phonon_4 was saved and received the ID: 8886196
The job supercell_phonon_5 was saved and received the ID: 8886197
The job supercell_phonon_6 was saved and received the ID: 8886198
The job supercell_phonon_7 was saved and received the ID: 8886199
The job supercell_phonon_8 was saved and received the ID: 8886200
The job supercell_phonon_9 was saved and received the ID: 8886201
The job supercell_phonon_10 was saved and received the ID: 8886202
The job supercell_phonon_11 was saved and received the ID: 8886203
The job supercell_phonon_12 was saved and received the ID: 8886204
The job supercell_phonon_13 was saved and received the ID: 8886205
The job supercell_phonon_14 was saved and received the ID: 8886207
The job supercell_phonon_15 was saved and received the ID: 8886208
The job supercell_phonon_16 was saved and received the ID: 8886209
The job supercell_phonon_17 was saved and received the ID: 8886210
The job supercell_phonon_18 was saved and received the ID: 8886211
The job supercell_phonon_19 was saved and received the ID: 8886212
The job supercell_phonon_20 was saved and received the ID: 8886213
The job PhonoVacFinal was saved and received the ID: 8886214
The job supercell_phonon_0 was saved and received the ID: 8886215
The job supercell_phonon_1 was saved and received the ID: 8886216
The job supercell_phonon_2 was saved and received the ID: 8886217
The job supercell_phonon_3 was saved and received the ID: 8886218
The job supercell_phonon_4 was saved and received the ID: 8886219
The job supercell_phonon_5 was saved and received the ID: 8886220
The job supercell_phonon_6 was saved and received the ID: 8886221
The job supercell_phonon_7 was saved and received the ID: 8886222
The job supercell_phonon_8 was saved and received the ID: 8886223
The job supercell_phonon_9 was saved and received the ID: 8886225
The job supercell_phonon_10 was saved and received the ID: 8886226
The job supercell_phonon_11 was saved and received the ID: 8886227
The job supercell_phonon_12 was saved and received the ID: 8886228
The job supercell_phonon_13 was saved and received the ID: 8886229
The job supercell_phonon_14 was saved and received the ID: 8886230
The job supercell_phonon_15 was saved and received the ID: 8886231
The job supercell_phonon_16 was saved and received the ID: 8886232
The job supercell_phonon_17 was saved and received the ID: 8886233
The job supercell_phonon_18 was saved and received the ID: 8886234
The job supercell_phonon_19 was saved and received the ID: 8886235
The job supercell_phonon_20 was saved and received the ID: 8886236







[34]:






fig, ax = plt.subplots()
phono_bulk_1.plot_dos(ax=ax, color='b', label='bulk')
phon_vac_i.plot_dos(ax=ax, color='r', label='vac_i')
phon_vac_f.plot_dos(ax=ax, color='orange', label='vac_f')
plt.legend()









[34]:







<matplotlib.legend.Legend at 0x2b157cd72890>
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Attempt frequency

Now we get the attempt frequency by comparing the individual phonon spectra of initial and transition states


[35]:






# Interpolate initial and final positions to guesstimate the transition state
sc_vac_ts = sc_vac_i.copy()
sc_vac_ts.positions = 0.5 * (sc_vac_i.positions + sc_vac_f.positions)








[36]:






job_vac_ts = pr_vac.create_job(pr.job_type.Lammps, "VacancyTransition")
job_vac_ts.potential = pot
job_vac_ts.structure = sc_vac_ts









[37]:






# We _don't_ relax this job, or it would fall into the initial or final state!
job_vac_ts.calc_static()
job_vac_ts.run()













The job VacancyTransition was saved and received the ID: 8886237







[38]:






phon_vac_ts = make_phonopy_job(job_vac_ts, "PhonoVacTransition")








[39]:






phon_vac_ts.run()
tp_vac_ts = phon_vac_ts.get_thermal_properties(temperatures=temperatures)













The job PhonoVacTransition was saved and received the ID: 8886238
The job supercell_phonon_0 was saved and received the ID: 8886239
The job supercell_phonon_1 was saved and received the ID: 8886240
The job supercell_phonon_2 was saved and received the ID: 8886241
The job supercell_phonon_3 was saved and received the ID: 8886242
The job supercell_phonon_4 was saved and received the ID: 8886243
The job supercell_phonon_5 was saved and received the ID: 8886244
The job supercell_phonon_6 was saved and received the ID: 8886245
The job supercell_phonon_7 was saved and received the ID: 8886246
The job supercell_phonon_8 was saved and received the ID: 8886247
The job supercell_phonon_9 was saved and received the ID: 8886248
The job supercell_phonon_10 was saved and received the ID: 8886249
The job supercell_phonon_11 was saved and received the ID: 8886250
The job supercell_phonon_12 was saved and received the ID: 8886251
The job supercell_phonon_13 was saved and received the ID: 8886252
The job supercell_phonon_14 was saved and received the ID: 8886253
The job supercell_phonon_15 was saved and received the ID: 8886254
The job supercell_phonon_16 was saved and received the ID: 8886255
The job supercell_phonon_17 was saved and received the ID: 8886256
The job supercell_phonon_18 was saved and received the ID: 8886257
The job supercell_phonon_19 was saved and received the ID: 8886258
The job supercell_phonon_20 was saved and received the ID: 8886259
The job supercell_phonon_21 was saved and received the ID: 8886260
The job supercell_phonon_22 was saved and received the ID: 8886261
The job supercell_phonon_23 was saved and received the ID: 8886262
The job supercell_phonon_24 was saved and received the ID: 8886263
The job supercell_phonon_25 was saved and received the ID: 8886264
The job supercell_phonon_26 was saved and received the ID: 8886265
The job supercell_phonon_27 was saved and received the ID: 8886267
The job supercell_phonon_28 was saved and received the ID: 8886269
The job supercell_phonon_29 was saved and received the ID: 8886270
The job supercell_phonon_30 was saved and received the ID: 8886271
The job supercell_phonon_31 was saved and received the ID: 8886272
The job supercell_phonon_32 was saved and received the ID: 8886273
The job supercell_phonon_33 was saved and received the ID: 8886274
The job supercell_phonon_34 was saved and received the ID: 8886275
The job supercell_phonon_35 was saved and received the ID: 8886276
The job supercell_phonon_36 was saved and received the ID: 8886277
The job supercell_phonon_37 was saved and received the ID: 8886278
The job supercell_phonon_38 was saved and received the ID: 8886279
The job supercell_phonon_39 was saved and received the ID: 8886280
The job supercell_phonon_40 was saved and received the ID: 8886281
The job supercell_phonon_41 was saved and received the ID: 8886282
The job supercell_phonon_42 was saved and received the ID: 8886283
The job supercell_phonon_43 was saved and received the ID: 8886284
The job supercell_phonon_44 was saved and received the ID: 8886285
The job supercell_phonon_45 was saved and received the ID: 8886286
The job supercell_phonon_46 was saved and received the ID: 8886287
The job supercell_phonon_47 was saved and received the ID: 8886288
The job supercell_phonon_48 was saved and received the ID: 8886289
The job supercell_phonon_49 was saved and received the ID: 8886290
The job supercell_phonon_50 was saved and received the ID: 8886291
The job supercell_phonon_51 was saved and received the ID: 8886292
The job supercell_phonon_52 was saved and received the ID: 8886293
The job supercell_phonon_53 was saved and received the ID: 8886294
The job supercell_phonon_54 was saved and received the ID: 8886295
The job supercell_phonon_55 was saved and received the ID: 8886296
The job supercell_phonon_56 was saved and received the ID: 8886297
The job supercell_phonon_57 was saved and received the ID: 8886298
The job supercell_phonon_58 was saved and received the ID: 8886299
The job supercell_phonon_59 was saved and received the ID: 8886300
The job supercell_phonon_60 was saved and received the ID: 8886301
The job supercell_phonon_61 was saved and received the ID: 8886302
The job supercell_phonon_62 was saved and received the ID: 8886303
The job supercell_phonon_63 was saved and received the ID: 8886304
The job supercell_phonon_64 was saved and received the ID: 8886305
The job supercell_phonon_65 was saved and received the ID: 8886306
The job supercell_phonon_66 was saved and received the ID: 8886307
The job supercell_phonon_67 was saved and received the ID: 8886308
The job supercell_phonon_68 was saved and received the ID: 8886309
The job supercell_phonon_69 was saved and received the ID: 8886310
The job supercell_phonon_70 was saved and received the ID: 8886311
The job supercell_phonon_71 was saved and received the ID: 8886312
The job supercell_phonon_72 was saved and received the ID: 8886313
The job supercell_phonon_73 was saved and received the ID: 8886314
The job supercell_phonon_74 was saved and received the ID: 8886315
The job supercell_phonon_75 was saved and received the ID: 8886316
The job supercell_phonon_76 was saved and received the ID: 8886317
The job supercell_phonon_77 was saved and received the ID: 8886318
The job supercell_phonon_78 was saved and received the ID: 8886319
The job supercell_phonon_79 was saved and received the ID: 8886320
The job supercell_phonon_80 was saved and received the ID: 8886321
The job supercell_phonon_81 was saved and received the ID: 8886322
The job supercell_phonon_82 was saved and received the ID: 8886323
The job supercell_phonon_83 was saved and received the ID: 8886324
The job supercell_phonon_84 was saved and received the ID: 8886325
The job supercell_phonon_85 was saved and received the ID: 8886326
The job supercell_phonon_86 was saved and received the ID: 8886327
The job supercell_phonon_87 was saved and received the ID: 8886328
The job supercell_phonon_88 was saved and received the ID: 8886329
The job supercell_phonon_89 was saved and received the ID: 8886330
The job supercell_phonon_90 was saved and received the ID: 8886331
The job supercell_phonon_91 was saved and received the ID: 8886332
The job supercell_phonon_92 was saved and received the ID: 8886333
The job supercell_phonon_93 was saved and received the ID: 8886334
The job supercell_phonon_94 was saved and received the ID: 8886335







[40]:






# The transition state has an imaginary mode (frequency < 0), let's see it
fig, ax = plt.subplots()
phon_vac_i.plot_dos(ax=ax, color='r', label='initial')
phon_vac_ts.plot_dos(ax=ax, color='b', label='transition')
plt.legend()









[40]:







<matplotlib.legend.Legend at 0x2b157c09cc90>
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To calculate the attempt frequency, we’ll ignore both the negative mode of the transition state (which we were warned about in the equation), as well as the three frequencies which correspond to rigid translation and are very near zero, and sometimes dip to be negative. Phonopy sorts the frequencies by magnitude, so we can just skip the first three and four for the initial and transition states, respectively. We take them at q=0.


[41]:






freq_i = phon_vac_i.phonopy.get_frequencies(0)[3:]
freq_ts = phon_vac_i.phonopy.get_frequencies(0)[4:]








[42]:






print(np.prod(freq_i))













6.870293244293476e+236






Recall: \(\nu_0^\star = \prod_{i=1}^{3N-3} \nu_i^\mathrm{IS} / \prod_{i=1}^{3N-4} \nu_i^\mathrm{TS}\)


[43]:






# Products are dangerous beasts, so we'll do a little numeric magic
nu = np.prod(freq_i[:-1] / freq_ts) * freq_i[-1]
print("Attempt frequency is ", nu, "THz (10^-12 s)")













Attempt frequency is  2.6826762430167848 THz (10^-12 s)






Mantina et al. (PRL 2008) report \(\nu = 19.3\) THz using DFT and NEB, so our linearly-interpolated “transition state” with EAM is actually not doing so poorly.

There are many more things you can do with phonopy, including looking directly at the force constants, the Hessian matrix, etc. But hopefully this is a useful starting point.
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Workfunction of hcp (0001) surfaces

In this notebook, we will show how to calculate the workfunction of selected hcp(0001) surfaces using VASP [https://www.vasp.at/]. Please keep in mind that the parameters used here give no converged results. They have been chosen to demonstrate the workflow using inexpensive calculations. For converged results, parameters such as lattice parameters, plane-wave energy cutoffs, reciprocal space sampling or the need to perform spin polarized calculations have to be carefully chosen


[1]:






import numpy as np
%matplotlib inline
import matplotlib.pylab as plt
import pandas as pd
import time








[2]:






from pyiron import Project








[3]:






pr = Project("hcp_workfunction")








Calculating the Workfunction of Mg(0001)


Structure creation

We use the create_surface() function which uses the ASE surface generator to build our surface slab structure


[4]:






 # Now we set-up the Mg (0001) surface
a = 3.1919
c = 5.1852

# Vacuum region to break the periodicity along the z-axis
vac = 10
size = (2, 2, 4)
Mg_0001 = pr.create_surface("Mg",
                            surface_type="hcp0001",
                            size=size,
                            a=a,
                            c=c,
                            orthogonal=True,
                            vacuum=vac)
Mg_0001.plot3d()




















Using selective dynamics

We use selective dynamics to restrict relaxation to the surface atoms (first and last Mg layers). We use the advanced array indexing options available in the NumPy package (see here [https://docs.scipy.org/doc/numpy-1.13.0/reference/arrays.indexing.html]) to detect which atoms are at the surface and then freeze the rest


[5]:






# Initially freeze all the atoms
Mg_0001.add_tag(selective_dynamics=[False, False, False])

# Find which atoms are at the surface
# (based on the z-coordinate)
pos_z = Mg_0001.positions[:, 2]
z_min, z_max = np.min(pos_z), np.max(pos_z)
eps = 1e-4
relax_indices = np.argwhere(((pos_z - eps) > z_min)
                            & ((pos_z + eps) < z_max ))
relax_indices  = relax_indices.flatten()

# Now allow these atoms to relax

Mg_0001.selective_dynamics[relax_indices] = [True, True, True]










Setup and execution

To automate the calculation we define a function that has as input the project object, structure, job_name, Fermi smearing width, the type of k-point sampling and the plane-wave energy cutoff


[6]:






def get_ham(proj, basis, name, sigma=0.1, mesh="GP", encut=350):
    ham = proj.create_job(pr.job_type.Vasp, name)
    ham.set_convergence_precision(electronic_energy=1e-7,
                                  ionic_energy=1e-2)
    # Setting fermi-smearing
    ham.set_occupancy_smearing(smearing="fermi", width=sigma)
    # Ionic_minimization
    ham.calc_minimize(ionic_steps=100,
                      electronic_steps=60,
                      retain_electrostatic_potential=True,
                      pressure=None)
    ham.structure = basis
    ham.set_encut(encut=encut)
    if mesh == "GP":
        # Only the Gamma point
        ham.set_kpoints(scheme="GP")
    elif len(mesh) == 3:
        ham.set_kpoints(mesh=mesh)
    return ham








[7]:






ham_vasp = get_ham(proj=pr,
                   basis=Mg_0001,
                   name="Mg_0001",
                   sigma=0.1,
                   mesh="GP",
                   encut=350)










Submitting to the queue (optional)

If you use a cluster installation of pyiron, you can send the created jobs to the cluster by specifying the name of the queue and the number of cores


[8]:






# queue = ham_vasp.server.list_queues()[-1]
# ham_vasp.server.queue = queue
# ham_vasp.server.cores = 20











Choosing an appropriate executable


[9]:






ham_vasp.executable.available_versions








[9]:







['5.3',
 '5.3_col',
 '5.3_col_mpi',
 '5.3_mpi',
 '5.4',
 '5.4.4',
 '5.4.4_gam',
 '5.4.4_gam_mpi',
 '5.4.4_mpi',
 '5.4.4_ncl',
 '5.4.4_ncl_mpi',
 '5.4.4_std',
 '5.4.4_std_mpi',
 '5.4_gamma',
 '5.4_gamma_mpi',
 '5.4_mpi']






Since this example uses the \(\Gamma\) point only, we can use the VASP Gamma-only version. If you use more k-points choose an appropriate executable


[10]:






ham_vasp.executable.version = "5.4_gamma"










Execution

The job is ready for execution


[11]:






ham_vasp.run()










Post processing

To analyze the results we ensure that the job is finished (the if statement in the first line). We then compute the work function by subtracting the Fermi-level from the vacuum level

\(\Phi = V_{vac} - \epsilon_F\)


[12]:






if ham_vasp.status.finished:
    # Get the electrostatic potential
    epot = ham_vasp.get_electrostatic_potential()

    # Compute the lateral average along the z-axis (ind=2)
    epot_z = epot.get_average_along_axis(ind=2)

    # Get the final relaxed structure from the simulation
    struct = ham_vasp.get_structure(iteration_step=-1)
    r = np.linalg.norm(struct.cell[2])
    z = np.linspace(0, r, len(epot_z))

    # Computing the vacuum-level
    vac_level = np.max(epot_z)

    # Get the electronic structure
    es = ham_vasp.get_electronic_structure()
    print("wf:", vac_level - es.efermi)
    plt.plot(z, epot_z - vac_level)
    plt.xlim(0, r)
    plt.axhline(es.efermi - vac_level,
                color="black",
                linestyle="dashed")
    plt.xlabel("z ($\AA$)")
    plt.ylabel("V - V$_{vac}$");













wf: 3.37343565133
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Looping over a series of hcp(0001) surfaces

We now repeat the workflow for a set of hcp metals (the chosen lattice parameters are approximate). Note that if you use the same naming convention, pyiron detects that a job with the same name exists (“Mg_0001”) and loads the output from this calculation rather than launch a new job with the same name.


[13]:






hcp_dict = {"Zn": {"a":2.6649, "c": 4.9468},
            "Mg": {"a": 3.1919, "c": 5.1852},
            "Co": {"a": 2.5071 , "c": 4.0695},
            "Ru": {"a": 2.7059 , "c": 4.2815}}








[14]:






vac = 10
size = (2, 2, 4)
for element, lattice_parameters in hcp_dict.items():
    surf = pr.create_surface(element,
                             surface_type="hcp0001",
                             size=size,
                             a=lattice_parameters["a"],
                             c=lattice_parameters["c"],
                             orthogonal=True, vacuum=vac)
    surf.add_tag(selective_dynamics=[False, False, False])
    pos_z = surf.positions[:, 2]
    z_min, z_max = np.min(pos_z), np.max(pos_z)
    eps = 1e-4
    relax_indices = np.argwhere(((pos_z - eps) > z_min)
                                & ((pos_z + eps) < z_max ))
    relax_indices  = relax_indices.flatten()
    surf.selective_dynamics[relax_indices] = [True, True, True]
    job_name = "{}_0001".format(element)
    ham = get_ham(pr, surf,
                  name=job_name,
                  sigma=0.1,
                  mesh="GP",
                  encut=350)
    #ham.server.cores = 20
    #ham.server.queue = queue
    ham.executable.version = '5.4_gamma'
    ham.run()








Loading and analyzing

Now we iterate over all jobs in this project and calculate the workfunction. We also time how long the cell takes to execute


[15]:






t1 = time.time()
for ham in pr.iter_jobs():
    if ham.status.finished:
            final_struct = ham.get_structure(iteration_step=-1)
            elec_structure = ham.get_electronic_structure()
            e_Fermi = elec_structure.efermi
            epot = ham.get_electrostatic_potential()
            epot_z = epot.get_average_along_axis(ind=2)
            vacuum_level = np.max(epot_z)
            wf = vacuum_level - e_Fermi
            element = final_struct.get_majority_species()[-1]
            hcp_dict[element]["work_func"] = wf
t2 = time.time()
print("time: {}s".format(t2-t1))













time: 9.250723838806152s









Compiling data in a table using pandas [https://pandas.pydata.org/]


[16]:






df = pd.DataFrame(hcp_dict).T
df = df.rename(columns={'a': 'a [A]',
                        'c': 'c [A]',
                        'work_func': 'wf [eV]'})
print(df.round(3))













    a [A]  c [A]  wf [eV]
Co  2.507  4.069    5.569
Mg  3.192  5.185    3.373
Ru  2.706  4.282    5.305
Zn  2.665  4.947    3.603







[ ]:
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Molecular dynamics simulations of bulk water

In this example, we show how to perform molecular dynamics of bulk water using the popular interatomic TIP3P potential (W. L. Jorgensen et. al. [https://doi.org/10.1063/1.445869]) and LAMMPS [http://lammps.sandia.gov/].


[1]:






import numpy as np
%matplotlib inline
import matplotlib.pylab as plt
from pyiron import Project
import ase.units as units
import pandas








[2]:






pr = Project("tip3p_water")








Creating the initial structure

We will setup a cubic simulation box consisting of 27 water molecules density density is 1 g/cm\(^3\). The target density is achieved by determining the required size of the simulation cell and repeating it in all three spatial dimensions


[3]:






density = 1.0e-24  # g/A^3
n_mols = 27
mol_mass_water = 18.015 # g/mol

# Determining the supercell size size
mass = mol_mass_water * n_mols / units.mol  # g
vol_h2o = mass / density # in A^3
a = vol_h2o ** (1./3.) # A

# Constructing the unitcell
n = int(round(n_mols ** (1. / 3.)))

dx = 0.7
r_O = [0, 0, 0]
r_H1 = [dx, dx, 0]
r_H2 = [-dx, dx, 0]
unit_cell = (a / n) * np.eye(3)
water = pr.create_atoms(elements=['H', 'H', 'O'],
                        positions=[r_H1, r_H2, r_O],
                        cell=unit_cell, pbc=True)
water.set_repeat([n, n, n])
water.plot3d()




























[4]:






water.get_chemical_formula()








[4]:







'H54O27'









Equilibrate water structure

The initial water structure is obviously a poor starting point and requires equilibration (Due to the highly artificial structure a MD simulation with a standard time step of 1fs shows poor convergence). Molecular dynamics using a time step that is two orders of magnitude smaller allows us to generate an equilibrated water structure. We use the NVT ensemble for this calculation:


[5]:






water_potential = pandas.DataFrame({
    'Name': ['H2O_tip3p'],
    'Filename': [[]],
    'Model': ["TIP3P"],
    'Species': [['H', 'O']],
    'Config': [['# @potential_species H_O ### species in potential\n', '# W.L. Jorgensen et.al., The Journal of Chemical Physics 79, 926 (1983); https://doi.org/10.1063/1.445869\n', '#\n', '\n', 'units real\n', 'dimension 3\n', 'atom_style full\n', '\n', '# create groups ###\n', 'group O type 2\n', 'group H type 1\n', '\n', '## set charges - beside manually ###\n', 'set group O charge -0.830\n', 'set group H charge 0.415\n', '\n', '### TIP3P Potential Parameters ###\n', 'pair_style lj/cut/coul/long 10.0\n', 'pair_coeff * * 0.0 0.0 \n', 'pair_coeff 2 2 0.102 3.188 \n', 'bond_style harmonic\n', 'bond_coeff 1 450 0.9572\n', 'angle_style harmonic\n', 'angle_coeff 1 55 104.52\n', 'kspace_style pppm 1.0e-5\n', '\n']]
})








[6]:






job_name = "water_slow"
ham = pr.create_job("Lammps", job_name)
ham.structure = water
ham.potential = water_potential













/srv/conda/envs/notebook/lib/python3.7/site-packages/pyiron/lammps/base.py:170: UserWarning: WARNING: Non-'metal' units are not fully supported. Your calculation should run OK, but results may not be saved in pyiron units.
  "WARNING: Non-'metal' units are not fully supported. Your calculation should run OK, but "







[7]:






ham.calc_md(temperature=300,
            n_ionic_steps=1e4,
            time_step=0.01)
ham.run()













The job water_slow was saved and received the ID: 1







[8]:






view = ham.animate_structure()
view




















Full equilibration

At the end of this simulation, we have obtained a structure that approximately resembles water. Now we increase the time step to get a reasonably equilibrated structure


[9]:






# Get the final structure from the previous simulation
struct = ham.get_structure(iteration_step=-1)
job_name = "water_fast"
ham_eq = pr.create_job("Lammps", job_name)
ham_eq.structure = struct
ham_eq.potential = water_potential
ham_eq.calc_md(temperature=300,
               n_ionic_steps=1e4,
               n_print=10,
               time_step=1)
ham_eq.run()













The job water_fast was saved and received the ID: 2







[10]:






view = ham_eq.animate_structure()
view

















We can now plot the trajectories


[11]:






plt.plot(ham_eq["output/generic/energy_pot"])
plt.xlabel("Steps")
plt.ylabel("Potential energy [eV]");












[image: ../../_images/source_notebooks_water_MD_15_0.png]





[12]:






plt.plot(ham_eq["output/generic/temperature"])
plt.xlabel("Steps")
plt.ylabel("Temperature [K]");












[image: ../../_images/source_notebooks_water_MD_16_0.png]







Structure analysis

We will now use the get_neighbors() function to determine structural properties from the final structure of the simulation. We take advantage of the fact that the TIP3P water model is a rigid water model which means the nearest neighbors, i.e. the bound H atoms, of each O atom never change. Therefore they need to be indexed only once.


[13]:






final_struct = ham_eq.get_structure(iteration_step=-1)

# Get the indices based on species
O_indices = final_struct.select_index("O")
H_indices = final_struct.select_index("H")

# Getting only the first two neighbors
neighbors = final_struct.get_neighbors(num_neighbors=2)








Distribution of the O-H bond length

Every O atom has two H atoms as immediate neighbors. The distribution of this bond length is obtained by:


[14]:






bins = np.linspace(0.5, 1.5, 100)
plt.hist(neighbors.distances[O_indices].flatten(), bins=bins)
plt.xlim(0.5, 1.5)
plt.xlabel(r"d$_{OH}$ [$\AA$]")
plt.ylabel("Count");












[image: ../../_images/source_notebooks_water_MD_20_0.png]







Distribution of the O-O bond lengths

We need to extend the analysis to go beyond nearest neighbors. We do this by using the number of neighbors in a specified cutoff distance


[15]:






num_neighbors = final_struct.get_numbers_of_neighbors_in_sphere(cutoff_radius=9).max()








[16]:






neighbors = final_struct.get_neighbors(num_neighbors)








[17]:






neigh_indices = np.hstack(np.array(neighbors.indices)[O_indices])
neigh_distances = np.hstack(np.array(neighbors.distances)[O_indices])







One is often intended in an element specific pair correlation function. To obtain for example, the O-O coordination function, we do the following:


[18]:






# Getting the neighboring Oxyhen indices
O_neigh_indices  = np.in1d(neigh_indices, O_indices)
O_neigh_distances = neigh_distances[O_neigh_indices]








[19]:






bins = np.linspace(1, 8, 120)
count = plt.hist(O_neigh_distances, bins=bins)
plt.xlim(2, 4)
plt.title("O-O pair correlation")
plt.xlabel(r"d$_{OO}$ [$\AA$]")
plt.ylabel("Count");












[image: ../../_images/source_notebooks_water_MD_27_0.png]




We now extent our analysis to include statistically independent snapshots along the trajectory. This allows to obtain the radial pair distribution function of O-O distances in the NVT ensamble.


[20]:






traj=ham_eq["output/generic/positions"]
nsteps=len(traj)
stepincrement=int(nsteps/10)
# Start sampling snaphots after some equilibration time; do not double count last step.
snapshots=range(stepincrement,nsteps-stepincrement,stepincrement)








[21]:






for i in snapshots:
    struct.positions = traj[i]
    neighbors = struct.get_neighbors(num_neighbors)
    neigh_indices = np.hstack(np.array(neighbors.indices)[O_indices])
    neigh_distances = np.hstack(np.array(neighbors.distances)[O_indices])
    O_neigh_indices  = np.in1d(neigh_indices, O_indices)
    #collect all distances in the same array
    O_neigh_distances = np.concatenate((O_neigh_distances,neigh_distances[O_neigh_indices]))







To obtain a radial pair distribution function (\(g(r)\)), one has to normalize by the volume of the surfce increment of the sphere (\(4\pi r^2\Delta r\)) and by the number of species, samples, and the number density.


[22]:






O_gr=np.histogram(O_neigh_distances,bins=bins)
dr=O_gr[1][1]-O_gr[1][0]
normfac=(n/a)**3*n**3*4*np.pi*dr*(len(snapshots)+1)
# (n/a)**3            number density
# n**3                number of species
# (len(snapshots)+1)  number of samples (we also use final_struct)








[23]:






plt.bar(O_gr[1][0:-1],O_gr[0]/(normfac*O_gr[1][0:-1]**2),dr)
plt.xlim(2, 7)
plt.title("O-O pair correlation")
plt.xlabel(r"d$_{OO}$ [$\AA$]")
plt.ylabel("$g_{OO}(r)$");












[image: ../../_images/source_notebooks_water_MD_33_0.png]
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Importing finished VASP calculations

Finished VASP calculations that were created outside of pyiron can be imported using the following script:

from pyiron.project import Project
pr = Project('imported_jobs')
# Searches and imports vasp jobs from 'vasp_directory'
path_to_import = "vasp_directory"
pr.import_from_path(path=path_to_import, recursive=True)





The calculations are imported into the project ‘imported_jobs’. The recursive function imports vasp directories within
each vasp directory if present.


Note

This functionality best works when both the vasprun.xml and OUTCAR files are present in the directories. The
import would work only id the vasprun.xml file exists too. If the vasprun.xml file does not exist, the OUTCAR and CONTCAR
files must be present
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Command Line Interface


Usage Summary

There’s a few command line tools shipped with pyiron to help
administrating and keeping up with your pyiron project as well as some that are
used internally.  All of them are installed by default in the pyiron script
that has a few sub commands.


	pyiron install
	Installs the pyiron resources for the first time, if you don’t get them via
conda.



	pyiron ls
	list the jobs inside a project and filter them with a few primitives

Print the run time of all finished jobs


pyiron ls -c job totalcputime -s finished




Print all jobs with iron


pyiron ls -e Fe




Print all jobs that successfully finished yesterday and a bit


pyiron ls -s finished -i 1d5h




Print all jobs that were aborted less than 5 hours ago and match
“spx.*restart”


pyiron ls -n “spx.*restart” -i 5h -s aborted






	pyiron rm
	Delete jobs and whole projects from the database and the file system.  If
you simply rm jobs and projects they are still in the database and can
lead to confusion on pyiron’s part.



	pyiron wrapper
	Runs jobs from the database.  pyiron uses this internally to start jobs on
the remote cluster nodes, but you can also use it when you set the run mode
to “manual” or to manually re-run jobs.








Developer Guide

Adding a new sub command is done by adding a new module to pyiron.cli.
This module needs to define a register and a main function.  The
former is called with an argparse.ArgumentParser instance as sole argument
and should define the command line interface in the usual way [https://docs.python.org/3/library/argparse.html].  The latter will be called
with the parsed arguments and should just execute whatever it is that utility
should be doing.  Additionally if you need to control the formatter_class
and epilog keyword arguments when creating the argparse.ArgumentParser
instance you can set the formatter and epilog toplevel variables (see
the ls sub command for an example).  Finally you must add the module to the
pyiron.cli.cli_modules dict.
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Citing

The pyiron integrated development environment (IDE) for computational materials science - pyiron IDE - is based on a flexible plugin infrastructure. So depending on which modules are used please cite the corresponding papers.


pyiron paper (accepted)

@article{pyiron-paper,
  title = {pyiron: An integrated development environment for computational materials science},
  journal = {Computational Materials Science},
  volume = {163},
  pages = {24 - 36},
  year = {2019},
  issn = {0927-0256},
  doi = {https://doi.org/10.1016/j.commatsci.2018.07.043},
  url = {http://www.sciencedirect.com/science/article/pii/S0927025618304786},
  author = {Jan Janssen and Sudarsan Surendralal and Yury Lysogorskiy and Mira Todorova and Tilmann Hickel and Ralf Drautz and Jörg Neugebauer},
  keywords = {Modelling workflow, Integrated development environment, Complex simulation protocols},
}





For all the other modules/ plugins in particular those hosted at https://gitlab.mpcdf.mpg.de/pyiron (MPIE internal) please ask the developers for the corrsponding references. We try to publish those under the open source license when the initial papers are published. Afterwards they are going to be added to the official Github repository [https://github.com/pyiron].




external paper

Some of the features in pyiron rely on external codes which should be cited separatly. In alphabetical order:


ASE

pyiron is compatible with the Atomic Simulation Environment (ASE) [https://wiki.fysik.dtu.dk/ase/index.html] structure classes, allowing the user to generate structures using the ASE framework [https://wiki.fysik.dtu.dk/ase/index.html] and run the simulation within pyiron.

@article{ase-paper,
  author={Ask Hjorth Larsen and Jens Jørgen Mortensen and Jakob Blomqvist and Ivano E Castelli and Rune Christensen and Marcin Dułak and Jesper Friis and Michael N Groves and Bjørk Hammer and Cory Hargus and Eric D Hermes and Paul C Jennings and Peter Bjerre Jensen and James Kermode and John R Kitchin and Esben Leonhard Kolsbjerg and Joseph Kubal and Kristen Kaasbjerg and Steen Lysgaard and Jón Bergmann Maronsson and Tristan Maxson and Thomas Olsen and Lars Pastewka and Andrew Peterson and Carsten Rostgaard and Jakob Schiøtz and Ole Schütt and Mikkel Strange and Kristian S Thygesen and Tejs Vegge and Lasse Vilhelmsen and Michael Walter and Zhenhua Zeng and Karsten W Jacobsen},
  title={The atomic simulation environment—a Python library for working with atoms},
  journal={Journal of Physics: Condensed Matter},
  volume={29},
  number={27},
  pages={273002},
  url={http://stacks.iop.org/0953-8984/29/i=27/a=273002},
  year={2017}
}








LAMMPS

The LAMMPS molecular dynamics simulator [http://lammps.sandia.gov] is the default molecular dynamics code used by pyiron.

@article{lammps,
  title = {Fast Parallel Algorithms for Short-Range Molecular Dynamics},
  journal = {Journal of Computational Physics},
  volume = {117},
  number = {1},
  pages = {1-19},
  year = {1995},
  issn = {0021-9991},
  doi = {https://doi.org/10.1006/jcph.1995.1039},
  url = {http://www.sciencedirect.com/science/article/pii/S002199918571039X},
  author = {Steve Plimpton}
}








VASP

The Vienna Ab initio Simulation Package [https://www.vasp.at] is the default ab initio used by pyiron.

@article{Kresse1993,
  title = {Ab initio molecular dynamics for liquid metals},
  author = {Kresse, G. and Hafner, J.},
  journal = {Phys. Rev. B},
  volume = {47},
  issue = {1},
  pages = {558--561},
  numpages = {0},
  month = {Jan},
  publisher = {American Physical Society},
  doi = {10.1103/PhysRevB.47.558},
  url = {https://link.aps.org/doi/10.1103/PhysRevB.47.558}
}





@article{Kresse1996a,
  title = {Efficiency of ab-initio total energy calculations for metals and semiconductors using a plane-wave basis set},
  journal = {Computational Materials Science},
  volume = {6},
  number = {1},
  pages = {15-50},
  year = {1996},
  issn = {0927-0256},
  doi = {https://doi.org/10.1016/0927-0256(96)00008-0},
  url = {http://www.sciencedirect.com/science/article/pii/0927025696000080},
  author = {Kresse, G. and Furthm\"uller, J.}
}





@article{Kresse1996b,
  title = {Efficient iterative schemes for ab initio total-energy calculations using a plane-wave basis set},
  author = {Kresse, G. and Furthm\"uller, J.},
  journal = {Phys. Rev. B},
  volume = {54},
  issue = {16},
  pages = {11169--11186},
  numpages = {0},
  year = {1996},
  month = {Oct},
  publisher = {American Physical Society},
  doi = {10.1103/PhysRevB.54.11169},
  url = {https://link.aps.org/doi/10.1103/PhysRevB.54.11169}
}
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FAQ


How to cite pyiron?

To cite pyiron and the corresponding codes, please follow the instructions on the publication page.




What units does pyiron use?


	mass = atomic mass units


	distance = Angstroms


	time = femtoseconds


	energy = eV


	velocity = Angstroms/femtoseconds


	force = eV/Angstrom


	temperature = Kelvin


	pressure = GPa


	charge = multiple of electron charge (1.0 is a proton)







How to import existing calculation?

Importing existing calculations is currently only supported for VASP. A tutorial how to import existing calculations is available in the tutorial section.




How to import structures from files or existing databases?

To read structure formats you can use ASE and then convert the structure to a pyiron structure using:

from pyiron import ase_to_pyiron
pyiron_structure = ase_to_pyiron(ase_structure)








How to install pyiron?

pyiron is designed to be installed as centralized service on your local computer cluster, rather than a local installation
on each individual workstation. To test pyiron online or with a local installation, please follow the instructions on the
installation page.




How do I install additional codes for pyiron?

When installing pyiron via conda it is possible to install most opensource codes via conda as well:


Install additional codes






	code

	job_type

	How to install ?





	GAUSSIAN

	Gaussian

	Compile on your own (commercial code)



	Gpaw

	Gpaw

	conda install -c conda-forge gpaw



	LAMMPS

	Lammps

	conda install -c conda-forge lammps



	S/PHI/nX

	Sphinx

	conda install -c conda-forge sphinxdft



	sqsgenerator

	SQSJob

	conda install -c conda-forge sqsgenerator



	VASP

	Vasp

	Compile on your own (commercial code)









How to use a custom Pseudo potential in VASP?

There are two ways to assign custom potentials in VASP, either you can change the pseudo potential for all atoms of one species:

job_vasp.potential.Fe = "~/resources/vasp/potentials/potpaw_PBE/Fe/POTCAR"





Or alternatively you can change the pseudo potential of a single atom by creating a new element:

my_fe = pr.create_element(
    new_element_name="Fe",
    parent_element="Fe",
    potential_file="~/resources/vasp/potentials/potpaw_PBE/Fe/POTCAR"
)
job_vasp.structure[0] = my_fe








How to use VASP tags which are not supported by pyiron?

The underlying input of any simulation code in pyiron can be directly accessed. For VASP you can change the INCAR parameters using the VASP specific syntax:

job_vasp.input.incar["ENCUT"] = 320.0  # eV








How to use a custom potential in LAMMPS?

A custom empirical potential (here, a hybrid potential) can be defined in the following format:

custom_potential = pd.DataFrame({
  'Name': ['SrTiO3_Pedone'],
  'Filename': [[]],
  'Model': ['Custom'],
  'Species': [['O', 'Sr', 'Ti']],
  'Config': [['atom_style full\n',  # I use 'full' here as atom_style 'charge' gives the same result
              '## create groups ###\n',
              'group O type 1\n',
              'group Sr type 2\n',
              'group Ti type 3\n',
              '\n',
              '## set charges - beside manually ###\n',
              'set group O charge -1.2000\n',
              'set group Sr charge 1.2000\n',
              'set group Ti charge 2.4000\n',
              '\n',
              'pair_style hybrid/overlay morse 15.0 mie/cut 15.0 coul/long 15.0 beck 15.0\n',
              'pair_coeff * * coul/long\n',
              'pair_coeff 1 2 beck 3.0 0 0 0 0\n',
              'pair_coeff 1 3 beck 1.0 0 0 0 0\n',
              'pair_coeff 1 1 beck 22.0 0 0 0 0\n',
              'pair_coeff 1 2 mie/cut 3.0 1.0 12.0 0\n',
              'pair_coeff 1 3 mie/cut 1.0 1.0 12.0 0\n',
              'pair_coeff 1 1 mie/cut 22.0 1.0 12.0 0\n',
              'pair_coeff 1 2 morse 0.019623 1.8860 3.32833\n',
              'pair_coeff 1 3 morse 0.024235 2.2547 2.708943\n',
              'pair_coeff 1 1 morse 0.042395 1.3793 3.618701\n',
              'kspace_style ewald 1.0e-8\n']]
})





The lines in Config will be written to the LAMMPS potential.inp file. Make sure that the arrangement of the species in Species is the same as the group types create groups within Config. Otherwise, a mixup or the species may occur in the LAMMPS structure.inp file.

The potential can then be used by assigning job.potential = custom_potential.




How to extend the potential database inside pyiron?

By default pyiron provides access to the OpenKIM and NIST databases for interatomic potentials and individual potentials can be added as discussed above. While there was an option to extend the default database this option was disabled as it decreased the reproducibility of simulation protocols.




How to link your own executable?

The linking of executables is explained as part of the installation in the section of advanced configuarion options. By default pyiron links to the executables provided by conda but you can accelerate you calculation by compiling your own version of a given simulation code which is optimized for your hardware.




How to send a calculation to the background ?

While most examples execute calculations inline or in modal mode, it is also possible to send calculation in the background.

job.server.run_mode.non_modal = True
job.run()
print("execute other commands while the job is running.")
pr.wait_for_job(job)





In this example the job is executed in the background, while the print command is already executed. Afterwards the project object waits for the execution of the job in the background to be finished.




How to submit a calculation to the queuing system?

Just like executing calculation in the background it is also possible to submit calculation to the queuing system:

job.server.list_queues()  # returns a list of queues available on the system
job.server.view_queues()  # returns a DataFrame listing queues and their settings
job.server.queue = "my_queue"  # select a queue
job.server.cores = 80          # set the number of cores
job.server.run_time = 3600     # set the run time in seconds
job.run()





For the queuing system to be available in pyiron it is necessary to configure it. The configuration of different queuing systems is explained in the installation.




How to setup spin constraint calculation?

pyiron supports setting up spin constrained calculations for VASP using the generic spin_constraint property:

job_vasp.spin_constraints = 1








What is the meaning of the name - pyiron?

pyiron is the combination of py + iron connecting Python, the programming language with iron as pyiron was
initially developed at the Max Planck Institut für Eisenforschung (iron research).




Which output quantities are stored in pyiron?











	generic



	tag

	dimension

	description

	VASP

	SPHInX

	LAMMPS





	time

	Nstep

	simulation time ( fs )

	
	
	x



	steps

	Nstep

	time steps

	
	
	x



	unwrapped_positions

	Nstep x Natom x 3

	unwrapped atom coordinates ( Å )

	x

	x

	x



	positions

	Nstep x Natom x 3

	wrapped atom coordinates ( Å )

	x

	x

	x



	velocities

	Nstep x Natom x 3

	velocity of each atom ( Å/fs )

	
	
	


	forces

	Nstep x Natom x 3

	force on each atom ( eV/Å )

	x

	x

	x



	cells

	Nstep x 3 x 3

	cell dimensions (cf. VASP website) ( Å )

	x

	x

	x



	energy_tot

	Nstep

	total energy of the system ( eV )

	x

	x

	x



	energy_kin

	Nstep

	kinetic energy of the system ( eV )

	x

	
	


	energy_pot

	Nstep

	potential energy of the system ( eV )

	x

	
	


	pressures

	Nstep x 3 x 3

	pressures ( GPa )

	
	
	x



	temperature

	Nstep

	temperature ( K )

	x

	
	x



	volume

	Nstep ?

	supercell volume ( Å3 )

	x

	x

	x



	atom_voronoi

	Nstep x Natom

	Voronoi volume of each atom ( Å3 )

	
	
	


	atom_stress

	Nstep x Natom x 3 x 3

	stress per atom x atomic volume ( eV )

	
	
	x



	atom_centro

	Nstep x Natom

	centro-symmetry parameter ( Å2 )

	
	
	


	atom_displace

	Nstep x Natom x 3

	displacement of each atom with respect to the initial position ( Å )

	
	
	


	computation_time

	Nstep

	computation time of the simulation ( s )

	
	x

	















	dft



	tag

	dimension

	description

	VASP

	SPHInX

	LAMMPS





	(scf_)energy_int

	Nstep

	internal energy ( eV )

	
	x

	


	(scf_)energy_free

	Nstep

	free energy, same as energy_tot in generic ( eV )

	x

	x

	


	(scf_)energy_zero

	Nstep

	extrapolated energy, sigma 
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Contributing to pyiron

The following is a set of guidelines for contributing to pyiron, which is
hosted and maintained by the Max Planck Institut für Eisenforschung [https://mpie.de]
on GitHub. These are mostly guidelines to facilitate an efficient
development workflow, and not necessarily rules. Use your best judgment,
and feel free to propose changes even to this document in a pull request.

You can find all the pyiron packages at our github page [https://github.com/pyiron] .
To create pull requests, you will need to become part of the
pyiron organization. Please email us if you would like to join.


Wait I don’t want to read this; I just have a quick question/bugfix!


	Check out our FAQ page [https://pyiron.readthedocs.io/en/latest/source/faq.html]; your question might already be answered there.


	If your question relates to a bug in pyiron, please briefly search the issues page [https://github.com/pyiron/pyiron/issues] and open a new labeled issue if you don’t see anything related to your question there.


	Please feel free just to send one of us a brief, descriptive email with your question, and we’ll do our best to get back to you as ASAP as possible.
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License

pyiron is released as an open-source project under the BSD 3-Clause License.
Code contributions should also be considered open-source.




What should I know before I get started?


pyiron developer meetings

If you are interested in discussing pyiron’s development, we encourage you to virtually
participate in the weekly pyiron developer meeting at 14:00 german time (GMT+2).
Check the discussion page for details.






How can I contribute?


Reporting bugs


Note: If you find a closed issue that seems like it is the same
thing that you’re experiencing, open a new issue and include a
link to the original issue in the body of your new one.




Before Submitting A Bug Report

Check if you can reproduce the problem in the latest version of pyiron.
Check the FAQ page [https://pyiron.readthedocs.io/en/latest/source/faq.html] for a list of common questions and problems.
Briefly search the issues page for bugs [https://github.com/pyiron/pyiron/issues?q=is%3Aopen+is%3Aissue+label%3A%22bug%22]  to see if the problem has already
been reported. If it has and the issue is still open, add a comment
to the existing issue instead of opening a new one.

How Do I Submit A (Good) Bug Report?

Bugs are tracked as GitHub issues. You can create an issue on
the pyiron repository by including the following information:


	Use a clear and descriptive title for the issue to identify the problem.


	Describe the exact steps you took so we can reproduce the problem as closely as possible.


	Provide sample code that causes the problem. Include code snippets as markdown code blocks.


	Include information about the environment (OS, python version, how packages were installed) in which you were running pyiron.


	Explain what you expected to happen, and what happened instead.







Suggesting Enhancements

How Do I Submit A (Good) Enhancement Suggestion?

Enhancement suggestions are tracked as GitHub issues. You can create an issue on
the pyiron repository by including the following information:


	Use a clear and descriptive title for the issue to identify the suggestion.


	Describe the exact behavior you would expect the suggested feature to produce.


	Provide sample code that you would use to access the feature. If possible, include code for how you think the feature could be built into pyiron’s codebase. Include code snippets as markdown code blocks.







Your first code contribution

Unsure where to begin contributing to pyiron? You can start by looking
through these good-first-issue and help-wanted issues:


	Good first issues [https://github.com/pyiron/pyiron/issues?q=is%3Aopen+is%3Aissue+label%3A%22good+first+issue%22] - issues which should only require a few lines of code, and a test or two.


	Help wanted issues [https://github.com/pyiron/pyiron/issues?q=is%3Aissue+is%3Aopen+label%3A%22help+wanted%22] - issues which should be a bit more involved than beginner issues.




Local development

pyiron can be developed and tested locally. If you are using pyiron to run an
external software package, e.g. VASP or LAMMPS, you might also need to install
those packages locally to run certain integration tests in pyiron.

To get the developmental (git) version of pyiron,

git clone https://github.com/pyiron/pyiron.git
conda env update --name pyiron_dev --file pyiron/.ci_support/environment.yml
conda activate pyiron_dev
conda install conda-build
conda develop pyiron





Deploy development version to a managed environment

If you want to use a development version of pyiron in a managed environment where a version of pyiron is
already installed outside of your control (e.g. on the cmti/cmfe cluster), you can still preload a local
checkout of the repo, while using the dependencies already installed.  Assuming pyiron and dependencies
are already installed and setup, clone the repository to a location of your choice

mkdir -p ~/software
cd ~/software
git clone https://github.com/pyiron/pyiron.git





add this folder to your python path by adding this line to your ~/.profile

export PYTHONPATH="$HOME/software/pyiron:$PYTHONPATH"





and finally restart any jupyter or jupyterhub session you might still have running.  Within this folder
you can then check out any local branchen, push your own dev branches, etc and python will automatically
use this version over the system-wide installation.  Check that it works by running the following cell

import pyiron
print(pyiron.__file__)





If it doesn’t print the path of your checkout, check that you restarted all the relevant shell sessions
and that the environment variables are correctly updated.

Local Testing

The full test suite is always run automatically when you open a new pull request.  Still it
sometimes nice to run all or only specific tests on your machine.  To do that run from the repo root, e.g.

python -m unittest discover tests
python -m unittest discover tests/sphinx
python -m unittest tests/sphinx/test_base.py





Where the first line runs all tests, the second all the sphinx tests and the final line only the tests in that file.
Keep in mind that to run the tests your repository needs to be inside your pyiron project folder and you need to have
at least the basic resources installed from tests/static.  A neat trick when testing/debugging is to combine the
pdb and unittest modules like this

python -m pdb -m unittest ...





This allows you to re-use the sometimes complicated setups for your interactive debugging that might be otherwise
difficult to replicate in a REPL.




Pull requests

The process described here has several goals:


	Maintain pyiron’s quality


	Fix problems that are important to users


	Engage the community in working toward the best possible tools


	Enable a sustainable system for pyiron’s maintainers to review contributions




Please follow these steps to have your contribution considered by the maintainers:


	Keep the changes in your pull request as focused as possible- only address one issue per pull request wherever possible.


	Follow the Styleguides


	Assign the appropriate label (see Issue and pull request labels) to your pull request. If you are fixing a specific Github issue, reference the issue directly in the pull request comments.


	If you are aware which maintainer is most closely related to the code you’ve edited, feel free to request their review.


	After you submit your pull request, verify that all status checks are passing.


	If a status check fails and it seems to be unrelated to your changes, explain why the failure is unrelated as a comment in your pull request.




While the prerequisites above must be satisfied prior to having your
pull request reviewed, the reviewer(s) may ask you to complete
additional design work, tests, or other changes before your pull
request can be ultimately accepted.






Styleguides


Git commit messages


	Use the present tense (“Add feature” not “Added feature”)


	Use the imperative mood (“Move cursor to…” not “Moves cursor to…”)


	Limit the first line to 72 characters or less


	Reference issues and pull requests liberally after the first line


	When only changing documentation, include [ci skip] in the commit title


	Consider starting the commit message with an applicable emoji:




:art: (:art:) improves the format/structure of the code

:zap: (:zap:) improves performance

:memo: (:memo:) adds documentation

:bug: (:bug:) fixes a bug

:fire: (:fire:) removes code or files

:green_heart: (:green_heart:) fixes the CI build

:white_check_mark: (:white_check_mark:) adds tests

Managing git commits is much easier using an IDE (we recommend PyCharm).




Python styleguide

Please follow PEP8 conventions [https://www.python.org/dev/peps/pep-0008/] for all python code added to pyiron. Pull
requests will be checked for PEP8 plus a few other security issues with
Codacy [https://www.codacy.com/], and will be rejected if they do not meet the specified
formatting criteria.

Any new features should include coverage with a unit test, such that
your pull request does not decrease pyiron’s overall coverage. This
will be automatically tested within the ci test suite and Coveralls [https://coveralls.io/].




Deprecation warning template

XXX is deprecated as of vers. A.B.C. It is not guaranteed to be in service in vers. D.E.F. Use YYY instead.




Documentation styleguide

All new/modified functions should include a docstring that follows
the Google Python Docstring format [http://sphinxcontrib-napoleon.readthedocs.io/en/latest/example_google.html].

Documentation is built automatically with Sphinx [https://www.sphinx-doc.org/en/master/]; any manually created
documentation should be added as a restructured text (.rst) file
under pyiron/docs/source.

Notebooks created to exemplify features in pyiron are very useful, and
can even be used as integration tests. If you have added a major feature,
consider creating a notebook to show its usage under pyiron/notebooks/.
See the other examples that are already there.






Additional notes


Issue and pull request labels

We use the following tags to organize pyiron Github issues
and pull requests:


	bug: something isn’t working


	duplicate: this issue/pull request already existed


	enhancement: new feature or request


	good first issue: easy fix for beginners


	help wanted: extra attention is needed


	invalid: this doesn’t seem right


	question: further information is requested


	wontfix: this will not be worked on


	stale: inactive after 2 weeks







Build status

The build status for pyiron and all sub packages are given below

[image: Coverage Status]
 [https://coveralls.io/github/pyiron/pyiron?branch=master][image: Codacy Badge]
 [https://app.codacy.com/app/pyiron-runner/pyiron?utm_source=github.com&utm_medium=referral&utm_content=pyiron/pyiron&utm_campaign=Badge_Grade_Settings][image: Release_Date]
 [https://anaconda.org/conda-forge/pyiron/][image: Build Status]
 [https://travis-ci.org/pyiron/pyiron][image: Build status]
 [https://ci.appveyor.com/project/pyiron-runner/pyiron/branch/master]


pyiron releases

[image: Downloads]
 [https://anaconda.org/conda-forge/pyiron/]For the pyiron release management we use git tags:

https://git-scm.com/book/en/v2/Git-Basics-Tagging





The tag format consists of a tag_prefix (<package name>-) and the release version, for example:

pyiron-0.2.0





For the automated versioning we use:

https://github.com/warner/python-versioneer/





So the configuration of the release is included in setup.cfg:

https://github.com/pyiron/pyiron_base/blob/master/setup.cfg





As the pyiron packages are pure python packages – we use only the Linux Python 3.7 job to build the packages, as defined in the .travis.yml file:

https://github.com/pyiron/pyiron_base/blob/master/.travis.yml





The python 3.7 linux tests therefore takes more time, compared to the other tests on travis.

Just like each other commit to the master branch the tagged releases are pushed to pypi.org and anaconda.org:

https://pypi.org/project/pyiron-base/#history
https://anaconda.org/pyiron/pyiron_base





The major difference for pypi (pip) is that tagged releases are the default for pip while installing prerelease versions using pip requires the –pre flag.
pip install –pre pyiron

Those pre-release versions are named <version_number>.post0.dev<release number>

0.2.0.post0.dev1





For anaconda the prereleases are pushed to the pyiron channel and can be installed using:
conda install -c pyiron pyiron

On the other hand the tagged releases are available through conda-forge, as soon as the corresponding packages are merged:

https://github.com/conda-forge/pyiron-feedstock
conda install -c conda-forge pyiron





So for both conda and pip both the prereleases as well as the official releases are available.






Debugging


My job does not run on the queue

In case a job runs properly while executing it locally (or on the head node), but not when you submit it to a queue,

1. Check if the job class is available in the project:

In this example, we want a custom job class ProtoMD from the module pyiron_contrib:

from pyiron import Project
import pyiron_contrib  # only if importing a custom job class

pr = Project("debug")
dir(pr.job_type)





This should output:

>>> ['AtomisticExampleJob',
 'Atoms',
 'ConvEncutParallel',
 ...
 ...
 'ProtoMD']





If you see your job class in the list, proceed to step 3. If not,

2. Check if the job class in initialized in ``__init__.py`` of the module

Make sure that the __init__.py of your module (here, pyiron_contrib) initializes the job class in the following format:

from pyiron import Project
from pyiron.base.job.jobtype import JOB_CLASS_DICT

# Make classes available for new pyiron version
JOB_CLASS_DICT['ProtoMD'] = 'pyiron_contrib.protocol.compound.md'  # the path of your job class





3. Confirm that the job class can be instantiatied

Create a new job, but instead of running it, save it:

job = pr.create_job(job_type = pr.job_type.ProtoMD, job_name = 'job')
...  # input parameters that the job requires
...
job.save()

>>> 98  # this is the job id of the saved job





Note down the job id, then run the following line:

job["TYPE"]





This should output an instance of the job class:

>>> "<class 'pyiron_contrib.protocol.compound.md.ProtoMD'>"





Now we know that the job class is indeed available in the project and can be instantiated.

4. Debug using a second notebook

Submitting and running a job on the queue, is essentially the same as saving a job in one notebook, but loading and executing it in another notebook.

In a new notebook , load the job that you just saved, using its job id. You may or may not import the module (here, pyiron_conntirb):

from pyiron import Project
# we do not import pyiron_contrib here, becasue it should not be necessary

pr = Project("second_notebook")
reloaded_job = pr.load(98)  # 98 is the job id of the previously saved job
reloaded_job.run(run_again=True)





If the job loads and runs properly, the job should also run properly on the queue. This also means that there may be a bug in your custom job class. Debug the job class, and repeat steps 3 and 4 till you no longer get an error in step 4.
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      	surface_hkl() (pyiron.atomistics.structure.factory.StructureFactory static method)
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      	SxUniqDispl (class in pyiron.thermodynamics.sxphonons)


      	symbol() (pyiron.atomistics.structure.atom.Atom property)


      	symbols2numbers() (in module pyiron.atomistics.structure.atoms)


      	symmetrize_vectors() (pyiron.atomistics.structure.atoms.Atoms method)
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      	TableJob (class in pyiron.table.datamining)


      	tags() (pyiron.atomistics.structure.periodic_table.ChemicalElement property)


      	temperature() (pyiron.atomistics.job.atomistic.GenericOutput property)

      
        	(pyiron.atomistics.job.interactive.GenericInteractiveOutput property)


      


      	temperatures() (pyiron.atomistics.job.interactivewrapper.ReferenceJobOutput property)

      
        	(pyiron.atomistics.thermodynamics.thermo_bulk.ThermoBulk property)


      


      	thermal (class in pyiron.atomistics.master.phonopy)


      	ThermoBulk (class in pyiron.atomistics.thermodynamics.thermo_bulk)


      	time() (pyiron.atomistics.job.interactive.GenericInteractiveOutput property)

      
        	(pyiron.atomistics.job.interactivewrapper.ReferenceJobOutput property)


      


      	to_amat() (in module pyiron.lammps.base)


      	to_dict() (pyiron.vasp.potential.VaspPotentialSetter method)


      	to_hdf() (pyiron.atomistics.job.atomistic.AtomisticGenericJob method)

      
        	(pyiron.atomistics.job.sqs.SQSJob method)


        	(pyiron.atomistics.job.structurecontainer.StructureContainer method)


        	(pyiron.atomistics.master.parallel.MapMaster method)


        	(pyiron.atomistics.master.phonopy.PhonopyJob method)
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        	(pyiron.gpaw.pyiron_ase.AseJob method)


        	(pyiron.interactive.scipy_minimizer.ScipyMinimizer method)


        	(pyiron.interactive.scipy_minimizer.ScipyMinimizerOutput method)


        	(pyiron.lammps.base.Input method)


        	(pyiron.lammps.base.LammpsBase method)


        	(pyiron.lammps.potential.LammpsPotential method)


        	(pyiron.quickff.quickff.QuickFF method)


        	(pyiron.sphinx.base.Output method)


        	(pyiron.sphinx.base.SphinxBase method)


        	(pyiron.sphinx.volumetric_data.SphinxVolumetricData method)


        	(pyiron.testing.randomatomistic.AtomisticExampleJob method)


        	(pyiron.testing.randomatomistic.ExampleJob method)


        	(pyiron.thermodynamics.hessian.HessianJob method)


        	(pyiron.thermodynamics.sxphonons.SxHarmPotTst method)


        	(pyiron.thermodynamics.sxphonons.SxUniqDispl method)


        	(pyiron.vasp.base.DFTOutput method)


        	(pyiron.vasp.base.GenericOutput method)


        	(pyiron.vasp.base.Input method)


        	(pyiron.vasp.base.Kpoints method)


        	(pyiron.vasp.base.Output method)


        	(pyiron.vasp.base.VaspBase method)


        	(pyiron.vasp.interactive.DFTOutput method)


        	(pyiron.vasp.interactive.GenericOutput method)


        	(pyiron.vasp.metadyn.MetadynInput method)


        	(pyiron.vasp.metadyn.MetadynOutput method)


        	(pyiron.vasp.metadyn.VaspMetadyn method)


        	(pyiron.vasp.outcar.Outcar method)


        	(pyiron.vasp.volumetric_data.VaspVolumetricData method)


        	(pyiron.yaff.yaff.Yaff method)


      


  

  	
      	to_hdf_minimal() (pyiron.vasp.outcar.Outcar method)


      	to_hdf_old() (pyiron.dft.waves.electronic.ElectronicStructure method)


      	to_sphinx() (pyiron.sphinx.base.Group method)


      	total_data (pyiron.atomistics.volumetric.generic.VolumetricData attribute)


      	total_data() (pyiron.atomistics.volumetric.generic.VolumetricData property)

      
        	(pyiron.sphinx.volumetric_data.SphinxVolumetricData property)


        	(pyiron.vasp.volumetric_data.VaspVolumetricData property)


      


      	total_displacements() (pyiron.atomistics.job.atomistic.GenericOutput property)


      	Trajectory (class in pyiron.atomistics.job.atomistic)


      	trajectory() (pyiron.atomistics.job.atomistic.AtomisticGenericJob method)


      	translate_to_pylab (pyiron.dft.waves.bandstructure.Bandstructure attribute)


      	Tree (class in pyiron.atomistics.structure.neighbors)
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      	unfold_cell() (pyiron.lammps.structure.UnfoldingPrism method)


      	UnfoldingPrism (class in pyiron.lammps.structure)


      	unwrapped_positions() (pyiron.atomistics.job.atomistic.GenericOutput property)

      
        	(pyiron.atomistics.job.interactive.GenericInteractiveOutput property)


        	(pyiron.atomistics.job.interactivewrapper.ReferenceJobOutput property)


      


  

  	
      	update_potential() (pyiron.lammps.interactive.LammpsInteractive method)
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      	validate_convergence() (in module pyiron.thermodynamics.interfacemethod)


      	validate_ready_to_run() (pyiron.atomistics.job.atomistic.AtomisticGenericJob method)

      
        	(pyiron.atomistics.job.sqs.SQSJob method)


        	(pyiron.atomistics.master.elastic.ElasticTensor method)


        	(pyiron.atomistics.master.phonopy.PhonopyJob method)


        	(pyiron.interactive.activation_relaxation_technique.ART method)


        	(pyiron.lammps.base.LammpsBase method)


        	(pyiron.lammps.interactive.LammpsInteractive method)


        	(pyiron.sphinx.base.SphinxBase method)


        	(pyiron.thermodynamics.hessian.HessianJob method)


        	(pyiron.thermodynamics.sxphonons.SxHarmPotTst method)


        	(pyiron.vasp.base.VaspBase method)


        	(pyiron.vasp.interactive.VaspInteractive method)


      


      	value (pyiron.dft.waves.electronic.Kpoint attribute)


      	value() (pyiron.dft.waves.electronic.Kpoint property)


      	values() (pyiron.atomistics.structure.sparse_list.SparseList method)


      	Vasp (class in pyiron.vasp.vasp)


      	vasp_sorter() (in module pyiron.vasp.structure)


      	VaspBase (class in pyiron.vasp.base)


      	VaspCollectError


      	VaspInteractive (class in pyiron.vasp.interactive)


      	VaspMetadyn (class in pyiron.vasp.metadyn)


      	VaspPotential (class in pyiron.vasp.potential)


  

  	
      	VaspPotentialAbstract (class in pyiron.vasp.potential)


      	VaspPotentialFile (class in pyiron.vasp.potential)


      	VaspPotentialSetter (class in pyiron.vasp.potential)


      	Vasprun (class in pyiron.vasp.vasprun)


      	vasprun_dict (pyiron.vasp.vasprun.Vasprun attribute)


      	VasprunError


      	VasprunWarning


      	VaspSol (class in pyiron.vasp.vaspsol)


      	VaspVolumetricData (class in pyiron.vasp.volumetric_data)


      	vbm() (pyiron.dft.waves.electronic.ElectronicStructure property)


      	vector_to_str() (pyiron.thermodynamics.sxphonons.SxDynMat static method)


      	view_potentials() (pyiron.lammps.base.LammpsBase method)


      	view_structure() (pyiron.atomistics.job.atomistic.AtomisticGenericJob method)


      	vinet_energy() (in module pyiron.atomistics.master.murnaghan)

      
        	(pyiron.atomistics.master.murnaghan.EnergyVolumeFit static method)


      


      	visualize() (pyiron.atomistics.structure.atoms.Atoms property)


      	visualize_MO() (pyiron.gaussian.gaussian.Gaussian method)


      	volume() (pyiron.atomistics.job.atomistic.GenericOutput property)

      
        	(pyiron.atomistics.job.interactive.GenericInteractiveOutput property)


        	(pyiron.atomistics.job.interactivewrapper.ReferenceJobOutput property)


        	(pyiron.atomistics.master.murnaghan.DebyeModel property)


      


      	volume_lst() (pyiron.atomistics.master.murnaghan.EnergyVolumeFit property)


      	volumes() (pyiron.atomistics.thermodynamics.thermo_bulk.ThermoBulk property)


      	VolumetricData (class in pyiron.atomistics.volumetric.generic)
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      	weight (pyiron.dft.waves.electronic.Kpoint attribute)


      	weight() (pyiron.dft.waves.electronic.Kpoint property)


      	write() (pyiron.vasp.base.Input method)

      
        	(pyiron.vasp.metadyn.MetadynInput method)


      


      	write_charge_density() (pyiron.vasp.base.VaspBase property)


      	write_chk() (in module pyiron.quickff.quickff)

      
        	(in module pyiron.yaff.yaff)


      


      	write_config() (in module pyiron.quickff.quickff)


      	write_constraints() (pyiron.vasp.metadyn.VaspMetadyn method)


      	write_cube_file() (pyiron.atomistics.volumetric.generic.VolumetricData method)


      	write_electrostatic_potential() (pyiron.vasp.base.VaspBase property)


      	write_file() (pyiron.vasp.potential.Potcar method)


      	write_harmpot() (pyiron.thermodynamics.sxphonons.SxHarmPotTst method)


      	write_input() (in module pyiron.gaussian.gaussian)

      
        	(pyiron.atomistics.job.structurecontainer.StructureContainer method)


        	(pyiron.dft.master.convergence_kpoint_parallel.ConvKpointParallel method)


        	(pyiron.gaussian.gaussian.Gaussian method)


        	(pyiron.gpaw.pyiron_ase.AseJob method)


        	(pyiron.interactive.scipy_minimizer.ScipyMinimizer method)


        	(pyiron.interactive.sxextoptint.SxExtOptInteractive method)


        	(pyiron.lammps.base.LammpsBase method)


        	(pyiron.quickff.quickff.QuickFF method)


        	(pyiron.sphinx.base.SphinxBase method)


        	(pyiron.testing.randomatomistic.ExampleJob method)


        	(pyiron.thermodynamics.sxphonons.SxDynMat method)


        	(pyiron.thermodynamics.sxphonons.SxHarmPotTst method)


        	(pyiron.thermodynamics.sxphonons.SxUniqDispl method)


        	(pyiron.vasp.base.VaspBase method)


        	(pyiron.vasp.metadyn.VaspMetadyn method)


        	(pyiron.yaff.yaff.Yaff method)


      


  

  	
      	write_lammps_datafile() (in module pyiron.lammps.structure)


      	write_magmoms() (pyiron.vasp.base.VaspBase method)


      	write_pars() (in module pyiron.quickff.quickff)

      
        	(in module pyiron.yaff.yaff)


      


      	write_phonopy_force_constants() (pyiron.atomistics.master.phonopy.PhonopyJob method)


      	write_plumed_enhanced() (in module pyiron.yaff.yaff)


      	write_poscar() (in module pyiron.vasp.structure)


      	write_resolved_dos() (pyiron.vasp.base.VaspBase property)


      	write_restart() (pyiron.testing.executable.ExampleExecutable method)


      	write_restart_file() (pyiron.lammps.base.LammpsBase method)


      	write_spin_constraints() (pyiron.sphinx.base.InputWriter method)


      	write_structure() (pyiron.thermodynamics.sxphonons.SxHarmPotTst method)

      
        	(pyiron.thermodynamics.sxphonons.SxUniqDispl method)


      


      	write_sxdynmat() (pyiron.thermodynamics.sxphonons.SxDynMat method)


      	write_traj() (pyiron.atomistics.job.atomistic.AtomisticGenericJob method)


      	write_vasp_volumetric() (pyiron.atomistics.volumetric.generic.VolumetricData method)


      	write_wave_funct() (pyiron.vasp.base.VaspBase property)


      	write_yhess() (in module pyiron.yaff.yaff)


      	write_ynpt() (in module pyiron.yaff.yaff)


      	write_ynve() (in module pyiron.yaff.yaff)
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X


  	
      	xc() (pyiron.dft.job.generic.GenericDFTJob property)
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      	Yaff (class in pyiron.yaff.yaff)


  

  	
      	YaffInput (class in pyiron.yaff.yaff)
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  All modules for which code is available

	pyiron

	pyiron.atomistics.generic.object_type

	pyiron.atomistics.job.atomistic

	pyiron.atomistics.job.interactive

	pyiron.atomistics.job.interactivewrapper

	pyiron.atomistics.job.potentials

	pyiron.atomistics.job.sqs

	pyiron.atomistics.job.structurecontainer

	pyiron.atomistics.master.convergence_volume

	pyiron.atomistics.master.elastic

	pyiron.atomistics.master.murnaghan

	pyiron.atomistics.master.parallel

	pyiron.atomistics.master.phonopy

	pyiron.atomistics.master.quasi

	pyiron.atomistics.master.serial

	pyiron.atomistics.master.sqsmaster

	pyiron.atomistics.master.structure

	pyiron.atomistics.nma.nma

	pyiron.atomistics.structure.analyse

	pyiron.atomistics.structure.atom

	pyiron.atomistics.structure.atoms

	pyiron.atomistics.structure.factory

	pyiron.atomistics.structure.neighbors

	pyiron.atomistics.structure.periodic_table

	pyiron.atomistics.structure.phonopy

	pyiron.atomistics.structure.pyironase

	pyiron.atomistics.structure.pyscal

	pyiron.atomistics.structure.sparse_list

	pyiron.atomistics.thermodynamics.thermo_bulk

	pyiron.atomistics.volumetric.generic

	pyiron.dft.job.generic

	pyiron.dft.master.convergence_encut_parallel

	pyiron.dft.master.convergence_encut_serial

	pyiron.dft.master.convergence_kpoint_parallel

	pyiron.dft.master.murnaghan_dft

	pyiron.dft.waves.bandstructure

	pyiron.dft.waves.dos

	pyiron.dft.waves.electronic

	pyiron.gaussian.gaussian

	pyiron.gpaw.gpaw

	pyiron.gpaw.pyiron_ase

	pyiron.interactive.activation_relaxation_technique

	pyiron.interactive.scipy_minimizer

	pyiron.interactive.sxextoptint

	pyiron.lammps.base

	pyiron.lammps.control

	pyiron.lammps.interactive

	pyiron.lammps.lammps

	pyiron.lammps.potential

	pyiron.lammps.structure

	pyiron.project

	pyiron.quickff.quickff

	pyiron.sphinx.base

	pyiron.sphinx.interactive

	pyiron.sphinx.potential

	pyiron.sphinx.sphinx

	pyiron.sphinx.structure

	pyiron.sphinx.volumetric_data

	pyiron.table.datamining

	pyiron.table.funct

	pyiron.testing.executable

	pyiron.testing.randomatomistic

	pyiron.thermodynamics.hessian

	pyiron.thermodynamics.interfacemethod

	pyiron.thermodynamics.sxphonons

	pyiron.vasp.base

	pyiron.vasp.interactive

	pyiron.vasp.metadyn

	pyiron.vasp.oszicar

	pyiron.vasp.outcar

	pyiron.vasp.potential

	pyiron.vasp.procar

	pyiron.vasp.report

	pyiron.vasp.structure

	pyiron.vasp.vasp

	pyiron.vasp.vasprun

	pyiron.vasp.vaspsol

	pyiron.vasp.volumetric_data

	pyiron.yaff.yaff
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  Source code for pyiron

__version__ = "0.1"
__all__ = []

from pyiron.project import Project
from pyiron.atomistics.structure.atoms import ase_to_pyiron, pyiron_to_ase, Atoms
from pyiron_base import Notebook, install_dialog, JOB_CLASS_DICT

# To maintain backwards compatibility until we deprecate the old structure creation functions:
from pyiron.atomistics.structure.factory import StructureFactory as _StructureFactory
create_surface = _StructureFactory.surface
create_ase_bulk = _StructureFactory.ase_bulk
create_structure = _StructureFactory.crystal

# Make classes available for new pyiron version
JOB_CLASS_DICT["ART"] = "pyiron.interactive.activation_relaxation_technique"
JOB_CLASS_DICT["AtomisticExampleJob"] = "pyiron.testing.randomatomistic"
JOB_CLASS_DICT["ConvEncutParallel"] = "pyiron.dft.master.convergence_encut_parallel"
JOB_CLASS_DICT["ConvEncutSerial"] = "pyiron.dft.master.convergence_encut_serial"
JOB_CLASS_DICT["ConvergenceVolume"] = "pyiron.atomistics.master.convergence_volume"
JOB_CLASS_DICT["ConvKpointParallel"] = "pyiron.dft.master.convergence_kpoint_parallel"
JOB_CLASS_DICT["ElasticTensor"] = "pyiron.atomistics.master.elastic"
JOB_CLASS_DICT["ExampleJob"] = "pyiron.testing.randomatomistic"
JOB_CLASS_DICT["Gaussian"] = "pyiron.gaussian.gaussian"
JOB_CLASS_DICT["Gpaw"] = "pyiron.gpaw.gpaw"
JOB_CLASS_DICT["HessianJob"] = "pyiron.thermodynamics.hessian"
JOB_CLASS_DICT["Lammps"] = "pyiron.lammps.lammps"
JOB_CLASS_DICT["MapMaster"] = "pyiron.atomistics.master.parallel"
JOB_CLASS_DICT["Murnaghan"] = "pyiron.atomistics.master.murnaghan"
JOB_CLASS_DICT["MurnaghanDFT"] = "pyiron.dft.master.murnaghan_dft"
JOB_CLASS_DICT["PhonopyJob"] = "pyiron.atomistics.master.phonopy"
JOB_CLASS_DICT["QuasiHarmonicJob"] = "pyiron.atomistics.master.quasi"
JOB_CLASS_DICT["QuickFF"] = "pyiron.quickff.quickff"
JOB_CLASS_DICT["ScipyMinimizer"] = "pyiron.interactive.scipy_minimizer"
JOB_CLASS_DICT["SerialMaster"] = "pyiron.atomistics.master.serial"
JOB_CLASS_DICT["Sphinx"] = "pyiron.sphinx.sphinx"
JOB_CLASS_DICT["StructureContainer"] = "pyiron.atomistics.job.structurecontainer"
JOB_CLASS_DICT["StructureListMaster"] = "pyiron.atomistics.master.structure"
JOB_CLASS_DICT["SQSJob"] = "pyiron.atomistics.job.sqs"
JOB_CLASS_DICT["SQSMaster"] = "pyiron.atomistics.master.sqsmaster"
JOB_CLASS_DICT["SxDynMat"] = "pyiron.thermodynamics.sxphonons"
JOB_CLASS_DICT["SxExtOptInteractive"] = "pyiron.interactive.sxextoptint"
JOB_CLASS_DICT["SxHarmPotTst"] = "pyiron.thermodynamics.sxphonons"
JOB_CLASS_DICT["SxPhonons"] = "pyiron.thermodynamics.sxphonons"
JOB_CLASS_DICT["SxUniqDispl"] = "pyiron.thermodynamics.sxphonons"
JOB_CLASS_DICT["TableJob"] = "pyiron.table.datamining"
JOB_CLASS_DICT["Vasp"] = "pyiron.vasp.vasp"
JOB_CLASS_DICT["VaspMetadyn"] = "pyiron.vasp.metadyn"
JOB_CLASS_DICT["VaspSol"] = "pyiron.vasp.vaspsol"
JOB_CLASS_DICT["Yaff"] = "pyiron.yaff.yaff"

from ._version import get_versions

__version__ = get_versions()["version"]
del get_versions


[docs]def install():
    install_dialog()
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  Source code for pyiron.project

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
import os
import posixpath
# import warnings
from string import punctuation
from shutil import copyfile
from pyiron_base import Settings, ProjectHDFio, JobType, JobTypeChoice, Project as ProjectCore, Creator as CreatorCore
try:
    from pyiron_base import ProjectGUI
except (ImportError, TypeError, AttributeError):
    pass
from pyiron.atomistics.generic.object_type import ObjectType, ObjectTypeChoice
from pyiron.atomistics.structure.periodic_table import PeriodicTable
from pyiron.lammps.potential import LammpsPotentialFile
from pyiron.vasp.potential import VaspPotential
import pyiron.atomistics.structure.pyironase as ase
from pyiron.atomistics.structure.atoms import Atoms
from pyiron.atomistics.structure.factory import StructureFactory
from pyiron.atomistics.master.parallel import pipe


__author__ = "Joerg Neugebauer, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"

if not (isinstance(ase.__file__, str)):
    raise AssertionError()

s = Settings()


[docs]class Project(ProjectCore):
    """
    The project is the central class in pyiron, all other objects can be created from the project object.

    Args:
        path (GenericPath, str): path of the project defined by GenericPath, absolute or relative (with respect to
                                     current working directory) path
        user (str): current pyiron user
        sql_query (str): SQL query to only select a subset of the existing jobs within the current project
        default_working_directory (bool): Access default working directory, for ScriptJobs this equals the project
                                     directory of the ScriptJob for regular projects it falls back to the current
                                     directory.

    Attributes:

        .. attribute:: root_path

            the pyiron user directory, defined in the .pyiron configuration

        .. attribute:: project_path

            the relative path of the current project / folder starting from the root path
            of the pyiron user directory

        .. attribute:: path

            the absolute path of the current project / folder

        .. attribute:: base_name

            the name of the current project / folder

        .. attribute:: history

            previously opened projects / folders

        .. attribute:: parent_group

            parent project - one level above the current project

        .. attribute:: user

            current unix/linux/windows user who is running pyiron

        .. attribute:: sql_query

            an SQL query to limit the jobs within the project to a subset which matches the SQL query.

        .. attribute:: db

            connection to the SQL database

        .. attribute:: job_type

            Job Type object with all the available job types: ['StructureContainer’, ‘StructurePipeline’, ‘AtomisticExampleJob’,
                                             ‘ExampleJob’, ‘Lammps’, ‘KMC’, ‘Sphinx’, ‘Vasp’, ‘GenericMaster’,
                                             ‘SerialMaster’, ‘AtomisticSerialMaster’, ‘ParallelMaster’, ‘KmcMaster’,
                                             ‘ThermoLambdaMaster’, ‘RandomSeedMaster’, ‘MeamFit’, ‘Murnaghan’,
                                             ‘MinimizeMurnaghan’, ‘ElasticMatrix’, ‘ConvergenceVolume’,
                                             ‘ConvergenceEncutParallel’, ‘ConvergenceKpointParallel’, ’PhonopyMaster’,
                                             ‘DefectFormationEnergy’, ‘LammpsASE’, ‘PipelineMaster’,
                                             ’TransformationPath’, ‘ThermoIntEamQh’, ‘ThermoIntDftEam’, ‘ScriptJob’,
                                             ‘ListMaster']
    """

    def __init__(self, path="", user=None, sql_query=None, default_working_directory=False):
        super(Project, self).__init__(
            path=path,
            user=user,
            sql_query=sql_query,
            default_working_directory=default_working_directory
        )
        self.job_type = JobTypeChoice()
        self.object_type = ObjectTypeChoice()
        self._creator = Creator(self)
        # TODO: instead of re-initialzing, auto-update pyiron_base creator with factories, like we update job class
        #  creation

[docs]    def create_job(self, job_type, job_name, delete_existing_job=False):
        """
        Create one of the following jobs:
        - 'StructureContainer’:
        - ‘StructurePipeline’:
        - ‘AtomisticExampleJob’: example job just generating random number
        - ‘ExampleJob’: example job just generating random number
        - ‘Lammps’:
        - ‘KMC’:
        - ‘Sphinx’:
        - ‘Vasp’:
        - ‘GenericMaster’:
        - ‘SerialMaster’: series of jobs run in serial
        - ‘AtomisticSerialMaster’:
        - ‘ParallelMaster’: series of jobs run in parallel
        - ‘KmcMaster’:
        - ‘ThermoLambdaMaster’:
        - ‘RandomSeedMaster’:
        - ‘MeamFit’:
        - ‘Murnaghan’:
        - ‘MinimizeMurnaghan’:
        - ‘ElasticMatrix’:
        - ‘ConvergenceVolume’:
        - ‘ConvergenceEncutParallel’:
        - ‘ConvergenceKpointParallel’:
        - ’PhonopyMaster’:
        - ‘DefectFormationEnergy’:
        - ‘LammpsASE’:
        - ‘PipelineMaster’:
        - ’TransformationPath’:
        - ‘ThermoIntEamQh’:
        - ‘ThermoIntDftEam’:
        - ‘ScriptJob’: Python script or jupyter notebook job container
        - ‘ListMaster': list of jobs

        Args:
            job_type (str): job type can be ['StructureContainer’, ‘StructurePipeline’, ‘AtomisticExampleJob’,
                                             ‘ExampleJob’, ‘Lammps’, ‘KMC’, ‘Sphinx’, ‘Vasp’, ‘GenericMaster’,
                                             ‘SerialMaster’, ‘AtomisticSerialMaster’, ‘ParallelMaster’, ‘KmcMaster’,
                                             ‘ThermoLambdaMaster’, ‘RandomSeedMaster’, ‘MeamFit’, ‘Murnaghan’,
                                             ‘MinimizeMurnaghan’, ‘ElasticMatrix’, ‘ConvergenceVolume’,
                                             ‘ConvergenceEncutParallel’, ‘ConvergenceKpointParallel’, ’PhonopyMaster’,
                                             ‘DefectFormationEnergy’, ‘LammpsASE’, ‘PipelineMaster’,
                                             ’TransformationPath’, ‘ThermoIntEamQh’, ‘ThermoIntDftEam’, ‘ScriptJob’,
                                             ‘ListMaster']
            job_name (str): name of the job

        Returns:
            GenericJob: job object depending on the job_type selected
        """
        job = JobType(
            job_type,
            project=ProjectHDFio(project=self.copy(), file_name=job_name),
            job_name=job_name,
            job_class_dict=self.job_type.job_class_dict,
            delete_existing_job=delete_existing_job,
        )
        if self.user is not None:
            job.user = self.user
        return job


[docs]    @staticmethod
    def create_object(object_type):
        """

        Args:
            object_type:

        Returns:

        """
        obj = ObjectType(object_type, project=None, job_name=None)
        return obj


[docs]    def copy(self):
        """
        Copy the project object - copying just the Python object but maintaining the same pyiron path

        Returns:
            Project: copy of the project object
        """
        new = Project(path=self.path, user=self.user, sql_query=self.sql_query)
        new._filter = self._filter
        new._inspect_mode = self._inspect_mode
        return new


[docs]    def load_from_jobpath(self, job_id=None, db_entry=None, convert_to_object=True):
        """
        Internal function to load an existing job either based on the job ID or based on the database entry dictionary.

        Args:
            job_id (int): Job ID - optional, but either the job_id or the db_entry is required.
            db_entry (dict): database entry dictionary - optional, but either the job_id or the db_entry is required.
            convert_to_object (bool): convert the object to an pyiron object or only access the HDF5 file - default=True
                                      accessing only the HDF5 file is about an order of magnitude faster, but only
                                      provides limited functionality. Compare the GenericJob object to JobCore object.

        Returns:
            GenericJob, JobCore: Either the full GenericJob object or just a reduced JobCore object
        """
        job = super(Project, self).load_from_jobpath(
            job_id=job_id, db_entry=db_entry, convert_to_object=convert_to_object
        )
        job.project_hdf5._project = Project(path=job.project_hdf5.file_path)
        return job


[docs]    def load_from_jobpath_string(self, job_path, convert_to_object=True):
        """
        Internal function to load an existing job either based on the job ID or based on the database entry dictionary.

        Args:
            job_path (str): string to reload the job from an HDF5 file - '/root_path/project_path/filename.h5/h5_path'
            convert_to_object (bool): convert the object to an pyiron object or only access the HDF5 file - default=True
                                      accessing only the HDF5 file is about an order of magnitude faster, but only
                                      provides limited functionality. Compare the GenericJob object to JobCore object.

        Returns:
            GenericJob, JobCore: Either the full GenericJob object or just a reduced JobCore object
        """
        job = super(Project, self).load_from_jobpath_string(
            job_path=job_path, convert_to_object=convert_to_object
        )
        job.project_hdf5._project = Project(path=job.project_hdf5.file_path)
        return job


[docs]    def import_single_calculation(
        self, project_to_import_from, rel_path=None, job_type="Vasp", copy_raw_files=False
    ):
        """
        A method to import a single calculation jobs into pyiron. Currently, it suppor
        ts VASP and KMC calculations.
        Args:
            rel_path:
            project_to_import_from:
            job_type (str): Type of the calculation which is going to be imported.
            copy_raw_files (bool): True if raw files are to be imported.
        """
        if job_type not in ["Vasp", "KMC"]:
            raise ValueError("The job_type is not supported.")
        job_name = project_to_import_from.split("/")[-1]
        if job_name[0].isdigit():
            pyiron_job_name = "job_" + job_name
        else:
            pyiron_job_name = job_name
        for ch in list(punctuation):
            if ch in pyiron_job_name:
                pyiron_job_name = pyiron_job_name.replace(ch, "_")
        print(job_name, pyiron_job_name)
        if rel_path:
            rel_path_lst = [pe for pe in rel_path.split("/")[:-1] if pe != ".."]
            pr_import = self.open("/".join(rel_path_lst))
        else:
            pr_import = self.open("/".join(project_to_import_from.split("/")[:-1]))
        if self.db.get_items_dict(
            {"job": pyiron_job_name, "project": pr_import.project_path}
        ):
            print("The job exists already - skipped!")
        else:
            ham = pr_import.create_job(job_type=job_type, job_name=pyiron_job_name)
            ham._job_id = self.db.add_item_dict(ham.db_entry())
            ham.refresh_job_status()
            print("job was stored with the job ID ", str(ham._job_id))
            if not os.path.abspath(project_to_import_from):
                project_to_import_from = os.path.join(self.path, project_to_import_from)
            try:
                ham.from_directory(project_to_import_from.replace("\\", "/"))
            except:
                ham.status.aborted = True
            else:
                ham._import_directory = None
                del ham['import_directory']
                if copy_raw_files:
                    os.makedirs(ham.working_directory, exist_ok=True)
                    for f in os.listdir(project_to_import_from):
                        src = os.path.join(project_to_import_from, f)
                        if os.path.isfile(src):
                            copyfile(
                                src=src,
                                dst=os.path.join(ham.working_directory, f)
                            )
                    ham.compress()


[docs]    def import_from_path(self, path, recursive=True, copy_raw_files=False):
        """
        A method to import jobs into pyiron. Currently, it supports VASP and
        KMC calculations.

        Args:
            path (str): The path of the directory to import
            recursive (bool): True if sub-directories to be imported.
            copy_raw_files (bool): True if the raw files are to be copied.

        """
        if os.path.abspath(path):
            search_path = posixpath.normpath(path.replace("//", "/"))
        else:
            search_path = posixpath.normpath(
                posixpath.join(self.path, path.replace("//", "/"))
            )
        if recursive:
            for x in os.walk(search_path):
                self._calculation_validation(
                    x[0], x[2], rel_path=posixpath.relpath(x[0], search_path), copy_raw_files=copy_raw_files
                )
        else:
            abs_path = "/".join(search_path.replace("\\", "/").split("/")[:-1])
            rel_path = posixpath.relpath(abs_path, self.path)
            self._calculation_validation(
                search_path, os.listdir(search_path), rel_path=rel_path, copy_raw_files=copy_raw_files
            )


[docs]    def get_structure(self, job_specifier, iteration_step=-1, wrap_atoms=True):
        """
        Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
        there is only one ionic iteration step
        Args:
            job_specifier (str, int): name of the job or job ID
            iteration_step (int): Step for which the structure is requested
            wrap_atoms (bool): True if the atoms are to be wrapped back into the unit cell

        Returns:
            atomistics.structure.atoms.Atoms object
        """
        job = self.inspect(job_specifier)
        snapshot = Atoms().from_hdf(job["input"], "structure")
        if "output" in job.project_hdf5.list_groups() and iteration_step != 0:
            snapshot.cell = job.get("output/generic/cells")[iteration_step]
            snapshot.positions = job.get("output/generic/positions")[iteration_step]
            if "indices" in job.get("output/generic").list_nodes():
                snapshot.indices = job.get("output/generic/indices")[iteration_step]
            if (
                "dft" in job["output/generic"].list_groups()
                and "atom_spins" in job["output/generic/dft"].list_nodes()
            ):
                snapshot.set_initial_magnetic_moments(
                    job.get("output/generic/dft/atom_spins")[iteration_step]
                )
        if wrap_atoms:
            return snapshot.center_coordinates_in_unit_cell()
        else:
            return snapshot


    def _calculation_validation(self, path, files_available, rel_path=None, copy_raw_files=False):
        """

        Args:
            path:
            files_available:
            rel_path:
            copy_raw_files (bool):
        """
        if (
            "OUTCAR" in files_available
            or "vasprun.xml" in files_available
            or "OUTCAR.gz" in files_available
            or "vasprun.xml.bz2" in files_available
            or "vasprun.xml.gz" in files_available
        ):
            self.import_single_calculation(path, rel_path=rel_path, job_type="Vasp", copy_raw_files=copy_raw_files)
        if (
            "incontrol.dat" in files_available
            and "lattice.out" in files_available
            and "lattice.inp" in files_available
        ):
            self.import_single_calculation(path, rel_path=rel_path, job_type="KMC", copy_raw_files=copy_raw_files)

[docs]    @staticmethod
    def inspect_periodic_table():
        return PeriodicTable()


[docs]    @staticmethod
    def inspect_emperical_potentials():
        return LammpsPotentialFile()


[docs]    @staticmethod
    def inspect_pseudo_potentials():
        return VaspPotential()


    # Graphical user interfaces
[docs]    def gui(self):
        """

        Returns:

        """
        ProjectGUI(self)


[docs]    def create_pipeline(self, job, step_lst, delete_existing_job=False):
        """
        Create a job pipeline

        Args:
            job (AtomisticGenericJob): Template for the calculation
            step_lst (list): List of functions which create calculations

        Returns:
            FlexibleMaster:
        """
        return pipe(project=self, job=job, step_lst=step_lst, delete_existing_job=delete_existing_job)


    # Deprecated methods

[docs]    def create_ase_bulk(
            self,
            name,
            crystalstructure=None,
            a=None,
            c=None,
            covera=None,
            u=None,
            orthorhombic=False,
            cubic=False,
    ):
        """
        Creating bulk systems using ASE bulk module. Crystal structure and lattice constant(s) will be guessed if not
        provided.

        name (str): Chemical symbol or symbols as in 'MgO' or 'NaCl'.
        crystalstructure (str): Must be one of sc, fcc, bcc, hcp, diamond, zincblende,
                                rocksalt, cesiumchloride, fluorite or wurtzite.
        a (float): Lattice constant.
        c (float): Lattice constant.
        c_over_a (float): c/a ratio used for hcp.  Default is ideal ratio: sqrt(8/3).
        u (float): Internal coordinate for Wurtzite structure.
        orthorhombic (bool): Construct orthorhombic unit cell instead of primitive cell which is the default.
        cubic (bool): Construct cubic unit cell if possible.

        Returns:

            pyiron.atomistics.structure.atoms.Atoms: Required bulk structure
        """
        # warnings.warn(
        #     "Project.create_ase_bulk is deprecated as of v0.3. Please use Project.create.structure.ase_bulk.",
        #     DeprecationWarning
        # )
        return self.create.structure.ase_bulk(name=name, crystalstructure=crystalstructure, a=a, c=c,
                                              covera=covera, u=u, orthorhombic=orthorhombic, cubic=cubic)


[docs]    def create_structure(self, element, bravais_basis, lattice_constant):
        """
        Create a crystal structure using pyiron's native crystal structure generator

        Args:
            element (str): Element name
            bravais_basis (str): Basis type
            lattice_constant (float/list): Lattice constants

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: The required crystal structure

        """
        # warnings.warn(
        #     "Project.create_structure is deprecated as of v0.3. Please use Project.create.structure.structure.",
        #     DeprecationWarning
        # )
        return self.create.structure.crystal(element=element, bravais_basis=bravais_basis,
                                             lattice_constant=lattice_constant)


[docs]    def create_surface(
            self, element, surface_type, size=(1, 1, 1), vacuum=1.0, center=False, pbc=None, **kwargs
    ):
        """
        Generate a surface based on the ase.build.surface module.

        Args:
            element (str): Element name
            surface_type (str): The string specifying the surface type generators available through ase (fcc111,
            hcp0001 etc.)
            size (tuple): Size of the surface
            vacuum (float): Length of vacuum layer added to the surface along the z direction
            center (bool): Tells if the surface layers have to be at the center or at one end along the z-direction
            pbc (list/numpy.ndarray): List of booleans specifying the periodic boundary conditions along all three
                                      directions. If None, it is set to [True, True, True]
            **kwargs: Additional, arguments you would normally pass to the structure generator like 'a', 'b',
            'orthogonal' etc.

        Returns:
            pyiron.atomistics.structure.atoms.Atoms instance: Required surface

        """
        # warnings.warn(
        #     "Project.create_surface is deprecated as of v0.3. Please use Project.create.structure.surface.",
        #     DeprecationWarning
        # )
        return self.create.structure.surface(element=element, surface_type=surface_type, size=size,
                                             vacuum=vacuum, center=center, pbc=pbc, **kwargs)


[docs]    def create_atoms(
            self,
            symbols=None,
            positions=None,
            numbers=None,
            tags=None,
            momenta=None,
            masses=None,
            magmoms=None,
            charges=None,
            scaled_positions=None,
            cell=None,
            pbc=None,
            celldisp=None,
            constraint=None,
            calculator=None,
            info=None,
            indices=None,
            elements=None,
            dimension=None,
            species=None,
            **qwargs
    ):
        """
        Creates a atomistics.structure.atoms.Atoms instance.

        Args:
            elements (list/numpy.ndarray): List of strings containing the elements or a list of
                                atomistics.structure.periodic_table.ChemicalElement instances
            numbers (list/numpy.ndarray): List of atomic numbers of elements
            symbols (list/numpy.ndarray): List of chemical symbols
            positions (list/numpy.ndarray): List of positions
            scaled_positions (list/numpy.ndarray): List of scaled positions (relative coordinates)
            pbc (boolean): Tells if periodic boundary conditions should be applied
            cell (list/numpy.ndarray): A 3x3 array representing the lattice vectors of the structure
            momenta (list/numpy.ndarray): List of momentum values
            tags (list/numpy.ndarray): A list of tags
            masses (list/numpy.ndarray): A list of masses
            magmoms (list/numpy.ndarray): A list of magnetic moments
            charges (list/numpy.ndarray): A list of point charges
            celldisp:
            constraint (list/numpy.ndarray): A list of constraints
            calculator: ASE calculator
            info (list/str): ASE compatibility
            indices (list/numpy.ndarray): The list of species indices
            dimension (int): Dimension of the structure
            species (list): List of species

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: The required structure instance
        """
        # warnings.warn(
        #     "Project.create_atoms is deprecated as of v0.3. Please use Project.create.structure.atoms.",
        #     DeprecationWarning
        # )
        return self.create.structure.atoms(
            symbols=symbols,
            positions=positions,
            numbers=numbers,
            tags=tags,
            momenta=momenta,
            masses=masses,
            magmoms=magmoms,
            charges=charges,
            scaled_positions=scaled_positions,
            cell=cell,
            pbc=pbc,
            celldisp=celldisp,
            constraint=constraint,
            calculator=calculator,
            info=info,
            indices=indices,
            elements=elements,
            dimension=dimension,
            species=species,
            **qwargs
        )


[docs]    def create_element(self, parent_element, new_element_name=None, spin=None, potential_file=None):
        """
        Args:
            parent_element (str, int): The parent element eq. "N", "O", "Mg" etc.
            new_element_name (str): The name of the new parent element (can be arbitrary)
            spin (float): Value of the magnetic moment (with sign)
            potential_file (str): Location of the new potential file if necessary

        Returns:
            atomistics.structure.periodic_table.ChemicalElement instance
        """
        # warnings.warn(
        #     "Project.create_element is deprecated as of v0.3. Please use Project.create.structure.element.",
        #     DeprecationWarning
        # )
        return self.create.structure.element(
            parent_element=parent_element,
            new_element_name=new_element_name,
            spin=spin,
            potential_file=potential_file
        )




[docs]class Creator(CreatorCore):

    def __init__(self, project):
        super().__init__(project)
        self._structure = StructureFactory()

    @property
    def structure(self):
        return self._structure





            

          

      

      

    

  

  
    
    
    pyiron.atomistics.generic.object_type
    

    
 
  

    
      
          
            
  Source code for pyiron.atomistics.generic.object_type

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
import importlib
from pyiron_base import Settings

__author__ = "Joerg Neugebauer, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


s = Settings()

OBJECT_CLASS_DICT = {"ThermoBulk": "pyiron.atomistics.thermodynamics.thermo_bulk"}


[docs]class ObjectTypeChoice(object):
    def __init__(self):
        for item in list(OBJECT_CLASS_DICT.keys()):
            self.__setattr__(item, item)

    def __dir__(self):
        return list(OBJECT_CLASS_DICT.keys())



[docs]class ObjectType(object):
    def __new__(cls, class_name, project=None, job_name=None):
        """
        The ObjectType class is used to create light weight pyiron object that do not represent jobs (i.e., they do
        not have a status, etc.)

        Args:
            cls: The JobType class which contains a list of all available JOB_TYPES these are the objects which
                 can be restored from an HDF5 File.
            class_name: The specific class name of the class this object belongs to.
            project: Project object (defines path where job will be created and stored)
            job_name (str): name of the job (must be unique within this project path needed only if object is stored in
                            db)

        Returns:

        """
        type_lst = class_name.split(".")
        if len(type_lst) > 1:
            class_name = class_name.split()[-1][1:-2]
            object_type = class_name.split(".")[-1]
        else:
            object_type = type_lst[-1]
        for class_name in list(OBJECT_CLASS_DICT.keys()):
            if object_type == class_name:
                object_module = importlib.import_module(OBJECT_CLASS_DICT[class_name])
                object_class = getattr(object_module, class_name)
                return object_class(project, job_name)

        raise ValueError(
            "Unknown object type: ",
            class_name,
            [job.__name__ for job in list(OBJECT_CLASS_DICT.keys())],
        )





            

          

      

      

    

  

  
    
    
    pyiron.atomistics.job.atomistic
    

    
 
  

    
      
          
            
  Source code for pyiron.atomistics.job.atomistic

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from ase.io import write as ase_write
import copy

import numpy as np
import warnings

from pyiron.atomistics.structure.atoms import Atoms
from pyiron_base import GenericParameters, GenericMaster, GenericJob as GenericJobCore, deprecate

try:
    from pyiron_base import ProjectGUI
except (ImportError, TypeError, AttributeError):
    pass

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]class AtomisticGenericJob(GenericJobCore):
    """
    Atomistic Generic Job class extends the Generic Job class with all the functionality to run jobs containing
    atomistic structures. From this class all specific atomistic Hamiltonians are derived. Therefore it should contain
    the properties/routines common to all atomistic jobs. The functions in this module should be as generic as possible.

    Args:
        project (ProjectHDFio): ProjectHDFio instance which points to the HDF5 file the job is stored in
        job_name (str): name of the job, which has to be unique within the project

    Attributes:

        .. attribute:: job_name

            name of the job, which has to be unique within the project

        .. attribute:: status

            execution status of the job, can be one of the following [initialized, appended, created, submitted, running,
                                                                      aborted, collect, suspended, refresh, busy, finished]

        .. attribute:: job_id

            unique id to identify the job in the pyiron database

        .. attribute:: parent_id

            job id of the predecessor job - the job which was executed before the current one in the current job series

        .. attribute:: master_id

            job id of the master job - a meta job which groups a series of jobs, which are executed either in parallel or in
            serial.

        .. attribute:: child_ids

            list of child job ids - only meta jobs have child jobs - jobs which list the meta job as their master

        .. attribute:: project

            Project instance the jobs is located in

        .. attribute:: project_hdf5

            ProjectHDFio instance which points to the HDF5 file the job is stored in

        .. attribute:: job_info_str

            short string to describe the job by it is job_name and job ID - mainly used for logging

        .. attribute:: working_directory

            working directory of the job is executed in - outside the HDF5 file

        .. attribute:: path

            path to the job as a combination of absolute file system path and path within the HDF5 file.

        .. attribute:: version

            Version of the hamiltonian, which is also the version of the executable unless a custom executable is used.

        .. attribute:: executable

            Executable used to run the job - usually the path to an external executable.

        .. attribute:: library_activated

            For job types which offer a Python library pyiron can use the python library instead of an external executable.

        .. attribute:: server

            Server object to handle the execution environment for the job.

        .. attribute:: queue_id

            the ID returned from the queuing system - it is most likely not the same as the job ID.

        .. attribute:: logger

            logger object to monitor the external execution and internal pyiron warnings.

        .. attribute:: restart_file_list

            list of files which are used to restart the calculation from these files.

        .. attribute:: job_type

            Job type object with all the available job types: ['ExampleJob', 'SerialMaster', 'ParallelMaster', 'ScriptJob',
                                                               'ListMaster']
    """

    def __init__(self, project, job_name):
        super(AtomisticGenericJob, self).__init__(project, job_name)
        self.__name__ = "AtomisticGenericJob"
        self.__version__ = "0.1"
        self._structure = None
        self._generic_input = GenericInput()
        self.output = GenericOutput(job=self)
        self.map_functions = MapFunctions()

    @property
    def structure(self):
        """

        Returns:

        """
        return self._structure

    @structure.setter
    def structure(self, basis):
        """

        Args:
            basis:

        Returns:

        """
        self._generic_input["structure"] = "atoms"
        self._structure = basis

[docs]    def set_input_to_read_only(self):
        """
        This function enforces read-only mode for the input classes, but it has to be implement in the individual
        classes.
        """
        self._generic_input.read_only = True


[docs]    def copy_to(
        self, project=None, new_job_name=None, input_only=False, new_database_entry=True
    ):
        """

        Args:
            destination:
            new_job_name:
            input_only:
            new_database_entry:

        Returns:

        """
        new_generic_job = super(AtomisticGenericJob, self).copy_to(
            project=project,
            new_job_name=new_job_name,
            input_only=input_only,
            new_database_entry=new_database_entry,
        )
        if not new_generic_job._structure:
            new_generic_job._structure = copy.copy(self._structure)
        return new_generic_job


[docs]    def calc_minimize(
        self, ionic_energy_tolerance=0, ionic_force_tolerance=1e-4, e_tol=None, f_tol=None, max_iter=1000, pressure=None, n_print=1
    ):
        """

        Args:
            ionic_energy_tolerance (float): Maximum energy difference between 2 steps
            ionic_force_tolerance (float): Maximum force magnitude that each of atoms is allowed to have
            e_tol (float): same as ionic_energy_tolerance (deprecated)
            f_tol (float): same as ionic_force_tolerance (deprecated)
            max_iter (int): Maximum number of force evluations
            pressure (float/list): Targetpressure values
            n_print (int): Print period

        Returns:

        """
        if e_tol is not None:
            warnings.warn(
                "e_tol is deprecated as of vers. 0.3.0. It is not guaranteed to be in service in vers. 0.4.0"
            )
        if f_tol is not None:
            warnings.warn(
                "f_tol is deprecated as of vers. 0.3.0. It is not guaranteed to be in service in vers. 0.4.0"
            )
        self._generic_input["calc_mode"] = "minimize"
        self._generic_input["max_iter"] = max_iter
        self._generic_input["pressure"] = pressure
        self._generic_input.remove_keys(
            ["temperature", "n_ionic_steps", "n_print", "velocity"]
        )


[docs]    def calc_static(self):
        """

        Returns:

        """
        self._generic_input["calc_mode"] = "static"
        self._generic_input.remove_keys(
            [
                "max_iter",
                "pressure",
                "temperature",
                "n_ionic_steps",
                "n_print",
                "velocity",
            ]
        )


[docs]    def calc_md(
        self,
        temperature=None,
        pressure=None,
        n_ionic_steps=1000,
        time_step=None,
        n_print=100,
        temperature_damping_timescale=100.0,
        pressure_damping_timescale=None,
        seed=None,
        tloop=None,
        initial_temperature=True,
        langevin=False,
    ):
        self._generic_input["calc_mode"] = "md"
        self._generic_input["temperature"] = temperature
        self._generic_input["n_ionic_steps"] = n_ionic_steps
        self._generic_input["n_print"] = n_print
        self._generic_input.remove_keys(["max_iter", "pressure"])


[docs]    def from_hdf(self, hdf=None, group_name=None):
        """
        Recreates instance from the hdf5 file
        Args:
            hdf (str): Path to the hdf5 file
            group_name (str): Name of the group which contains the object
        """
        super(AtomisticGenericJob, self).from_hdf(hdf=hdf, group_name=group_name)
        with self._hdf5.open("input") as hdf5_input:
            try:
                self._generic_input.from_hdf(hdf5_input)
            except ValueError:
                pass


[docs]    def to_hdf(self, hdf=None, group_name=None):
        """
        Store the GenericJob in an HDF5 file

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(AtomisticGenericJob, self).to_hdf(hdf=hdf, group_name=group_name)
        with self._hdf5.open("input") as hdf5_input:
            self._generic_input.to_hdf(hdf5_input)


[docs]    def store_structure(self):
        """
        Create :class:`~.StructureContainer` job with the initial structure of
        the job and sets that jobs :attr:`~.parent_id` from this job.

        Returns:
            :class:`~.StructureContainer`: job containing initial structure of
            this job
        """
        if self.structure is not None:
            structure_container = self.create_job(
                job_type=self.project.job_type.StructureContainer,
                job_name=self.job_name + "_structure",
            )
            structure_container.structure = self.structure
            self.parent_id = structure_container.job_id
            return structure_container
        else:
            ValueError("There is no structure attached to the current Job.")


[docs]    def animate_structure(
        self,
        spacefill=True,
        show_cell=True,
        stride=1,
        center_of_mass=False,
        particle_size=0.5,
        camera="orthographic",
    ):
        """
        Animates the job if a trajectory is present

        Args:
            spacefill (bool):
            show_cell (bool):
            stride (int): show animation every stride [::stride]
                          use value >1 to make animation faster
                           default=1
            center_of_mass (bool):
            camera (str):
                camera perspective, choose from "orthographic" or "perspective"

        Returns:
            animation: nglview IPython widget

        """
        try:
            import nglview
        except ImportError:
            raise ImportError(
                "The animate() function requires the package nglview to be installed"
            )

        animation = nglview.show_asetraj(
            self.trajectory(stride=stride, center_of_mass=center_of_mass)
        )
        if spacefill:
            animation.add_spacefill(radius_type="vdw", scale=0.5, radius=particle_size)
            animation.remove_ball_and_stick()
        else:
            animation.add_ball_and_stick()
        if show_cell:
            if self.structure.cell is not None:
                animation.add_unitcell()
        animation.camera = camera
        return animation


[docs]    def view_structure(self, snapshot=-1, spacefill=True, show_cell=True):
        """

        Args:
            snapshot (int): Snapshot of the trajectory one wants
            spacefill (bool):
            show_cell (bool):

        Returns:
            view: nglview IPython widget

        """
        import nglview

        atoms = self.get_structure(snapshot)
        picture = nglview.show_ase(atoms)
        if spacefill:
            picture.add_spacefill(radius_type="vdw", scale=0.5)
            picture.remove_ball_and_stick()
        else:
            picture.add_ball_and_stick()
        if show_cell:
            if atoms.cell is not None:
                picture.add_unitcell()
        return picture


[docs]    def validate_ready_to_run(self):
        """

        Returns:

        """
        if not self.structure and self._generic_input["structure"] == "atoms":
            raise ValueError(
                "This job does not contain a valid structure: {}".format(self.job_name)
            )


[docs]    def db_entry(self):
        """
        Generate the initial database entry

        Returns:
            (dict): db_dict
        """
        db_dict = super(AtomisticGenericJob, self).db_entry()
        if self.structure:
            if isinstance(self.structure, Atoms):
                parent_structure = self.structure.get_parent_basis()
            else:
                parent_structure = self.structure.copy()
            db_dict["ChemicalFormula"] = parent_structure.get_chemical_formula()
        return db_dict


[docs]    def restart(self, job_name=None, job_type=None):
        """
        Restart a new job created from an existing calculation.
        Args:
            project (pyiron.project.Project instance): Project instance at which the new job should be created
            job_name (str): Job name
            job_type (str): Job type

        Returns:
            new_ham: New job
        """
        new_ham = super(AtomisticGenericJob, self).restart(
            job_name=job_name, job_type=job_type
        )
        if isinstance(new_ham, GenericMaster) and not isinstance(self, GenericMaster):
            new_child = self.restart(job_name=None, job_type=None)
            new_ham.append(new_child)
        new_ham.structure = self.get_structure(iteration_step=-1)
        if new_ham.structure is None:
            new_ham.structure = self.structure.copy()
        new_ham._generic_input['structure'] = 'atoms'
        return new_ham


    # Required functions
[docs]    def continue_with_restart_files(self, job_type=None, job_name=None):
        """

        Args:
            job_type:
            job_name:

        Returns:

        """
        if job_name is None:
            job_name = "{}_continue".format(self.job_name)
        new_ham = self.restart(job_type=job_type, job_name=job_name)
        if self.status.initialized:
            self._job_id = self.save()
        new_ham.parent_id = self.job_id
        new_ham._generic_input["structure"] = "continue_final"
        return new_ham


[docs]    def continue_with_final_structure(self, job_type=None, job_name=None):
        """

        Args:
            job_type:
            job_name:

        Returns:

        """
        if job_name is None:
            job_name = "{}_continue".format(self.job_name)
        if job_type is None:
            job_type = self.__name__
        new_ham = self.create_job(job_type, job_name)
        if self.status.initialized:
            self._job_id = self.save()
        new_ham.parent_id = self.job_id
        if self.status.finished:
            new_ham.structure = self.get_structure(iteration_step=-1)
            new_ham._generic_input["structure"] = "atoms"
        else:
            new_ham._generic_input["structure"] = "continue_final"
        return new_ham


[docs]    def trajectory(
        self, stride=1, center_of_mass=False, atom_indices=None,
            snapshot_indices=None, overwrite_positions=None, overwrite_cells=None
    ):
        """

        Args:
            stride (int): The trajectories are generated with every 'stride' steps
            center_of_mass (list/numpy.ndarray): The center of mass
            atom_indices (list/numpy.ndarray): The atom indices for which the trajectory should be generated
            snapshot_indices (list/numpy.ndarray): The snapshots for which the trajectory should be generated
            overwrite_positions (list/numpy.ndarray): List of positions that are meant to overwrite the existing
                                                      trajectory. Useful to wrap coordinates for example
            overwrite_cells(list/numpy.ndarray): List of cells that are meant to overwrite the existing
                                                 trajectory. Only used when `overwrite_positions` is defined. This must
                                                 have the same length of `overwrite_positions`

        Returns:
            pyiron.atomistics.job.atomistic.Trajectory: Trajectory instance

        """
        cells = self.output.cells
        if len(self.output.indices) != 0:
            indices = self.output.indices
        else:
            indices = [self.structure.indices] * len(cells)  # Use the same indices throughout
        if overwrite_positions is not None:
            positions = np.array(overwrite_positions).copy()
            if overwrite_cells is not None:
                if overwrite_cells.shape == (len(positions), 3, 3):
                    cells = np.array(overwrite_cells).copy()
                else:
                    raise ValueError("overwrite_cells must be compatible with the positions!")
        else:
            positions = self.output.positions.copy()
        conditions = list()
        if isinstance(cells, (list, np.ndarray)):
            if len(cells) == 0:
                conditions.append(True)
            else:
                conditions.append(cells[0] is None)
        conditions.append(cells is None)
        if any(conditions):
            max_pos = np.max(np.max(positions, axis=0), axis=0)
            max_pos[np.abs(max_pos) < 1e-2] = 10
            cell = np.eye(3) * max_pos
            cells = np.array([cell] * len(positions))

        if len(positions) != len(cells):
            raise ValueError("The positions must have the same length as the cells!")
        if snapshot_indices is not None:
            positions = positions[snapshot_indices]
            cells = cells[snapshot_indices]
            indices = indices[snapshot_indices]
        if atom_indices is None:
            return Trajectory(
                positions[::stride],
                self.structure.get_parent_basis(),
                center_of_mass=center_of_mass,
                cells=cells[::stride],
                indices=indices[::stride]
            )
        else:
            sub_struct = self.structure.get_parent_basis()[atom_indices]
            if len(sub_struct.species) < len(self.structure.species):
                # Then `sub_struct` has had its indices remapped so they run from 0 to the number of species - 1
                # But the `indices` array is unaware of this and needs to be remapped to this new space
                original_symbols = np.array([el.Abbreviation for el in self.structure.species])
                sub_symbols = np.array([el.Abbreviation for el in sub_struct.species])

                map_ = np.array([np.argwhere(original_symbols == symbol)[0, 0] for symbol in sub_symbols], dtype=int)

                remapped_indices = np.array(indices)
                for i_sub, i_original in enumerate(map_):
                    np.place(remapped_indices, indices == i_original, i_sub)
            else:
                remapped_indices = indices

            return Trajectory(
                positions[::stride, atom_indices, :],
                sub_struct,
                center_of_mass=center_of_mass,
                cells=cells[::stride],
                indices=remapped_indices[::stride, atom_indices]
            )


[docs]    def write_traj(
        self,
        filename,
        file_format=None,
        parallel=True,
        append=False,
        stride=1,
        center_of_mass=False,
        atom_indices=None,
        snapshot_indices=None,
        overwrite_positions=None,
        overwrite_cells=None,
        **kwargs
    ):
        """
        Writes the trajectory in a given file file_format based on the `ase.io.write`_ function.

        Args:
            filename (str): Filename of the output
            file_format (str): The specific file_format of the output
            parallel (bool): ase parameter
            append (bool): ase parameter
            stride (int): Writes trajectory every `stride` steps
            center_of_mass (bool): True if the positions are centered on the COM
            atom_indices (list/numpy.ndarray): The atom indices for which the trajectory should be generated
            snapshot_indices (list/numpy.ndarray): The snapshots for which the trajectory should be generated
            overwrite_positions (list/numpy.ndarray): List of positions that are meant to overwrite the existing
                                                      trajectory. Useful to wrap coordinates for example
            overwrite_cells(list/numpy.ndarray): List of cells that are meant to overwrite the existing
                                                 trajectory. Only used when `overwrite_positions` is defined. This must
                                                 have the same length of `overwrite_positions`
            **kwargs: Additional ase arguments

        .. _ase.io.write: https://wiki.fysik.dtu.dk/ase/_modules/ase/io/formats.html#write
        """
        traj = self.trajectory(
            stride=stride,
            center_of_mass=center_of_mass,
            atom_indices=atom_indices,
            snapshot_indices=snapshot_indices,
            overwrite_positions=overwrite_positions,
            overwrite_cells=overwrite_cells
        )
        # Using thr ASE output writer
        ase_write(
            filename=filename,
            images=traj,
            format=file_format,
            parallel=parallel,
            append=append,
            **kwargs
        )


    # Compatibility functions
[docs]    @deprecate("Use get_structure()")
    def get_final_structure(self):
        """
        Get the final structure calculated from the job.

        Returns:
            :class:`.Atoms`
        """
        return self.get_structure(iteration_step=-1)


[docs]    def get_structure(self, iteration_step=-1, wrap_atoms=True):
        """
        Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
        there is only one ionic iteration step

        Args:
            iteration_step (int): Step for which the structure is requested
            wrap_atoms (bool): True if the atoms are to be wrapped back into the unit cell

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: The required structure
        """
        if self.structure is None:
            raise AssertionError('Structure not set')
        snapshot = self.structure.copy()
        try:
            snapshot.cell = self.output.cells[iteration_step]
        except IndexError:
            if wrap_atoms:
                raise IndexError('cell at step ', iteration_step, ' not found')
            snapshot.cell = None
        try:
            snapshot.indices = self.output.indices[iteration_step]
        except IndexError:
            pass
        if wrap_atoms:
            snapshot.positions = self.output.positions[iteration_step]
            snapshot.center_coordinates_in_unit_cell()
        elif len(self.output.unwrapped_positions) > max([iteration_step, 0]):
            snapshot.positions = self.output.unwrapped_positions[iteration_step]
        else:
            snapshot.positions += self.output.total_displacements[iteration_step]
        return snapshot


[docs]    def map(self, function, parameter_lst):
        master = self.create_job(
            job_type=self.project.job_type.MapMaster, job_name="map_" + self.job_name
        )
        master.modify_function = function
        master.parameter_list = parameter_lst
        return master


[docs]    def gui(self):
        """

        Returns:

        """
        ProjectGUI(self)


    def _structure_to_hdf(self):
        if self.structure is not None and self._generic_input["structure"] == "atoms":
            with self.project_hdf5.open("input") as hdf5_input:
                self.structure.to_hdf(hdf5_input)

    def _structure_from_hdf(self):
        if (
            "structure" in self.project_hdf5["input"].list_groups()
            and self._generic_input["structure"] == "atoms"
        ):
            with self.project_hdf5.open("input") as hdf5_input:
                self.structure = Atoms().from_hdf(hdf5_input)

    def _write_chemical_formular_to_database(self):
        if self.structure:
            parent_structure = self.structure.get_parent_basis()
            self.project.db.item_update(
                {"ChemicalFormula": parent_structure.get_chemical_formula()},
                self._job_id,
            )

    def _before_successor_calc(self, ham):
        if ham._generic_input["structure"] == "continue_final":
            ham.structure = self.get_structure(iteration_step=-1)
            ham.to_hdf()



[docs]def set_structure(job, parameter):
    job.structure = parameter
    return job



[docs]class MapFunctions(object):
    def __init__(self):
        self.set_structure = set_structure



[docs]class Trajectory(object):
    """
    A trajectory instance compatible with the ase.io class

    Args:
        positions (numpy.ndarray): The array of the trajectory in cartesian coordinates
        structure (pyiron.atomistics.structure.atoms.Atoms): The initial structure instance from which the species info
                                                             is derived
        center_of_mass (bool): False (default) if the specified positions are w.r.t. the origin
        cells (numpy.ndarray): Optional argument of the cell shape at every time step (Nx3x3 array) when the volume
                                varies
    """

    def __init__(self, positions, structure, center_of_mass=False, cells=None, indices=None):
        if center_of_mass:
            pos = np.copy(positions)
            pos[:, :, 0] = (pos[:, :, 0].T - np.mean(pos[:, :, 0], axis=1)).T
            pos[:, :, 1] = (pos[:, :, 1].T - np.mean(pos[:, :, 1], axis=1)).T
            pos[:, :, 2] = (pos[:, :, 2].T - np.mean(pos[:, :, 2], axis=1)).T
            self._positions = pos
        else:
            self._positions = positions
        self._structure = structure
        self._cells = cells
        self._indices = indices

    def __getitem__(self, item):
        new_structure = self._structure.copy()
        if self._cells is not None:
            new_structure.cell = self._cells[item]
        if self._indices is not None:
            new_structure.indices = self._indices[item]
        new_structure.positions = self._positions[item]
        # This step is necessary for using ase.io.write for trajectories
        new_structure.arrays["positions"] = new_structure.positions
        # new_structure.arrays['cells'] = new_structure.cell
        return new_structure

    def __len__(self):
        return len(self._positions)



[docs]class GenericInput(GenericParameters):
    def __init__(self, input_file_name=None, table_name="generic"):
        super(GenericInput, self).__init__(
            input_file_name=input_file_name,
            table_name=table_name,
            comment_char="#",
            separator_char="=",
        )

[docs]    def load_default(self):
        """
        Loads the default file content
        """
        file_content = """\
calc_mode=static # static, minimize, md
structure=atoms # atoms, continue_final
"""
        self.load_string(file_content)




[docs]class GenericOutput(object):
    def __init__(self, job):
        self._job = job

    @property
    def cells(self):
        return self._job["output/generic/cells"]

    @property
    def energy_pot(self):
        return self._job["output/generic/energy_pot"]

    @property
    def energy_tot(self):
        return self._job["output/generic/energy_tot"]

    @property
    def forces(self):
        return self._job["output/generic/forces"]

    @property
    def force_max(self):
        """
            maximum force magnitude of each step which is used for
            convergence criterion of structure optimizations
        """
        return np.linalg.norm(self.forces, axis=-1).max(axis=-1)

    @property
    def positions(self):
        return self._job["output/generic/positions"]

    @property
    def pressures(self):
        return self._job["output/generic/pressures"]

    @property
    def steps(self):
        return self._job["output/generic/steps"]

    @property
    def temperature(self):
        return self._job["output/generic/temperature"]

    @property
    def computation_time(self):
        return self._job["output/generic/computation_time"]

    @property
    def unwrapped_positions(self):
        unwrapped_positions = self._job["output/generic/unwrapped_positions"]
        if unwrapped_positions is not None:
            return unwrapped_positions
        else:
            return self._job.structure.positions+self.total_displacements

    @property
    def volume(self):
        return self._job["output/generic/volume"]

    @property
    def indices(self):
        return self._job["output/generic/indices"]

    @property
    def displacements(self):
        """
        Output for 3-d displacements between successive snapshots, with minimum image convention.
        For the total displacements from the initial configuration, use total_displacements
        This algorithm collapses if:
        - the ID's are not consistent (i.e. you can also not change the number of atoms)
        - there are atoms which move by more than half a box length in any direction within two snapshots (due to
        periodic boundary conditions)
        """
        return self.get_displacements(self._job.structure, self.positions, self.cells)

[docs]    @staticmethod
    def get_displacements(structure, positions, cells):
        """
        Output for 3-d displacements between successive snapshots, with minimum image convention.
        For the total displacements from the initial configuration, use total_displacements
        This algorithm collapses if:
        - the ID's are not consistent (i.e. you can also not change the number of atoms)
        - there are atoms which move by more than half a box length in any direction within two snapshots (due to
        periodic boundary conditions)

        Args:
            structure (pyiron.atomistics.structure.atoms.Atoms): The initial structure
            positions (numpy.ndarray/list): List of positions in cartesian coordinates (N_steps x N_atoms x 3)
            cells (numpy.ndarray/list): List of cells (N_steps x 3 x 3)

        Returns:
            numpy.ndarray: Displacements (N_steps x N_atoms x 3)

        """
        # Check if the cell changes in any snapshot
        c = cells.reshape(-1, 9)
        if np.max(c.max(axis=0)-c.min(axis=0)) > 1e-5:
            warnings.warn("You are computing displacements in a simulation with periodic boundary conditions \n"
                          "and a varying cell shape.")
        displacement = np.einsum('nki,nij->nkj', positions, np.linalg.inv(cells))
        displacement[1:] -= displacement[:-1]
        displacement[0] -= structure.get_scaled_positions()
        displacement[:,:,structure.pbc] -= np.rint(displacement)[:,:,structure.pbc]
        displacement = np.einsum('nki,nij->nkj', displacement, cells)
        return displacement


    @property
    def total_displacements(self):
        """
        Output for 3-d total displacements from the initial configuration, with minimum image convention.
        For the diplacements for the successive snapshots, use displacements
        This algorithm collapses if:
        - the ID's are not consistent (i.e. you can also not change the number of atoms)
        - there are atoms which move by more than half a box length in any direction within two snapshots (due to periodic boundary conditions)
        """
        return np.cumsum(self.displacements, axis=0)

    def __dir__(self):
        hdf5_path = self._job["output/generic"]
        if hdf5_path is not None:
            return hdf5_path.list_nodes()
        else:
            return []
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  Source code for pyiron.atomistics.job.interactive

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from pyiron_base import Settings, InteractiveBase
from pyiron.atomistics.structure.atoms import Atoms
from pyiron.atomistics.structure.periodic_table import PeriodicTable
from pyiron.atomistics.job.atomistic import AtomisticGenericJob, GenericOutput
from collections import defaultdict

__author__ = "Osamu Waseda, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"

s = Settings()


[docs]class GenericInteractive(AtomisticGenericJob, InteractiveBase):
    def __init__(self, project, job_name):
        super(GenericInteractive, self).__init__(project, job_name)
        self.output = GenericInteractiveOutput(job=self)
        self._structure_previous = None
        self._structure_current = None
        self._interactive_enforce_structure_reset = False
        self._interactive_grand_canonical = False
        self._interactive_fetch_completed = True
        self._interactive_species_lst = np.array([])
        self._periodic_table = PeriodicTable()
        self.interactive_input_functions = {'index': self.interactive_index_organizer,
                                            'cell': self.interactive_cell_organizer,
                                            'positions': self.interactive_positions_organizer,
                                            'magnetic_moments': self.interactive_magmom_organizer}
        self.interactive_output_functions =  {'cells': self.interactive_cells_getter,
                                              'energy_pot': self.interactive_energy_pot_getter,
                                              'energy_tot': self.interactive_energy_tot_getter,
                                              'forces': self.interactive_forces_getter,
                                              'positions': self.interactive_positions_getter,
                                              'pressures': self.interactive_pressures_getter,
                                              'stress': self.interactive_stress_getter,
                                              'steps': self.interactive_steps_getter,
                                              'temperature': self.interactive_temperatures_getter,
                                              'indices': self.interactive_indices_getter,
                                              'computation_time': self.interactive_computation_time_getter,
                                              'unwrapped_positions': self.interactive_unwrapped_positions_getter,
                                              'atom_spin_constraints': self.interactive_atom_spin_constraints_getter,
                                              'atom_spins': self.interactive_atom_spins_getter,
                                              'magnetic_forces': self.interactive_magnetic_forces_getter,
                                              'volume': self.interactive_volume_getter}
        self.interactive_cache = defaultdict(list)

    @property
    def interactive_enforce_structure_reset(self):
        return self._interactive_enforce_structure_reset

    @interactive_enforce_structure_reset.setter
    def interactive_enforce_structure_reset(self, reset):
        if not isinstance(reset, bool):
            raise AssertionError()
        self._interactive_enforce_structure_reset = reset

    @property
    def initial_structure(self):
        return AtomisticGenericJob.structure.fget(self)

    @property
    def current_structure(self):
        return self.structure

    @current_structure.setter
    def current_structure(self, structure):
        self.structure = structure

    @property
    def structure(self):
        if self._structure_current is not None:
            return self._structure_current
        elif (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ):
            self._structure_current = AtomisticGenericJob.structure.fget(self)
            return self._structure_current
        else:
            return AtomisticGenericJob.structure.fget(self)

    @structure.setter
    def structure(self, structure):
        if (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ):
            # only overwrite the initial structure if it is not set already.
            if AtomisticGenericJob.structure.fget(self) is None:
                AtomisticGenericJob.structure.fset(self, structure.copy())
            self._structure_current = structure
        else:
            AtomisticGenericJob.structure.fset(self, structure)

[docs]    def species_from_hdf(self):
        if (
            "output" in self.project_hdf5.list_groups()
            and "interactive" in self.project_hdf5["output"].list_groups()
            and "species" in self.project_hdf5["output/interactive"].list_nodes()
        ):
            with self.project_hdf5.open("output/interactive") as hdf:
                self._interactive_species_lst = np.array(hdf["species"])


[docs]    def run_if_interactive(self):
        self.status.running = True
        if self.structure is None:
            raise ValueError("Input structure not set. Use method set_structure()")
        if not self.interactive_is_activated():
            self.interactive_initialize_interface()
        if self._structure_previous is None:
            self._structure_previous = self.structure.copy()
        self._update_previous_structure()
        if self._structure_current is not None:
            if (
                len(self._structure_current) != len(self._structure_previous)
                and not self._interactive_grand_canonical
            ):
                raise ValueError(
                    "The number of atoms changed, this is currently not supported!"
                )
            if not self._interactive_enforce_structure_reset:
                functions_to_execute = list(self.interactive_input_functions.values())
                for v in functions_to_execute:
                    v()
            else:
                self._logger.debug("Generic library: structure changed!")
                self.interactive_structure_setter(self._structure_current)


[docs]    def interactive_index_organizer(self):
        index_merge_lst = self._interactive_species_lst.tolist() + list(
            self._structure_current.get_species_symbols()
        )
        el_lst = sorted(set(index_merge_lst), key=index_merge_lst.index)
        current_structure_index = [
            el_lst.index(el)
            for el in self._structure_current.get_chemical_symbols()
        ]
        previous_structure_index = [
            el_lst.index(el)
            for el in self._structure_previous.get_chemical_symbols()
        ]
        if not np.array_equal(
            np.array(current_structure_index),
            np.array(previous_structure_index),
        ):
            self._logger.debug("Generic library: indices changed!")
            self.interactive_indices_setter(self._structure_current.indices)


[docs]    def interactive_cell_organizer(self):
        if not np.allclose(
            self._structure_current.cell,
            self._structure_previous.cell,
            rtol=1e-15, atol=1e-15,
        ):
            self._logger.debug("Generic library: cell changed!")
            try:
                self.interactive_cells_setter(self._structure_current.cell)
            except NotImplementedError:
                del self.interactive_input_functions['cell']


[docs]    def interactive_positions_organizer(self):
        if not np.allclose(
            self._structure_current.positions,
            self._structure_previous.positions,
            rtol=1e-15,
            atol=1e-15,
        ):
            self._logger.debug("Generic library: positions changed!")
            self.interactive_positions_setter(self._structure_current.positions)


[docs]    def interactive_magmom_organizer(self):
        if all(mm is None for mm in self._structure_current.get_initial_magnetic_moments()):
            del self.interactive_input_functions['magnetic_moments']
        elif (None in self._structure_previous.get_initial_magnetic_moments()
            or not np.allclose(
                self._structure_current.get_initial_magnetic_moments(),
                self._structure_previous.get_initial_magnetic_moments(),
            )
        ):
            self._logger.debug("Generic library: magnetic moments changed!")
            try:
                self.interactive_spin_constraints_setter(
                    self._structure_current.get_initial_magnetic_moments()
                )
            except NotImplementedError:
                del self.interactive_input_functions['magnetic_moments']


[docs]    def interactive_cells_getter(self):
        return self.initial_structure.cell


[docs]    def interactive_collect(self):
        del_key_lst = []
        for k,v in self.interactive_output_functions.items():
            try:
                value = v()
                if value is not None:
                    self.interactive_cache[k].append(value)
                else:
                    del_key_lst.append(k)
            except NotImplementedError:
                del_key_lst.append(k)
        for k in del_key_lst:
            del self.interactive_output_functions[k]
        if (
            len(list(self.interactive_cache.keys())) > 0
            and len(self.interactive_cache[list(self.interactive_cache.keys())[0]])
            % self._interactive_flush_frequency
            == 0
        ):
            self.interactive_flush(path="interactive")
        if self.server.run_mode.interactive_non_modal:
            self._interactive_fetch_completed = True


[docs]    def interactive_flush(self, path="interactive", include_last_step=False):
        """

        Args:
            path:
            include_last_step:

        Returns:

        """
        with self.project_hdf5.open("output") as hdf_output:
            with hdf_output.open(path) as hdf:
                hdf["species"] = self._interactive_species_lst.tolist()
        super(GenericInteractive, self).interactive_flush(
            path=path, include_last_step=include_last_step
        )


[docs]    def interactive_indices_getter(self):
        species_symbols = np.array(
            [e.Abbreviation for e in self.current_structure.species]
        )
        self._interactive_species_lst = self._extend_species_elements(
            struct_species=species_symbols, species_array=self._interactive_species_lst
        )
        index_merge_lst = self._interactive_species_lst.tolist() + list(
            self._structure_current.get_species_symbols()
        )
        el_lst = sorted(set(index_merge_lst), key=index_merge_lst.index)
        current_structure_index = np.array(
            [el_lst.index(el) for el in self._structure_current.get_chemical_symbols()]
        )
        return current_structure_index


[docs]    def interactive_positions_getter(self):
        return self.current_structure.positions


[docs]    def interactive_steps_getter(self):
        return len(self.interactive_cache[list(self.interactive_cache.keys())[0]])


[docs]    def interactive_time_getter(self):
        return self.interactive_steps_getter()


[docs]    def interactive_volume_getter(self):
        return self.initial_structure.get_volume()


    def _update_previous_structure(self):
        """
        Update the previous structure to the last step configuration
        Args:
            wrap_atoms (bool):
        """
        try:
            indices = self.output.indices[-1]
            positions = self.output.positions[-1]
            cell = self.output.cells[-1]
        except IndexError:
            return
        if len(self._interactive_species_lst) == 0:
            el_lst = [el.Abbreviation for el in self.structure.species]
        else:
            el_lst = self._interactive_species_lst.tolist()
        self._structure_previous.set_species([self._periodic_table.element(el) for el in el_lst])
        self._structure_previous.indices = indices
        self._structure_previous.positions = positions
        self._structure_previous.cell = cell

    @staticmethod
    def _extend_species_elements(struct_species, species_array):
        if not all(np.isin(struct_species, species_array)):
            new_elements_index = np.invert(np.isin(struct_species, species_array))
            species_array = np.append(species_array, struct_species[new_elements_index])
        return species_array

    # Functions which have to be implemented by the fin
[docs]    def interactive_cells_setter(self, cell):
        raise NotImplementedError("interactive_cells_getter() is not implemented!")


[docs]    def interactive_energy_pot_getter(self):
        raise NotImplementedError("interactive_energy_pot_getter() is not implemented!")


[docs]    def interactive_energy_tot_getter(self):
        raise NotImplementedError("interactive_energy_tot_getter() is not implemented!")


[docs]    def interactive_forces_getter(self):
        raise NotImplementedError("interactive_forces_getter() is not implemented!")


[docs]    def interactive_indices_setter(self, indices):
        raise NotImplementedError("interactive_indices_setter() is not implemented!")


[docs]    def interactive_spins_getter(self):
        raise NotImplementedError("interactive_spins_getter() is not implemented!")


[docs]    def interactive_spin_constraints_getter(self):
        raise NotImplementedError(
            "interactive_spin_constraints_getter() is not implemented!"
        )


[docs]    def interactive_atom_spin_constraints_getter(self):
        raise NotImplementedError(
            "interactive_atom_spin_constraints_getter() is not implemented!"
        )


[docs]    def interactive_atom_spins_getter(self):
        raise NotImplementedError(
            "interactive_atom_spins_getter() is not implemented!"
        )


[docs]    def interactive_magnetic_forces_getter(self):
        raise NotImplementedError(
            "interactive_magnetic_forces_getter() is not implemented!"
        )


[docs]    def interactive_spin_constraints_setter(self, spins):
        raise NotImplementedError(
            "iinteractive_spin_constraints_setter() is not implemented!"
        )


[docs]    def interactive_initialize_interface(self):
        raise NotImplementedError(
            "interactive_initialize_interface() is not implemented!"
        )


[docs]    def interactive_positions_setter(self, positions):
        raise NotImplementedError("interactive_positions_setter() is not implemented!")


[docs]    def interactive_pressures_getter(self):
        raise NotImplementedError("interactive_pressures_getter() is not implemented!")


[docs]    def interactive_stress_getter(self):
        raise NotImplementedError("interactive_stress_getter() is not implemented!")


[docs]    def interactive_structure_setter(self, structure):
        raise NotImplementedError("interactive_structure_setter() is not implemented!")


[docs]    def interactive_computation_time_getter(self):
        raise NotImplementedError("interactive_computation_time_getter() is not implemented!")


[docs]    def interactive_temperatures_getter(self):
        raise NotImplementedError(
            "interactive_temperatures_getter() is not implemented!"
        )


[docs]    def interactive_unwrapped_positions_getter(self):
        raise NotImplementedError(
            "interactive_unwrapped_positions_getter() is not implemented!"
        )




[docs]class GenericInteractiveOutput(GenericOutput):
    def __init__(self, job):
        super(GenericInteractiveOutput, self).__init__(job=job)

    def _key_from_cache(self, key):
        """
        Get all entries from the interactive cache for a specific key.

        Args:
            key (str): name of the key

        Returns:
            list: list of values stored in the interactive cache
        """
        if (
            key in self._job.interactive_cache.keys()
            and self._job.interactive_is_activated()
            and len(self._job.interactive_cache[key]) != 0
        ):
            return self._job.interactive_cache[key]
        else:
            return []

    def _lst_from_cache(self, key):
        """

        Args:
            key (str): name of the key

        Returns:
            list:
        """
        lst = self._key_from_cache(key)
        if len(lst) != 0 and isinstance(lst[-1], list):
            return [np.array(out) for out in lst]
        else:
            return lst

    def _key_from_hdf(self, key):
        """
        Get all entries from the HDF5 file for a specific key - stored under 'output/interactive/<key>'

        Args:
            key (str): name of the key

        Returns:

        """
        return self._job["output/interactive/" + key]

    def _key_from_property(self, key, prop):
        """

        Args:
            key (str): name of the key
            prop (function):

        Returns:

        """
        return_lst = self._key_from_cache(key)
        hdf5_output = self._key_from_hdf(key)
        if hdf5_output is not None:
            return_lst = hdf5_output.tolist() + return_lst
        else:
            prop_result = prop(self)
            if prop_result is not None:
                return_lst = prop(self).tolist() + return_lst
        return np.array(return_lst)

    def _lst_from_property(self, key, prop=None):
        """

        Args:
            key (str):
            prop (function):

        Returns:

        """
        return_lst = self._lst_from_cache(key)
        hdf5_output = self._key_from_hdf(key)
        if hdf5_output is not None and len(hdf5_output) != 0:
            if isinstance(hdf5_output[-1], list):
                return_lst = [np.array(out) for out in hdf5_output] + return_lst
            else:
                return_lst = hdf5_output.tolist() + return_lst
        elif prop is not None:
            prop_result = prop(self)
            if prop_result is not None:
                return_lst = prop_result.tolist() + return_lst
        return np.array(return_lst)

    @property
    def indices(self):
        return self._lst_from_property(key="indices", prop=GenericOutput.indices.fget)

    @property
    def cells(self):
        return self._key_from_property(key="cells", prop=GenericOutput.cells.fget)

    @property
    def energy_pot(self):
        return self._key_from_property(
            key="energy_pot", prop=GenericOutput.energy_pot.fget
        )

    @property
    def energy_tot(self):
        return self._key_from_property(
            key="energy_tot", prop=GenericOutput.energy_tot.fget
        )

    @property
    def forces(self):
        return self._lst_from_property(key="forces", prop=GenericOutput.forces.fget)

    @property
    def positions(self):
        return self._lst_from_property(
            key="positions", prop=GenericOutput.positions.fget
        )

    @property
    def pressures(self):
        return self._key_from_property(
            key="pressures", prop=GenericOutput.pressures.fget
        )

    @property
    def steps(self):
        return self._key_from_property(key="steps", prop=GenericOutput.steps.fget)

    @property
    def temperature(self):
        return self._key_from_property(
            key="temperature", prop=GenericOutput.temperature.fget
        )

    @property
    def time(self):
        return self._key_from_property(
            key="computation_time", prop=GenericOutput.computation_time.fget
        )

    @property
    def unwrapped_positions(self):
        return self._lst_from_property(
            key="unwrapped_positions", prop=GenericOutput.unwrapped_positions.fget
        )

    @property
    def volume(self):
        return self._key_from_property(key="volume", prop=GenericOutput.volume.fget)

    def __dir__(self):
        return list(
            set(
                list(self._job.interactive_cache.keys())
                + super(GenericOutput).__dir__()
            )
        )



[docs]class InteractiveInterface(object):
    def __init__(self):
        self._logger = s.logger

[docs]    def get_cell(self):
        raise NotImplementedError


[docs]    def set_cell(self, cell):
        raise NotImplementedError


[docs]    def get_temperature(self):
        raise NotImplementedError


[docs]    def set_temperature(self, temperature):
        raise NotImplementedError


[docs]    def get_positions(self):
        raise NotImplementedError


[docs]    def set_positions(self, positions):
        raise NotImplementedError


[docs]    def get_forces(self):
        raise NotImplementedError


[docs]    def set_forces(self, forces):
        raise NotImplementedError


[docs]    def get_energy_tot(self):
        raise NotImplementedError


[docs]    def set_energy_tot(self, energy_tot):
        raise NotImplementedError


[docs]    def get_energy_pot(self):
        raise NotImplementedError


[docs]    def set_energy_pot(self, energy_pot):
        raise NotImplementedError


[docs]    def get_pressure(self):
        raise NotImplementedError


[docs]    def set_pressure(self, pressure):
        raise NotImplementedError


[docs]    def run_interactive(self):
        raise NotImplementedError
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  Source code for pyiron.atomistics.job.interactivewrapper

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from datetime import datetime
import warnings
from pyiron_base import InteractiveWrapper as InteractiveWrapperBase, deprecate
from pyiron.atomistics.structure.atoms import ase_to_pyiron
from pyiron.atomistics.structure.atoms import Atoms as PAtoms

__author__ = "Osamu Waseda, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"


[docs]class InteractiveWrapper(InteractiveWrapperBase):
    def __init__(self, project, job_name):
        super(InteractiveWrapper, self).__init__(project, job_name)

    @property
    def structure(self):
        if self.ref_job:
            return self._ref_job.structure
        else:
            return None

    @structure.setter
    def structure(self, basis):
        if self.ref_job:
            self._ref_job.structure = basis
        else:
            raise ValueError(
                "A structure can only be set after a start job has been assinged."
            )

[docs]    @deprecate("use get_structure() instead")
    def get_final_structure(self):
        """

        Returns:

        """
        if self.ref_job:
            return self._ref_job.get_structure(iteration_step=-1)
        else:
            return None


[docs]    def db_entry(self):
        """
        Generate the initial database entry

        Returns:
            (dict): db_dict
        """
        db_dict = super(InteractiveWrapper, self).db_entry()
        if self.structure:
            if isinstance(self.structure, PAtoms):
                parent_structure = self.structure.get_parent_basis()
            else:
                parent_structure = ase_to_pyiron(self.structure).get_parent_basis()
            db_dict["ChemicalFormula"] = parent_structure.get_chemical_formula()
        return db_dict




[docs]class ReferenceJobOutput(object):
    def __init__(self, job):
        self._job = job

    @property
    def indices(self):
        return self._job.ref_job.output.indices

    @property
    def cells(self):
        return self._job.ref_job.output.cells

    @property
    def energy_pot(self):
        return self._job.ref_job.output.energy_pot

    @property
    def energy_tot(self):
        return self._job.ref_job.output.energy_tot

    @property
    def forces(self):
        return self._job.ref_job.output.forces

    @property
    def positions(self):
        return self._job.ref_job.output.positions

    @property
    def pressures(self):
        return self._job.ref_job.output.pressures

    @property
    def steps(self):
        return self._job.ref_job.output.steps

    @property
    def temperatures(self):
        return self._job.ref_job.output.temperatures

    @property
    def time(self):
        return self._job.ref_job.output.time

    @property
    def unwrapped_positions(self):
        return self._job.ref_job.output.unwrapped_positions

    @property
    def volume(self):
        return self._job.ref_job.output.volume

    def __dir__(self):
        return list(set(list(self._job.ref_job.interactive_cache.keys())))
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  Source code for pyiron.atomistics.job.potentials

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

"""
An abstract Potential class to provide an easy access for the available potentials. Currently implemented for the
OpenKim https://openkim.org database.
"""
import pandas
import os
from pyiron_base import Settings

__author__ = "Martin Boeckmann, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"

s = Settings()


[docs]class PotentialAbstract(object):
    """
    The PotentialAbstract class loads a list of available potentials and sorts them. Afterwards the potentials can be
    accessed through:
        PotentialAbstract.<Element>.<Element> or PotentialAbstract.find_potentials_set({<Element>, <Element>}

    Args:
        potential_df:
        default_df:
        selected_atoms:
    """

    def __init__(self, potential_df, default_df=None, selected_atoms=None):
        self._potential_df = potential_df
        self._default_df = default_df
        if selected_atoms is not None:
            self._selected_atoms = selected_atoms
        else:
            self._selected_atoms = []

[docs]    def find(self, element):
        """
        Find the potentials

        Args:
            element (set, str): element or set of elements for which you want the possible LAMMPS potentials

        Returns:
            list: of possible potentials for the element or the combination of elements

        """
        if isinstance(element, set):
            element = element
        elif isinstance(element, list):
            element = set(element)
        elif isinstance(element, str):
            element = set([element])
        else:
            raise TypeError("Only, str, list and set supported!")
        return self._potential_df[
            [
                True if set(element).issubset(species) else False
                for species in self._potential_df["Species"].values
            ]
        ]


[docs]    def find_by_name(self, potential_name):
        mask = (self._potential_df["Name"] == potential_name)
        if not mask.any():
            raise ValueError("Potential '{}' not found in database.".format(
                             potential_name))
        return self._potential_df[mask]


[docs]    def list(self):
        """
        List the available potentials

        Returns:
            list: of possible potentials for the element or the combination of elements
        """
        return self._potential_df


    def __getattr__(self, item):
        return self[item]

    def __getitem__(self, item):
        potential_df = self.find(element=item)
        selected_atoms = self._selected_atoms + [item]
        return PotentialAbstract(
            potential_df=potential_df,
            default_df=self._default_df,
            selected_atoms=selected_atoms,
        )

    def __str__(self):
        return str(self.list())

    @staticmethod
    def _get_potential_df(plugin_name, file_name_lst, backward_compatibility_name):
        """

        Args:
            plugin_name (str):
            file_name_lst (set):
            backward_compatibility_name (str):

        Returns:
            pandas.DataFrame:
        """
        env = os.environ
        resource_path_lst = s.resource_paths
        for conda_var in ["CONDA_PREFIX", "CONDA_DIR"]:
            if conda_var in env.keys():  # support iprpy-data package
                resource_path_lst += [os.path.join(env[conda_var], "share", "iprpy")]
        for resource_path in resource_path_lst:
            if os.path.exists(os.path.join(resource_path, plugin_name, "potentials")):
                resource_path = os.path.join(resource_path, plugin_name, "potentials")
            if "potentials" in resource_path or "iprpy" in resource_path:
                for path, folder_lst, file_lst in os.walk(resource_path):
                    for periodic_table_file_name in file_name_lst:
                        if (
                            periodic_table_file_name in file_lst
                            and periodic_table_file_name.endswith(".csv")
                        ):
                            return pandas.read_csv(
                                os.path.join(path, periodic_table_file_name),
                                index_col=0,
                                converters={
                                    "Species": lambda x: x.replace("'", "")
                                    .strip("[]")
                                    .split(", "),
                                    "Config": lambda x: x.replace("'", "")
                                    .replace("\\n", "\n")
                                    .strip("[]")
                                    .split(", "),
                                    "Filename": lambda x: x.replace("'", "")
                                    .strip("[]")
                                    .split(", "),
                                },
                            )
                        elif (
                            periodic_table_file_name in file_lst
                            and periodic_table_file_name.endswith(".h5")
                        ):
                            return pandas.read_hdf(
                                os.path.join(path, periodic_table_file_name), mode="r"
                            )
        raise ValueError("Was not able to locate the potential files.")

    @staticmethod
    def _get_potential_default_df(
        plugin_name,
        file_name_lst={"potentials_vasp_pbe_default.csv"},
        backward_compatibility_name="defaultvasppbe",
    ):
        """

        Args:
            plugin_name (str):
            file_name_lst (set):
            backward_compatibility_name (str):

        Returns:
            pandas.DataFrame:
        """
        for resource_path in s.resource_paths:
            pot_path = os.path.join(resource_path, plugin_name, "potentials")
            if os.path.exists(pot_path):
                resource_path = pot_path
            if "potentials" in resource_path:
                for path, folder_lst, file_lst in os.walk(resource_path):
                    for periodic_table_file_name in file_name_lst:
                        if (
                            periodic_table_file_name in file_lst
                            and periodic_table_file_name.endswith(".csv")
                        ):
                            return pandas.read_csv(
                                os.path.join(path, periodic_table_file_name),
                                index_col=0,
                            )
                        elif (
                            periodic_table_file_name in file_lst
                            and periodic_table_file_name.endswith(".h5")
                        ):
                            return pandas.read_hdf(
                                os.path.join(path, periodic_table_file_name), mode="r"
                            )
        raise ValueError("Was not able to locate the potential files.")



[docs]def find_potential_file_base(path, resource_path_lst, rel_path):
    if path is not None:
        for resource_path in resource_path_lst:
            path_direct = os.path.join(resource_path, path)
            path_indirect = os.path.join(resource_path, rel_path, path)
            if os.path.exists(path_direct):
                return path_direct
            elif os.path.exists(path_indirect):
                return path_indirect
    raise ValueError("Either the filename or the functional has to be defined.",
                     path, resource_path_lst)
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  Source code for pyiron.atomistics.job.sqs

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from multiprocessing import cpu_count
from pyiron.atomistics.job.atomistic import AtomisticGenericJob
from pyiron_base import InputList, GenericParameters, Settings, ImportAlarm
from pyiron.atomistics.structure.atoms import Atoms, ase_to_pyiron, pyiron_to_ase
from pymatgen.io.ase import AseAtomsAdaptor
import numpy as np

try:
    from sqsgenerator.core.sqs import ParallelSqsIterator
    import_alarm = ImportAlarm()
except ImportError:
    import_alarm = ImportAlarm(
        "SQSJob relies on sqsgenerator.core.sqs.ParallelSqsIterator, but this is unavailable. Please ensure your "
        "python environment contains the [sqsgenerator module](https://github.com/dgehringer/sqsgenerator), e.g. with "
        "`conda install -c conda-forge sqsgenerator`."
    )

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "0.1"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Aug 14, 2020"


s = Settings()


[docs]def pyiron_to_pymatgen(structure):
    return AseAtomsAdaptor.get_structure(pyiron_to_ase(structure))



[docs]def pymatgen_to_pyiron(structure):
    return ase_to_pyiron(AseAtomsAdaptor.get_atoms(structure))



[docs]def get_sqs_structures(structure, mole_fractions, weights=None, objective=0.0, iterations=1e6, output_structures=10,
                       num_threads=None):
    structure = pyiron_to_pymatgen(structure)
    if not weights:
        weights = {i: 1.0/i for i in range(1, 7)}
    if not num_threads:
        # Thats default behaviour
        num_threads = cpu_count()
    iterator = ParallelSqsIterator(structure, mole_fractions, weights, num_threads=num_threads)
    structures, decmp, iter_, cycle_time = iterator.iteration(
        iterations=iterations, output_structures=output_structures, objective=objective
    )
    return [pymatgen_to_pyiron(s) for s in structures], decmp, iter_, cycle_time



[docs]class SQSJob(AtomisticGenericJob):
    """
    Produces special quasirandom structures designed to duplicate truly random chemical distributions as well as
    possible while using finite periodic cells.

    A pyiron wrapper for the [SQS code of Dominik Gehringer](https://github.com/dgehringer/sqsgenerator).

    'Structural models used in calculations of properties of substitutionally random $A_{1-x}B_x$ alloys are usually
    constructed by randomly occupying each of the N sites of a periodic cell by A or B. We show that it is possible to
    design ‘‘special quasirandom structures’’ (SQS’s) that mimic for small N (even N=8) the first few, physically most
    relevant radial correlation functions of a perfectly random structure far better than the standard technique does.
    We demonstrate the usefulness of these SQS’s by calculating optical and thermodynamic properties of a number of
    semiconductor alloys in the local-density formalism.'
    From the abstract of Zunger, Wei, Ferreira, and Bernard, Phys. Rev. Lett. 65 (1990) 353,
    DOI:https://doi.org/10.1103/PhysRevLett.65.353

    Input:
        - mole_fractions (dict): Approximate chemical composition for the output structure(s), using chemical symbols
            as the keys and floats as the values. Values should sum to 1, but within reason will be automatically
            adjusted to accommodate the number of atoms in the provided structure (adjustments printed to standard out).
            Vacancies can also be included using the key '0'.
        - weights (list/numpy.ndarray): Specifies the weights of the individual shells. (Default is None, which uses the
            inverse of the shell number for the weight, i.e.
            [1, 0.5, 0.3333333333, 0.25, 0.2, 0.166666667, 0.1428571429].)
        - objective (float): Specifies the value the objective functions. The program tries to reach the specified
            objective function. (Default is 0.)
        - iterations (int): How many iterations to make searching for the most special quasirandom structure using a
            random shuffling procedure. (Default is 1e6)
        - n_output_structures (int): How many different SQS structures to return (in decreasing special
            quasirandomness). (Default is 1.)

    Example:
        Case I: Get SQS for a given mole fraction:

        >>> job = SQSJob(job_name='sqs')
        >>> job.structure = structure
        >>> job.input.mole_fractions = {'Al': 0.8, 'Ni':0.2}
        >>> job.run()
        
        Case II: Get SQS for a given structure already containing at least 2 elements:

        >>> job = SQSJob(job_name='sqs')
        >>> job.structure = structure
        >>> job.run()

        In Case II, if the mole fractions will be overwritten if you specify the values (like in Case I)
    """

    publication = {
        "sqs": {
            "method": {
                "title": "Special quasirandom structures",
                "author": ["Zunger, A.", "Wei, S.-H.", "Ferreira, L.G.", "Bernard, J.E."],
                "journal": "Phys. Rev. Lett.",
                "volume": "65",
                "issue": "3",
                "pages": "353",
                "numpages": "0",
                "month": "July",
                "publisher": "American Physical Society",
                "doi": "10.1103/PhysRevLett.65.353",
                "url": "https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.65.353",
            }
        }
    }

    @import_alarm
    def __init__(self, project, job_name):
        super(SQSJob, self).__init__(project, job_name)
        # self.input = InputList(table_name='input')
        self.input = InputList(table_name='custom_dict')
        self.input.mole_fractions = dict()
        self.input.weights = None
        self.input.objective = 0.0
        self.input.iterations = 1e6
        self.input.n_output_structures = 1
        self._python_only_job = True
        self._lst_of_struct = []
        self.__hdf_version__ = "0.2.0"
        self.__name__ = "SQSJob"
        s.publication_add(self.publication)

    @property
    def list_of_structures(self):
        return self._lst_of_struct

[docs]    def validate_ready_to_run(self):
        super(SQSJob, self).validate_ready_to_run()
        if len(self.input.mole_fractions) == 0:
            chem = np.unique(self.structure.get_chemical_symbols(), return_counts=True)
            self.input.mole_fractions = dict(zip(chem[0], chem[1]/np.sum(chem[1])))
        if len(self.input.mole_fractions) == 1:
            raise ValueError('There must be at least two chemical elements')


[docs]    def db_entry(self):
        """
        Generate the initial database entry

        Returns:
            (dict): db_dict
        """
        db_dict = super(SQSJob, self).db_entry()
        if self.structure:
            struct_len = len(self.structure)
            mole_fractions = {
                k: v for k, v in self.input.mole_fractions.items()
            }
            el_lst = sorted(mole_fractions.keys())
            atom_number_lst = [
                int(np.round(mole_fractions[el]*struct_len))
                for el in el_lst
            ]
            db_dict["ChemicalFormula"] = "".join([
                e + str(n)
                for e, n in zip(el_lst, atom_number_lst)
            ])
        return db_dict


[docs]    def list_structures(self):
        if self.status.finished:
            return self._lst_of_struct
        else:
            return []

    
[docs]    def get_structure(self, iteration_step=-1, wrap_atoms=True):
        """
        Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
        there is only one ionic iteration step
        Args:
            iteration_step (int): Step for which the structure is requested
            wrap_atoms (bool): True if the atoms are to be wrapped back into the unit cell
        Returns:
            pyiron.atomistics.structure.atoms.Atoms: The required structure
        """
        return self.list_structures()[iteration_step]

    
    # This function is executed 
[docs]    def run_static(self):
        self._lst_of_struct, decmp, iterations, cycle_time = get_sqs_structures(
            structure=self.structure, 
            mole_fractions={
                k:v for k,v in self.input.mole_fractions.items()
            },
            weights=self.input.weights,
            objective=self.input.objective,
            iterations=self.input.iterations,
            output_structures=self.input.n_output_structures,
            num_threads=self.server.cores
        )
        for i, structure in enumerate(self._lst_of_struct):
            with self.project_hdf5.open("output/structures/structure_" + str(i)) as h5:
                structure.to_hdf(h5)
        with self.project_hdf5.open("output") as h5:
            h5["decmp"] = decmp
            h5["cycle_time"] = cycle_time
            h5["iterations"] = iterations
        self.status.finished = True
        self.project.db.item_update(self._runtime(), self.job_id)

        
[docs]    def to_hdf(self, hdf=None, group_name=None):
        super().to_hdf(
            hdf=hdf,
            group_name=group_name
        )
        self._structure_to_hdf()
        with self.project_hdf5.open("input") as h5in:
            self.input.to_hdf(h5in)


[docs]    def from_hdf(self, hdf=None, group_name=None):
        super().from_hdf(
            hdf=hdf,
            group_name=group_name
        )
        self._structure_from_hdf()
        self._backwards_compatible_input_from_hdf()
        with self.project_hdf5.open("output/structures") as hdf5_output:
            structure_names = hdf5_output.list_groups()
        for group in structure_names:
            with self.project_hdf5.open("output/structures/" + group) as hdf5_output:
                self._lst_of_struct.append(Atoms().from_hdf(hdf5_output))


    def _backwards_compatible_input_from_hdf(self):
        if "HDF_VERSION" in self.project_hdf5.list_nodes():
            version = self.project_hdf5["HDF_VERSION"]
        else:
            version = "0.1.0"

        if version == "0.1.0":
            with self.project_hdf5.open("input") as hdf5_input:
                gp = GenericParameters(table_name="custom_dict")
                gp.from_hdf(hdf5_input)
                for k in gp.keys():
                    self.input[k] = gp[k]
        elif version == "0.2.0":
            with self.project_hdf5.open("input") as hdf5_input:
                self.input.from_hdf(hdf5_input)
        else:
            raise ValueError("Cannot handle hdf version: {}".format(version))
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  Source code for pyiron.atomistics.job.structurecontainer

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

__author__ = "Yury Lysogorskiy, Jan Janssen, Marvin Poul"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "0.1"
__maintainer__ = "Marvin Poul"
__email__ = "poul@mpie.de"
__status__ = "development"
__date__ = "Aug 12, 2020"

from pyiron_base import InputList, GenericJob
from pyiron.atomistics.job.atomistic import AtomisticGenericJob
from pyiron.atomistics.structure.atoms import Atoms


[docs]class StructureContainer(AtomisticGenericJob):
    """
    Container to save a list of structures in HDF5 together with tags.

    Add new structures with :meth:`.append`, they are added to
    :attr:`.structure_lst`.  The HDF5 is written when :meth:`.run` is called.
    """

    def __init__(self, project, job_name):
        super().__init__(project, job_name)
        self.__version__ = "0.2.0"
        self.__hdf_version__ = "0.2.0"
        self._structure_lst = InputList(table_name = "structures")
        self.server.run_mode.interactive = True

    @property
    def structure_lst(self):
        """
        :class:`.InputList`: list of :class:`~.Atoms`
        """
        return self._structure_lst

    @staticmethod
    def _to_structure(structure_or_job):
        """
        Return structure from structure or atomic job.

        Args:
            structure_or_job (:class:`~.AtomisticGenericJob`, :class:`~.Atoms`):
                if :class:`~.AtomisticGenericJob` try to get most recent structure,
        copy it and set the job_id in :attr:`~.Atoms.info`
        
        Returns:
            :class:`~.Atoms`: structure from the job or given structure
            
        Raises:
            ValueError: if given :class:`~.AtomisticGenericJob` has no structure set
            TypeError: if structure_or_job is of invalid type
        """
        if isinstance(structure_or_job, AtomisticGenericJob):
            if structure_or_job.structure:
                s = structure_or_job.get_structure(-1).copy()
                s.info["jobid"] = structure_or_job.job_id
                return s
            else:
                raise ValueError(
                        "The job does not contain any structure to import."
                )
        elif isinstance(structure_or_job, Atoms):
            return structure_or_job
        else:
            raise TypeError(
                "You can only use a structure object or an "
                "AtomisticGenericJob object."
            )

    @property
    def structure(self):
        """
        :class:`~.Atoms`: first (or only) structure set in the container

        :setter:  :class:`~.Atoms`, :class:`~.AtomisticGenericJob`
            if a job is given take the last structure and add the job id to its
            :attr:`pyiron.atomistics.structure.Atoms.info`
        """
        return self.structure_lst.get(0, None)

    @structure.setter
    def structure(self, structure_or_job):
        item = self._to_structure(structure_or_job)
        if len(self.structure_lst) >= 1:
            self.structure_lst[0] = item
        else:
            self.structure_lst.append(item)

[docs]    def append(self, structure_or_job):
        """
        Add new structure to structure list.

        The added structure will available in :attr:`~.structure_lst`.  If the
        structure is added via a job, retrieve the latest structure and add its
        id to :attr:`pyiron.atomistics.generic.Atoms.info`.

        Args:
            structure_or_job (:class:`~.AtomisticGenericJob`/:class:`~.Atoms`):
                if :class:`~.AtomisticGenericJob` add from
                :meth:`~.AtomisticGenericJob.get_structure`,
                otherwise add just the given :class:`~.Atoms`

        Returns:
            dict: item added to :attr:`~.structure_lst`
        """
        self.structure_lst.append(self._to_structure(structure_or_job))
        return self.structure_lst[0]


[docs]    def run_static(self):
        self.status.finished = True


[docs]    def run_if_interactive(self):
        self.to_hdf()
        self.status.finished = True


[docs]    def write_input(self):
        pass


[docs]    def collect_output(self):
        pass


[docs]    def to_hdf(self, hdf = None, group_name = None):
        # skip any of the AtomisticGenericJob specific serialization, since we
        # handle the structures on our own and that method might just confuse
        # self.structure and self.structure_lst
        GenericJob.to_hdf(self, hdf = hdf, group_name = group_name)

        hdf = self.project_hdf5.create_group("structures")

        for i, structure in enumerate(self.structure_lst.values()):
            structure.to_hdf(hdf, group_name = "structure_{}".format(i))


[docs]    def from_hdf(self, hdf = None, group_name = None):
        # keep hdf structure for version peeking in separate variable, so that
        # the inherited from_hdf() can properly deal with it
        h5 = hdf or self.project_hdf5
        if group_name:
            h5 = h5[group_name]
        if "HDF_VERSION" in h5.list_nodes():
            hdf_version = h5["HDF_VERSION"]
        else:
            # old versions didn't use to set a HDF version
            hdf_version = "0.1.0"
        if hdf_version == "0.1.0":
            super().from_hdf(hdf=hdf, group_name=group_name)
            with self.project_hdf5.open("input") as hdf5_input:
                self.structure = Atoms().from_hdf(hdf5_input)
        else:
            GenericJob.from_hdf(self, hdf = hdf, group_name = group_name)

            self.structure_lst.clear()

            hdf = self.project_hdf5["structures"]
            for group in sorted(hdf.list_groups()):
                structure = Atoms()
                structure.from_hdf(hdf, group_name = group)
                self.structure_lst.append(structure)
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  Source code for pyiron.atomistics.master.convergence_volume

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
from pyiron.atomistics.master.serial import SerialMaster

__author__ = "Yury Lysogorskiy"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"


[docs]def convergence_goal(self, **qwargs):
    import numpy as np

    eps = 0.01
    if "eps" in qwargs:
        eps = qwargs["eps"]
    latt_in = self[-1].structure.get_volume() ** (1 / 3)
    latt_out = self[-1].get_structure().get_volume() ** (1 / 3)
    if np.max(np.abs(latt_out - latt_in)) < eps:
        return True
    else:
        return self.create_next()



[docs]class ConvergenceVolume(SerialMaster):
    """

    Args:
        project:
        job_name:
    """

    def __init__(self, project, job_name):
        super(ConvergenceVolume, self).__init__(project, job_name=job_name)
        self.__name__ = "ConvergenceVolume"
        self.__version__ = "0.0.2"
        if not self["input/convergence_goal"]:
            self.set_goal(convergence_goal, eps=0.005)

[docs]    def create_next(self, job_name=None):
        """

        Args:
            job_name:

        Returns:

        """
        ham_first_job_name = self.project.db.get_item_by_id(self.child_ids[0])["job"]
        if job_name is None:
            job_name = ham_first_job_name + "_" + str(len(self))
        return super(ConvergenceVolume, self).create_next(job_name=job_name)






            

          

      

      

    

  

  
    
    
    pyiron.atomistics.master.elastic
    

    
 
  

    
      
          
            
  Source code for pyiron.atomistics.master.elastic

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function

import numpy as np
import scipy.constants
from pyiron.atomistics.master.parallel import AtomisticParallelMaster
from pyiron_base import JobGenerator
from sklearn.linear_model import LinearRegression
from collections import defaultdict
import warnings

__author__ = "Sam Waseda"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Oct 21, 2020"


eV_div_A3_to_GPa = (
    1e21 / scipy.constants.physical_constants["joule-electron volt relationship"][0]
)

def _convert_to_voigt(s, rotations=None, strain=False):
    if rotations is not None:
        s_tmp = np.einsum('nik,mkl,njl->nmij',
            rotations, s, rotations
        ).reshape(-1, 9)
    else:
        s_tmp = s.reshape(-1, 9)
    s_tmp = s_tmp[:, [0, 4, 8, 5, 2, 1]]
    if strain:
        s_tmp[:, 3:] *= 2
    return s_tmp


def _fit_coeffs_with_stress(
        strain,
        stress,
        rotations,
        max_polynomial_order=None,
        fit_first_order=False,
    ):
    higher_strains = _get_higher_order_strains(
        strain,
        max_polynomial_order=max_polynomial_order,
        rotations=rotations,
        derivative=True,
    )
    strain = _convert_to_voigt(strain, rotations=rotations, strain=True)
    if higher_strains is not None:
        strain = np.concatenate((strain, higher_strains), axis=-1)
    stress = _convert_to_voigt(stress, rotations=rotations, strain=False)
    score = []
    coeff = []
    for ii in range(6):
        strain_tmp = strain.copy()
        strain_tmp[:, 6:] *= strain[:, ii, np.newaxis]
        reg = LinearRegression(
            fit_intercept=fit_first_order
        ).fit(strain_tmp, stress[:,ii])
        coeff.append(reg.coef_)
        score.append(reg.score(strain_tmp, stress[:,ii]))
    return np.array(coeff), np.array(score)

def _fit_coeffs_with_energies(
        strain,
        energy,
        volume,
        rotations,
        max_polynomial_order=None,
        fit_first_order=False,
    ):
    higher_strains = _get_higher_order_strains(
        strain,
        max_polynomial_order=max_polynomial_order,
        rotations=rotations,
        derivative=False,
    )
    strain_voigt = _convert_to_voigt(strain, rotations=rotations, strain=True)
    energy = np.tile(energy, len(rotations))
    volume = np.tile(volume, len(rotations))
    # Create symmetric tensor for elastic tensor
    strain = 0.5*np.einsum('ni,nj->nij', strain_voigt, strain_voigt)
    # Set lower triangle to 0 (which is the same as the upper triangle)
    strain = np.triu(strain).reshape(-1, 36)
    # Remove lower triangle
    strain = strain[:,np.sum(strain, axis=0)!=0]
    if higher_strains is not None:
        strain = np.concatenate((strain, higher_strains), axis=-1)
    if fit_first_order:
        strain = np.concatenate((strain, strain_voigt), axis=-1)
    strain = np.einsum('n,ni->ni', volume, strain)
    reg = LinearRegression().fit(strain, energy)
    score = reg.score(strain, energy)
    # Create base tensor for elastic tensor
    coeff = np.triu(np.ones((6,6))).flatten()
    # Multiply upper triangle with upper triangle coeffs (v.s.)
    coeff[coeff!=0] *= reg.coef_[:21]*eV_div_A3_to_GPa
    coeff = coeff.reshape(6,6)
    coeff = 0.5*(coeff+coeff.T)
    return coeff, score

def _get_linear_dependent_indices(strain_lst):
    """

    This function returns an array of booleans, which shows linearly dependent
    strain matrices. Strain matrices which have True along axis=0 are linearly
    dependent. Axis=1 should contain the total number of strain matrices.

    """
    s = np.array(strain_lst).reshape(-1, 9)
    norm = np.linalg.norm(s, axis=-1)
    sign = np.sign(np.sum(s, axis=-1))
    indices = np.round(
        np.einsum('ni,n->ni', s, sign/(norm+np.isclose(norm, 0))),
        decimals=8
    )
    indices = np.unique(indices, axis=0, return_inverse=True)[1]
    na = np.newaxis
    indices = np.unique(indices[~np.isclose(norm, 0)])[:,na]==indices[na,:]
    # 0-tensor gets a special treatment, since it's linearly dependent on all
    # strains (even though it virtually changes nothing)
    indices[:, np.isclose(norm, 0)] = True
    return indices

def _get_higher_order_strains(
        strain_lst,
        max_polynomial_order=None,
        rotations=None,
        derivative=False,
    ):
    """
    Returns a matrix containing higher order strains. axis=0 corresponds to the
    elastic tensors and axis=1 the higher order strains. From the number of
    linearly dependent strains the polynomial order is calculated internally
    -> up to 3: harmonic; 4 and 5: third degree etc.
    """
    strain_lst = np.array(strain_lst)
    indices = _get_linear_dependent_indices(strain_lst)
    # counts stands for the polynomial degree, starting from 1 meaning first
    # anharmonic contribution
    counts = np.sum(indices, axis=1)
    counts = np.floor(counts/2-0.75).astype(int)
    if max_polynomial_order is not None:
        counts[counts>max_polynomial_order-2] = max_polynomial_order-2
    counts[counts<0] = 0
    if sum(counts)==0: # No term gets more than harmonic part
        return None
    strain_higher_order = np.zeros((len(strain_lst), np.sum(counts)))
    na = np.newaxis
    for cc, ind in zip(counts, indices):
        # Take strain with the highest magnitude among linearly dependent ones
        # It does not have to be the highest magnitude, but it's important that
        # it does not choose the zero strain vector (which is with all the
        # strains linearly dependent)
        E = strain_lst[ind][
            np.linalg.norm(strain_lst[ind].reshape(-1, 9), axis=-1).argmax()]
        # Normalize strain
        E /= np.linalg.norm(E)
        # Take inner product (Instead of taking the inner product, it is also
        # possible to take the magnitude of each strain, in which case there
        # must be a well defined convention on the sign so that the odd
        # exponent terms can take asymmetry around strain=0 into account).
        E = np.sum((E*strain_lst[ind]).reshape(-1, 9), axis=-1)
        # Take polynomial development
        if derivative:
            E = E[:,na]**(np.arange(cc)+1)[na,:]*np.sign(E)[:,na]
        else:
            E = E[:,na]**(np.arange(cc)+3)[na,:]
        # Check starting column
        starting_index = np.sum(np.any(strain_higher_order!=0, axis=0))
        strain_higher_order[ind, starting_index:starting_index+E.shape[1]] = E
    # Repeat by the number of rotations (nothing to do with real rotations)
    if rotations is not None:
        strain_higher_order = np.einsum('n,ij->nij',
                                          np.ones(len(rotations)),
                                          strain_higher_order)
    strain_higher_order = strain_higher_order.reshape(
        -1, strain_higher_order.shape[-1]
    )
    return strain_higher_order

[docs]def calc_elastic_tensor(
        strain,
        stress=None,
        energy=None,
        volume=None,
        rotations=None,
        return_score=False,
        max_polynomial_order=None,
        fit_first_order=False,
    ):
    """
    Calculate 6x6-elastic tensor from the strain and stress or strain and
    energy+volume.

    Rotations matrices can be added to take box symmetries into account (unit
    matrix can be added but does not have to be included in the list)

    Args:
        strain (numpy.ndarray): nx3x3 strain tensors
        stress (numpy.ndarray): nx3x3 stress tensors
        energy (numpy.ndarray): n energy values
        volume (numpy.ndarray): n volume values
        rotations (numpy.ndarray): mx3x3 rotation matrices
        return_score (numpy.ndarray): return regression score
            (cf. sklearn.linear_mode.LinearRegression)
    """
    if len(strain)==0:
        raise ValueError('Not enough points')
    if rotations is not None:
        rotations = np.append(np.eye(3), rotations).reshape(-1, 3, 3)
        _, indices = np.unique(
            np.round(rotations, 6), axis=0, return_inverse=True
        )
        rotations = rotations[np.unique(indices)]
    else:
        rotations = np.eye(3).reshape(1, 3, 3)
    if stress is not None and len(stress)==len(strain):
        coeff, score = _fit_coeffs_with_stress(
            strain=strain,
            stress=stress,
            rotations=rotations,
            max_polynomial_order=max_polynomial_order,
            fit_first_order=fit_first_order,
        )
    elif (energy is not None
          and volume is not None
          and len(energy)==len(strain)
          and len(energy)==len(volume)):
        coeff, score = _fit_coeffs_with_energies(
            strain=strain,
            energy=energy,
            volume=volume,
            rotations=rotations,
            max_polynomial_order=max_polynomial_order,
            fit_first_order=fit_first_order,
        )
    else:
        raise ValueError('Provide either strain and stress, or strain, energy '
                         + 'and volume of same length.')
    if return_score:
        return np.array(coeff)[:,:6], score
    else:
        return np.array(coeff)[:,:6]


def _get_random_symmetric_matrices(n):
    matrices = np.random.random((n, 3, 3))-0.5
    return matrices + np.einsum('nij->nji', matrices)


[docs]def get_strain(max_strain=0.05, n_set=10, polynomial_order=2,
               additional_points=0, normalize=False):
    """
        Args:
            max_strain (float): Maximum strain (for each component)
            n_set (int): Number of strain values to return
            polynomial_order (int): This value determines the number of
                linear-dependent strain values. For a polynomial order of two,
                there will be +-strain and for 3, there will be +-strain and
                +-0.5*strain etc.
            additional_points (int): Additional linear-dependent points
            normalize (bool): Whether to normalize the strain values. If True,
                the norm (Frobenius norm) of all outer most strain (i.e. the
                greatest strain within the linear-dependent strains) will be
                equal to max_strain

        Returns: numpy.ndarray of strains (n, 3, 3)
    """
    strain_lst = _get_random_symmetric_matrices(n_set)
    if normalize:
        strain_lst = np.einsum(
            'nij,n->nij',
            strain_lst,
            1/np.linalg.norm(strain_lst.reshape(-1, 9), axis=-1)
        )
    strain_lst *= max_strain
    m = np.linspace(-1, 1, int(2*polynomial_order+2*additional_points-1))
    strain_lst = np.einsum('k,nij->nkij', m, strain_lst).reshape(-1, 9)
    return np.unique(strain_lst, axis=0).reshape(-1, 3, 3)


class _ElasticJobGenerator(JobGenerator):
    @property
    def parameter_list(self):
        parameter_lst = []
        for ii, epsilon in enumerate(self._master.input['strain_matrices']):
            basis = self._master.ref_job.structure.copy()
            basis.apply_strain(np.array(epsilon))
            parameter_lst.append([ii, basis])
        return parameter_lst

    def job_name(self, parameter):
        return "{}_{}".format(
            self._master.job_name, parameter[0]
        ).replace(".", "_")

    @staticmethod
    def modify_job(job, parameter):
        job.structure = parameter[1]
        return job

[docs]class ElasticTensor(AtomisticParallelMaster):
    """
    Class to calculate the elastic tensor and isotropic elastic constants.

    Example:

    >>> job = pr.create_job('SomeAtomisticJob', 'atomistic')
    >>> job.structure = pr.create_structure('Fe', 'bcc', 2.83)
    >>> elastic = job.create_job('ElasticTensor', 'elastic')
    >>> elastic.run()

    Input parameters:

        min_num_measurements (int): Minimum number of measurements/simulations
            to be launched
        min_num_points (int): Minimum number of data points to fit data
            (number of measurements times number of symmetry operations)
        polynomial_order (int): Polynomial order to use (default: 2)
        additional_points (int): Additional points for linearly dependent
            strains. Twice the number of strains will be created for +-strain.
            If additional_points > 0, polynomial order should be at least 3.
        strain_matrices (numpy.ndarray): Strain tensors to be applied on
            simulation boxes (optional)
        rotations (numpy.ndarray): Rotation matrices for box symmetry
        normalize_magnitude (bool): Whether to normalize strains following
            Frobenius norm or not. When polynomial_order = 2, strains should
            not be normalized in order for the fit to get both large and small
            strains. When polynomial order > 2, then they should be normalized
            to not get too small strains which could destabilize higher order
            fitting.
        use_symmetry (bool): Whether or not exploit box symmetry (ignored if
            `rotations` already specified)
        use_elements (bool): Whether or not respect chemical elements for box
            symmetry (ignored if `rotations` already specified)
        fit_first_order (bool): Whether or not fit first order strains. In
            principle it should not be necessary, but might stabilize the
            calculation if the reference structure is not exactly in the zero
            pressure state. Setting this to True does not correct the second
            order strains

    The default input parameters might not be chosen adequately. If you have a
    large computation power, increase `min_num_measurements`. At the same
    time, make sure to choose an orientation which maximizes the number
    symmetry operations. Also if the child job does not support pressure,
    better increase the number of measurements - without pressure the constants
    must be fit to total cell energies, which contain only a fraction of the
    data that the pressure matrix does. This lack can be compensated by
    sampling more rotations.
    """
    def __init__(self, project, job_name):
        """

        Args:
            project: project
            job_name: job_name
        """
        super().__init__(project, job_name)
        self.__name__ = "ElasticTensor"
        self.__version__ = "0.1.0"

        self.input["min_num_measurements"] = (
            11, "minimum number of samples to be taken"
        )
        self.input["min_num_points"] = (105, "minimum number of data points"
            + "(number of measurements will be min_num_points/len(rotations))")
        self.input["max_strain"] = (
            0.01,
            "relative volume variation around volume defined by ref_ham",
        )
        self.input['polynomial_order'] = 2
        self.input['additional_points'] = (
            0,
            'number of additional linear-dependent points to make anharmonic'
             + ' contribution more stable. It should not be larger than 0 if'
             + ' polynomial_order=2'
        )
        self.input['strain_matrices'] = (
            [],
            'List of strain matrices (generated automatically if not set)'
        )
        self.input['use_symmetry'] = (True, 'Whether to consider box symmetries')
        self.input['rotations'] = (
            [],
            'List of rotation matrices (generated automatically if not set)'
        )
        self.input['normalize_magnitude'] = (
            False,
            'Whether or normalize magnitude, so that the Frobenius norm is '
            + 'always max_strain'
        )
        self.input['use_elements'] = (
            True,
            'Whether or not consider chemical elements for the symmetry'
            + ' analysis. Could be useful for SQS'
        )
        self.input['fit_first_order'] = (
            False,
            'Whether or not fit first order strains. In principle it should not'
            + ' be necessary, but might stabilize the calculation if the'
            + ' reference structure is not exactly in the zero pressure state.'
            + ' Setting this to True does not correct the second order strains'
        )
        self._job_generator = _ElasticJobGenerator(self)

    @property
    def _number_of_measurements(self):
        return int(max(
            self.input['min_num_measurements'],
            np.ceil(self.input['min_num_points']/max(len(self.input['rotations']), 1))
        ))

    def _get_rotation_matrices(self):
        rotations = self.ref_job.structure.get_symmetry(
            use_elements=self.input['use_elements']
        )['rotations']
        _, indices = np.unique(np.round(rotations, 6), axis=0, return_inverse=True)
        rotations = rotations[np.unique(indices)]
        self.input['rotations'] = rotations.tolist()

    def _create_strain_matrices(self):
        self.input['strain_matrices'] = get_strain(
            max_strain=self.input['max_strain'],
            n_set=self._number_of_measurements,
            polynomial_order=self.input['polynomial_order'],
            additional_points=self.input['additional_points'],
            normalize=self.input['normalize_magnitude']
        ).tolist()

[docs]    def validate_ready_to_run(self):
        super().validate_ready_to_run()
        if self.input['use_symmetry'] and len(self.input['rotations'])==0:
            self._get_rotation_matrices()
        if len(self.input['strain_matrices'])==0:
            self._create_strain_matrices()
        if self.input['polynomial_order']<2:
            raise ValueError('Minimum polynomial order: 2')
        if (self.input['polynomial_order']==2
            and self.input['additional_points']>0):
            warnings.warn('Setting additional points in harmonic calculations'
                + ' only increases the number of calculations')
        if (self.input['polynomial_order']==2
            and self.input['normalize_magnitude']):
            warnings.warn('Magnitude normalization could reduce accuracy in'
                + ' harmonic calculations')
        if (self.input['polynomial_order']>2
            and not self.input['normalize_magnitude']):
            warnings.warn('Not normalizing magnitude could destabilise fit')
        if self.input['fit_first_order']:
            warnings.warn('First order fit does not correct the second order'
                          + ' coefficients in the current implementation')


[docs]    def collect_output(self):
        output_data = defaultdict(list)
        if self.ref_job.server.run_mode.interactive:
            job = self.project_hdf5.inspect(self.child_ids[0])
            for key in ['energy_tot', 'energy_pot', 'pressures', 'volume']:
                if key in job["output/generic"].list_nodes():
                    output_data[key] = job["output/generic/{}".format(key)]
        else:
            job_list = [self.project_hdf5.inspect(job_id) for job_id in self.child_ids]
            output_data['id'] = self.child_ids
            for key in ['energy_tot', 'energy_pot', 'pressures', 'volume']:
                if all(key in job["output/generic"].list_nodes() for job in job_list):
                    output_data[key] = np.array([
                        job["output/generic/{}".format(key)][-1] for job in job_list
                    ])
        energy = output_data['energy_tot']
        if len(output_data['energy_pot'])==len(output_data['volume']):
            energy = output_data['energy_pot']
        elastic_tensor, score = calc_elastic_tensor(
            strain=self.input['strain_matrices'],
            stress=-np.array(output_data['pressures']),
            rotations=self.input['rotations'],
            energy=energy,
            volume=output_data['volume'],
            return_score=True,
            fit_first_order=self.input['fit_first_order'],
            max_polynomial_order=self.input['polynomial_order'],
        )
        output_data['fit_score'] = score
        output_data['elastic_tensor'] = elastic_tensor
        with self.project_hdf5.open("output") as hdf5_out:
            for key, val in output_data.items():
                hdf5_out[key] = val
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  Source code for pyiron.atomistics.master.murnaghan

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function

import numpy as np
import scipy.integrate
import scipy.optimize as spy
import scipy.constants
import warnings
from pyiron.atomistics.structure.atoms import Atoms, ase_to_pyiron
from pyiron.atomistics.master.parallel import AtomisticParallelMaster
from pyiron_base import JobGenerator

__author__ = "Joerg Neugebauer, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


eV_div_A3_to_GPa = (
    1e21 / scipy.constants.physical_constants["joule-electron volt relationship"][0]
)


def _debye_kernel(xi):
    return xi ** 3 / (np.exp(xi) - 1)


[docs]def debye_integral(x):
    return scipy.integrate.quad(_debye_kernel, 0, x)[0]



[docs]def debye_function(x):
    if hasattr(x, "__len__"):
        return np.array([3 / xx ** 3 * debye_integral(xx) for xx in x])
    return 3 / x ** 3 * debye_integral(x)



# https://gitlab.com/ase/ase/blob/master/ase/eos.py
[docs]def birchmurnaghan_energy(V, E0, B0, BP, V0):
    "BirchMurnaghan equation from PRB 70, 224107"
    eta = (V0 / V) ** (1 / 3)
    return E0 + 9 * B0 * V0 / 16 * (eta ** 2 - 1) ** 2 * (
        6 + BP * (eta ** 2 - 1) - 4 * eta ** 2
    )



[docs]def vinet_energy(V, E0, B0, BP, V0):
    "Vinet equation from PRB 70, 224107"
    eta = (V / V0) ** (1 / 3)
    return E0 + 2 * B0 * V0 / (BP - 1) ** 2 * (
        2 - (5 + 3 * BP * (eta - 1) - 3 * eta) * np.exp(-3 * (BP - 1) * (eta - 1) / 2)
    )



[docs]def murnaghan(V, E0, B0, BP, V0):
    "From PRB 28,5480 (1983"
    E = E0 + B0 * V / BP * (((V0 / V) ** BP) / (BP - 1) + 1) - V0 * B0 / (BP - 1)
    return E



[docs]def birch(V, E0, B0, BP, V0):
    """
    From Intermetallic compounds: Principles and Practice, Vol. I: Principles
    Chapter 9 pages 195-210 by M. Mehl. B. Klein, D. Papaconstantopoulos
    paper downloaded from Web

    case where n=0
    """
    E = (
        E0
        + 9 / 8 * B0 * V0 * ((V0 / V) ** (2 / 3) - 1) ** 2
        + 9 / 16 * B0 * V0 * (BP - 4) * ((V0 / V) ** (2 / 3) - 1) ** 3
    )
    return E



[docs]def pouriertarantola(V, E0, B0, BP, V0):
    "Pourier-Tarantola equation from PRB 70, 224107"
    eta = (V / V0) ** (1 / 3)
    squiggle = -3 * np.log(eta)

    E = E0 + B0 * V0 * squiggle ** 2 / 6 * (3 + squiggle * (BP - 2))
    return E



[docs]def fitfunction(parameters, vol, fittype="vinet"):
    """
    Fit the energy volume curve

    Args:
        parameters (list): [E0, B0, BP, V0] list of fit parameters
        vol (float/numpy.dnarray): single volume or a vector of volumes as numpy array
        fittype (str): on of the following ['birch', 'birchmurnaghan', 'murnaghan', 'pouriertarantola', 'vinet']

    Returns:
        (float/numpy.dnarray): single energy as float or a vector of energies as numpy array
    """
    [E0, b0, bp, V0] = parameters
    # Unit correction
    B0 = b0 / eV_div_A3_to_GPa
    BP = bp
    V = vol
    if fittype.lower() == "birchmurnaghan":
        return birchmurnaghan_energy(V, E0, B0, BP, V0)
    elif fittype.lower() == "vinet":
        return vinet_energy(V, E0, B0, BP, V0)
    elif fittype.lower() == "murnaghan":
        return murnaghan(V, E0, B0, BP, V0)
    elif fittype.lower() == "pouriertarantola":
        return pouriertarantola(V, E0, B0, BP, V0)
    elif fittype.lower() == "birch":
        return birch(V, E0, B0, BP, V0)
    else:
        raise ValueError



[docs]def fit_leastsq(p0, datax, datay, fittype="vinet"):
    """
    Least square fit

    Args:
        p0 (list): [E0, B0, BP, V0] list of fit parameters
        datax (float/numpy.dnarray): volumes to fit
        datay (float/numpy.dnarray): energies corresponding to the volumes
        fittype (str): on of the following ['birch', 'birchmurnaghan', 'murnaghan', 'pouriertarantola', 'vinet']

    Returns:
        list: [E0, B0, BP, V0], [E0_err, B0_err, BP_err, V0_err]
    """
    # http://stackoverflow.com/questions/14581358/getting-standard-errors-on-fitted-parameters-using-the-optimize-leastsq-method-i

    errfunc = lambda p, x, y, fittype: fitfunction(p, x, fittype) - y

    pfit, pcov, infodict, errmsg, success = spy.leastsq(
        errfunc, p0, args=(datax, datay, fittype), full_output=1, epsfcn=0.0001
    )

    if (len(datay) > len(p0)) and pcov is not None:
        s_sq = (errfunc(pfit, datax, datay, fittype) ** 2).sum() / (
            len(datay) - len(p0)
        )
        pcov = pcov * s_sq
    else:
        pcov = np.inf

    error = []
    for i in range(len(pfit)):
        try:
            error.append(np.absolute(pcov[i][i]) ** 0.5)
        except:
            error.append(0.00)
    pfit_leastsq = pfit
    perr_leastsq = np.array(error)
    return pfit_leastsq, perr_leastsq



[docs]class DebyeModel(object):
    """
    Calculate Thermodynamic Properties based on the Murnaghan output
    """

    def __init__(self, murnaghan, num_steps=50):
        self._murnaghan = murnaghan

        # self._atoms_per_cell = len(murnaghan.structure)
        self._v_min = None
        self._v_max = None
        self._num_steps = None

        self._volume = None
        self._init_volume()

        self.num_steps = num_steps
        self._fit_volume = None
        self._debye_T = None

    def _init_volume(self):
        vol = self._murnaghan["output/volume"]
        self._v_min, self._v_max = np.min(vol), np.max(vol)

    def _set_volume(self):
        if self._v_min and self._v_max and self._num_steps:
            self._volume = np.linspace(self._v_min, self._v_max, self._num_steps)
            self._reset()
            # print ('set_volume: ', self._num_steps)

    @property
    def num_steps(self):
        return self._num_steps

    @num_steps.setter
    def num_steps(self, val):
        self._num_steps = val
        self._set_volume()

    @property
    def volume(self):
        if self._volume is None:
            self._init_volume()
            self._set_volume()
        return self._volume

    @volume.setter
    def volume(self, volume_lst):
        self._volume = volume_lst
        self._v_min = np.min(volume_lst)
        self._v_max = np.max(volume_lst)
        self._reset()

    def _reset(self):
        self._debye_T = None

[docs]    def polynomial(self, poly_fit=None, volumes=None):
        if poly_fit is None:
            self._murnaghan.fit_polynomial()  # TODO: include polyfit in output
            poly_fit = self._murnaghan.fit_dict["poly_fit"]
        p_fit = np.poly1d(poly_fit)
        if volumes is None:
            return p_fit(self.volume)
        return p_fit(volumes)


    @property
    def debye_temperature(self):
        if self._debye_T is not None:
            return self._debye_T

        GPaTokBar = 10
        Ang3_to_Bohr3 = (
            scipy.constants.angstrom ** 3
            / scipy.constants.physical_constants["Bohr radius"][0] ** 3
        )
        convert = 67.48  # conversion factor, Moruzzi Eq. (4)
        empirical = 0.617  # empirical factor, Moruzzi Eq. (6)
        gamma_low, gamma_high = 1, 2 / 3  # low/high T gamma

        out = self._murnaghan["output"]
        V0 = out["equilibrium_volume"]
        B0 = out["equilibrium_bulk_modulus"]
        Bp = out["equilibrium_b_prime"]

        vol = self.volume

        mass = set(self._murnaghan.structure.get_masses())
        if len(mass) > 1:
            raise NotImplementedError(
                "Debye temperature only for single species systems!"
            )
        mass = list(mass)[0]

        r0 = (3 * V0 * Ang3_to_Bohr3 / (4 * np.pi)) ** (1.0 / 3.0)
        debye_zero = empirical * convert * np.sqrt(r0 * B0 * GPaTokBar / mass)
        # print('r0, B0, Bp, mass, V0', r0, B0, Bp, mass, V0)
        # print('gamma_low, gamma_high: ', gamma_low, gamma_high)
        # print('debye_zero, V0: ', debye_zero, V0)
        if vol is None:
            print("WARNING: vol: ", vol)

        debye_low = debye_zero * (V0 / vol) ** (-gamma_low + 0.5 * (1 + Bp))
        debye_high = debye_zero * (V0 / vol) ** (-gamma_high + 0.5 * (1 + Bp))

        self._debye_T = (debye_low, debye_high)
        return self._debye_T

[docs]    def energy_vib(self, T, debye_T=None, low_T_limit=True):
        kB = 0.086173422 / 1000  # eV/K
        if debye_T is None:
            if low_T_limit:
                debye_T = self.debye_temperature[0]  # low
            else:
                debye_T = self.debye_temperature[1]  # high
        if hasattr(debye_T, "__len__"):
            val = [
                9.0 / 8.0 * kB * d_T
                + T * kB * (3 * np.log(1 - np.exp(-d_T / T)) - debye_function(d_T / T))
                for d_T in debye_T
            ]
            val = np.array(val)
        else:
            val = 9.0 / 8.0 * kB * debye_T + T * kB * (
                3 * np.log(1 - np.exp(-debye_T / T)) - debye_function(debye_T / T)
            )
        atoms_per_cell = len(self._murnaghan.structure)
        return atoms_per_cell * val




[docs]class MurnaghanJobGenerator(JobGenerator):
    @property
    def parameter_list(self):
        """

        Returns:
            (list)
        """
        parameter_lst = []
        for strain in np.linspace(
            1 - self._master.input["vol_range"],
            1 + self._master.input["vol_range"],
            int(self._master.input["num_points"]),
        ):
            basis = self._master.ref_job.structure.copy()
            basis.set_cell(basis.cell * strain ** (1.0 / 3.0), scale_atoms=True)
            parameter_lst.append([np.round(strain, 7), basis])
        return parameter_lst

[docs]    @staticmethod
    def job_name(parameter):
        return "strain_" + str(parameter[0]).replace(".", "_")


[docs]    def modify_job(self, job, parameter):
        job.structure = parameter[1]
        return job




[docs]class EnergyVolumeFit(object):
    """
    Fit energy volume curves

    Args:
        volume_lst (list/numpy.dnarray): vector of volumes
        energy_lst (list/numpy.dnarray): vector of energies

    Attributes:

        .. attribute:: volume_lst

            vector of volumes

        .. attribute:: energy_lst

            vector of energies

        .. attribute:: fit_dict

            dictionary of fit parameters
    """

    def __init__(self, volume_lst=None, energy_lst=None):
        self._volume_lst = volume_lst
        self._energy_lst = energy_lst
        self._fit_dict = None

    @property
    def volume_lst(self):
        return self._volume_lst

    @volume_lst.setter
    def volume_lst(self, vol_lst):
        self._volume_lst = vol_lst

    @property
    def energy_lst(self):
        return self._energy_lst

    @energy_lst.setter
    def energy_lst(self, eng_lst):
        self._energy_lst = eng_lst

    @property
    def fit_dict(self):
        return self._fit_dict

    def _get_volume_and_energy_lst(self, volume_lst=None, energy_lst=None):
        """
        Internal function to get the vector of volumes and the vector of energies

        Args:
            volume_lst (list/numpy.dnarray/None): vector of volumes
            energy_lst (list/numpy.dnarray/None): vector of energies

        Returns:
            list: vector of volumes and vector of energies
        """
        if volume_lst is None:
            if self._volume_lst is None:
                raise ValueError("Volume list not set.")
            volume_lst = self._volume_lst
        if energy_lst is None:
            if self._energy_lst is None:
                raise ValueError("Volume list not set.")
            energy_lst = self._energy_lst
        return volume_lst, energy_lst

[docs]    def fit_eos_general_intern(self, fittype="birchmurnaghan"):
        self._fit_dict = self.fit_eos_general(
            volume_lst=self._volume_lst, energy_lst=self._energy_lst, fittype=fittype
        )


[docs]    def fit_eos_general(
        self, volume_lst=None, energy_lst=None, fittype="birchmurnaghan"
    ):
        """
        Fit on of the equations of state

        Args:
            volume_lst (list/numpy.dnarray/None): vector of volumes
            energy_lst (list/numpy.dnarray/None): vector of energies
            fittype (str): on of the following ['birch', 'birchmurnaghan', 'murnaghan', 'pouriertarantola', 'vinet']

        Returns:
            dict: dictionary with fit results
        """
        volume_lst, energy_lst = self._get_volume_and_energy_lst(
            volume_lst=volume_lst, energy_lst=energy_lst
        )
        fit_dict = {}
        pfit_leastsq, perr_leastsq = self._fit_leastsq(
            volume_lst=volume_lst, energy_lst=energy_lst, fittype=fittype
        )
        fit_dict["fit_type"] = fittype
        fit_dict["volume_eq"] = pfit_leastsq[3]
        fit_dict["energy_eq"] = pfit_leastsq[0]
        fit_dict["bulkmodul_eq"] = pfit_leastsq[1]
        fit_dict["b_prime_eq"] = pfit_leastsq[2]
        fit_dict["least_square_error"] = perr_leastsq  # [e0, b0, bP, v0]

        return fit_dict


[docs]    def fit_polynomial(self, volume_lst=None, energy_lst=None, fit_order=3):
        """
        Fit a polynomial

        Args:
            volume_lst (list/numpy.dnarray/None): vector of volumes
            energy_lst (list/numpy.dnarray/None): vector of energies
            fit_order (int): Degree of the polynomial

        Returns:
            dict: dictionary with fit results
        """
        volume_lst, energy_lst = self._get_volume_and_energy_lst(
            volume_lst=volume_lst, energy_lst=energy_lst
        )
        fit_dict = {}

        # compute a polynomial fit
        z = np.polyfit(volume_lst, energy_lst, fit_order)
        p_fit = np.poly1d(z)
        fit_dict["poly_fit"] = z

        # get equilibrium lattice constant
        # search for the local minimum with the lowest energy
        p_deriv_1 = np.polyder(p_fit, 1)
        roots = np.roots(p_deriv_1)

        # volume_eq_lst = np.array([np.real(r) for r in roots if np.abs(np.imag(r)) < 1e-10])
        volume_eq_lst = np.array(
            [
                np.real(r)
                for r in roots
                if (
                    abs(np.imag(r)) < 1e-10
                    and r >= min(volume_lst)
                    and r <= max(volume_lst)
                )
            ]
        )

        e_eq_lst = p_fit(volume_eq_lst)
        arg = np.argsort(e_eq_lst)
        # print ("v_eq:", arg, e_eq_lst)
        if len(e_eq_lst) == 0:
            return None
        e_eq = e_eq_lst[arg][0]
        volume_eq = volume_eq_lst[arg][0]

        # get bulk modulus at equ. lattice const.
        p_2deriv = np.polyder(p_fit, 2)
        p_3deriv = np.polyder(p_fit, 3)
        a2 = p_2deriv(volume_eq)
        a3 = p_3deriv(volume_eq)

        b_prime = -(volume_eq * a3 / a2 + 1)

        fit_dict["fit_type"] = "polynomial"
        fit_dict["fit_order"] = fit_order
        fit_dict["volume_eq"] = volume_eq
        fit_dict["energy_eq"] = e_eq
        fit_dict["bulkmodul_eq"] = eV_div_A3_to_GPa * volume_eq * a2
        fit_dict["b_prime_eq"] = b_prime
        fit_dict["least_square_error"] = self.get_error(volume_lst, energy_lst, p_fit)
        return fit_dict


    def _fit_leastsq(self, volume_lst, energy_lst, fittype="birchmurnaghan"):
        """
        Internal helper function for the least square fit

        Args:
            volume_lst (list/numpy.dnarray/None): vector of volumes
            energy_lst (list/numpy.dnarray/None): vector of energies
            fittype (str): on of the following ['birch', 'birchmurnaghan', 'murnaghan', 'pouriertarantola', 'vinet']

        Returns:
            list: [E0, B0, BP, V0], [E0_err, B0_err, BP_err, V0_err]
        """
        vol_lst = np.array(volume_lst).flatten()
        eng_lst = np.array(energy_lst).flatten()
        a, b, c = np.polyfit(vol_lst, eng_lst, 2)
        v0 = -b / (2 * a)
        pfit_leastsq, perr_leastsq = fit_leastsq(
            [a * v0 ** 2 + b * v0 + c, 2 * a * v0 * eV_div_A3_to_GPa, 4, v0],
            vol_lst,
            eng_lst,
            fittype,
        )
        return pfit_leastsq, perr_leastsq  # [e0, b0, bP, v0]

[docs]    @staticmethod
    def get_error(x_lst, y_lst, p_fit):
        """

        Args:
            x_lst:
            y_lst:
            p_fit:

        Returns:
            numpy.dnarray
        """
        y_fit_lst = np.array(p_fit(x_lst))
        error_lst = (y_lst - y_fit_lst) ** 2
        return np.mean(error_lst)


[docs]    def fit_energy(self, volume_lst):
        """
        Gives the energy value for the corresponding energy volume fit defined in the fit dictionary.

        Args:
            volume_lst: list of volumes

        Returns:
            list of energies

        """
        if not self._fit_dict:
            return ValueError("parameter 'fit_dict' has to be defined!")
        v = volume_lst
        e0 = self._fit_dict["energy_eq"]
        b0 = self._fit_dict["bulkmodul_eq"] / eV_div_A3_to_GPa
        b_p = self._fit_dict["b_prime_eq"]
        v0 = self._fit_dict["volume_eq"]
        if self._fit_dict["fit_type"] == "birch":
            return self.birch(v, e0, b0, b_p, v0)
        elif self._fit_dict["fit_type"] == "birchmurnaghan":
            return self.birchmurnaghan_energy(v, e0, b0, b_p, v0)
        elif self._fit_dict["fit_type"] == "murnaghan":
            return self.murnaghan(v, e0, b0, b_p, v0)
        elif self._fit_dict["fit_type"] == "pouriertarantola":
            return self.pouriertarantola(v, e0, b0, b_p, v0)
        else:
            return self.vinet_energy(v, e0, b0, b_p, v0)


[docs]    @staticmethod
    def birchmurnaghan_energy(V, E0, B0, BP, V0):
        "BirchMurnaghan equation from PRB 70, 224107"
        return birchmurnaghan_energy(V, E0, B0, BP, V0)


[docs]    @staticmethod
    def vinet_energy(V, E0, B0, BP, V0):
        "Vinet equation from PRB 70, 224107"
        return vinet_energy(V, E0, B0, BP, V0)


[docs]    @staticmethod
    def murnaghan(V, E0, B0, BP, V0):
        "From PRB 28,5480 (1983"
        return murnaghan(V, E0, B0, BP, V0)


[docs]    @staticmethod
    def birch(V, E0, B0, BP, V0):
        """
        From Intermetallic compounds: Principles and Practice, Vol. I: Principles
        Chapter 9 pages 195-210 by M. Mehl. B. Klein, D. Papaconstantopoulos
        paper downloaded from Web

        case where n=0
        """
        return birch(V, E0, B0, BP, V0)


[docs]    @staticmethod
    def pouriertarantola(V, E0, B0, BP, V0):
        return pouriertarantola(V, E0, B0, BP, V0)




# ToDo: not all abstract methods implemented
[docs]class Murnaghan(AtomisticParallelMaster):
    def __init__(self, project, job_name="murnaghan"):
        """

        Args:
            project:
            job_name:
        """
        super(Murnaghan, self).__init__(project, job_name)
        self.__name__ = "Murnaghan"
        self.__version__ = "0.3.0"

        # print ("h5_path: ", self.project_hdf5._h5_path)

        # define default input
        self.input["num_points"] = (11, "number of sample points")
        self.input["fit_type"] = (
            "polynomial",
            "['polynomial', 'birch', 'birchmurnaghan', 'murnaghan', 'pouriertarantola', 'vinet']",
        )
        self.input["fit_order"] = (3, "order of the fit polynom")
        self.input["vol_range"] = (
            0.1,
            "relative volume variation around volume defined by ref_ham",
        )

        self.debye_model = DebyeModel(self)
        self.fit_module = EnergyVolumeFit()

        self.fit_dict = None
        self._debye_T = None
        self._job_generator = MurnaghanJobGenerator(self)

    @property
    def fit(self):
        return self.debye_model

    @property
    def equilibrium_volume(self):
        return self.fit_dict["volume_eq"]

    @property
    def equilibrium_energy(self):
        return self.fit_dict["energy_eq"]

[docs]    def fit_polynomial(self, fit_order=3, vol_erg_dic=None):
        return self.poly_fit(fit_order=fit_order, vol_erg_dic=vol_erg_dic)


[docs]    def fit_murnaghan(self, vol_erg_dic=None):
        return self._fit_eos_general(vol_erg_dic=vol_erg_dic, fittype="murnaghan")


[docs]    def fit_birch_murnaghan(self, vol_erg_dic=None):
        return self._fit_eos_general(vol_erg_dic=vol_erg_dic, fittype="birchmurnaghan")


[docs]    def fit_vinet(self, vol_erg_dic=None):
        return self._fit_eos_general(vol_erg_dic=vol_erg_dic, fittype="vinet")


    def _final_struct_to_hdf(self):
        with self._hdf5.open("output") as hdf5:
            structure = self.get_structure(iteration_step=-1)
            if not isinstance(structure, Atoms):
                structure = ase_to_pyiron(structure)
            structure.to_hdf(hdf5)

    def _fit_eos_general(self, vol_erg_dic=None, fittype="birchmurnaghan"):
        self._set_fit_module(vol_erg_dic=vol_erg_dic)
        fit_dict = self.fit_module.fit_eos_general(fittype=fittype)
        self.input["fit_type"] = fit_dict["fit_type"]
        self.input["fit_order"] = 0
        with self.project_hdf5.open("input") as hdf5_input:
            self.input.to_hdf(hdf5_input)
        with self.project_hdf5.open("output") as hdf5:
            hdf5["equilibrium_energy"] = fit_dict["energy_eq"]
            hdf5["equilibrium_volume"] = fit_dict["volume_eq"]
            hdf5["equilibrium_bulk_modulus"] = fit_dict["bulkmodul_eq"]
            hdf5["equilibrium_b_prime"] = fit_dict["b_prime_eq"]
        self._final_struct_to_hdf()

        self.fit_dict = fit_dict
        return fit_dict

    def _fit_leastsq(self, volume_lst, energy_lst, fittype="birchmurnaghan"):
        return self.fit_module._fit_leastsq(
            volume_lst=volume_lst, energy_lst=energy_lst, fittype=fittype
        )

    def _set_fit_module(self, vol_erg_dic=None):
        if vol_erg_dic is not None:
            if "volume" in vol_erg_dic.keys() and "energy" in vol_erg_dic.keys():
                self.fit_module = EnergyVolumeFit(
                    volume_lst=vol_erg_dic["volume"], energy_lst=vol_erg_dic["energy"]
                )
            else:
                raise KeyError
        else:
            df = self.output_to_pandas()
            self.fit_module = EnergyVolumeFit(
                volume_lst=df["volume"].values, energy_lst=df["energy"].values
            )

[docs]    def poly_fit(self, fit_order=3, vol_erg_dic=None):
        self._set_fit_module(vol_erg_dic=vol_erg_dic)
        fit_dict = self.fit_module.fit_polynomial(fit_order=fit_order)
        if fit_dict is None:
            self._logger.warning("Minimum could not be found!")
        else:
            self.input["fit_type"] = fit_dict["fit_type"]
            self.input["fit_order"] = fit_dict["fit_order"]
            with self.project_hdf5.open("input") as hdf5_input:
                self.input.to_hdf(hdf5_input)
            with self.project_hdf5.open("output") as hdf5:
                hdf5["equilibrium_energy"] = fit_dict["energy_eq"]
                hdf5["equilibrium_volume"] = fit_dict["volume_eq"]
                hdf5["equilibrium_bulk_modulus"] = fit_dict["bulkmodul_eq"]
                hdf5["equilibrium_b_prime"] = fit_dict["b_prime_eq"]
            self._final_struct_to_hdf()

            self.fit_dict = fit_dict
        return fit_dict


[docs]    def list_structures(self):
        if self.ref_job.structure is not None:
            return [parameter[1] for parameter in self._job_generator.parameter_list]
        else:
            return []


[docs]    def collect_output(self):
        if self.ref_job.server.run_mode.interactive:
            ham = self.project_hdf5.inspect(self.child_ids[0])
            erg_lst = ham["output/generic/energy_tot"]
            vol_lst = ham["output/generic/volume"]
            arg_lst = np.argsort(vol_lst)

            self._output["volume"] = vol_lst[arg_lst]
            self._output["energy"] = erg_lst[arg_lst]
        else:
            erg_lst, vol_lst, err_lst, id_lst = [], [], [], []
            for job_id in self.child_ids:
                ham = self.project_hdf5.inspect(job_id)
                print("job_id: ", job_id, ham.status)
                if "energy_tot" in ham["output/generic"].list_nodes():
                    energy = ham["output/generic/energy_tot"][-1]
                elif "energy_pot" in ham["output/generic"].list_nodes():
                    energy = ham["output/generic/energy_pot"][-1]
                else:
                    raise ValueError('Neither energy_pot or energy_tot was found.')
                volume = ham["output/generic/volume"][-1]
                erg_lst.append(np.mean(energy))
                err_lst.append(np.var(energy))
                vol_lst.append(volume)
                id_lst.append(job_id)
            vol_lst = np.array(vol_lst)
            erg_lst = np.array(erg_lst)
            err_lst = np.array(err_lst)
            id_lst = np.array(id_lst)
            arg_lst = np.argsort(vol_lst)

            self._output["volume"] = vol_lst[arg_lst]
            self._output["energy"] = erg_lst[arg_lst]
            self._output["error"] = err_lst[arg_lst]
            self._output["id"] = id_lst[arg_lst]

        with self.project_hdf5.open("output") as hdf5_out:
            for key, val in self._output.items():
                hdf5_out[key] = val
        if self.input["fit_type"] == "polynomial":
            self.fit_polynomial(fit_order=self.input["fit_order"])
        else:
            self._fit_eos_general(fittype=self.input["fit_type"])


[docs]    def plot(self, num_steps=100, plt_show=True):
        try:
            import matplotlib.pylab as plt
        except ImportError:
            import matplotlib.pyplot as plt
        if not self.fit_dict:
            if self.input["fit_type"] == "polynomial":
                self.fit_polynomial(fit_order=self.input["fit_order"])
            else:
                self._fit_eos_general(fittype=self.input["fit_type"])
        df = self.output_to_pandas()
        vol_lst, erg_lst = df["volume"].values, df["energy"].values
        x_i = np.linspace(np.min(vol_lst), np.max(vol_lst), num_steps)
        color = "blue"

        if self.fit_dict is not None:
            if self.input["fit_type"] == "polynomial":
                p_fit = np.poly1d(self.fit_dict["poly_fit"])
                least_square_error = self.fit_module.get_error(vol_lst, erg_lst, p_fit)
                plt.title("Murnaghan: error: " + str(least_square_error))
                plt.plot(
                    x_i,
                    p_fit(x_i),
                    "-",
                    label=self.input["fit_type"],
                    color=color,
                    linewidth=3,
                )
            else:
                V0 = self.fit_dict["volume_eq"]
                E0 = self.fit_dict["energy_eq"]
                B0 = self.fit_dict["bulkmodul_eq"]
                BP = self.fit_dict["b_prime_eq"]
                eng_fit_lst = fitfunction(parameters=[E0, B0, BP, V0],
                                          vol=x_i,
                                          fittype=self.input["fit_type"])
                plt.plot(
                    x_i,
                    eng_fit_lst,
                    "-",
                    label=self.input["fit_type"],
                    color=color,
                    linewidth=3,
                )

        plt.plot(vol_lst, erg_lst, "x", color=color, markersize=20)
        plt.legend()
        plt.xlabel("Volume ($\AA^3$)")
        plt.ylabel("energy (eV)")
        if plt_show:
            plt.show()


[docs]    def get_structure(self, iteration_step=-1):
        """

        Returns: Structure with equilibrium volume

        """
        if not (self.structure is not None):
            raise AssertionError()
        if iteration_step == -1:
            snapshot = self.structure.copy()
            old_vol = snapshot.get_volume()
            new_vol = self["output/equilibrium_volume"]
            k = (new_vol / old_vol) ** (1.0 / 3.0)
            new_cell = snapshot.cell * k
            snapshot.set_cell(new_cell, scale_atoms=True)
            return snapshot
        elif iteration_step == 0:
            return self.structure
        else:
            raise ValueError("iteration_step should be either 0 or -1.")
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  Source code for pyiron.atomistics.master.parallel

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
from collections import OrderedDict
import inspect
from pyiron.atomistics.structure.atoms import Atoms
from pyiron_base import ParallelMaster, JobGenerator, get_function_from_string
from pyiron.atomistics.job.atomistic import AtomisticGenericJob

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]class AtomisticParallelMaster(ParallelMaster, AtomisticGenericJob):
    def __init__(self, project, job_name):
        super(AtomisticParallelMaster, self).__init__(project, job_name=job_name)

    @property
    def structure(self):
        if self.ref_job is not None:
            return self._ref_job.structure
        else:
            return None

    @structure.setter
    def structure(self, basis):
        if self.ref_job is not None:
            self._ref_job.structure = basis
        else:
            raise ValueError(
                "A structure can only be set after a reference job has been assinged."
            )

[docs]    def get_structure(self, iteration_step=-1):
        if iteration_step == 0:
            return self.structure
        else:
            raise ValueError("iteration_step should be either 0.")




[docs]class GenericOutput(OrderedDict):
    def __init__(self):
        super(GenericOutput, self).__init__()



[docs]class MapMaster(AtomisticParallelMaster):
    def __init__(self, project, job_name):
        """

        Args:
            project:
            job_name:
        """
        super(MapMaster, self).__init__(project, job_name)
        self.__name__ = "MapMaster"
        self.__version__ = "0.0.1"
        self._job_generator = MapJobGenerator(self)
        self._map_function = None
        self.parameter_list = []

    @property
    def modify_function(self):
        return self._map_function

    @modify_function.setter
    def modify_function(self, funct):
        self._map_function = funct

[docs]    def to_hdf(self, hdf=None, group_name=None):
        """
        Store the ParameterMaster in an HDF5 file

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(MapMaster, self).to_hdf(hdf=hdf, group_name=group_name)
        if len(self.parameter_list) != 0:
            with self.project_hdf5.open("input") as hdf5_input:
                first_element = self.parameter_list[0]
                if isinstance(first_element, Atoms):
                    with hdf5_input.open("structures") as hdf5_input_str:
                        for ind, struct in enumerate(self.parameter_list):
                            struct.to_hdf(
                                hdf=hdf5_input_str, group_name="s_" + str(ind)
                            )
                elif isinstance(first_element, (int, float, str, list)):
                    hdf5_input["parameters_list"] = self.parameter_list
                else:
                    raise TypeError()
                if self._map_function is not None:
                    try:
                        hdf5_input["map_function"] = inspect.getsource(
                            self._map_function
                        )
                    except IOError:
                        hdf5_input["map_function"] = "None"
                else:
                    hdf5_input["map_function"] = "None"


[docs]    def from_hdf(self, hdf=None, group_name=None):
        """
        Restore the ParameterMaster from an HDF5 file

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(MapMaster, self).from_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            if "structures" in hdf5_input.list_groups():
                with hdf5_input.open("structures") as hdf5_input_str:
                    self.parameter_list = [
                        Atoms().from_hdf(hdf5_input_str, group_name)
                        for group_name in sorted(hdf5_input_str.list_groups())
                    ]
            else:
                self.parameter_list = hdf5_input["parameters_list"]
            function_str = hdf5_input["map_function"]
            if function_str == "None":
                self._map_function = None
            else:
                self._map_function = get_function_from_string(function_str)


[docs]    def collect_output(self):
        pass




[docs]class MapJobGenerator(JobGenerator):
    @property
    def parameter_list(self):
        """

        Returns:
            (list)
        """
        return self._master.parameter_list

[docs]    def modify_job(self, job, parameter):
        return self._master._map_function(job, parameter)




[docs]def pipe(project, job, step_lst, delete_existing_job=False):
    """
    Create a job pipeline

    Args:
        project (pyiron.Project): Project to calculate pipeline in
        job (AtomisticGenericJob): Template for the calculation
        step_lst (list): List of functions which create calculations

    Returns:
        FlexibleMaster:
    """
    job_lst_master = project.create_job(project.job_type.FlexibleMaster, job.job_name + '_lstmaster', delete_existing_job=delete_existing_job)
    if job_lst_master.status.finished:
        return job_lst_master
    else:
        for i, step_funct in enumerate(step_lst):
            job_lst_master.append(step_funct(job))
            if i > 0 and 'for_each_structure' in step_funct.__name__:
                job_lst_master.function_lst.append(_structure_many_to_many)
            elif i > 0:
                job_lst_master.function_lst.append(_structure_one_to_one)
        return job_lst_master



def _structure_one_to_one(job_prev, job_next):
    """
    Copy final structure from previous job to the input structure of the next job

    Args:
        job_prev (AtomisticGenericJob): previous Job object
        job_next (AtomisticGenericJob): next Job object
    """
    job_next.structure = job_prev.get_structure(iteration_step=-1)


def _structure_many_to_many(job_prev, job_next):
    """
    Copy list of final structures from previous job to the input structure list of the next job

    Args:
        job_prev (AtomisticParallelMaster): previous Job object
        job_next (AtomisticParallelMaster): next Job object
    """
    job_next.structure_lst = job_prev.list_structures()




            

          

      

      

    

  

  
    
    
    pyiron.atomistics.master.phonopy
    

    
 
  

    
      
          
            
  Source code for pyiron.atomistics.master.phonopy

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import codecs
import pickle

import numpy as np
import posixpath
import scipy.constants
from phonopy import Phonopy
from phonopy.structure.atoms import PhonopyAtoms
from phonopy.units import VaspToTHz
from phonopy.file_IO import write_FORCE_CONSTANTS

from pyiron.atomistics.structure.atoms import Atoms
from pyiron.atomistics.master.parallel import AtomisticParallelMaster
from pyiron.atomistics.structure.phonopy import publication as phonopy_publication
from pyiron_base import JobGenerator, Settings

__author__ = "Jan Janssen, Yury Lysogorskiy"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"

s = Settings()


[docs]class thermal(object):
    """

    Args:
        temps:
        fe:
        entropy:
        cv:
    """

    def __init__(self, temps, fe, entropy, cv):
        KJ_mol_to_eV = 0.01036410

        self.temperatures = temps
        self.free_energies = fe * KJ_mol_to_eV
        self.entropy = entropy
        self.cv = cv



[docs]def phonopy_to_atoms(ph_atoms):
    """
    Convert Phonopy Atoms to ASE-like Atoms
    Args:
        ph_atoms: Phonopy Atoms object

    Returns: ASE-like Atoms object

    """
    return Atoms(
        symbols=list(ph_atoms.get_chemical_symbols()),
        positions=list(ph_atoms.get_positions()),
        cell=list(ph_atoms.get_cell()), pbc=True
    )



[docs]def atoms_to_phonopy(atom):
    """
    Convert ASE-like Atoms to Phonopy Atoms
    Args:
        atom: ASE-like Atoms

    Returns:
        Phonopy Atoms

    """
    return PhonopyAtoms(
        symbols=list(atom.get_chemical_symbols()),
        scaled_positions=list(atom.get_scaled_positions()),
        cell=list(atom.get_cell()),
    )



[docs]class PhonopyJobGenerator(JobGenerator):
    @property
    def parameter_list(self):
        """

        Returns:
            (list)
        """
        supercells = self._master.phonopy.get_supercells_with_displacements()
        return [
            ["{}_{}".format(self._master.ref_job.job_name, ind), self._restore_magmoms(phonopy_to_atoms(sc))]
            for ind, sc in enumerate(supercells)
        ]

    def _restore_magmoms(self, structure):
        """
        Args:
            structure (pyiron.atomistics.structure.atoms): input structure

        Returns:
            structure (pyiron.atomistics.structure.atoms): output structure with magnetic moments
        """
        if any(self._master.structure.get_initial_magnetic_moments()!=None):
            magmoms = self._master.structure.get_initial_magnetic_moments()
            magmoms = np.tile(magmoms, np.prod(np.diagonal(self._master._phonopy_supercell_matrix())).astype(int))
            structure.set_initial_magnetic_moments(magmoms)
        return structure

[docs]    @staticmethod
    def job_name(parameter):
        return parameter[0]


[docs]    def modify_job(self, job, parameter):
        job.structure = parameter[1]
        return job




[docs]class PhonopyJob(AtomisticParallelMaster):
    """

    Args:
        project:
        job_name:
    """

    def __init__(self, project, job_name):
        super(PhonopyJob, self).__init__(project, job_name)
        self.__name__ = "PhonopyJob"
        self.__version__ = "0.0.1"
        self.input["interaction_range"] = (10.0, "Minimal size of supercell, Ang")
        self.input["factor"] = (
            VaspToTHz,
            "Frequency unit conversion factor (default for VASP)",
        )
        self.input["displacement"] = (0.01, "atoms displacement, Ang")
        self.input["dos_mesh"] = (20, "mesh size for DOS calculation")
        self.input["primitive_matrix"] = None

        self.phonopy = None
        self._job_generator = PhonopyJobGenerator(self)
        self._disable_phonopy_pickle = False
        s.publication_add(phonopy_publication())

    @property
    def phonopy_pickling_disabled(self):
        return self._disable_phonopy_pickle

    @phonopy_pickling_disabled.setter
    def phonopy_pickling_disabled(self, disable):
        self._disable_phonopy_pickle = disable

    @property
    def _phonopy_unit_cell(self):
        if self.structure is not None:
            return atoms_to_phonopy(self.structure)
        else:
            return None

    def _enable_phonopy(self):
        if self.phonopy is None:
            if self.structure is not None:
                self.phonopy = Phonopy(
                    unitcell=self._phonopy_unit_cell,
                    supercell_matrix=self._phonopy_supercell_matrix(),
                    primitive_matrix=self.input["primitive_matrix"],
                    factor=self.input["factor"],
                )
                self.phonopy.generate_displacements(distance=self.input["displacement"])
                self.to_hdf()
            else:
                raise ValueError("No reference job/ No reference structure found.")

[docs]    def list_structures(self):
        if self.structure is not None:
            self._enable_phonopy()
            return [struct for _, struct in self._job_generator.parameter_list]
        else:
            return []


    def _phonopy_supercell_matrix(self):
        if self.structure is not None:
            supercell_range = np.ceil(
                self.input["interaction_range"]
                / np.array(
                    [np.linalg.norm(vec) for vec in self._phonopy_unit_cell.get_cell()]
                )
            )
            return np.eye(3) * supercell_range
        else:
            return np.eye(3)

[docs]    def run_static(self):
        # Initialise the phonopy object before starting the first calculation.
        self._enable_phonopy()
        super(PhonopyJob, self).run_static()


[docs]    def run_if_interactive(self):
        self._enable_phonopy()
        super(PhonopyJob, self).run_if_interactive()


[docs]    def to_hdf(self, hdf=None, group_name=None):
        """
        Store the PhonopyJob in an HDF5 file

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(PhonopyJob, self).to_hdf(hdf=hdf, group_name=group_name)
        if self.phonopy is not None and not self._disable_phonopy_pickle:
            with self.project_hdf5.open("output") as hdf5_output:
                hdf5_output["phonopy_pickeled"] = codecs.encode(
                    pickle.dumps(self.phonopy), "base64"
                ).decode()


[docs]    def from_hdf(self, hdf=None, group_name=None):
        """
        Restore the PhonopyJob from an HDF5 file

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(PhonopyJob, self).from_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("output") as hdf5_output:
            if "phonopy_pickeled" in hdf5_output.list_nodes():
                self.phonopy = pickle.loads(
                    codecs.decode(hdf5_output["phonopy_pickeled"].encode(), "base64")
                )
                if "dos_total" in hdf5_output.list_nodes():
                    self._dos_total = hdf5_output["dos_total"]
                if "dos_energies" in hdf5_output.list_nodes():
                    self._dos_energies = hdf5_output["dos_energies"]


[docs]    def collect_output(self):
        """

        Returns:

        """
        if self.ref_job.server.run_mode.interactive:
            forces_lst = self.project_hdf5.inspect(self.child_ids[0])[
                "output/generic/forces"
            ]
        else:
            pr_job = self.project_hdf5.project.open(self.job_name + "_hdf5")
            forces_lst = [
                pr_job.inspect(job_name)["output/generic/forces"][-1]
                for job_name in self._get_jobs_sorted()
            ]
        self.phonopy.set_forces(forces_lst)
        self.phonopy.produce_force_constants()
        self.phonopy.run_mesh(mesh=[self.input["dos_mesh"]] * 3)
        mesh_dict = self.phonopy.get_mesh_dict()
        self.phonopy.run_total_dos()
        dos_dict = self.phonopy.get_total_dos_dict()

        self.to_hdf()

        with self.project_hdf5.open("output") as hdf5_out:
            hdf5_out["dos_total"] = dos_dict['total_dos']
            hdf5_out["dos_energies"] = dos_dict['frequency_points']
            hdf5_out["qpoints"] = mesh_dict['qpoints']
            hdf5_out["supercell_matrix"] = self._phonopy_supercell_matrix()
            hdf5_out["displacement_dataset"] = self.phonopy.get_displacement_dataset()
            hdf5_out[
                "dynamical_matrix"
            ] = self.phonopy.dynamical_matrix.get_dynamical_matrix()
            hdf5_out["force_constants"] = self.phonopy.force_constants


[docs]    def write_phonopy_force_constants(self, file_name="FORCE_CONSTANTS", cwd=None):
        """

        Args:
            file_name:
            cwd:

        Returns:

        """
        if cwd is not None:
            file_name = posixpath.join(cwd, file_name)
        write_FORCE_CONSTANTS(
            force_constants=self.phonopy.force_constants, filename=file_name
        )


[docs]    def get_hesse_matrix(self):
        """

        Returns:

        """
        unit_conversion = (
            scipy.constants.physical_constants["Hartree energy in eV"][0]
            / scipy.constants.physical_constants["Bohr radius"][0] ** 2
            * scipy.constants.angstrom ** 2
        )
        force_shape = np.shape(self.phonopy.force_constants)
        force_reshape = force_shape[0] * force_shape[2]
        return (
            np.transpose(self.phonopy.force_constants, (0, 2, 1, 3)).reshape(
                (force_reshape, force_reshape)
            )
            / unit_conversion
        )


[docs]    def get_thermal_properties(self, t_min=1, t_max=1500, t_step=50, temperatures=None):
        """

        Args:
            t_min:
            t_max:
            t_step:
            temperatures:

        Returns:

        """
        self.phonopy.run_thermal_properties(
            t_step=t_step, t_max=t_max, t_min=t_min, temperatures=temperatures
        )
        tp_dict = self.phonopy.get_thermal_properties_dict()
        return thermal(tp_dict['temperatures'],
                       tp_dict['free_energy'],
                       tp_dict['entropy'],
                       tp_dict['heat_capacity'])


    @property
    def dos_total(self):
        """

        Returns:

        """
        return self["output/dos_total"]

    @property
    def dos_energies(self):
        """

        Returns:

        """
        return self["output/dos_energies"]

    @property
    def dynamical_matrix(self):
        """

        Returns:

        """
        return np.real_if_close(
            self.phonopy.get_dynamical_matrix().get_dynamical_matrix()
        )

[docs]    def dynamical_matrix_at_q(self, q):
        """

        Args:
            q:

        Returns:

        """
        return np.real_if_close(self.phonopy.get_dynamical_matrix_at_q(q))


[docs]    def plot_dos(self, ax=None, *args, **qwargs):
        """

        Args:
            *args:
            ax:
            **qwargs:

        Returns:

        """
        try:
            import pylab as plt
        except ImportError:
            import matplotlib.pyplot as plt
        if ax is None:
            fig, ax = plt.subplots(1, 1)
        ax.plot(self["output/dos_energies"], self["output/dos_total"], *args, **qwargs)
        ax.set_xlabel("Frequency [THz]")
        ax.set_ylabel("DOS")
        ax.set_title("Phonon DOS vs Energy")
        return ax


[docs]    def validate_ready_to_run(self):
        if self.ref_job._generic_input["calc_mode"] != "static":
            raise ValueError("Phonopy reference jobs should be static calculations, but got {}".format(
                self.ref_job._generic_input["calc_mode"]
            ))
        super().validate_ready_to_run()
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  Source code for pyiron.atomistics.master.quasi

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from pyiron.atomistics.master.murnaghan import MurnaghanJobGenerator
from pyiron.atomistics.master.parallel import AtomisticParallelMaster

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "0.0.1"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Oct 29, 2020"


[docs]def calc_v0_from_fit_funct(fit_funct, x, save_range=0.0, return_ind=False):
    fit_funct_der = fit_funct.deriv().r
    fit_funct_der_r = fit_funct_der[fit_funct_der.imag == 0].real
    fit_funct_der_val = fit_funct.deriv(2)(fit_funct_der_r)
    select = (fit_funct_der_val > 0) & (fit_funct_der_r > np.min(x) * (1-save_range)) & (fit_funct_der_r < np.max(x) *(1+save_range))
    v0_lst = fit_funct_der_r[select]
    if len(v0_lst) == 1:
        if return_ind:
            return v0_lst[0], (np.abs(x - v0_lst[0])).argmin()
        else:
            return v0_lst[0]
    else:
        select = fit_funct_der_val > 0
        v0_lst = fit_funct_der_r[select]
        if len(v0_lst) == 1:
            if return_ind:
                return v0_lst[0], (np.abs(x - v0_lst[0])).argmin()
            else:
                return v0_lst[0]
        else:
            if return_ind:
                return None, None
            else:
                return None



[docs]class QuasiHarmonicJob(AtomisticParallelMaster):
    def __init__(self, project, job_name="murnaghan"):
        """

        Args:
            project:
            job_name:
        """
        super(QuasiHarmonicJob, self).__init__(project, job_name)
        self.__name__ = "QuasiHarmonicJob"
        self.__version__ = "0.0.1"

        # define default input
        self.input["num_points"] = (11, "number of sample points")
        self.input["vol_range"] = (
            0.1,
            "relative volume variation around volume defined by ref_ham",
        )
        self.input["temperature_start"] = 0
        self.input["temperature_end"] = 500
        self.input["temperature_steps"] = 10
        self.input["polynomial_degree"] = 3
        self._job_generator = MurnaghanJobGenerator(self)

[docs]    def collect_output(self):
        free_energy_lst, entropy_lst, cv_lst, volume_lst = [], [], [], []
        for job_id in self.child_ids:
            job = self.project_hdf5.load(job_id)
            thermal_properties = job.get_thermal_properties(temperatures=np.linspace(
                self.input["temperature_start"],
                self.input["temperature_end"],
                int(self.input["temperature_steps"])
            ))
            free_energy_lst.append(thermal_properties.free_energies)
            entropy_lst.append(thermal_properties.entropy)
            cv_lst.append(thermal_properties.cv)
            volume_lst.append(job.structure.get_volume())

        arg_lst = np.argsort(volume_lst)

        self._output["free_energy"] = np.array(free_energy_lst)[arg_lst]
        self._output["entropy"] = np.array(entropy_lst)[arg_lst]
        self._output["cv"] = np.array(cv_lst)[arg_lst]

        temperature_mesh, volume_mesh = np.meshgrid(
            np.linspace(
                self.input["temperature_start"],
                self.input["temperature_end"],
                int(self.input["temperature_steps"])
            ),
            np.array(volume_lst)[arg_lst],
        )

        self._output["volumes"] = volume_mesh
        self._output["temperatures"] = temperature_mesh
        with self.project_hdf5.open("output") as hdf5_out:
            for key, val in self._output.items():
                hdf5_out[key] = val


[docs]    def optimise_volume(self, bulk_eng):
        v0_lst, free_eng_lst, entropy_lst, cv_lst = [], [], [], []
        for i, [t, free_energy, cv, entropy, v] in enumerate(
                zip(self["output/temperatures"].T,
                    self["output/free_energy"].T,
                    self["output/cv"].T,
                    self["output/entropy"].T,
                    self["output/volumes"].T)):
            fit = np.poly1d(np.polyfit(v, free_energy + bulk_eng, int(self.input["polynomial_degree"])))
            v0, ind = calc_v0_from_fit_funct(fit_funct=fit, x=v, save_range=0.0, return_ind=True)

            v0_lst.append(v0)
            free_eng_lst.append(fit([v0]))
            entropy_lst.append(entropy[ind])
            cv_lst.append(cv[ind])
        return v0_lst, free_eng_lst, entropy_lst, cv_lst
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  Source code for pyiron.atomistics.master.serial

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
from collections import OrderedDict
from pyiron_base import SerialMasterBase
from pyiron.atomistics.job.atomistic import AtomisticGenericJob

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]class GenericOutput(OrderedDict):
    def __init__(self):
        super(GenericOutput, self).__init__()



[docs]class SerialMaster(SerialMasterBase, AtomisticGenericJob):
    """
    The serial master class is a metajob consisting of a dynamic list of jobs which are executed in serial mode. The job
    is derived from the GenericMaster.

    Args:
        project (ProjectHDFio): ProjectHDFio instance which points to the HDF5 file the job is stored in
        job_name (str): name of the job, which has to be unique within the project

    Attributes:

        .. attribute:: job_name

            name of the job, which has to be unique within the project

        .. attribute:: status

            execution status of the job, can be one of the following [initialized, appended, created, submitted, running,
                                                                      aborted, collect, suspended, refresh, busy, finished]

        .. attribute:: job_id

            unique id to identify the job in the pyiron database

        .. attribute:: parent_id

            job id of the predecessor job - the job which was executed before the current one in the current job series

        .. attribute:: master_id

            job id of the master job - a meta job which groups a series of jobs, which are executed either in parallel or in
            serial.

        .. attribute:: child_ids

            list of child job ids - only meta jobs have child jobs - jobs which list the meta job as their master

        .. attribute:: project

            Project instance the jobs is located in

        .. attribute:: project_hdf5

            ProjectHDFio instance which points to the HDF5 file the job is stored in

        .. attribute:: job_info_str

            short string to describe the job by it is job_name and job ID - mainly used for logging

        .. attribute:: working_directory

            working directory of the job is executed in - outside the HDF5 file

        .. attribute:: path

            path to the job as a combination of absolute file system path and path within the HDF5 file.

        .. attribute:: version

            Version of the hamiltonian, which is also the version of the executable unless a custom executable is used.

        .. attribute:: executable

            Executable used to run the job - usually the path to an external executable.

        .. attribute:: library_activated

            For job types which offer a Python library pyiron can use the python library instead of an external executable.

        .. attribute:: server

            Server object to handle the execution environment for the job.

        .. attribute:: queue_id

            the ID returned from the queuing system - it is most likely not the same as the job ID.

        .. attribute:: logger

            logger object to monitor the external execution and internal pyiron warnings.

        .. attribute:: restart_file_list

            list of files which are used to restart the calculation from these files.

        .. attribute:: job_type

            Job type object with all the available job types: ['ExampleJob', 'SerialMaster', 'ParallelMaster', 'ScriptJob',
                                                               'ListMaster']

        .. attribute:: child_names

            Dictionary matching the child ID to the child job name.

        .. attribute:: start_job

            The first job of the series.

        .. attribute:: input

            The input of the start job - the first job of the series.
    """

    def __init__(self, project, job_name):
        super(SerialMaster, self).__init__(project, job_name=job_name)

    @property
    def structure(self):
        if self.start_job is not None:
            return self._start_job.structure
        else:
            return None

    @structure.setter
    def structure(self, basis):
        if self.start_job is not None:
            self._start_job.structure = basis
        else:
            raise ValueError(
                "A structure can only be set after a start job has been assinged."
            )

[docs]    def get_structure(self, iteration_step=-1):
        """

        Returns:

        """
        if len(self.child_ids) > 0:
            return self.project.load(self.child_ids[-1]).get_structure(
                iteration_step=iteration_step
            )
        else:
            return None
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  Source code for pyiron.atomistics.master.sqsmaster

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from pyiron.atomistics.master.parallel import AtomisticParallelMaster
from pyiron_base import JobGenerator

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "0.0.1"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Oct 29, 2020"


[docs]class SQSMaster(AtomisticParallelMaster):
    def __init__(self, project, job_name):
        super(SQSMaster, self).__init__(project, job_name)
        self.__name__ = "SQSMaster"
        self.__version__ = "0.0.1"
        self.input["fraction_lst"] = []
        self.input["species_one"] = ""
        self.input["species_two"] = ""
        self._job_generator = SQSJobGenerator(self)

[docs]    def collect_output(self):
        pass


    @property
    def list_of_structures(self):
        return [self.project_hdf5.load(job_id).list_of_structures[0] for job_id in self.child_ids]

[docs]    def list_structures(self):
        return self.list_of_structures




[docs]class SQSJobGenerator(JobGenerator):
    @property
    def parameter_list(self):
        """

        Returns:
            (list)
        """
        return [
            [
                "sqs_" + str(np.round(f, 4)).replace(".", "_"),
                {self._master.input["species_one"]: f, self._master.input["species_two"]: 1-f}
            ]
            for f in self._master.input["fraction_lst"]
        ]

[docs]    @staticmethod
    def job_name(parameter):
        return parameter[0]


[docs]    def modify_job(self, job, parameter):
        job.input['mole_fractions'] = parameter[1]
        return job
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  Source code for pyiron.atomistics.master.structure

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from pyiron.atomistics.structure.atoms import Atoms
from pyiron.atomistics.master.parallel import ParallelMaster
from pyiron_base import JobGenerator

"""
The StructureListMaster class is a parallel master consisting of a list of structures which are executed in parallel.
"""

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2018"


[docs]class StructureJobGenerator(JobGenerator):
    """
    JobGenerator for the StructureListMaster - this class implements the functions to generate the parameter list,
    modify the individual jobs according to the parameter list and generate the new job names according to the
    parameter list.
    """

    @property
    def parameter_list(self):
        """

        Returns:
            (list): [[index(int), pyiron.atomistics.structure.atoms.Atoms], ...]
        """
        return list(enumerate(self._master.structure_lst))

[docs]    @staticmethod
    def job_name(parameter):
        """
        Generate job name for a give set of parameters

        Args:
            parameter: For the StructureListMaster the structures are simply numbered - struct_0, struct_1, ...

        Returns:
            str: job name for the next job
        """
        return "struct_" + str(parameter[0])


[docs]    def modify_job(self, job, parameter):
        """
        Modify the next job by setting the structure for the specific parameter

        Args:
            job (GenericJob): next job object to be executed
            parameter: includes the atomistic structure

        Returns:
            GenericJob:
        """
        job.structure = parameter[1]
        return job




[docs]class StructureListMaster(ParallelMaster):
    """
    The GenericMaster is the template class for all meta jobs - meaning all jobs which contain multiple other jobs. It
    defines the shared functionality of the different kind of job series.

    Args:
        project (ProjectHDFio): ProjectHDFio instance which points to the HDF5 file the job is stored in
        job_name (str): name of the job, which has to be unique within the project

    Attributes:

        .. attribute:: job_name

            name of the job, which has to be unique within the project

        .. attribute:: status

            execution status of the job, can be one of the following [initialized, appended, created, submitted,
                                                                      running, aborted, collect, suspended, refresh,
                                                                      busy, finished]

        .. attribute:: job_id

            unique id to identify the job in the pyiron database

        .. attribute:: parent_id

            job id of the predecessor job - the job which was executed before the current one in the current job series

        .. attribute:: master_id

            job id of the master job - a meta job which groups a series of jobs, which are executed either in parallel
            or in serial.

        .. attribute:: child_ids

            list of child job ids - only meta jobs have child jobs - jobs which list the meta job as their master

        .. attribute:: project

            Project instance the jobs is located in

        .. attribute:: project_hdf5

            ProjectHDFio instance which points to the HDF5 file the job is stored in

        .. attribute:: job_info_str

            short string to describe the job by it is job_name and job ID - mainly used for logging

        .. attribute:: working_directory

            working directory of the job is executed in - outside the HDF5 file

        .. attribute:: path

            path to the job as a combination of absolute file system path and path within the HDF5 file.

        .. attribute:: version

            Version of the hamiltonian, which is also the version of the executable unless a custom executable is used.

        .. attribute:: executable

            Executable used to run the job - usually the path to an external executable.

        .. attribute:: library_activated

            For job types which offer a Python library pyiron can use the python library instead of an external
            executable.

        .. attribute:: server

            Server object to handle the execution environment for the job.

        .. attribute:: queue_id

            the ID returned from the queuing system - it is most likely not the same as the job ID.

        .. attribute:: logger

            logger object to monitor the external execution and internal pyiron warnings.

        .. attribute:: restart_file_list

            list of files which are used to restart the calculation from these files.

        .. attribute:: job_type

            Job type object with all the available job types: ['ExampleJob', 'SerialMaster', 'ParallelMaster',
                                                               'ScriptJob', 'ListMaster']

        .. attribute:: child_names

            Dictionary matching the child ID to the child job name.
    """

    def __init__(self, project, job_name):
        super(StructureListMaster, self).__init__(project, job_name)
        self.__name__ = "StructureListMaster"
        self.__version__ = "0.0.1"
        self._job_generator = StructureJobGenerator(self)
        self._structure_lst = []

    @property
    def structure_lst(self):
        return self._structure_lst

    @structure_lst.setter
    def structure_lst(self, structure_lst):
        self._structure_lst = structure_lst

[docs]    def to_hdf(self, hdf=None, group_name=None):
        """
        Store the StructureListMaster object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(StructureListMaster, self).to_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input/structures") as hdf5_input:
            for ind, struct in enumerate(self.structure_lst):
                struct.to_hdf(hdf=hdf5_input, group_name="s_" + str(ind))


[docs]    def from_hdf(self, hdf=None, group_name=None):
        """
        Restore the StructureListMaster object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(StructureListMaster, self).from_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input/structures") as hdf5_input:
            self._structure_lst = [
                Atoms().from_hdf(hdf5_input, group_name)
                for group_name in sorted(hdf5_input.list_groups())
            ]


[docs]    def collect_output(self):
        """
        Implemented for compatibilty
        """
        pass


[docs]    def run_if_interactive_non_modal(self):
        """
        Implemented for compatibilty
        """
        raise TypeError


    def _run_if_busy(self):
        """
        Implemented for compatibilty
        """
        pass
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  Source code for pyiron.atomistics.nma.nma

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
import tamkin

from pyiron.atomistics.job.atomistic import Trajectory

from molmod.units import *
from molmod.constants import *
from molmod.periodic import periodic

import matplotlib.pyplot as pt

[docs]class NMA(tamkin.NMA):
    """
    This is a generic module to do a Normal Mode Analysis on a job type,
    which calculates the gradient and the hessian using TAMkin based on a job object.
    With the NMA object you can animate a certain mode and plot the IR spectrum.
    """
    def __init__(self,job, atomic_units=False):
        self.job = job
        if not job['output/generic/hessian'] is None and not job['output/generic/forces'] is None:
            structure = job.get_structure(-1)
            if atomic_units:
                mol = tamkin.Molecule(structure.get_atomic_numbers(),structure.get_positions(),np.array(structure.get_masses())*amu,
                                  job['output/generic/energy_tot'],job['output/generic/forces']*-1 ,job['output/generic/hessian'])
            else:
                mol = tamkin.Molecule(structure.get_atomic_numbers(),structure.get_positions()*angstrom,np.array(structure.get_masses())*amu,
                                  job['output/generic/energy_tot']*electronvolt,job['output/generic/forces']*-1*electronvolt/angstrom ,job['output/generic/hessian']*electronvolt/angstrom**2)
        else:
            raise ValueError('An NMA calculation requires a gradient and hessian.')
        super(NMA, self).__init__(mol)

[docs]    def animate_nma_mode(self,index,amplitude=1.0,frames=24,spacefill=False,particle_size=0.5):
        '''
            Visualize the normal mode corresponding to an index

            **Arguments**

            index       index corresponding to a normal mode

            amplitude   size of the deviation of the normal mode

            frames      number of frames that constitute the full mode (lower means faster movement)

            spacefill   remove atom bonds

            particle size
                        size of the atoms in the structure
        '''
        print("This mode corresponds to a frequency of {} 1/cm".format(self.freqs[index]/lightspeed/(1./centimeter)))
        coordinates = self.coordinates
        symbols = [periodic[n].symbol for n in self.numbers]

        mode = self.modes[:,index]
        if self.masses3 is not None:
            mode /= np.sqrt(self.masses3)
        mode /= np.linalg.norm(mode)

        positions = np.zeros((frames,len(symbols),3))

        for frame in range(frames):
            factor = amplitude*np.sin(2*np.pi*float(frame)/frames)
            positions[frame] = (coordinates + factor*mode.reshape((-1,3)))/angstrom

        try:
            import nglview
        except ImportError:
            raise ImportError("The animate_nma_mode() function requires the package nglview to be installed")

        animation = nglview.show_asetraj(Trajectory(positions,self.job.structure))
        if spacefill:
            animation.add_spacefill(radius_type='vdw', scale=0.5, radius=particle_size)
            animation.remove_ball_and_stick()
        else:
            animation.add_ball_and_stick()
        return animation


[docs]    def plot_IR_spectrum(self,width=10*lightspeed/centimeter,scale=1.0,intensities=None,charges=None):
        """
            Plot IR spectrum based on Lorentzian width, freqs can be scaled through scale
            Intensities can be provided (e.g. from a Gaussian job) or calculated from the charges

            **Arguments**

            width       width of the Lorentzian function

            scale       scales the frequencies with this factor

            intensities
                        IR intensities for spectrum, can be read from Gaussian job

            charges     charges to calculate IR intensities, from e.g. Yaff simulation

        """
        if not intensities is None:
            assert len(intensities) == (len(self.freqs)-len(self.zeros))
        if intensities is None and charges is None:
            raise ValueError('This function requires the charges or the intensities to calculate the line shape')
        elif not intensities is None and not charges is None:
            raise ValueError('Please only provide either the intensities or the charges')
        else:
            xr = np.arange(0,5001,1)*lightspeed/centimeter
            alphas = np.zeros(len(xr))

            # Calculate intensities
            amps = self.modes
            freqs = self.freqs * scale
            for n, (wn, ampn) in enumerate(zip(np.delete(freqs,self.zeros),np.delete(amps,self.zeros,axis=0))): #self.zeros contain the indices of the zero frequencies
                if not charges is None:
                    intensity = 0.0
                    for k in range(3):
                        for i, qi in enumerate(charges):
                            idx = 3*i+k
                            intensity += (qi*ampn[idx])**2
                else:
                    intensity = intensities[n]
                alphas += intensity*self._lorentz(xr,wn,width)
                print('Mode %i:    freq = %.3f 1/cm    IR ampl. = %.3e a.u.' %(n, wn/(lightspeed/centimeter), intensity))


            pt.clf()
            pt.plot(xr/(lightspeed/centimeter),alphas)
            pt.xlabel('Frequency [1/cm]')
            pt.ylabel('Absorption [a.u.]')
            pt.show()


    @staticmethod
    def _lorentz(x,p,w):
        """
        Lorentzian line shape function, p is position of max, w is FWHM and x is current frequency
        """
        return 1./(1.+((p-x)/(w/2.))**2)
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  Source code for pyiron.atomistics.structure.analyse

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from pyiron_base import Settings
from sklearn.cluster import AgglomerativeClustering
from scipy.sparse import coo_matrix
from pyiron.atomistics.structure.pyscal import get_steinhardt_parameter_structure, analyse_cna_adaptive, \
    analyse_centro_symmetry, analyse_diamond_structure, analyse_voronoi_volume

__author__ = "Joerg Neugebauer, Sam Waseda"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sam Waseda"
__email__ = "waseda@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"

s = Settings()

[docs]def get_average_of_unique_labels(labels, values):
    """

    This function returns the average values of those elements, which share the same labels

    Example:

    >>> labels = [0, 1, 0, 2]
    >>> values = [0, 1, 2, 3]
    >>> print(get_average_of_unique_labels(labels, values))
    array([1, 1, 3])

    """
    labels = np.unique(labels, return_inverse=True)[1]
    unique_labels = np.unique(labels)
    mat = coo_matrix((np.ones_like(labels), (labels, np.arange(len(labels)))))
    mean_values = np.asarray(mat.dot(np.asarray(values).reshape(len(labels), -1))/mat.sum(axis=1))
    if np.prod(mean_values.shape).astype(int)==len(unique_labels):
        return mean_values.flatten()
    return mean_values


[docs]class Analyse:
    """ Class to analyse atom structure.  """
    def __init__(self, structure):
        """
        Args:
            structure (:class:`pyiron.atomistics.structure.atoms.Atoms`): reference Atom structure.
        """
        self._structure = structure

[docs]    def get_layers(self, distance_threshold=0.01, id_list=None, wrap_atoms=True, planes=None):
        """
        Get an array of layer numbers.

        Args:
            distance_threshold (float): Distance below which two points are
                considered to belong to the same layer. For detailed
                description: sklearn.cluster.AgglomerativeClustering
            id_list (list/numpy.ndarray): List of atoms for which the layers
                should be considered.
            planes (list/numpy.ndarray): Planes along which the layers are calculated. Planes are
                given in vectors, i.e. [1, 0, 0] gives the layers along the x-axis. Default planes
                are orthogonal unit vectors: [[1, 0, 0], [0, 1, 0], [0, 0, 1]]. If you have a
                tilted box and want to calculate the layers along the directions of the cell
                vectors, use `planes=np.linalg.inv(structure.cell).T`. Whatever values are
                inserted, they are internally normalized, so whether [1, 0, 0] is entered or
                [2, 0, 0], the results will be the same.

        Returns: Array of layer numbers (same shape as structure.positions)

        Example I - how to get the number of layers in each direction:

        >>> structure = Project('.').create_structure('Fe', 'bcc', 2.83).repeat(5)
        >>> print('Numbers of layers:', np.max(structure.analyse.get_layers(), axis=0)+1)

        Example II - get layers of only one species:

        >>> print('Iron layers:', structure.analyse.get_layers(
        ...       id_list=structure.select_index('Fe')))
        """
        if distance_threshold <= 0:
            raise ValueError('distance_threshold must be a positive float')
        if id_list is not None and len(id_list)==0:
            raise ValueError('id_list must contain at least one id')
        if wrap_atoms and planes is None:
            positions, indices = self._structure.get_extended_positions(
                width=distance_threshold, return_indices=True
            )
            if id_list is not None:
                id_list = np.arange(len(self._structure))[np.array(id_list)]
                id_list = np.any(id_list[:,np.newaxis]==indices[np.newaxis,:], axis=0)
                positions = positions[id_list]
                indices = indices[id_list]
        else:
            positions = self._structure.positions
            if id_list is not None:
                positions = positions[id_list]
            if wrap_atoms:
                positions = self._structure.get_wrapped_coordinates(positions)
        if planes is not None:
            mat = np.asarray(planes).reshape(-1, 3)
            positions = np.einsum('ij,i,nj->ni', mat, 1/np.linalg.norm(mat, axis=-1), positions)
        layers = []
        for ii,x in enumerate(positions.T):
            cluster = AgglomerativeClustering(
                linkage='complete',
                n_clusters=None,
                distance_threshold=distance_threshold
            ).fit(x.reshape(-1,1))
            first_occurrences = np.unique(cluster.labels_, return_index=True)[1]
            permutation = x[first_occurrences].argsort().argsort()
            labels = permutation[cluster.labels_]
            if wrap_atoms and planes is None and self._structure.pbc[ii]:
                mean_positions = get_average_of_unique_labels(labels, positions)
                scaled_positions = np.einsum(
                    'ji,nj->ni', np.linalg.inv(self._structure.cell), mean_positions
                )
                unique_inside_box = np.all(np.absolute(scaled_positions-0.5+1.0e-8)<0.5, axis=-1)
                arr_inside_box = np.any(
                    labels[:,None]==np.unique(labels)[unique_inside_box][None,:], axis=-1
                )
                first_occurences = np.unique(indices[arr_inside_box], return_index=True)[1]
                labels = labels[arr_inside_box]
                labels -= np.min(labels)
                labels = labels[first_occurences]
            layers.append(labels)
        if planes is not None and len(np.asarray(planes).shape)==1:
            return np.asarray(layers).flatten()
        return np.vstack(layers).T


[docs]    def pyscal_steinhardt_parameter(self, neighbor_method="cutoff", cutoff=0, n_clusters=2,
                                            q=(4, 6), averaged=False, clustering=True):
        """
        Calculate Steinhardts parameters

        Args:
            neighbor_method (str) : can be ['cutoff', 'voronoi']
            cutoff (float) : can be 0 for adaptive cutoff or any other value
            n_clusters (int) : number of clusters for K means clustering
            q (list) : can be from 2-12, the required q values to be calculated
            averaged (bool) : If True, calculates the averaged versions of the parameter
            clustering (bool) : If True, cluster based on the q values

        Returns:
            list: calculated q parameters

        """
        return get_steinhardt_parameter_structure(
            self._structure, neighbor_method=neighbor_method, cutoff=cutoff, n_clusters=n_clusters,
            q=q, averaged=averaged, clustering=clustering
        )


[docs]    def pyscal_cna_adaptive(self, mode="total", ovito_compatibility=False):
        """
        Use common neighbor analysis

        Args:
            mode ("total"/"numeric"/"str"): Controls the style and level
                of detail of the output.
                - total : return number of atoms belonging to each structure
                - numeric : return a per atom list of numbers- 0 for unknown,
                    1 fcc, 2 hcp, 3 bcc and 4 icosa
                - str : return a per atom string of sructures
            ovito_compatibility(bool): use ovito compatiblity mode

        Returns:
            (depends on `mode`)
        """
        return analyse_cna_adaptive(atoms=self._structure, mode=mode, ovito_compatibility=ovito_compatibility)


[docs]    def pyscal_centro_symmetry(self, num_neighbors=12):
        """
        Analyse centrosymmetry parameter

        Args:
            num_neighbors (int) : number of neighbors

        Returns:
            list: list of centrosymmetry parameter
        """
        return analyse_centro_symmetry(atoms=self._structure, num_neighbors=num_neighbors)


[docs]    def pyscal_diamond_structure(self, mode="total", ovito_compatibility=False):
        """
        Analyse diamond structure

        Args:
            mode ("total"/"numeric"/"str"): Controls the style and level
            of detail of the output.
                - total : return number of atoms belonging to each structure
                - numeric : return a per atom list of numbers- 0 for unknown,
                    1 fcc, 2 hcp, 3 bcc and 4 icosa
                - str : return a per atom string of sructures
            ovito_compatibility(bool): use ovito compatiblity mode

        Returns:
            (depends on `mode`)
        """
        return analyse_diamond_structure(atoms=self._structure, mode=mode, ovito_compatibility=ovito_compatibility)


[docs]    def pyscal_voronoi_volume(self):
        """    Calculate the Voronoi volume of atoms        """
        return analyse_voronoi_volume(atoms=self._structure)
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  Source code for pyiron.atomistics.structure.atom

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from pyiron.atomistics.structure.periodic_table import PeriodicTable, ChemicalElement
from pyiron.atomistics.structure.sparse_list import SparseArrayElement
from six import string_types
from ase.atom import Atom as ASEAtom

__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Aug 1, 2020"


[docs]class Atom(ASEAtom, SparseArrayElement):
    """
    Class for representing a single atom derived from the `ASE atom class`_.

    Args:
        symbol (str/pyiron.atomistics.structure.periodic_table.ChemcicalElement): Symbol or elecment object
        position (list/numpy.ndarray): Position of atom in cartesian coordinates
        tag (str): Tag assigned to structure
        momentum (float): Momentum
        mass (float): Atomic mass in a.u.
        magmom (float): Magnetic moment in Bohn Magneton
        charge (float): Charge in e
        atoms (ase.atoms.Atoms): Assigned atoms
        index (int): Assigned index

    .. _ASE atom class: https://wiki.fysik.dtu.dk/ase/ase/atom.html

    """
    def __init__(
        self,
        symbol="X",
        position=(0, 0, 0),
        tag=None,
        momentum=None,
        mass=None,
        magmom=None,
        charge=None,
        atoms=None,
        index=None,
        pse=None,
        element=None,
        **qwargs
    ):
        if element is None:
            element = symbol

        SparseArrayElement.__init__(self, **qwargs)
        # super(SparseArrayElement, self).__init__(**qwargs)
        # verify that element is given (as string, ChemicalElement object or nucleus number
        if pse is None:
            pse = PeriodicTable()

        if element is None or element == "X":
            if "Z" in qwargs:
                el_symbol = pse.atomic_number_to_abbreviation(qwargs["Z"])
                self._lists["element"] = pse.element(el_symbol)
        else:
            if isinstance(element, string_types):
                el_symbol = element
                self._lists["element"] = pse.element(el_symbol)
            elif isinstance(element, str):
                el_symbol = element
                self._lists["element"] = pse.element(el_symbol)
            elif isinstance(element, ChemicalElement):
                self._lists["element"] = element
            else:
                raise ValueError("Unknown element type")

        # KeyError handling required for user defined elements
        try:
            ASEAtom.__init__(
                self,
                symbol=symbol,
                position=position,
                tag=tag,
                momentum=momentum,
                mass=mass,
                magmom=magmom,
                charge=charge,
                atoms=atoms,
                index=index)
        except KeyError:
            symbol = pse.Parent[symbol]
            ASEAtom.__init__(
                self,
                symbol=symbol,
                position=position,
                tag=tag,
                momentum=momentum,
                mass=mass,
                magmom=magmom,
                charge=charge,
                atoms=atoms,
                index=index)

        # ASE compatibility for tags
        for key, val in qwargs.items():
            self.data[key] = val

    @property
    def mass(self):
        """
        Gives the atomic mass of the atom

        Returns:
            float: The atomic mass in a.u.

        """
        return float(self.element.AtomicMass)

    @property
    def symbol(self):
        """
        The chemical symbol of the atom

        Returns:
            str: The chemical symbol of the atom

        """
        return self.element.Abbreviation

    @property
    def number(self):
        """
        The atomic number of the atom

        Returns:
            int: The atomic number according to the periodic table

        """
        return self.element.AtomicNumber

    def __eq__(self, other):
        if not (isinstance(other, Atom)):
            return False
        conditions = [
            np.allclose(self.position, other.position),
            self.symbol == other.symbol,
        ]
        return all(conditions)



[docs]def ase_to_pyiron(ase_obj):
    """
    Convert an ase.atom.Atom object to its equivalent pyiron structure

    Args:
        ase_obj(ase.atom.Atom): The ase atoms instance to convert

    Returns:
        pyiron.atomistics.structure.atom.Atom: The equivalent pyiron Atom

    """
    return Atom(symbol=ase_obj.symbol,
                position=ase_obj.position,
                tag=ase_obj.tag,
                momentum=ase_obj.momentum,
                mass=ase_obj.mass,
                magmom=ase_obj.magmom,
                charge=ase_obj.charge,
                atoms=ase_obj.atoms,
                index=ase_obj.index)
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  Source code for pyiron.atomistics.structure.atoms

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import division, print_function
from ase.atoms import Atoms as ASEAtoms, Atom as ASEAtom
import ast
from copy import copy
from collections import OrderedDict
import numpy as np
from six import string_types
import warnings
import seekpath
from pyiron.atomistics.structure.atom import Atom, ase_to_pyiron as ase_to_pyiron_atom
from pyiron.atomistics.structure.neighbors import Neighbors, Tree
from pyiron.atomistics.structure._visualize import Visualize
from pyiron.atomistics.structure.analyse import Analyse
from pyiron.atomistics.structure.sparse_list import SparseArray, SparseList
from pyiron.atomistics.structure.periodic_table import (
    PeriodicTable,
    ChemicalElement
)
from pyiron_base import Settings, deprecate, deprecate_soon

from scipy.spatial import cKDTree, Voronoi
import spglib

__author__ = "Joerg Neugebauer, Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"

s = Settings()


[docs]class Atoms(ASEAtoms):
    """
    The Atoms class represents all the information required to describe a structure at the atomic scale. This class is
    derived from the `ASE atoms class`_.

    Args:
        elements (list/numpy.ndarray): List of strings containing the elements or a list of
                            atomistics.structure.periodic_table.ChemicalElement instances
        numbers (list/numpy.ndarray): List of atomic numbers of elements
        symbols (list/numpy.ndarray): List of chemical symbols
        positions (list/numpy.ndarray): List of positions
        scaled_positions (list/numpy.ndarray): List of scaled positions (relative coordinates)
        pbc (list/numpy.ndarray/boolean): Tells if periodic boundary conditions should be applied on the three axes
        cell (list/numpy.ndarray instance): A 3x3 array representing the lattice vectors of the structure

    Note: Only one of elements/symbols or numbers should be assigned during initialization

    Attributes:

        indices (numpy.ndarray): A list of size N which gives the species index of the structure which has N atoms

    .. _ASE atoms class: https://wiki.fysik.dtu.dk/ase/ase/atoms.html

    """

    def __init__(
        self,
        symbols=None,
        positions=None,
        numbers=None,
        tags=None,
        momenta=None,
        masses=None,
        magmoms=None,
        charges=None,
        scaled_positions=None,
        cell=None,
        pbc=None,
        celldisp=None,
        constraint=None,
        calculator=None,
        info=None,
        indices=None,
        elements=None,
        dimension=None,
        species=None,
        **qwargs
    ):
        if symbols is not None:
            if elements is None:
                elements = symbols
            else:
                raise ValueError("Only elements OR symbols should be given.")
        if (
            tags is not None
            or momenta is not None
            or masses is not None
            or charges is not None
            or celldisp is not None
            or constraint is not None
            or calculator is not None
            or info is not None
        ):
            s.logger.debug("Not supported parameter used!")

        self._store_elements = dict()
        self._species_to_index_dict = None
        self._is_scaled = False

        self._species = list()
        self.indices = np.array([])
        self.constraints = None
        self._pse = PeriodicTable()
        self._tag_list = SparseArray()

        el_index_lst = list()
        element_list = None
        if numbers is not None:  # for ASE compatibility
            if not (elements is None):
                raise AssertionError()
            elements = self.numbers_to_elements(numbers)
        if elements is not None:
            el_object_list = None
            if isinstance(elements, str):
                element_list = self.convert_formula(elements)
            elif isinstance(elements, (list, tuple, np.ndarray)):
                if not all([isinstance(el, elements[0].__class__) for el in elements]):
                    object_list = list()
                    for el in elements:
                        if isinstance(el, (str, np.str, np.str_)):
                            object_list.append(self.convert_element(el))
                        if isinstance(el, ChemicalElement):
                            object_list.append(el)
                        if isinstance(el, Atom):
                            object_list.append(el.element)
                        if isinstance(el, (int, np.integer)):
                            # pse = PeriodicTable()
                            object_list.append(self._pse.element(el))
                        el_object_list = object_list

                if len(elements) == 0:
                    element_list = elements
                else:
                    if isinstance(elements[0], (list, tuple, np.ndarray)):
                        elements = np.array(elements).flatten()
                    if isinstance(elements[0], string_types):
                        element_list = elements
                    elif isinstance(elements[0], ChemicalElement):
                        el_object_list = elements
                    elif isinstance(elements[0], Atom):
                        el_object_list = [el.element for el in elements]
                        positions = [el.position for el in elements]
                    elif elements.dtype in [int, np.integer]:
                        el_object_list = self.numbers_to_elements(elements)
                    else:
                        raise ValueError(
                            "Unknown static type for element in list: "
                            + str(type(elements[0]))
                        )

            if el_object_list is None:
                el_object_list = [self.convert_element(el) for el in element_list]

            self.set_species(list(set(el_object_list)))
            # species_to_index_dict = {el: i for i, el in enumerate(self.species)}
            el_index_lst = [self._species_to_index_dict[el] for el in el_object_list]

        elif indices is not None:
            el_index_lst = indices
            self.set_species(species)

        self.indices = np.array(el_index_lst, dtype=int)

        el_lst = [el.Abbreviation if el.Parent is None else el.Parent for el in self.species]
        symbols = np.array([el_lst[el] for el in self.indices])
        self._tag_list._length = len(symbols)
        super(Atoms, self).__init__(symbols=symbols, positions=positions, numbers=None,
                                    tags=tags, momenta=momenta, masses=masses,
                                    magmoms=magmoms, charges=charges,
                                    scaled_positions=scaled_positions, cell=cell,
                                    pbc=pbc, celldisp=celldisp, constraint=constraint,
                                    calculator=calculator, info=info)

        self.bonds = None
        self.units = {"length": "A", "mass": "u"}
        self._symmetry_dataset = None
        self.set_initial_magnetic_moments(magmoms)
        self._high_symmetry_points = None
        self._high_symmetry_path = None
        self.dimension = dimension
        if len(self.positions) > 0:
            self.dimension = len(self.positions[0])
        else:
            self.dimension = 0
        self._visualize = Visualize(self)
        self._analyse = Analyse(self)

    @property
    def visualize(self):
        return self._visualize

    @property
    def analyse(self):
        return self._analyse

    @property
    def species(self):
        """
        list: A list of atomistics.structure.periodic_table.ChemicalElement instances

        """
        return self._species

    # @species.setter
[docs]    def set_species(self, value):
        """
        Setting the species list

        Args:
            value (list): A list atomistics.structure.periodic_table.ChemicalElement instances

        """
        if value is None:
            return
        value = list(value)
        self._species_to_index_dict = {el: i for i, el in enumerate(value)}
        self._species = value[:]
        self._store_elements = {el.Abbreviation: el for el in value}


    @property
    def elements(self):
        """
        numpy.ndarray: A size N list of atomistics.structure.periodic_table.ChemicalElement instances according
                       to the ordering of the atoms in the instance

        """
        return np.array([self.species[el] for el in self.indices])

[docs]    def get_high_symmetry_points(self):
        """
        dictionary of high-symmetry points defined for this specific structure.

        Returns:
            dict: high_symmetry_points
        """
        return self._high_symmetry_points


    def _set_high_symmetry_points(self, new_high_symmetry_points):
        """
        Sets new high symmetry points dictionary.

        Args:
            new_high_symmetry_points (dict): new high symmetry points
        """
        if not isinstance(new_high_symmetry_points, dict):
            raise ValueError("has to be dict!")
        self._high_symmetry_points = new_high_symmetry_points

[docs]    def add_high_symmetry_points(self, new_points):
        """
        Adds new points to the dict of existing high symmetry points.

        Args:
            new_points (dict): Points to add
        """
        if self.get_high_symmetry_points() is None:
            raise AssertionError("Construct high symmetry points first. Use self.create_line_mode_structure().")
        else:
            self._high_symmetry_points.update(new_points)


[docs]    def get_high_symmetry_path(self):
        """
        Path used for band structure calculations

        Returns:
            dict: dict of pathes with start and end points.

        """
        return self._high_symmetry_path


    def _set_high_symmetry_path(self, new_path):
        """
        Sets new list for the high symmetry path used for band structure calculations.

        Args:
            new_path (dict): dictionary of lists of tuples with start and end point.
                E.G. {"my_path": [('Gamma', 'X'), ('X', 'Y')]}
        """
        self._high_symmetry_path = new_path

[docs]    def add_high_symmetry_path(self, path):
        """
        Adds a new path to the dictionary of pathes for band structure calculations.

        Args:
            path (dict): dictionary of lists of tuples with start and end point.
                E.G. {"my_path": [('Gamma', 'X'), ('X', 'Y')]}
        """
        if self.get_high_symmetry_path() is None:
            raise AssertionError("Construct high symmetry path first. Use self.create_line_mode_structure().")

        for values_all in path.values():
            for values in values_all:
                if not len(values) == 2:
                    raise ValueError(
                        "'{}' is not a propper trace! It has to contain exactly 2 values! (start and end point)".format(
                            values))
                for v in values:
                    if v not in self.get_high_symmetry_points().keys():
                        raise ValueError("'{}' is not a valid high symmetry point".format(v))

        self._high_symmetry_path.update(path)


[docs]    def add_tag(self, *args, **qwargs):
        """
        Add tags to the atoms object.

        Examples:

            For selective dynamics::

            >>> self.add_tag(selective_dynamics=[False, False, False])

        """
        self._tag_list.add_tag(*args, **qwargs)


    # @staticmethod
[docs]    def numbers_to_elements(self, numbers):
        """
        Convert atomic numbers in element objects (needed for compatibility with ASE)

        Args:
            numbers (list): List of Element Numbers (as Integers; default in ASE)

        Returns:
            list: A list of elements as needed for pyiron

        """
        # pse = PeriodicTable()  # TODO; extend to internal PSE which can contain additional elements and tags
        atom_number_to_element = {}
        for i_el in set(numbers):
            i_el = int(i_el)
            atom_number_to_element[i_el] = self._pse.element(i_el)
        return [atom_number_to_element[i_el] for i_el in numbers]


[docs]    def copy(self):
        """
        Returns a copy of the instance

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: A copy of the instance

        """
        return self.__copy__()


[docs]    def to_hdf(self, hdf, group_name="structure"):
        """
        Save the object in a HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.FileHDFio): HDF path to which the object is to be saved
            group_name (str):
                Group name with which the object should be stored. This same name should be used to retrieve the object

        """
        # import time
        with hdf.open(group_name) as hdf_structure:
            # time_start = time.time()
            hdf_structure["TYPE"] = str(type(self))
            for el in self.species:
                if isinstance(el.tags, dict):
                    with hdf_structure.open("new_species") as hdf_species:
                        el.to_hdf(hdf_species)
            hdf_structure["species"] = [el.Abbreviation for el in self.species]
            hdf_structure["indices"] = self.indices

            with hdf_structure.open("tags") as hdf_tags:
                for tag in self._tag_list.keys():
                    tag_value = self._tag_list[tag]
                    if isinstance(tag_value, SparseList):
                        tag_value.to_hdf(hdf_tags, tag)
            hdf_structure["units"] = self.units
            hdf_structure["dimension"] = self.dimension

            if self.cell is not None:
                with hdf_structure.open("cell") as hdf_cell:
                    # Convert ASE cell object to numpy array before storing
                    hdf_cell["cell"] = np.array(self.cell)
                    hdf_cell["pbc"] = self.pbc

            # hdf_structure["coordinates"] = self.positions  # "Atomic coordinates"
            hdf_structure["positions"] = self.positions  # "Atomic coordinates"

            # potentials with explicit bonds (TIP3P, harmonic, etc.)
            if self.bonds is not None:
                hdf_structure["explicit_bonds"] = self.bonds

            # print ('time in atoms.to_hdf: ', time.time() - time_start)

            if self._high_symmetry_points is not None:
                hdf_structure["high_symmetry_points"] = self._high_symmetry_points

            if self._high_symmetry_path is not None:
                hdf_structure["high_symmetry_path"] = self._high_symmetry_path

            hdf_structure["info"] = self.info


[docs]    def from_hdf(self, hdf, group_name="structure"):
        """
        Retrieve the object from a HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.FileHDFio): HDF path to which the object is to be saved
            group_name (str): Group name from which the Atoms object is retreived.

        Returns:
            pyiron_atomistic.structure.atoms.Atoms: The retrieved atoms class

        """
        if "indices" in hdf[group_name].list_nodes():
            with hdf.open(group_name) as hdf_atoms:
                if "new_species" in hdf_atoms.list_groups():
                    with hdf_atoms.open("new_species") as hdf_species:
                        self._pse.from_hdf(hdf_species)

                el_object_list = [
                    self.convert_element(el, self._pse) for el in hdf_atoms["species"]
                ]
                self.indices = hdf_atoms["indices"]
                self._tag_list._length = len(self.indices)

                self.set_species(el_object_list)
                self.bonds = None

                tr_dict = {1: True, 0: False}
                self.dimension = hdf_atoms["dimension"]
                self.units = hdf_atoms["units"]

                if "cell" in hdf_atoms.list_groups():
                    with hdf_atoms.open("cell") as hdf_cell:
                        self.cell = hdf_cell["cell"]
                        self.pbc = hdf_cell["pbc"]

                # Backward compatibility
                position_tag = "positions"
                if position_tag not in hdf_atoms.list_nodes():
                    position_tag = "coordinates"
                if "is_absolute" in hdf_atoms.list_nodes():
                    if not tr_dict[hdf_atoms["is_absolute"]]:
                        self.set_scaled_positions(hdf_atoms[position_tag])
                    else:
                        self.arrays['positions'] = hdf_atoms[position_tag]
                else:
                    self.arrays['positions'] = hdf_atoms[position_tag]

                self.arrays['numbers'] = self.get_atomic_numbers()

                if "explicit_bonds" in hdf_atoms.list_nodes():
                    # print "bonds: "
                    self.bonds = hdf_atoms["explicit_bonds"]

                if "tags" in hdf_atoms.list_groups():
                    with hdf_atoms.open("tags") as hdf_tags:
                        tags = hdf_tags.list_nodes()
                        for tag in tags:
                            # tr_dict = {'0': False, '1': True}
                            if isinstance(hdf_tags[tag], (list, np.ndarray)):
                                my_list = hdf_tags[tag]
                                self._tag_list[tag] = SparseList(
                                    my_list, length=len(self)
                                )

                            else:
                                my_dict = hdf_tags.get_pandas(tag).to_dict()
                                my_dict = {
                                    i: val
                                    for i, val in zip(
                                        my_dict["index"], my_dict["values"]
                                    )
                                }
                                self._tag_list[tag] = SparseList(
                                    my_dict, length=len(self)
                                )

                if "bonds" in hdf_atoms.list_nodes():
                    self.bonds = hdf_atoms["explicit_bonds"]

                self._high_symmetry_points = None
                if "high_symmetry_points" in hdf_atoms.list_nodes():
                    self._high_symmetry_points = hdf_atoms["high_symmetry_points"]

                self._high_symmetry_path = None
                if "high_symmetry_path" in hdf_atoms.list_nodes():
                    self._high_symmetry_path = hdf_atoms["high_symmetry_path"]
                if "info" in hdf_atoms.list_nodes():
                    self.info = hdf_atoms["info"]
                return self

        else:
            return self._from_hdf_old(hdf, group_name)


    def _from_hdf_old(self, hdf, group_name="structure"):
        """
        This function exits merely for the purpose of backward compatibility
        """
        with hdf.open(group_name) as hdf_atoms:
            self._pse = PeriodicTable()
            if "species" in hdf_atoms.list_groups():
                with hdf_atoms.open("species") as hdf_species:
                    self._pse.from_hdf(hdf_species)
            chemical_symbols = np.array(hdf_atoms["elements"], dtype=str)
            el_object_list = [
                self.convert_element(el, self._pse) for el in chemical_symbols
            ]
            self.set_species(list(set(el_object_list)))
            self.indices = [self._species_to_index_dict[el] for el in el_object_list]
            self._tag_list._length = len(self)
            self.bonds = None
            if "explicit_bonds" in hdf_atoms.list_nodes():
                # print "bonds: "
                self.bonds = hdf_atoms["explicit_bonds"]

            if "tags" in hdf_atoms.list_groups():
                with hdf_atoms.open("tags") as hdf_tags:
                    tags = hdf_tags.list_nodes()
                    for tag in tags:
                        # tr_dict = {'0': False, '1': True}
                        if isinstance(hdf_tags[tag], (list, np.ndarray)):
                            my_list = hdf_tags[tag]
                            self._tag_list[tag] = SparseList(my_list, length=len(self))

                        else:
                            my_dict = hdf_tags.get_pandas(tag).to_dict()
                            my_dict = {
                                i: val
                                for i, val in zip(my_dict["index"], my_dict["values"])
                            }
                            self._tag_list[tag] = SparseList(my_dict, length=len(self))

            self.cell = None
            if "cell" in hdf_atoms.list_groups():
                with hdf_atoms.open("cell") as hdf_cell:
                    self.cell = hdf_cell["cell"]
                    self.pbc = hdf_cell["pbc"]

            tr_dict = {1: True, 0: False}
            self.dimension = hdf_atoms["dimension"]
            if "is_absolute" in hdf_atoms and not tr_dict[hdf_atoms["is_absolute"]]:
                self.positions = hdf_atoms["coordinates"]
            else:
                self.set_scaled_positions(hdf_atoms["coordinates"])
            self.units = hdf_atoms["units"]

            if "bonds" in hdf_atoms.list_nodes():
                self.bonds = hdf_atoms["explicit_bonds"]

            self._high_symmetry_points = None
            if "high_symmetry_points" in hdf_atoms.list_nodes():
                self._high_symmetry_points = hdf_atoms["high_symmetry_points"]
            return self

[docs]    def select_index(self, el):
        """
        Returns the indices of a given element in the structure

        Args:
            el (str/atomistics.structures.periodic_table.ChemicalElement/list): Element for which the indices should
                                                                                  be returned
        Returns:
            numpy.ndarray: An array of indices of the atoms of the given element

        """
        if isinstance(el, str):
            return np.where(self.get_chemical_symbols() == el)[0]
        elif isinstance(el, ChemicalElement):
            return np.where([e == el for e in self.get_chemical_elements()])[0]
        if isinstance(el, (list, np.ndarray)):
            if isinstance(el[0], str):
                return np.where(np.isin(self.get_chemical_symbols(), el))[0]
            elif isinstance(el[0], ChemicalElement):
                return np.where([e in el for e in self.get_chemical_elements()])[0]


[docs]    def select_parent_index(self, el):
        """
        Returns the indices of a given element in the structure ignoring user defined elements

        Args:
            el (str/atomistics.structures.periodic_table.ChemicalElement): Element for which the indices should
                                                                                  be returned
        Returns:
            numpy.ndarray: An array of indices of the atoms of the given element

        """
        parent_basis = self.get_parent_basis()
        return parent_basis.select_index(el)


[docs]    def get_tags(self):
        """
        Returns the keys of the stored tags of the structure

        Returns:
            dict_keys: Keys of the stored tags

        """
        return self._tag_list.keys()


[docs]    def convert_element(self, el, pse=None):
        """
        Convert a string or an atom instance into a ChemicalElement instance

        Args:
            el (str/atomistics.structure.atom.Atom): String or atom instance from which the element should
                                                            be generated
            pse (atomistics.structure.periodictable.PeriodicTable): PeriodicTable instance from which the element
                                                                           is generated (optional)

        Returns:

            atomistics.structure.periodictable.ChemicalElement: The required chemical element

        """
        if el in list(self._store_elements.keys()):
            return self._store_elements[el]

        if isinstance(el, string_types):  # as symbol
            element = Atom(el, pse=pse).element
        elif isinstance(el, Atom):
            element = el.element
            el = el.element.Abbreviation
        elif isinstance(el, ChemicalElement):
            element = el
            el = el.Abbreviation
        else:
            raise ValueError("Unknown static type to specify a element")

        self._store_elements[el] = element
        if hasattr(self, "species"):
            if element not in self.species:
                self._species.append(element)
                self.set_species(self._species)
        return element


[docs]    def get_chemical_formula(self):
        """
        Returns the chemical formula of structure

        Returns:
            str: The chemical formula as a string

        """
        species = self.get_number_species_atoms()
        formula = ""
        for string_sym, num in species.items():
            if num == 1:
                formula += str(string_sym)
            else:
                formula += str(string_sym) + str(num)
        return formula


[docs]    def get_chemical_indices(self):
        """
        Returns the list of chemical indices as ordered in self.species

        Returns:
            numpy.ndarray: A list of chemical indices

        """
        return self.indices


[docs]    def get_atomic_numbers(self):
        """
        Returns the atomic numbers of all the atoms in the structure

        Returns:
            numpy.ndarray: A list of atomic numbers

        """
        el_lst = [el.AtomicNumber for el in self.species]
        return np.array([el_lst[el] for el in self.indices])


[docs]    def get_chemical_symbols(self):
        """
        Returns the chemical symbols for all the atoms in the structure

        Returns:
            numpy.ndarray: A list of chemical symbols

        """
        el_lst = [el.Abbreviation for el in self.species]
        return np.array([el_lst[el] for el in self.indices])


[docs]    def get_parent_symbols(self):
        """
        Returns the chemical symbols for all the atoms in the structure even for user defined elements

        Returns:
            numpy.ndarray: A list of chemical symbols

        """
        sp_parent_list = list()
        for sp in self.species:
            if isinstance(sp.Parent, (float, np.float, type(None))):
                sp_parent_list.append(sp.Abbreviation)
            else:
                sp_parent_list.append(sp.Parent)
        return np.array([sp_parent_list[i] for i in self.indices])


[docs]    def get_parent_basis(self):
        """
        Returns the basis with all user defined/special elements as the it's parent

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: Structure without any user defined elements

        """
        parent_basis = copy(self)
        new_species = np.array(parent_basis.species)
        for i, sp in enumerate(new_species):
            if not isinstance(sp.Parent, (float, np.float, type(None))):
                pse = PeriodicTable()
                new_species[i] = pse.element(sp.Parent)
        sym_list = [el.Abbreviation for el in new_species]
        if len(sym_list) != len(np.unique(sym_list)):
            uni, ind, inv_ind = np.unique(
                sym_list, return_index=True, return_inverse=True
            )
            new_species = new_species[ind].copy()
            parent_basis.set_species(list(new_species))
            indices_copy = parent_basis.indices.copy()
            for i, ind_ind in enumerate(inv_ind):
                indices_copy[parent_basis.indices == i] = ind_ind
            parent_basis.indices = indices_copy
            return parent_basis
        parent_basis.set_species(list(new_species))
        return parent_basis


[docs]    def get_chemical_elements(self):
        """
        Returns the list of chemical element instances

        Returns:
            numpy.ndarray: A list of chemical element instances

        """
        return self.elements


[docs]    def get_number_species_atoms(self):
        """
        Returns a dictionary with the species in the structure and the corresponding count in the structure

        Returns:
            collections.OrderedDict: An ordered dictionary with the species and the corresponding count

        """
        count = OrderedDict()
        # print "sorted: ", sorted(set(self.elements))
        for el in sorted(set(self.get_chemical_symbols())):
            count[el] = 0

        for el in self.get_chemical_symbols():
            count[el] += 1
        return count


[docs]    def get_species_symbols(self):
        """
        Returns the symbols of the present species

        Returns:
            numpy.ndarray: List of the symbols of the species

        """
        return np.array(sorted([el.Abbreviation for el in self.species]))


[docs]    def get_species_objects(self):
        """


        Returns:

        """
        el_set = self.species
        el_sym_lst = {el.Abbreviation: i for i, el in enumerate(el_set)}
        el_sorted = self.get_species_symbols()
        return [el_set[el_sym_lst[el]] for el in el_sorted]


[docs]    def get_number_of_species(self):
        """

        Returns:

        """
        return len(self.species)


[docs]    def get_number_of_degrees_of_freedom(self):
        """

        Returns:

        """
        return len(self) * self.dimension


[docs]    def get_center_of_mass(self):
        """
        Returns:
            com (float): center of mass in A
        """
        masses = self.get_masses()
        return np.einsum("i,ij->j", masses, self.positions) / np.sum(masses)


[docs]    def get_masses(self):
        """
        Gets the atomic masses of all atoms in the structure

        Returns:
            numpy.ndarray: Array of masses

        """
        el_lst = [el.AtomicMass for el in self.species]
        return np.array([el_lst[el] for el in self.indices])


[docs]    def get_masses_dof(self):
        """

        Returns:

        """
        dim = self.dimension
        return np.repeat(self.get_masses(), dim)


[docs]    def get_volume(self, per_atom=False):
        """

        Args:
            per_atom (bool): True if volume per atom is to be returned

        Returns:
            volume (float): Volume in A**3

        """
        if per_atom:
            return np.abs(np.linalg.det(self.cell)) / len(self)
        else:
            return np.abs(np.linalg.det(self.cell))


[docs]    def get_density(self):
        """
        Returns the density in g/cm^3

        Returns:
            float: Density of the structure

        """
        # conv_factor = Ang3_to_cm3/scipi.constants.Avogadro
        # with Ang3_to_cm3 = 1e24
        conv_factor = 1.660539040427164
        return conv_factor * np.sum(self.get_masses()) / self.get_volume()


[docs]    def get_number_of_atoms(self):
        """

        Returns:

        """
        # assert(len(self) == np.sum(self.get_number_species_atoms().values()))
        return len(self)


[docs]    @deprecate
    def set_absolute(self):
        if self._is_scaled:
            self._is_scaled = False


[docs]    @deprecate
    def set_relative(self):
        if not self._is_scaled:
            self._is_scaled = True


[docs]    def get_wrapped_coordinates(self, positions, epsilon=1.0e-8):
        """
        Return coordinates in wrapped in the periodic cell

        Args:
            positions (list/numpy.ndarray): Positions
            epsilon (float): displacement to add to avoid wrapping of atoms at borders

        Returns:

            numpy.ndarray: Wrapped positions

        """
        scaled_positions = np.einsum(
            'ji,nj->ni', np.linalg.inv(self.cell), np.asarray(positions).reshape(-1, 3)
        )
        if any(self.pbc):
            scaled_positions[:, self.pbc] -= np.floor(scaled_positions[:, self.pbc]+epsilon)
        new_positions = np.einsum('ji,nj->ni', self.cell, scaled_positions)
        return new_positions.reshape(np.asarray(positions).shape)


[docs]    def center_coordinates_in_unit_cell(self, origin=0, eps=1e-4):
        """
        Wrap atomic coordinates within the supercell as given by a1, a2., a3

        Args:
            origin (float):  0 to confine between 0 and 1, -0.5 to confine between -0.5 and 0.5
            eps (float): Tolerance to detect atoms at cell edges

        Returns:

            pyiron.atomistics.structure.atoms.Atoms: Wrapped structure

        """
        if any(self.pbc):
            self.set_scaled_positions(
                np.mod(self.get_scaled_positions(wrap=False) + eps, 1) - eps + origin
            )
        return self


[docs]    def create_line_mode_structure(self,
                                   with_time_reversal=True,
                                   recipe='hpkot',
                                   threshold=1e-07,
                                   symprec=1e-05,
                                   angle_tolerance=-1.0,
                                   ):
        """
        Uses 'seekpath' to create a new structure with high symmetry points and path for band structure calculations.

        Args:
            with_time_reversal (bool): if False, and the group has no inversion symmetry,
                additional lines are returned as described in the HPKOT paper.
            recipe (str): choose the reference publication that defines the special points and paths.
                Currently, only 'hpkot' is implemented.
            threshold (float): the threshold to use to verify if we are in and edge case
                (e.g., a tetragonal cell, but a==c). For instance, in the tI lattice, if abs(a-c) < threshold,
                a EdgeCaseWarning is issued. Note that depending on the bravais lattice,
                the meaning of the threshold is different (angle, length, …)
            symprec (float): the symmetry precision used internally by SPGLIB
            angle_tolerance (float): the angle_tolerance used internally by SPGLIB

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: new structure
        """
        input_structure = (self.cell, self.get_scaled_positions(), self.indices)
        sp_dict = seekpath.get_path(structure=input_structure,
                                    with_time_reversal=with_time_reversal,
                                    recipe=recipe,
                                    threshold=threshold,
                                    symprec=symprec,
                                    angle_tolerance=angle_tolerance,
                                    )

        original_element_list = [el.Abbreviation for el in self.species]
        element_list = [original_element_list[l] for l in sp_dict["primitive_types"]]
        positions = sp_dict["primitive_positions"]
        pbc = self.pbc
        cell = sp_dict["primitive_lattice"]

        struc_new = Atoms(elements=element_list, scaled_positions=positions, pbc=pbc, cell=cell)

        struc_new._set_high_symmetry_points(sp_dict["point_coords"])
        struc_new._set_high_symmetry_path({"full": sp_dict["path"]})

        return struc_new


[docs]    def repeat(self, rep):
        """Create new repeated atoms object.

        The *rep* argument should be a sequence of three positive
        integers like *(2,3,1)* or a single integer (*r*) equivalent
        to *(r,r,r)*."""

        atoms = self.copy()
        atoms *= rep
        return atoms


[docs]    def set_repeat(self, vec):
        self *= vec


[docs]    def repeat_points(self, points, rep, centered=False):
        """
        Return points with repetition given according to periodic boundary conditions

        Args:
            points (np.ndarray/list): xyz vector or list/array of xyz vectors
            rep (int/list/np.ndarray): Repetition in each direction.
                                       If int is given, the same value is used for
                                       every direction
            centered (bool): Whether the original points should be in the center of
                             repeated points.

        Returns:
            (np.ndarray) repeated points
        """
        n = np.array([rep]).flatten()
        if len(n)==1:
            n = np.tile(n, 3)
        if len(n)!=3:
            raise ValueError('rep must be an integer or a list of 3 integers')
        vector = np.array(points)
        if vector.shape[-1]!=3:
            raise ValueError('points must be an xyz vector or a list/array of xyz vectors')
        if centered and np.mod(n, 2).sum()!=3:
            warnings.warn('When centered, only odd number of repetition should be used')
        v = vector.reshape(-1, 3)
        n_lst = []
        for nn in n:
            if centered:
                n_lst.append(np.arange(nn)-int(nn/2))
            else:
                n_lst.append(np.arange(nn))
        meshgrid = np.meshgrid(n_lst[0], n_lst[1], n_lst[2])
        v_repeated = np.einsum('ni,ij->nj', np.stack(meshgrid, axis=-1).reshape(-1, 3), self.cell)
        v_repeated = v_repeated[:, np.newaxis, :]+v[np.newaxis, :, :]
        return v_repeated.reshape((-1,)+vector.shape)


[docs]    def reset_absolute(self, is_absolute):
        raise NotImplementedError("This function was removed!")


[docs]    @deprecate("Use Atoms.analyse.pyscal_cna_adaptive() with ovito_compatibility=True instead")
    def analyse_ovito_cna_adaptive(self, mode="total"):
        return self._analyse.pyscal_cna_adaptive(mode=mode, ovito_compatibility=True)

    analyse_ovito_cna_adaptive.__doc__ = Analyse.pyscal_cna_adaptive.__doc__

[docs]    @deprecate('Use Atoms.analyse.pyscal_centro_symmetry() instead')
    def analyse_ovito_centro_symmetry(self, num_neighbors=12):
        return self._analyse.pyscal_centro_symmetry(num_neighbors=num_neighbors)

    analyse_ovito_centro_symmetry.__doc__ = Analyse.pyscal_centro_symmetry.__doc__

[docs]    @deprecate("Use Atoms.analyse.pyscal_voronoi_volume() instead")
    def analyse_ovito_voronoi_volume(self):
        return self._analyse.pyscal_voronoi_volume()

    analyse_ovito_voronoi_volume.__doc__ = Analyse.pyscal_voronoi_volume.__doc__

[docs]    @deprecate("Use Atoms.analyse.pyscal_steinhardt_parameter() instead")
    def analyse_pyscal_steinhardt_parameter(self, neighbor_method="cutoff", cutoff=0, n_clusters=2,
                                            q=(4, 6), averaged=False, clustering=True):
        return self._analyse.pyscal_steinhardt_parameter(
            neighbor_method=neighbor_method, cutoff=cutoff, n_clusters=n_clusters,
            q=q, averaged=averaged, clustering=clustering
        )

    analyse_pyscal_steinhardt_parameter.__doc__ = Analyse.pyscal_steinhardt_parameter.__doc__

[docs]    @deprecate("Use Atoms.analyse.pyscal_cna_adaptive() instead")
    def analyse_pyscal_cna_adaptive(self, mode="total", ovito_compatibility=False):
        return self._analyse.pyscal_cna_adaptive(mode=mode, ovito_compatibility=ovito_compatibility)

    analyse_pyscal_cna_adaptive.__doc__ = Analyse.pyscal_cna_adaptive.__doc__

[docs]    @deprecate("Use Atoms.analyse.pyscal_centro_symmetry() instead")
    def analyse_pyscal_centro_symmetry(self, num_neighbors=12):
        return self._analyse.pyscal_centro_symmetry(num_neighbors=num_neighbors)

    analyse_pyscal_centro_symmetry.__doc__ = Analyse.pyscal_centro_symmetry.__doc__

[docs]    @deprecate("Use Atoms.analyse.pyscal_diamond_structure() instead")
    def analyse_pyscal_diamond_structure(self, mode="total", ovito_compatibility=False):
        return self._analyse.pyscal_diamond_structure(mode=mode, ovito_compatibility=ovito_compatibility)

    analyse_pyscal_diamond_structure.__doc__ = Analyse.pyscal_diamond_structure.__doc__

[docs]    @deprecate("Use Atoms.analyse.pyscal_voronoi_volume() instead")
    def analyse_pyscal_voronoi_volume(self):
        return self._analyse.pyscal_voronoi_volume()

    analyse_pyscal_voronoi_volume.__doc__ = Analyse.pyscal_voronoi_volume.__doc__

[docs]    @deprecate("Use get_symmetry()['equivalent_atoms'] instead")
    def analyse_phonopy_equivalent_atoms(self):
        from pyiron.atomistics.structure.phonopy import analyse_phonopy_equivalent_atoms
        return analyse_phonopy_equivalent_atoms(atoms=self)


[docs]    def plot3d(
        self,
        mode='NGLview',
        show_cell=True,
        show_axes=True,
        camera="orthographic",
        spacefill=True,
        particle_size=1.0,
        select_atoms=None,
        background="white",
        color_scheme=None,
        colors=None,
        scalar_field=None,
        scalar_start=None,
        scalar_end=None,
        scalar_cmap=None,
        vector_field=None,
        vector_color=None,
        magnetic_moments=False,
        view_plane=np.array([0, 0, 1]),
        distance_from_camera=1.0,
        opacity=1.0
    ):
        return self.visualize.plot3d(
            mode=mode,
            show_cell=show_cell,
            show_axes=show_axes,
            camera=camera,
            spacefill=spacefill,
            particle_size=particle_size,
            select_atoms=select_atoms,
            background=background,
            color_scheme=color_scheme,
            colors=colors,
            scalar_field=scalar_field,
            scalar_start=scalar_start,
            scalar_end=scalar_end,
            scalar_cmap=scalar_cmap,
            vector_field=vector_field,
            vector_color=vector_color,
            magnetic_moments=magnetic_moments,
            view_plane=view_plane,
            distance_from_camera=distance_from_camera,
            opacity=opacity,
        )

    plot3d.__doc__ = Visualize.plot3d.__doc__

[docs]    def pos_xyz(self):
        """

        Returns:

        """
        x = self.positions[:, 0]
        y = self.positions[:, 1]
        z = self.positions[:, 2]
        return x, y, z


[docs]    def scaled_pos_xyz(self):
        """

        Returns:

        """
        xyz = self.get_scaled_positions(wrap=False)
        return xyz[:, 0], xyz[:, 1], xyz[:, 2]


[docs]    def get_extended_positions(self, width, return_indices=False, norm_order=2):
        """
        Get all atoms in the boundary around the supercell which have a distance
        to the supercell boundary of less than dist

        Args:
            width (float): width of the buffer layer on every periodic box side within which all
                atoms across periodic boundaries are chosen.
            return_indices (bool): Whether or not return the original indices of the appended
                atoms.
            norm_order (float): Order of Lp-norm.

        Returns:
            numpy.ndarray: Positions of all atoms in the extended box, indices of atoms in
                their original option (if return_indices=True)

        """
        if width<0:
            raise ValueError('Invalid width')
        if width==0:
            if return_indices:
                return self.positions, np.arange(len(self))
            return self.positions
        width /= np.linalg.det(self.cell)
        width *= np.linalg.norm(
            np.cross(np.roll(self.cell, -1, axis=0), np.roll(self.cell, 1, axis=0)),
            axis=-1,
            ord=norm_order,
        )
        rep = 2*np.ceil(width).astype(int)*self.pbc+1
        rep = [np.arange(r)-int(r/2) for r in rep]
        meshgrid = np.meshgrid(rep[0], rep[1], rep[2])
        meshgrid = np.stack(meshgrid, axis=-1).reshape(-1, 3)
        v_repeated = np.einsum('ni,ij->nj', meshgrid, self.cell)
        v_repeated = v_repeated[:,np.newaxis,:]+self.positions[np.newaxis,:,:]
        v_repeated = v_repeated.reshape(-1, 3)
        indices = np.tile(np.arange(len(self)), len(meshgrid))
        dist = v_repeated-np.sum(self.cell*0.5, axis=0)
        dist = np.absolute(np.einsum('ni,ij->nj', dist+1e-8, np.linalg.inv(self.cell)))-0.5
        check_dist = np.all(dist-width<0, axis=-1)
        indices = indices[check_dist]%len(self)
        v_repeated = v_repeated[check_dist]
        if return_indices:
            return v_repeated, indices
        return v_repeated


[docs]    def get_numbers_of_neighbors_in_sphere(
            self,
            cutoff_radius=10,
            num_neighbors=None,
            id_list=None,
            width_buffer=1.2,
    ):
        """
        Function to compute the maximum number of neighbors in a sphere around each atom.
        Args:
            cutoff_radius (float): Upper bound of the distance to which the search must be done
            num_neighbors (int/None): maximum number of neighbors found
            id_list (list): list of atoms the neighbors are to be looked for
            width_buffer (float): width of the layer to be added to account for pbc.

        Returns:
            (np.ndarray) : for each atom the number of neighbors found in the sphere of radius
                           cutoff_radius (<= num_neighbors if specified)
        """
        if num_neighbors is not None:
            neigh = self._get_neighbors(
                num_neighbors=num_neighbors,
                t_vec=False,
                id_list=id_list,
                cutoff_radius=cutoff_radius,
                width_buffer=width_buffer,
            )
            num_neighbors_per_atom = np.sum(neigh.distances < np.inf, axis=-1)
        else:
            volume_per_atom = self.get_volume(per_atom=True)
            if id_list is not None:
                volume_per_atom = self.get_volume() / len(id_list)
            num_neighbors = int((1 + width_buffer) *
                                4. / 3. * np.pi * cutoff_radius ** 3 / volume_per_atom)
            num_neighbors_old = num_neighbors - 1
            while num_neighbors_old < num_neighbors:
                neigh = self._get_neighbors(
                    num_neighbors=num_neighbors,
                    t_vec=False,
                    id_list=id_list,
                    cutoff_radius=cutoff_radius,
                    width_buffer=width_buffer,
                )
                num_neighbors_old = num_neighbors
                num_neighbors_per_atom = np.sum(neigh.distances < np.inf, axis=-1)
                num_neighbors = num_neighbors_per_atom.max()
                if num_neighbors == num_neighbors_old:
                    num_neighbors = 2 * num_neighbors
        return num_neighbors_per_atom


[docs]    def get_neighbors_by_distance(
        self,
        cutoff_radius=5,
        num_neighbors=None,
        t_vec=True,
        tolerance=2,
        id_list=None,
        width_buffer=1.2,
        allow_ragged=True,
        norm_order=2,
    ):
        """

        Args:
            cutoff_radius (float): Upper bound of the distance to which the search must be done
            num_neighbors (int/None): maximum number of neighbors found; if None this is estimated based on the density.
            t_vec (bool): True: compute distance vectors
                        (pbc are automatically taken into account)
            tolerance (int): tolerance (round decimal points) used for computing neighbor shells
            id_list (list): list of atoms the neighbors are to be looked for
            width_buffer (float): width of the layer to be added to account for pbc.
            allow_ragged (bool): Whether to allow ragged list of arrays or rectangular
                numpy.ndarray filled with np.inf for values outside cutoff_radius
            norm_order (int): Norm to use for the neighborhood search and shell recognition. The
                definition follows the conventional Lp norm (cf.
                https://en.wikipedia.org/wiki/Lp_space). This is an feature and for anything
                other than norm_order=2, there is no guarantee that this works flawlessly.

        Returns:

            pyiron.atomistics.structure.atoms.Neighbors: Neighbors instances with the neighbor
                indices, distances and vectors

        """
        return self.get_neighbors(
            cutoff_radius=cutoff_radius,
            num_neighbors=num_neighbors,
            t_vec=t_vec,
            tolerance=tolerance,
            id_list=id_list,
            width_buffer=width_buffer,
            allow_ragged=allow_ragged,
            norm_order=norm_order,
        )


[docs]    def get_neighbors(
        self,
        num_neighbors=12,
        t_vec=True,
        tolerance=2,
        id_list=None,
        cutoff_radius=np.inf,
        width_buffer=1.2,
        allow_ragged=False,
        norm_order=2,
    ):
        """

        Args:
            num_neighbors (int): number of neighbors
            t_vec (bool): True: compute distance vectors
                        (pbc are automatically taken into account)
            tolerance (int): tolerance (round decimal points) used for computing neighbor shells
            id_list (list): list of atoms the neighbors are to be looked for
            cutoff_radius (float): Upper bound of the distance to which the search must be done
            width_buffer (float): width of the layer to be added to account for pbc.
            allow_ragged (bool): Whether to allow ragged list of arrays or rectangular
                numpy.ndarray filled with np.inf for values outside cutoff_radius
            norm_order (int): Norm to use for the neighborhood search and shell recognition. The
                definition follows the conventional Lp norm (cf.
                https://en.wikipedia.org/wiki/Lp_space). This is an feature and for anything
                other than norm_order=2, there is no guarantee that this works flawlessly.

        Returns:

            pyiron.atomistics.structure.atoms.Neighbors: Neighbors instances with the neighbor
                indices, distances and vectors

        """
        neigh = self._get_neighbors(
            num_neighbors=num_neighbors,
            t_vec=t_vec,
            tolerance=tolerance,
            id_list=id_list,
            cutoff_radius=cutoff_radius,
            width_buffer=width_buffer,
            norm_order=norm_order,
        )
        neigh.allow_ragged = allow_ragged
        return neigh


    def _get_neighbors(
        self,
        num_neighbors=12,
        t_vec=True,
        tolerance=2,
        id_list=None,
        cutoff_radius=np.inf,
        width_buffer=1.2,
        get_tree=False,
        norm_order=2,
    ):
        if width_buffer<0:
            raise ValueError('width_buffer must be a positive float')
        if get_tree:
            neigh = Tree(ref_structure=self)
        else:
            neigh = Neighbors(ref_structure=self, tolerance=tolerance)
        neigh._norm_order = norm_order
        width = neigh._estimate_width(
            num_neighbors=num_neighbors,
            cutoff_radius=cutoff_radius,
            width_buffer=width_buffer,
        )
        if (width<0.5*np.min(self.cell.diagonal())
                and np.isclose(np.linalg.norm(self.cell-np.eye(3)*self.cell.diagonal()), 0)
                and np.all(self.pbc)
                and cutoff_radius==np.inf):
            neigh._cell = self.cell.diagonal()
            extended_positions = self.get_extended_positions(
                0,
                return_indices=False,
                norm_order=norm_order
            ).copy()
            extended_positions -= neigh._cell*np.floor(extended_positions/neigh._cell)
        else:
            extended_positions, neigh._wrapped_indices = self.get_extended_positions(
                width, return_indices=True, norm_order=norm_order
            )
            neigh._extended_positions = extended_positions
        neigh._tree = cKDTree(extended_positions, boxsize=neigh._cell)
        if get_tree:
            return neigh
        positions = self.positions
        if id_list is not None:
            positions = positions[np.array(id_list)]
        neigh._get_neighborhood(
            positions=positions,
            num_neighbors=num_neighbors,
            t_vec=t_vec,
            cutoff_radius=cutoff_radius,
            exclude_self=True,
            width_buffer=width_buffer,
        )
        if neigh._check_width(width=width, pbc=self.pbc):
            warnings.warn('width_buffer may have been too small - '
                          'most likely not all neighbors properly assigned')
        return neigh

[docs]    def get_neighborhood(
        self,
        positions,
        num_neighbors=12,
        t_vec=True,
        cutoff_radius=np.inf,
        width_buffer=1.2,
        norm_order=2,
    ):
        """

        Args:
            position: Position in a box whose neighborhood information is analysed
            num_neighbors (int): Number of nearest neighbors
            t_vec (bool): True: compute distance vectors (pbc are taken into account)
            cutoff_radius (float): Upper bound of the distance to which the search is to be done
            width_buffer (float): Width of the layer to be added to account for pbc.
            norm_order (int): Norm to use for the neighborhood search and shell recognition. The
                definition follows the conventional Lp norm (cf.
                https://en.wikipedia.org/wiki/Lp_space). This is an feature and for anything
                other than norm_order=2, there is no guarantee that this works flawlessly.

        Returns:

            pyiron.atomistics.structure.atoms.Tree: Neighbors instances with the neighbor
                indices, distances and vectors

        """

        neigh = self._get_neighbors(
            num_neighbors=num_neighbors,
            cutoff_radius=cutoff_radius,
            width_buffer=width_buffer,
            t_vec=t_vec,
            get_tree=True,
            norm_order=norm_order,
        )
        return neigh._get_neighborhood(
            positions=positions,
            num_neighbors=num_neighbors,
            t_vec=t_vec,
            cutoff_radius=cutoff_radius,
        )


[docs]    @deprecate("Use neigh.find_neighbors_by_vector() instead (after calling neigh = structure.get_neighbors())",
               version="1.0.0")
    def find_neighbors_by_vector(self, vector, return_deviation=False, num_neighbors=96):
        neighbors = self.get_neighbors(num_neighbors=num_neighbors)
        return neighbors.find_neighbors_by_vector(vector=vector, return_deviation=return_deviation)

    find_neighbors_by_vector.__doc__ = Neighbors.find_neighbors_by_vector.__doc__

[docs]    @deprecate("Use neigh.get_shell_matrix() instead (after calling neigh = structure.get_neighbors())",
               version="1.0.0")
    def get_shell_matrix(
        self, id_list=None, chemical_pair=None, num_neighbors=100, tolerance=2,
        cluster_by_distances=False, cluster_by_vecs=False
    ):
        neigh_list = self.get_neighbors(
            num_neighbors=num_neighbors, id_list=id_list, tolerance=tolerance
        )
        return neigh_list.get_shell_matrix(
            chemical_pair=chemical_pair,
            cluster_by_distances=cluster_by_distances,
            cluster_by_vecs=cluster_by_vecs
        )

    get_shell_matrix.__doc__ = Neighbors.get_shell_matrix.__doc__

[docs]    def occupy_lattice(self, **qwargs):
        """
        Replaces specified indices with a given species
        """
        new_species = list(np.array(self.species).copy())
        new_indices = np.array(self.indices.copy())
        for key, i_list in qwargs.items():
            el = self._pse.element(key)
            if el.Abbreviation not in [spec.Abbreviation for spec in new_species]:
                new_species.append(el)
                new_indices[i_list] = len(new_species) - 1
            else:
                index = np.argwhere(np.array(new_species) == el).flatten()
                new_indices[i_list] = index
        delete_species_indices = list()
        retain_species_indices = list()
        for i, el in enumerate(new_species):
            if len(np.argwhere(new_indices == i).flatten()) == 0:
                delete_species_indices.append(i)
            else:
                retain_species_indices.append(i)
        for i in delete_species_indices:
            new_indices[new_indices >= i] += -1
        new_species = np.array(new_species)[retain_species_indices]
        self.set_species(new_species)
        self.indices = new_indices


[docs]    @deprecate("Use neigh.cluster_analysis() instead (after calling neigh = structure.get_neighbors())",
               version="1.0.0")
    def cluster_analysis(
        self, id_list, neighbors=None, radius=None, return_cluster_sizes=False
    ):
        """

        Args:
            id_list:
            neighbors:
            radius:
            return_cluster_sizes:

        Returns:

        """
        if neighbors is None:
            if radius is None:
                neigh = self.get_neighbors(num_neighbors=100)
                indices = np.unique(neigh.shells[0][neigh.shells[0]<=2], return_index=True)[1]
                radius = neigh.distances[0][indices]
                radius = np.mean(radius)
                # print "radius: ", radius
            neighbors = self.get_neighbors_by_distance(cutoff_radius=radius, t_vec=False)
        return neighbors.cluster_analysis(id_list=id_list, return_cluster_sizes=return_cluster_sizes)


    # TODO: combine with corresponding routine in plot3d
[docs]    @deprecate("Use neigh.get_bonds() instead (after calling neigh = structure.get_neighbors())",
               version="1.0.0")
    def get_bonds(self, radius=np.inf, max_shells=None, prec=0.1, num_neighbors=20):
        """

        Args:
            radius:
            max_shells:
            prec: minimum distance between any two clusters (if smaller considered to be single cluster)
            num_neighbors:

        Returns:

        """
        neighbors = self.get_neighbors_by_distance(
            cutoff_radius=radius, num_neighbors=num_neighbors
        )
        return neighbors.get_bonds(radius=radius, max_shells=max_shells, prec=prec)


    # spglib calls
[docs]    @deprecate_soon
    def get_symmetry(
        self, use_magmoms=False, use_elements=True, symprec=1e-5, angle_tolerance=-1.0
    ):
        """

        Args:
            use_magmoms:
            use_elements: True or False. If False, chemical elements will be ignored
            symprec:
            angle_tolerance:

        Returns:


        """
        lattice = np.array(self.get_cell().T, dtype="double", order="C")
        positions = np.array(
            self.get_scaled_positions(wrap=False), dtype="double", order="C"
        )
        if use_elements:
            numbers = np.array(self.get_atomic_numbers(), dtype="intc")
        else:
            numbers = np.ones_like(self.get_atomic_numbers(), dtype="intc")
        if use_magmoms:
            magmoms = self.get_initial_magnetic_moments()
            return spglib.get_symmetry(
                cell=(lattice, positions, numbers, magmoms),
                symprec=symprec,
                angle_tolerance=angle_tolerance,
            )
        else:
            return spglib.get_symmetry(
                cell=(lattice, positions, numbers),
                symprec=symprec,
                angle_tolerance=angle_tolerance,
            )


[docs]    @deprecate_soon
    def symmetrize_vectors(
        self, vectors, force_update=False, use_magmoms=False, use_elements=True, symprec=1e-5, angle_tolerance=-1.0
    ):
        """
        Symmetrization of natom x 3 vectors according to box symmetries

        Args:
            vectors (ndarray/list): natom x 3 array to symmetrize
            force_update (bool): whether to update the symmetry info
            use_magmoms (bool): cf. get_symmetry
            use_elements (bool): cf. get_symmetry
            symprec (float): cf. get_symmetry
            angle_tolerance (float): cf. get_symmetry

        Returns:
            (np.ndarray) symmetrized vectors
        """
        vectors = np.array(vectors).reshape(-1, 3)
        if vectors.shape != self.positions.shape:
            print(vectors.shape, self.positions.shape)
            raise ValueError('Vector must be a natom x 3 array: {} != {}'.format(vectors.shape, self.positions.shape))
        if self._symmetry_dataset is None or force_update:
            symmetry = self.get_symmetry(use_magmoms=use_magmoms, use_elements=use_elements,
                                         symprec=symprec, angle_tolerance=angle_tolerance)
            scaled_positions = self.get_scaled_positions(wrap=False)
            symmetry['indices'] = []
            for rot,tra in zip(symmetry['rotations'], symmetry['translations']):
                positions = np.einsum('ij,nj->ni', rot, scaled_positions)+tra
                positions -= np.floor(positions+1.0e-2)
                vec = np.where(np.linalg.norm(positions[np.newaxis, :, :]-scaled_positions[:, np.newaxis, :], axis=-1)<=1.0e-4)
                symmetry['indices'].append(vec[1])
            symmetry['indices'] = np.array(symmetry['indices'])
            self._symmetry_dataset = symmetry
        return np.einsum('ijk,ink->nj', self._symmetry_dataset['rotations'],
                         vectors[self._symmetry_dataset['indices']])/len(self._symmetry_dataset['rotations'])


[docs]    @deprecate_soon
    def group_points_by_symmetry(self, points):
        """
            This function classifies the points into groups according to the box symmetry given by spglib.

            Args:
                points: (np.array/list) nx3 array which contains positions

            Returns: list of arrays containing geometrically equivalent positions

            It is possible that the original points are not found in the returned list, as the positions outsie
            the box will be projected back to the box.
        """
        struct_copy = self.copy()
        points = np.array(points).reshape(-1, 3)
        struct_copy += Atoms(elements=len(points) * ["Hs"], positions=points)
        struct_copy.center_coordinates_in_unit_cell()
        group_IDs = struct_copy.get_symmetry()["equivalent_atoms"][
            struct_copy.select_index("Hs")
        ]
        return [
            np.round(points[group_IDs == ID], decimals=8) for ID in np.unique(group_IDs)
        ]


    def _get_voronoi_vertices(self, minimum_dist=0.1):
        """
            This function gives the positions of Voronoi vertices
            This function does not work if there are Hs atoms in the box

            Args:
                minimum_dist: Minimum distance between two Voronoi vertices to be considered as one

            Returns: Positions of Voronoi vertices, box

        """
        vor = Voronoi(
            self.repeat(3 * [2]).positions
        )  # Voronoi package does not have periodic boundary conditions
        b_cell_inv = np.linalg.inv(self.cell)
        voro_vert = vor.vertices
        for ind, v in enumerate(voro_vert):
            pos = np.mean(
                voro_vert[(np.linalg.norm(voro_vert - v, axis=-1) < minimum_dist)],
                axis=0,
            )  # Find all points which are within minimum_dist
            voro_vert[(np.linalg.norm(voro_vert - v, axis=-1) < 0.5)] = np.array(
                3 * [-10]
            )  # Mark atoms to be deleted afterwards
            voro_vert[ind] = pos
        voro_vert = voro_vert[np.min(voro_vert, axis=-1) > -5]

        voro_vert = np.dot(b_cell_inv.T, voro_vert.T).T  # get scaled positions
        voro_vert = voro_vert[
            (np.min(voro_vert, axis=-1) > 0.499) & (np.max(voro_vert, axis=-1) < 1.501)
        ]
        voro_vert = np.dot(self.cell.T, voro_vert.T).T  # get true positions

        box_copy = self.copy()
        new_atoms = Atoms(cell=self.cell, symbols=["Hs"]).repeat([len(voro_vert), 1, 1])
        box_copy += new_atoms

        pos_total = np.append(self.positions, voro_vert)
        pos_total = pos_total.reshape(-1, 3)
        box_copy.positions = pos_total

        box_copy.center_coordinates_in_unit_cell()

        neigh = (
            box_copy.get_neighbors()
        )  # delete all atoms which lie within minimum_dist (including periodic boundary conditions)
        while (
            len(
                np.array(neigh.indices).flatten()[
                    np.array(neigh.distances).flatten() < minimum_dist
                ]
            )
            != 0
        ):
            del box_copy[
                np.array(neigh.indices).flatten()[
                    np.array(neigh.distances).flatten() < minimum_dist
                ][0]
            ]
            neigh = box_copy.get_neighbors()
        return pos_total, box_copy

[docs]    @deprecate_soon
    def get_equivalent_voronoi_vertices(
        self, return_box=False, minimum_dist=0.1, symprec=1e-5, angle_tolerance=-1.0
    ):
        """
            This function gives the positions of spatially equivalent Voronoi vertices in lists, which
            most likely represent interstitial points or vacancies (along with other high symmetry points)
            Each list item contains an array of positions which are spacially equivalent.
            This function does not work if there are Hs atoms in the box

            Args:
                return_box: True, if the box containing atoms on the positions of Voronoi vertices
                            should be returned (which are represented by Hs atoms)
                minimum_dist: Minimum distance between two Voronoi vertices to be considered as one

            Returns: List of numpy array positions of spacially equivalent Voronoi vertices

        """

        _, box_copy = self._get_voronoi_vertices(minimum_dist=minimum_dist)
        list_positions = []
        sym = box_copy.get_symmetry(symprec=symprec, angle_tolerance=angle_tolerance)
        for ind in set(sym["equivalent_atoms"][box_copy.select_index("Hs")]):
            list_positions.append(box_copy.positions[sym["equivalent_atoms"] == ind])
        if return_box:
            return list_positions, box_copy
        else:
            return list_positions


[docs]    @deprecate_soon
    def get_equivalent_points(self, points, use_magmoms=False, use_elements=True, symprec=1e-5, angle_tolerance=-1.0):
        """

        Args:
            points (list/ndarray): 3d vector
            use_magmoms (bool): cf. get_symmetry()
            use_elements (bool): cf. get_symmetry()
            symprec (float): cf. get_symmetry()
            angle_tolerance (float): cf. get_symmetry()

        Returns:
            (ndarray): array of equivalent points with respect to box symmetries
        """
        symmetry_operations = self.get_symmetry(use_magmoms=use_magmoms,
                                                use_elements=use_elements,
                                                symprec=symprec,
                                                angle_tolerance=angle_tolerance)
        R = symmetry_operations['rotations']
        t = symmetry_operations['translations']
        x = np.einsum('jk,j->k', np.linalg.inv(self.cell), points)
        x = np.einsum('nxy,y->nx', R, x)+t
        x -= np.floor(x)
        dist = x[:,np.newaxis]-x[np.newaxis,:]
        w, v = np.where(np.linalg.norm(dist-np.rint(dist), axis=-1)<symprec)
        x = np.delete(x, w[v<w], axis=0)
        x = np.einsum('ji,mj->mi', self.cell, x)
        return x


[docs]    @deprecate_soon
    def get_symmetry_dataset(self, symprec=1e-5, angle_tolerance=-1.0):
        """

        Args:
            symprec:
            angle_tolerance:

        Returns:

        https://atztogo.github.io/spglib/python-spglib.html
        """
        lattice = np.array(self.get_cell().T, dtype="double", order="C")
        positions = np.array(
            self.get_scaled_positions(wrap=False), dtype="double", order="C"
        )
        numbers = np.array(self.get_atomic_numbers(), dtype="intc")
        return spglib.get_symmetry_dataset(
            cell=(lattice, positions, numbers),
            symprec=symprec,
            angle_tolerance=angle_tolerance,
        )


[docs]    @deprecate_soon
    def get_spacegroup(self, symprec=1e-5, angle_tolerance=-1.0):
        """

        Args:
            symprec:
            angle_tolerance:

        Returns:

        https://atztogo.github.io/spglib/python-spglib.html
        """
        lattice = np.array(self.get_cell(), dtype="double", order="C")
        positions = np.array(
            self.get_scaled_positions(wrap=False), dtype="double", order="C"
        )
        numbers = np.array(self.get_atomic_numbers(), dtype="intc")
        space_group = spglib.get_spacegroup(
            cell=(lattice, positions, numbers),
            symprec=symprec,
            angle_tolerance=angle_tolerance,
        ).split()
        if len(space_group) == 1:
            return {"Number": ast.literal_eval(space_group[0])}
        else:
            return {
                "InternationalTableSymbol": space_group[0],
                "Number": ast.literal_eval(space_group[1]),
            }


[docs]    @deprecate_soon
    def refine_cell(self, symprec=1e-5, angle_tolerance=-1.0):
        """

        Args:
            symprec:
            angle_tolerance:

        Returns:

        https://atztogo.github.io/spglib/python-spglib.html
        """
        lattice = np.array(self.get_cell().T, dtype="double", order="C")
        positions = np.array(
            self.get_scaled_positions(wrap=False), dtype="double", order="C"
        )
        numbers = np.array(self.get_atomic_numbers(), dtype="intc")
        cell, coords, el = spglib.refine_cell(
            cell=(lattice, positions, numbers),
            symprec=symprec,
            angle_tolerance=angle_tolerance,
        )

        return Atoms(
            symbols=list(self.get_chemical_symbols()), positions=coords, cell=cell, pbc=self.pbc
        )


[docs]    @deprecate_soon
    def get_primitive_cell(self, symprec=1e-5, angle_tolerance=-1.0):
        """

        Args:
            symprec:
            angle_tolerance:

        Returns:

        """
        el_dict = {}
        for el in set(self.get_chemical_elements()):
            el_dict[el.AtomicNumber] = el
        lattice = np.array(self.get_cell().T, dtype="double", order="C")
        positions = np.array(
            self.get_scaled_positions(wrap=False), dtype="double", order="C"
        )
        numbers = np.array(self.get_atomic_numbers(), dtype="intc")
        cell, coords, atomic_numbers = spglib.find_primitive(
            cell=(lattice, positions, numbers),
            symprec=symprec,
            angle_tolerance=angle_tolerance,
        )
        # print atomic_numbers, type(atomic_numbers)
        el_lst = [el_dict[i_a] for i_a in atomic_numbers]

        # convert lattice vectors to standard (experimental feature!) TODO:
        red_structure = Atoms(elements=el_lst, scaled_positions=coords, cell=cell, pbc=self.pbc)
        space_group = red_structure.get_spacegroup(symprec)["Number"]
        # print "space group: ", space_group
        if space_group == 225:  # fcc
            alat = np.max(cell[0])
            amat_fcc = alat * np.array([[1, 0, 1], [1, 1, 0], [0, 1, 1]])

            red_structure.cell = amat_fcc
        return red_structure


[docs]    @deprecate_soon
    def get_ir_reciprocal_mesh(
        self,
        mesh,
        is_shift=np.zeros(3, dtype="intc"),
        is_time_reversal=True,
        symprec=1e-5,
    ):
        """

        Args:
            mesh:
            is_shift:
            is_time_reversal:
            symprec:

        Returns:

        """
        mapping, mesh_points = spglib.get_ir_reciprocal_mesh(
            mesh=mesh,
            cell=self,
            is_shift=is_shift,
            is_time_reversal=is_time_reversal,
            symprec=symprec,
        )
        return mapping, mesh_points


[docs]    def get_majority_species(self, return_count=False):
        """
        This function returns the majority species and their number in the box

        Returns:
            number of atoms of the majority species, chemical symbol and chemical index

        """
        el_dict = self.get_number_species_atoms()
        el_num = list(el_dict.values())
        el_name = list(el_dict.keys())
        if np.sum(np.array(el_num) == np.max(el_num)) > 1:
            warnings.warn("There are more than one majority species")
        symbol_to_index = dict(
            zip(self.get_chemical_symbols(), self.get_chemical_indices())
        )
        max_index = np.argmax(el_num)
        return {
            "symbol": el_name[max_index],
            "count": int(np.max(el_num)),
            "index": symbol_to_index[el_name[max_index]],
        }


[docs]    def close(self):
        # TODO: implement
        pass


[docs]    @deprecate("Use Atoms.analyse.pyscal_voronoi_volume() instead")
    def get_voronoi_volume(self):
        return self._analyse.pyscal_voronoi_volume()

    get_voronoi_volume.__doc__ = Analyse.pyscal_voronoi_volume.__doc__

[docs]    def find_mic(self, v, vectors=True):
        """
        Find vectors following minimum image convention (mic). In principle this
        function does the same as ase.geometry.find_mic

        Args:
            v (list/numpy.ndarray): 3d vector or a list/array of 3d vectors
            vectors (bool): Whether to return vectors (distances are returned if False)

        Returns: numpy.ndarray of the same shape as input with mic
        """
        vecs = np.asarray(v).reshape(-1, 3)
        if any(self.pbc):
            vecs = np.einsum('ji,nj->ni', np.linalg.inv(self.cell), vecs)
            vecs[:,self.pbc] -= np.rint(vecs)[:,self.pbc]
            vecs = np.einsum('ji,nj->ni', self.cell, vecs)
        if vectors:
            return vecs.reshape(np.asarray(v).shape)
        return np.linalg.norm(vecs, axis=-1).reshape(np.asarray(v).shape[:-1])


[docs]    def get_distance(self, a0, a1, mic=True, vector=False):
        """
        Return distance between two atoms.
        Use mic=True to use the Minimum Image Convention.
        vector=True gives the distance vector (from a0 to a1).

        Args:
            a0 (int/numpy.ndarray/list): position or atom ID
            a1 (int/numpy.ndarray/list): position or atom ID
            mic (bool): minimum image convention (True if periodic boundary conditions should be considered)
            vector (bool): True, if instead of distnce the vector connecting the two positions should be returned

        Returns:
            float: distance or vectors in length unit
        """
        from ase.geometry import find_mic

        positions = self.positions
        if isinstance(a0, list) or isinstance(a0, np.ndarray):
            if not (len(a0) == 3):
                raise AssertionError()
            a0 = np.array(a0)
        else:
            a0 = positions[a0]
        if isinstance(a1, list) or isinstance(a1, np.ndarray):
            if not (len(a1) == 3):
                raise AssertionError()
            a1 = np.array(a1)
        else:
            a1 = positions[a1]
        distance = np.array([a1 - a0])
        if mic:
            distance, d_len = find_mic(distance, self.cell, self.pbc)
        else:
            d_len = np.array([np.sqrt((distance ** 2).sum())])
        if vector:
            return distance[0]

        return d_len[0]


[docs]    def get_distances_array(self, p1=None, p2=None, mic=True, vectors=False):
        """
        Return distance matrix of every position in p1 with every position in
        p2. If p2 is not set, it is assumed that distances between all
        positions in p1 are desired. p2 will be set to p1 in this case. If both
        p1 and p2 are not set, the distances between all atoms in the box are
        returned.

        Args:
            p1 (numpy.ndarray/list): Nx3 array of positions
            p2 (numpy.ndarray/list): Nx3 array of positions
            mic (bool): minimum image convention
            vectors (bool): return vectors instead of distances
        Returns:
            numpy.ndarray: NxN if vector=False and NxNx3 if vector=True

        """
        if p1 is None and p2 is not None:
            p1 = p2
            p2 = None
        if p1 is None:
            p1 = self.positions
        if p2 is None:
            p2 = self.positions
        p1 = np.asarray(p1)
        p2 = np.asarray(p2)
        diff_relative = p2.reshape(-1,3)[np.newaxis,:,:]-p1.reshape(-1,3)[:,np.newaxis,:]
        diff_relative = diff_relative.reshape(p1.shape[:-1]+p2.shape[:-1]+(3,))
        if not mic:
            if vectors:
                return diff_relative
            else:
                return np.linalg.norm(diff_relative, axis=-1)
        return self.find_mic(diff_relative, vectors=vectors)


[docs]    def append(self, atom):
        if isinstance(atom, ASEAtom):
            super(Atoms, self).append(atom=atom)
        else:
            new_atoms = atom.copy()
            if new_atoms.pbc.all() and np.isclose(new_atoms.get_volume(), 0):
                new_atoms.cell = self.cell
                new_atoms.pbc = self.pbc
            self += new_atoms


[docs]    def extend(self, other):
        """
        Extend atoms object by appending atoms from *other*. (Extending the ASE function)

        Args:
            other (pyiron.atomistics.structure.atoms.Atoms/ase.atoms.Atoms): Structure to append

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: The extended structure

        """
        old_indices = self.indices
        if isinstance(other, Atom):
            other = self.__class__([other])
        elif isinstance(other, ASEAtom):
            other = self.__class__([ase_to_pyiron_atom(other)])
        if not isinstance(other, Atoms) and isinstance(other, ASEAtoms):
            warnings.warn("Converting ase structure to pyiron before appending the structure")
            other = ase_to_pyiron(other)

        new_indices = other.indices.copy()
        super(Atoms, self).extend(other=other)
        if isinstance(other, Atoms):
            if not np.allclose(self.cell, other.cell):
                warnings.warn("You are adding structures with different cell shapes. "
                              "Taking the cell and pbc of the first structure:{}".format(self.cell))
            if not np.array_equal(self.pbc, other.pbc):
                warnings.warn("You are adding structures with different periodic boundary conditions. "
                              "Taking the cell and pbc of the first structure:{}".format(self.cell))
            sum_atoms = self
            # sum_atoms = copy(self)
            sum_atoms._tag_list = sum_atoms._tag_list + other._tag_list
            sum_atoms.indices = np.append(sum_atoms.indices, other.indices)
            new_species_lst = copy(sum_atoms.species)
            ind_conv = {}
            for ind_old, el in enumerate(other.species):
                if el.Abbreviation in sum_atoms._store_elements.keys():
                    ind_new = sum_atoms._species_to_index_dict[
                        sum_atoms._store_elements[el.Abbreviation]
                    ]
                    ind_conv[ind_old] = ind_new
                else:
                    new_species_lst.append(el)
                    sum_atoms._store_elements[el.Abbreviation] = el
                    ind_conv[ind_old] = len(new_species_lst) - 1

            for key, val in ind_conv.items():
                new_indices[new_indices == key] = val + 1000
            new_indices = np.mod(new_indices, 1000)
            sum_atoms.indices[len(old_indices):] = new_indices
            sum_atoms.set_species(new_species_lst)
            if not len(set(sum_atoms.indices)) == len(sum_atoms.species):
                raise ValueError("Adding the atom instances went wrong!")
        return self


    __iadd__ = extend

    def __copy__(self):
        """
        Copies the atoms object

        Returns:
            atoms_new: A copy of the object

        """
        # Using ASE copy
        atoms_new = super(Atoms, self).copy()
        ase_keys = list(ASEAtoms().__dict__.keys())
        ase_keys.append("_pse")
        # Only copy the non ASE keys
        for key, val in self.__dict__.items():
            if key not in ase_keys:
                atoms_new.__dict__[key] = copy(val)
        atoms_new._visualize = Visualize(atoms_new)
        atoms_new._analyse = Analyse(atoms_new)
        return atoms_new

    def __delitem__(self, key):
        if isinstance(key, (int, np.integer)):
            key = [key]
        key = np.array(key).flatten()
        new_length = len(self) - len(np.arange(len(self))[np.asarray(key)])
        super(Atoms, self).__delitem__(key)
        self.indices = np.delete(self.indices, key, axis=0)
        del self._tag_list[key]
        self._tag_list._length = new_length
        deleted_species_indices = list()
        retain_species_indices = list()
        new_indices = self.indices.copy()
        for i, el in enumerate(self.species):
            if len(self.select_index(el)) == 0:
                deleted_species_indices.append(i)
                new_indices[new_indices >= i] += -1
            else:
                retain_species_indices.append(i)
        new_species = np.array(self.species).copy()[retain_species_indices]
        self.set_species(new_species)
        self.indices = new_indices

    def __eq__(self, other):
        return super(Atoms, self).__eq__(other) and \
               np.array_equal(self.get_chemical_symbols(), other.get_chemical_symbols())

    def __ne__(self, other):
        return not self == other

    def __getitem__(self, item):
        new_dict = dict()
        if isinstance(item, int):
            for key, value in self._tag_list.items():
                if item < len(value):
                    if value[item] is not None:
                        new_dict[key] = value[item]
            element = self.species[self.indices[item]]
            index = item
            position = self.positions[item]
            return Atom(
                element=element,
                position=position,
                pse=self._pse,
                index=index,
                atoms=self,
                **new_dict
            )

        new_array = super(Atoms, self).__getitem__(item)
        new_array.dimension = self.dimension
        if isinstance(item, tuple):
            item = list(item)
        new_indices = self.indices[item].copy()
        new_species_indices, new_proper_indices = np.unique(
            new_indices, return_inverse=True
        )
        new_species = [self.species[ind] for ind in new_species_indices]
        new_array.set_species(new_species)
        new_array.indices = new_proper_indices
        new_array._tag_list = self._tag_list[item]
        # new_array._tag_list._length = self._tag_list._length
        new_array._tag_list._length = len(new_array)
        if isinstance(new_array, Atom):
            natoms = len(self)
            if item < -natoms or item >= natoms:
                raise IndexError("Index out of range.")
            new_array.index = item
        return new_array

    def __getattr__(self, item):
        if item in self._tag_list.keys():
            return self._tag_list._lists[item]
        return object.__getattribute__(self, item)

    # def __len__(self):
    #     return len(self.indices)

    def __repr__(self):
        return self.__str__()

    def __str__(self):
        if len(self) == 0:
            return "[]"
        out_str = ""
        for el, pos in zip(self.get_chemical_symbols(), self.positions):
            out_str += el + ": " + str(pos) + "\n"
        if len(self.get_tags()) > 0:
            tags = self.get_tags()
            out_str += "tags: \n"  # + ", ".join(tags) + "\n"
            for tag in tags:
                out_str += (
                    "    " + str(tag) + ": " + self._tag_list[tag].__str__() + "\n"
                )
        if self.cell is not None:
            out_str += "pbc: " + str(self.pbc) + "\n"
            out_str += "cell: \n"
            out_str += str(self.cell) + "\n"
        return out_str

    def __setitem__(self, key, value):
        if isinstance(key, (int, np.integer)):
            old_el = self.species[self.indices[key]]
            if isinstance(value, (str, np.str, np.str_)):
                el = PeriodicTable().element(value)
            elif isinstance(value, ChemicalElement):
                el = value
            else:
                raise TypeError("value should either be a string or a ChemicalElement.")
            if el != old_el:
                new_species = np.array(self.species).copy()
                if len(self.select_index(old_el)) == 1:
                    if el.Abbreviation not in [
                        spec.Abbreviation for spec in new_species
                    ]:
                        new_species[self.indices[key]] = el
                        self.set_species(list(new_species))
                    else:
                        el_list = np.array([sp.Abbreviation for sp in new_species])
                        ind = np.argwhere(el_list == el.Abbreviation).flatten()[-1]
                        remove_index = self.indices[key]
                        new_species = list(new_species)
                        del new_species[remove_index]
                        self.indices[key] = ind
                        self.indices[self.indices > remove_index] -= 1
                        self.set_species(new_species)
                else:
                    if el.Abbreviation not in [
                        spec.Abbreviation for spec in new_species
                    ]:
                        new_species = list(new_species)
                        new_species.append(el)
                        self.set_species(new_species)
                        self.indices[key] = len(new_species) - 1
                    else:
                        el_list = np.array([sp.Abbreviation for sp in new_species])
                        ind = np.argwhere(el_list == el.Abbreviation).flatten()[-1]
                        self.indices[key] = ind
        elif isinstance(key, slice) or isinstance(key, (list, tuple, np.ndarray)):
            if not isinstance(key, slice):
                if hasattr(key, "__len__"):
                    if len(key) == 0:
                        return
            else:
                # Generating the correct numpy array from a slice input
                if key.start is None:
                    start_val = 0
                elif key.start < 0:
                    start_val = key.start + len(self)
                else:
                    start_val = key.start
                if key.stop is None:
                    stop_val = len(self)
                elif key.stop < 0:
                    stop_val = key.stop + len(self)
                else:
                    stop_val = key.stop
                if key.step is None:
                    step_val = 1
                else:
                    step_val = key.step
                key = np.arange(start_val, stop_val, step_val)
            if isinstance(value, (str, np.str, np.str_, int, np.integer)):
                el = PeriodicTable().element(value)
            elif isinstance(value, ChemicalElement):
                el = value
            else:
                raise ValueError(
                    "The value assigned should be a string, integer or a ChemicalElement instance"
                )
            replace_list = list()
            new_species = list(np.array(self.species).copy())

            for sp in self.species:
                replace_list.append(
                    np.array_equal(
                        np.sort(self.select_index(sp)),
                        np.sort(np.intersect1d(self.select_index(sp), key)),
                    )
                )
            if el.Abbreviation not in [spec.Abbreviation for spec in new_species]:
                if not any(replace_list):
                    new_species.append(el)
                    self.set_species(new_species)
                    self.indices[key] = len(new_species) - 1
                else:
                    replace_ind = np.where(replace_list)[0][0]
                    new_species[replace_ind] = el
                    if len(np.where(replace_list)[0]) > 1:
                        for ind in replace_list[1:]:
                            del new_species[ind]
                    self.set_species(new_species)
                    self.indices[key] = replace_ind
            else:
                el_list = np.array([sp.Abbreviation for sp in new_species])
                ind = np.argwhere(el_list == el.Abbreviation).flatten()[-1]
                if not any(replace_list):
                    self.set_species(new_species)
                    self.indices[key] = ind
                else:
                    self.indices[key] = ind
                    delete_indices = list()
                    new_indices = self.indices.copy()
                    for i, rep in enumerate(replace_list):
                        if i != ind and rep:
                            delete_indices.append(i)
                            # del new_species[i]
                            new_indices[new_indices >= i] -= 1
                    self.indices = new_indices.copy()
                    new_species = np.array(new_species)[
                        np.setdiff1d(np.arange(len(new_species)), delete_indices)
                    ].tolist()
                    self.set_species(new_species)
        else:
            raise NotImplementedError()

    __mul__ = repeat

    def __imul__(self, vec):
        if isinstance(vec, (int, np.integer)):
            vec = [vec] * self.dimension
        initial_length = len(self)
        if not hasattr(vec, '__len__'):
            raise ValueError('Box repetition must be an integer or a list/ndarray of integers and not', type(vec))

        if len(vec) != self.dimension:
            raise AssertionError('Dimension of box repetition not consistent: ', len(vec), '!=', self.dimension)

        i_vec = np.array([vec[0], 1, 1])
        if self.dimension > 1:
            i_vec[1] = vec[1]
        if self.dimension > 2:
            i_vec[2] = vec[2]

        if not self.dimension == 3:
            raise NotImplementedError()
        mx, my, mz = i_vec
        # Our position repeat algorithm is faster than ASE (no nested loops)
        nx_lst, ny_lst, nz_lst = np.arange(mx), np.arange(my), np.arange(mz)
        positions = self.get_scaled_positions(wrap=False)
        lat = np.array(np.meshgrid(nx_lst, ny_lst, nz_lst)).T.reshape(-1, 3)
        lat_new = np.repeat(lat, len(positions), axis=0)
        new_positions = np.tile(positions, (len(lat), 1)) + lat_new
        new_positions /= np.array(i_vec)
        self.set_cell((self.cell.T * np.array(vec)).T, scale_atoms=True)
        # ASE compatibility
        for name, a in self.arrays.items():
            self.arrays[name] = np.tile(a, (np.product(vec),) + (1, ) * (len(a.shape) - 1))
        self.arrays["positions"] = np.dot(new_positions, self.cell)
        self.indices = np.tile(self.indices, len(lat))
        self._tag_list._length = len(self)
        scale = i_vec[0] * i_vec[1] * i_vec[2]
        for tag in self._tag_list.keys():
            self._tag_list[tag] *= scale
        # Repeating ASE constraints
        if self.constraints is not None:
            self.constraints = [c.repeat(vec, initial_length) for c in self.constraints]
        return self

[docs]    @staticmethod
    def convert_formula(elements):
        """
        Convert a given chemical formula into a list of elements

        Args:
            elements (str): A string of the required chamical formula (eg. H2O)

        Returns:
            list: A list of elements corresponding to the formula

        """
        el_list = []
        num_list = ""
        for i, char in enumerate(elements):
            is_last = i == len(elements) - 1
            if len(num_list) > 0:
                if (not char.isdigit()) or is_last:
                    el_fac = ast.literal_eval(num_list) * el_list[-1]
                    for el in el_fac[1:]:
                        el_list.append(el)
                    num_list = ""

            if char.isupper():
                el_list.append(char)
            elif char.islower():
                el_list[-1] += char
            elif char.isdigit():
                num_list += char

            if len(num_list) > 0:
                # print "num_list: ", el_list, num_list, el_list[-1], (not char.isdigit()) or is_last
                if (not char.isdigit()) or is_last:
                    el_fac = ast.literal_eval(num_list) * [el_list[-1]]
                    # print "el_fac: ", el_fac
                    for el in el_fac[1:]:
                        el_list.append(el)
                    num_list = ""

        return el_list


[docs]    def get_constraint(self):
        if "selective_dynamics" in self._tag_list._lists.keys():
            from ase.constraints import FixAtoms

            return FixAtoms(indices=[atom_ind for atom_ind in
                                     range(len(self)) if not any(self.selective_dynamics[atom_ind])])
        else:
            return None


[docs]    def set_constraint(self, constraint=None):
        super(Atoms, self).set_constraint(constraint)
        if constraint is not None:
            if constraint.todict()["name"] != "FixAtoms":
                raise ValueError("Only FixAtoms is supported as ASE compatible constraint.")
            if "selective_dynamics" not in self._tag_list._lists.keys():
                self.add_tag(selective_dynamics=None)
            for atom_ind in range(len(self)):
                if atom_ind in constraint.index:
                    self.selective_dynamics[atom_ind] = [False, False, False]
                else:
                    self.selective_dynamics[atom_ind] = [True, True, True]


[docs]    def apply_strain(self, epsilon, return_box=False):
        """
        Apply a given strain on the structure

        Args:
            epsilon (float/list/ndarray): epsilon matrix. If a single number is set, the same strain
                                          is applied in each direction. If a 3-dim vector is set, it
                                          will be multiplied by a unit matrix.
            return_box (bool): whether to return a box. If set to True, only the returned box will
                               have the desired strain and the original box will stay unchanged.
        """
        epsilon = np.array([epsilon]).flatten()
        if len(epsilon) == 3 or len(epsilon) == 1:
            epsilon = epsilon*np.eye(3)
        epsilon = epsilon.reshape(3, 3)
        if epsilon.min() < -1.0:
            raise ValueError("Strain value too negative")
        if return_box:
            structure_copy = self.copy()
        else:
            structure_copy = self
        cell = structure_copy.cell.copy()
        cell = np.matmul(epsilon + np.eye(3), cell)
        structure_copy.set_cell(cell, scale_atoms=True)
        if return_box:
            return structure_copy


[docs]    def get_spherical_coordinates(self, x=None):
        """
            Args:
                x (list/ndarray): coordinates to transform. If not set, the positions
                                  in structure will be returned.

            Returns:
                array in spherical coordinates
        """
        if x is None:
            x = self.positions.copy()
        x = np.array(x).reshape(-1, 3)
        r = np.linalg.norm(x, axis=-1)
        phi = np.arctan2(x[:,2], x[:,1])
        theta = np.arctan2(np.linalg.norm(x[:,:2], axis=-1), x[:,2])
        return np.stack((r, theta, phi), axis=-1)


[docs]    def get_initial_magnetic_moments(self):
        """
        Get array of initial magnetic moments.

        Returns:
            numpy.array()
        """
        if "spin" in self._tag_list._lists.keys():
            return np.asarray(self.spin.list())
        else:
            spin_lst = [
                element.tags["spin"] if "spin" in element.tags.keys() else None
                for element in self.get_chemical_elements()
            ]
            if any(spin_lst):
                if (
                    isinstance(spin_lst, str)
                    or (
                        isinstance(spin_lst, (list, np.ndarray))
                        and isinstance(spin_lst[0], str)
                    )
                ) and "[" in list(set(spin_lst))[0]:
                    return np.array(
                        [
                            [
                                float(spin_dir)
                                for spin_dir in spin.replace("[", "")
                                .replace("]", "")
                                .replace(",", "")
                                .split()
                            ]
                            if spin
                            else [0.0, 0.0, 0.0]
                            for spin in spin_lst
                        ]
                    )
                elif isinstance(spin_lst, (list, np.ndarray)):
                    return np.array(spin_lst)
                else:
                    return np.array([float(spin) if spin else 0.0 for spin in spin_lst])
            else:
                return np.array([None] * len(self))


[docs]    def set_initial_magnetic_moments(self, magmoms=None):
        """
        Set array of initial magnetic moments.

        Args:
            magmoms (numpy.ndarray/list): List of magneric moments
        """
        # pyiron part
        if magmoms is not None:
            if len(magmoms) != len(self):
                raise ValueError("magmons can be collinear or non-collinear.")
            for ind, element in enumerate(self.get_chemical_elements()):
                if "spin" in element.tags.keys():
                    self[ind] = element.Parent
            if "spin" not in self._tag_list._lists.keys():
                self.add_tag(spin=None)
            for ind, spin in enumerate(magmoms):
                self.spin[ind] = spin
        # ASE part
        if magmoms is None:
            self.set_array('initial_magmoms', None)
        else:
            magmoms = np.asarray(magmoms)
            self.arrays['initial_magmoms'] = magmoms


[docs]    def rotate(self, a=0.0, v=None, center=(0, 0, 0), rotate_cell=False, index_list=None
    ):
        """
        Rotate atoms based on a vector and an angle, or two vectors. This function is completely adopted from ASE code
        (https://wiki.fysik.dtu.dk/ase/_modules/ase/atoms.html#Atoms.rotate)

        Args:

            a (float/list) in degrees = None:
                Angle that the atoms is rotated around the vecor 'v'. If an angle
                is not specified, the length of 'v' is used as the angle
                (default). The angle can also be a vector and then 'v' is rotated
                into 'a'.

            v (list/numpy.ndarray/string):
                Vector to rotate the atoms around. Vectors can be given as
                strings: 'x', '-x', 'y', ... .

            center (tuple/list/numpy.ndarray/str): The center is kept fixed under the rotation. Use 'COM' to fix
                                                the center of mass, 'COP' to fix the center of positions or
                                                'COU' to fix the center of cell.

            rotate_cell = False:
                If true the cell is also rotated.

            index_list (list/numpy.ndarray):
                Indices of atoms to be rotated

        Examples:

        Rotate 90 degrees around the z-axis, so that the x-axis is
        rotated into the y-axis:

        >>> atoms = Atoms()
        >>> atoms.rotate(90, 'z')
        >>> atoms.rotate(90, (0, 0, 1))
        >>> atoms.rotate(-90, '-z')
        >>> atoms.rotate('x', 'y')
        >>> atoms.rotate((1, 0, 0), (0, 1, 0))
        """
        if index_list is None:
            super(Atoms, self).rotate(a=a, v=v, center=center, rotate_cell=rotate_cell)
        else:
            dummy_basis = copy(self)
            dummy_basis.rotate(a=a, v=v, center=center, rotate_cell=rotate_cell)
            self.positions[index_list] = dummy_basis.positions[index_list]




class _CrystalStructure(Atoms):
    """
    only for historical reasons

    Args:
        element:
        BravaisLattice:
        BravaisBasis:
        LatticeConstants:
        Dimension:
        relCoords:
        PSE:
        **kwargs:
    """

    def __init__(
        self,
        element="Fe",
        bravais_lattice="cubic",
        bravais_basis="primitive",
        lattice_constants=None,  # depending on symmetry length and angles
        dimension=3,
        rel_coords=True,
        pse=None,
        **kwargs
    ):

        # print "basis0"
        # allow also for scalar input for LatticeConstants (for a cubic system)
        if lattice_constants is None:
            lattice_constants = [1.0]
        try:
            test = lattice_constants[0]
        except (TypeError, IndexError):
            lattice_constants = [lattice_constants]
        self.bravais_lattice = bravais_lattice
        self.bravais_basis = bravais_basis
        self.lattice_constants = lattice_constants
        self.dimension = dimension
        self.relCoords = rel_coords
        self.element = element

        self.__updateCrystal__(pse)

        self.crystalParamsDict = {
            "BravaisLattice": self.bravais_lattice,
            "BravaisBasis": self.bravais_basis,
            "LatticeConstants": self.lattice_constants,
        }

        self.crystal_lattice_dict = {
            3: {
                "cubic": ["fcc", "bcc", "primitive"],
                "hexagonal": ["primitive", "hcp"],
                "monoclinic": ["primitive", "base-centered"],
                "triclinic": ["primitive"],
                "orthorombic": [
                    "primitive",
                    "body-centered",
                    "base-centered",
                    "face-centered",
                ],
                "tetragonal": ["primitive", "body-centered"],
                "rhombohedral": ["primitive"],
            },
            2: {
                "oblique": ["primitive"],
                "rectangular": ["primitive", "centered"],
                "hexagonal": ["primitive"],
                "square": ["primitive"],
            },
            1: {"line": ["primitive"]},
        }

        # init structure for lattice parameters alat, blat, clat, alpha, beta, gamma
        self.crystalLatticeParams = {
            3: {
                "cubic": [1.0],
                "hexagonal": [1.0, 2.0],
                "monoclinic": [1.0, 1.0, 1.0, 90.0],
                "triclinic": [1.0, 2.0, 3.0, 90.0, 90.0, 90.0],
                "orthorombic": [1.0, 1.0, 1.0],
                "tetragonal": [1.0, 2.0],
                "rhombohedral": [1.0, 90.0, 90.0, 90.0],
            },
            2: {
                "oblique": [1.0, 1.0, 90.0],
                "rectangular": [1.0, 1.0],
                "hexagonal": [1.0],
                "square": [1.0],
            },
            1: {"line": [1.0]},
        }

        # print "basis"
        super(_CrystalStructure, self).__init__(
            elements=self.ElementList,
            scaled_positions=self.coordinates,
            cell=self.amat,  # tag = "Crystal",
            pbc=[True, True, True][0 : self.dimension],
        )

    # ## private member functions
    def __updateCrystal__(self, pse=None):
        """

        Args:
            pse:

        Returns:

        """
        self.__updateAmat__()
        self.__updateCoordinates__()
        self.__updateElementList__(pse)

    def __updateAmat__(self):  # TODO: avoid multi-call of this function
        """

        Returns:

        """
        # print "lat constants (__updateAmat__):", self.LatticeConstants
        a_lat = self.lattice_constants[0]

        if self.dimension == 3:
            alpha = None
            beta = None
            gamma = None
            b_lat, c_lat = None, None
            if self.bravais_lattice == "cubic":
                b_lat = c_lat = a_lat
                alpha = beta = gamma = 90 / 180.0 * np.pi  # 90 degrees
            elif self.bravais_lattice == "tetragonal":
                b_lat = a_lat
                c_lat = self.lattice_constants[1]
                alpha = beta = gamma = 0.5 * np.pi  # 90 degrees
            elif self.bravais_lattice == "triclinic":
                b_lat = self.lattice_constants[1]
                c_lat = self.lattice_constants[2]
                alpha = self.lattice_constants[3] / 180.0 * np.pi
                beta = self.lattice_constants[4] / 180.0 * np.pi
                gamma = self.lattice_constants[5] / 180.0 * np.pi
            elif self.bravais_lattice == "hexagonal":
                b_lat = a_lat
                c_lat = self.lattice_constants[1]
                alpha = 60.0 / 180.0 * np.pi  # 60 degrees
                beta = gamma = 0.5 * np.pi  # 90 degrees
            elif self.bravais_lattice == "orthorombic":
                b_lat = self.lattice_constants[1]
                c_lat = self.lattice_constants[2]
                alpha = beta = gamma = 0.5 * np.pi  # 90 degrees
            elif self.bravais_lattice == "rhombohedral":
                b_lat = a_lat
                c_lat = a_lat
                alpha = self.lattice_constants[1] / 180.0 * np.pi
                beta = self.lattice_constants[2] / 180.0 * np.pi
                gamma = self.lattice_constants[3] / 180.0 * np.pi
            elif self.bravais_lattice == "monoclinic":
                b_lat = self.lattice_constants[1]
                c_lat = self.lattice_constants[2]
                alpha = 0.5 * np.pi
                beta = self.lattice_constants[3] / 180.0 * np.pi
                gamma = 0.5 * np.pi

            b1 = np.cos(alpha)
            b2 = np.sin(alpha)
            c1 = np.cos(beta)
            c2 = (np.cos(gamma) - np.cos(beta) * np.cos(alpha)) / np.sin(alpha)
            self.amat = np.array(
                [
                    [a_lat, 0.0, 0.0],
                    [b_lat * b1, b_lat * b2, 0.0],
                    [c_lat * c1, c_lat * c2, c_lat * np.sqrt(1 - c2 * c2 - c1 * c1)],
                ]
            )
        elif self.dimension == 2:  # TODO not finished yet
            self.amat = a_lat * np.array([[1.0, 0.0], [0.0, 1.0]])
            if self.bravais_lattice == "rectangular":
                b_lat = self.lattice_constants[1]
                self.amat = np.array([[a_lat, 0.0], [0.0, b_lat]])
        elif self.dimension == 1:
            self.amat = a_lat * np.array([[1.0]])
        else:
            raise ValueError("Bravais lattice not defined!")

    def __updateElementList__(self, pse=None):
        """

        Args:
            pse:

        Returns:

        """
        self.ElementList = len(self.coordinates) * [self.element]

    def __updateCoordinates__(self):
        """

        Returns:

        """
        # if relative coordinates
        basis = None
        if self.dimension == 3:
            if self.bravais_basis == "fcc" or self.bravais_basis == "face-centered":
                basis = np.array(
                    [[0.0, 0.0, 0.0], [0.5, 0.5, 0.0], [0.5, 0.0, 0.5], [0.0, 0.5, 0.5]]
                )
            elif self.bravais_basis == "body-centered" or self.bravais_basis == "bcc":
                basis = np.array([[0.0, 0.0, 0.0], [0.5, 0.5, 0.5]])
            elif self.bravais_basis == "base-centered":
                basis = np.array([[0.0, 0.0, 0.0], [0.5, 0.5, 0.0]])
            elif self.bravais_basis == "hcp":
                # basis = r([[0.0,-1./np.sqrt(3.),np.sqrt(8./3.)]])
                # a = self.LatticeConstants[0]
                # c = self.LatticeConstants[1]
                basis = np.array([[0.0, 0.0, 0.0], [1.0 / 3.0, 1.0 / 3.0, 1.0 / 2.0]])
                # basis = np.dot(basis,np.linalg.inv(self.amat))
            elif self.bravais_basis == "primitive":
                basis = np.array([[0.0, 0.0, 0.0]])
            else:
                raise ValueError(
                    "Only fcc, bcc, hcp, base-centered, body-centered and primitive cells are supported for 3D."
                )
        elif self.dimension == 2:
            if self.bravais_basis == "primitive":
                basis = np.array([[0.0, 0.0]])
            elif self.bravais_basis == "centered":
                basis = np.array([[0.0, 0.0], [0.5, 0.5]])
            else:
                raise ValueError(
                    "Only centered and primitive cells are supported for 2D."
                )
        elif self.dimension == 1:
            if self.bravais_basis == "primitive":
                basis = np.array([[0.0]])
            else:
                raise ValueError(
                    "Only primitive cells are supported for 1D."
                )
        self.coordinates = basis

    # ########################### get commmands ########################
    def get_lattice_types(self):
        """

        Returns:

        """
        self.crystal_lattice_dict[self.dimension].keys().sort()
        return self.crystal_lattice_dict[self.dimension].keys()

    def get_dimension_of_lattice_parameters(self):
        """

        Returns:

        """
        # print "getDimensionOfLatticeParameters"
        counter = 0
        for k in self.get_needed_lattice_parameters():
            if k:
                counter += 1
        return counter

    def get_needed_lattice_parameters(self):
        """

        Returns:

        """
        # print "call: getNeededLatticeParams"
        needed_params = [True, False, False, False, False, False]
        if self.dimension == 3:
            if self.bravais_lattice == "cubic":
                needed_params = [
                    True,
                    False,
                    False,
                    False,
                    False,
                    False,
                ]  # stands for alat, blat, clat, alpha, beta, gamma
            elif self.bravais_lattice == "triclinic":
                needed_params = [True, True, True, True, True, True]
            elif self.bravais_lattice == "monoclinic":
                needed_params = [True, True, True, True, False, False]
            elif self.bravais_lattice == "orthorombic":
                needed_params = [True, True, True, False, False, False]
            elif self.bravais_lattice == "tetragonal":
                needed_params = [True, False, True, False, False, False]
            elif self.bravais_lattice == "rhombohedral":
                needed_params = [True, False, False, True, True, True]
            elif self.bravais_lattice == "hexagonal":
                needed_params = [True, False, True, False, False, False]
        elif self.dimension == 2:
            if self.bravais_lattice == "oblique":
                needed_params = [True, True, False, True, False, False]
            elif self.bravais_lattice == "rectangular":
                needed_params = [True, True, False, False, False, False]
            elif self.bravais_lattice == "hexagonal":
                needed_params = [True, False, False, False, False, False]
            elif self.bravais_lattice == "square":
                needed_params = [True, False, False, False, False, False]
            else:  # TODO: need to be improved
                needed_params = [True, False, False, False, False, False]
        elif self.dimension == 1:
            if self.bravais_lattice == "line":
                needed_params = [True, False, False, False, False, False]
            else:  # TODO: improval needed
                needed_params = [True, False, False, False, False, False]
        else:
            raise ValueError("inconsistency in lattice structures")

        return needed_params

    def get_basis_types(self):
        """

        Returns:

        """
        self.crystal_lattice_dict[self.dimension].get(self.bravais_lattice).sort()
        return self.crystal_lattice_dict[self.dimension].get(self.bravais_lattice)

    def get_initial_lattice_constants(self):
        """

        Returns:

        """
        self.crystalLatticeParams[self.dimension].get(self.bravais_lattice).sort()
        return (
            self.crystalLatticeParams[self.dimension].get(self.bravais_lattice).sort()
        )

    # def getDimension(self):
    #     return self.dimension

    # def getCoordinates(self):
    #     return self.coordinates

    # def getCell(self):
    #     return self.amat

    def get_atom_structure(self, rel=True):
        """

        Args:
            rel:

        Returns:

        """
        #        print self.relCoords, self.amat
        return Atoms(
            elementList=self.ElementList,
            coordinates=self.coordinates,
            amat=self.amat,
            tag="Crystal",
            rel=rel,  # self.relCoords, #rel, # true or false # coordinates are given in relative lattice units
            pbc=[True, True, True][0 : self.dimension],
            Crystal=self.crystalParamsDict,
        )

    # #################### set commands #########################
    def set_lattice_constants(self, lattice_constants=None):
        """

        Args:
            lattice_constants:

        Returns:

        """
        if lattice_constants is None:
            lattice_constants = [1.0]
        for k in lattice_constants:
            if k <= 0:
                raise ValueError("negative lattice parameter(s)")
        self.lattice_constants = lattice_constants
        self.__updateCrystal__()

    def set_element(self, element="Fe"):
        """

        Args:
            element:

        Returns:

        """
        self.element = element
        self.__updateCrystal__()

    def set_dimension(self, dim=3):
        """

        Args:
            dim:

        Returns:

        """
        self.dimension = dim
        length = self.get_dimension_of_lattice_parameters()
        if dim == 3:  # # initial 3d structure
            self.lattice_constants = length * [1.0]
            self.bravais_lattice = "cubic"
            self.bravais_basis = "primitive"
        elif dim == 2:  # # initial 2d structure
            self.lattice_constants = length * [1.0]
            self.bravais_lattice = "square"
            self.bravais_basis = "primitive"
        elif dim == 1:  # # initial 1d structure
            self.lattice_constants = length * [1.0]
            self.bravais_lattice = "line"
            self.bravais_basis = "primitive"
        self.__updateCrystal__()

    def set_lattice_type(self, name_lattice="cubic"):
        """

        Args:
            name_lattice:

        Returns:

        """
        # catch input error
        # print "lattice type =", name_lattice
        if name_lattice not in self.get_lattice_types():
            raise ValueError("is not item of ")
        else:
            self.bravais_lattice = name_lattice
            self.set_lattice_constants(
                self.get_dimension_of_lattice_parameters() * [1.0]
            )
            self.set_basis_type(
                name_basis=self.crystal_lattice_dict[self.dimension].get(name_lattice)[
                    0
                ]
            )  # initial basis type

        self.__updateCrystal__()

    def set_basis_type(self, name_basis="primitive"):
        """

        Args:
            name_basis:

        Returns:

        """
        if name_basis not in self.get_basis_types():
            raise ValueError("is not item of")
        else:
            self.bravais_basis = name_basis
        self.__updateCrystal__()

    def atoms(self):
        """

        Returns:

        """
        return Atoms(
            elements=self.ElementList,
            scaled_positions=self.coordinates,
            cell=self.amat,
            pbc=[True, True, True][0 : self.dimension],
        )


[docs]class CrystalStructure(object):
    def __new__(cls, *args, **kwargs):
        basis = _CrystalStructure(*args, **kwargs).atoms()
        return basis



[docs]def ase_to_pyiron(ase_obj):
    """
    Convert an ase.atoms.Atoms structure object to its equivalent pyiron structure

    Args:
        ase_obj(ase.atoms.Atoms): The ase atoms instance to convert

    Returns:
        pyiron.atomistics.structure.atoms.Atoms: The equivalent pyiron structure

    """
    try:
        import ase
    except ImportError:
        raise ValueError("ASE package not yet installed")
    element_list = ase_obj.get_chemical_symbols()
    cell = ase_obj.cell
    positions = ase_obj.get_positions()
    pbc = ase_obj.get_pbc()
    spins = ase_obj.get_initial_magnetic_moments()
    if all(spins == np.array(None)) or sum(np.abs(spins)) == 0.0:
        pyiron_atoms = Atoms(
            elements=element_list, positions=positions, pbc=pbc, cell=cell
        )
    else:
        if any(spins == np.array(None)):
            spins[spins == np.array(None)] = 0.0
        pyiron_atoms = Atoms(
            elements=element_list,
            positions=positions,
            pbc=pbc,
            cell=cell,
            magmoms=spins,
        )
    if hasattr(ase_obj, "constraints") and len(ase_obj.constraints) != 0:
        for constraint in ase_obj.constraints:
            constraint_dict = constraint.todict()
            if constraint_dict["name"] == "FixAtoms":
                if "selective_dynamics" not in pyiron_atoms._tag_list.keys():
                    pyiron_atoms.add_tag(selective_dynamics=[True, True, True])
                pyiron_atoms.selective_dynamics[
                    constraint_dict["kwargs"]["indices"]
                ] = [False, False, False]
            elif constraint_dict["name"] == "FixScaled":
                if "selective_dynamics" not in pyiron_atoms._tag_list.keys():
                    pyiron_atoms.add_tag(selective_dynamics=[True, True, True])
                pyiron_atoms.selective_dynamics[
                    constraint_dict["kwargs"]["a"]
                ] = constraint_dict["kwargs"]["mask"]
            else:
                warnings.warn("Unsupported ASE constraint: " + constraint_dict["name"])
    return pyiron_atoms



[docs]def pyiron_to_ase(pyiron_obj):
    try:
        from pyiron.atomistics.structure.pyironase import ASEAtoms
    except ImportError:
        raise ValueError("ASE package not yet installed")
    element_list = pyiron_obj.get_parent_symbols()
    cell = pyiron_obj.cell
    positions = pyiron_obj.positions
    pbc = pyiron_obj.get_pbc()
    spins = pyiron_obj.get_initial_magnetic_moments()
    if all(spins == np.array(None)) or sum(np.abs(spins)) == 0.0:
        atoms = ASEAtoms(symbols=element_list, positions=positions, pbc=pbc, cell=cell)
    else:
        if any(spins == np.array(None)):
            spins[spins == np.array(None)] = 0.0
        atoms = ASEAtoms(
            symbols=element_list, positions=positions, pbc=pbc, cell=cell, magmoms=spins
        )
    return atoms



def _check_if_simple_atoms(atoms):
    """
    Raise a warning if the ASE atoms object includes properties which can not be converted to pymatgen atoms.

    Args:
        atoms: ASE atoms object
    """
    dict_keys = [
        k
        for k in atoms.__dict__.keys()
        if k
        not in ["_celldisp", "arrays", "_cell", "_pbc", "_constraints", "info", "_calc"]
    ]
    array_keys = [
        k for k in atoms.__dict__["arrays"].keys() if k not in ["numbers", "positions"]
    ]
    if not len(dict_keys) == 0:
        warnings.warn("Found unknown keys: " + str(dict_keys))
    if not np.all(atoms.__dict__["_celldisp"] == np.array([[0.0], [0.0], [0.0]])):
        warnings.warn("Found cell displacement: " + str(atoms.__dict__["_celldisp"]))
    if not atoms.__dict__["_calc"] is None:
        warnings.warn("Found calculator: " + str(atoms.__dict__["_calc"]))
    if not atoms.__dict__["_constraints"] == []:
        warnings.warn("Found constraint: " + str(atoms.__dict__["_constraints"]))
    if not np.all(atoms.__dict__["_pbc"]):
        warnings.warn("Cell is not periodic: " + str(atoms.__dict__["_pbc"]))
    if not len(array_keys) == 0:
        warnings.warn("Found unknown flags: " + str(array_keys))
    if not atoms.__dict__["info"] == dict():
        warnings.warn("Info is not empty: " + str(atoms.__dict__["info"]))


[docs]def pymatgen_to_pyiron(pymatgen_obj):
    """
    Convert pymatgen atoms object to pyiron atoms object (pymatgen->ASE->pyiron)

    Args:
        pymatgen_obj: pymatgen atoms object

    Returns:
        pyiron atoms object
    """
    try:
        from pymatgen.io.ase import AseAtomsAdaptor
    except ImportError:
        raise ValueError("PyMatGen package not yet installed")
    return ase_to_pyiron(AseAtomsAdaptor().get_atoms(structure=pymatgen_obj))



[docs]def pyiron_to_pymatgen(pyiron_obj):
    """
    Convert pyiron atoms object to pymatgen atoms object

    Args:
        pyiron_obj: pyiron atoms object

    Returns:
        pymatgen atoms object
    """
    try:
        from pymatgen.io.ase import AseAtomsAdaptor
    except ImportError:
        raise ValueError("PyMatGen package not yet installed")
    ase_atoms = pyiron_to_ase(pyiron_obj)
    _check_if_simple_atoms(atoms=ase_atoms)
    return AseAtomsAdaptor().get_structure(atoms=ase_atoms, cls=None)



[docs]def ovito_to_pyiron(ovito_obj):
    """

    Args:
        ovito_obj:

    Returns:

    """
    try:
        from ovito.data import ase_to_pyiron

        return ase_to_pyiron(ovito_obj.to_ase_atoms())
    except ImportError:
        raise ValueError("ovito package not yet installed")



[docs]def pyiron_to_ovito(atoms):
    """

    Args:
        atoms:

    Returns:

    """
    try:
        from ovito.data import DataCollection

        return DataCollection.create_from_ase_atoms(atoms)
    except ImportError:
        raise ValueError("ovito package not yet installed")



[docs]def string2symbols(s):
    """
    Convert string to list of chemical symbols.

    Args:
        s:

    Returns:

    """
    i = None
    n = len(s)
    if n == 0:
        return []
    c = s[0]
    if c.isdigit():
        i = 1
        while i < n and s[i].isdigit():
            i += 1
        return int(s[:i]) * string2symbols(s[i:])
    if c == "(":
        p = 0
        for i, c in enumerate(s):
            if c == "(":
                p += 1
            elif c == ")":
                p -= 1
                if p == 0:
                    break
        j = i + 1
        while j < n and s[j].isdigit():
            j += 1
        if j > i + 1:
            m = int(s[i + 1 : j])
        else:
            m = 1
        return m * string2symbols(s[1:i]) + string2symbols(s[j:])

    if c.isupper():
        i = 1
        if 1 < n and s[1].islower():
            i += 1
        j = i
        while j < n and s[j].isdigit():
            j += 1
        if j > i:
            m = int(s[i:j])
        else:
            m = 1
        return m * [s[:i]] + string2symbols(s[j:])
    else:
        raise ValueError



[docs]def symbols2numbers(symbols):
    """

    Args:
        symbols (list, str):

    Returns:

    """
    pse = PeriodicTable()
    df = pse.dataframe.T
    if isinstance(symbols, str):
        symbols = string2symbols(symbols)
    numbers = list()
    for sym in symbols:
        if isinstance(sym, string_types):
            numbers.append(df[sym]["AtomicNumber"])
        else:
            numbers.append(sym)
    return numbers



[docs]def string2vector(v):
    """

    Args:
        v:

    Returns:

    """
    if isinstance(v, str):
        if v[0] == "-":
            return -string2vector(v[1:])
        w = np.zeros(3)
        w["xyz".index(v)] = 1.0
        return w
    return np.array(v, float)



[docs]def default(data, dflt):
    """
    Helper function for setting default values.

    Args:
        data:
        dflt:

    Returns:

    """
    if data is None:
        return None
    elif isinstance(data, (list, tuple)):
        newdata = []
        allnone = True
        for x in data:
            if x is None:
                newdata.append(dflt)
            else:
                newdata.append(x)
                allnone = False
        if allnone:
            return None
        return newdata
    else:
        return data
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  Source code for pyiron.atomistics.structure.factory

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from ase.build import bulk
from ase.build import (
        add_adsorbate,
        add_vacuum,
        bcc100,
        bcc110,
        bcc111,
        diamond100,
        diamond111,
        fcc100,
        fcc110,
        fcc111,
        fcc211,
        hcp0001,
        hcp10m10,
        mx2,
        hcp0001_root,
        fcc111_root,
        bcc111_root,
        root_surface,
        root_surface_analysis,
        surface as ase_surf,
    )
from ase.io import read
import numpy as np
from pyiron.atomistics.structure.pyironase import publication as publication_ase
from pyiron.atomistics.structure.atoms import CrystalStructure, ase_to_pyiron, Atoms
from pyiron.atomistics.structure.periodic_table import PeriodicTable
from pyiron_base import Settings, PyironFactory
import types

__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "May 1, 2020"

s = Settings()


[docs]class StructureFactory(PyironFactory):
[docs]    def ase_read(self, *args, **kwargs):
        """
        Returns a ASE's read result, wrapped as a `pyiron.atomstic.structure.atoms.Atoms` object.

        ase.io.read docstring:
        """
        return ase_to_pyiron(read(*args, **kwargs))

    ase_read.__doc__ += read.__doc__

[docs]    @staticmethod
    def surface(
        element, surface_type, size=(1, 1, 1), vacuum=1.0, center=False, pbc=True, **kwargs
    ):
        """
        Generate a surface based on the ase.build.surface module.

        Args:
            element (str): Element name
            surface_type (str): The string specifying the surface type generators available through ase (fcc111,
            hcp0001 etc.)
            size (tuple): Size of the surface
            vacuum (float): Length of vacuum layer added to the surface along the z direction
            center (bool): Tells if the surface layers have to be at the center or at one end along the z-direction
            pbc (list/numpy.ndarray): List of booleans specifying the periodic boundary conditions along all three
                                      directions.
            **kwargs: Additional, arguments you would normally pass to the structure generator like 'a', 'b',
            'orthogonal' etc.

        Returns:
            pyiron.atomistics.structure.atoms.Atoms instance: Required surface

        """
        # https://gitlab.com/ase/ase/blob/master/ase/lattice/surface.py
        if pbc is None:
            pbc = True
        s.publication_add(publication_ase())
        for surface_class in [
            add_adsorbate,
            add_vacuum,
            bcc100,
            bcc110,
            bcc111,
            diamond100,
            diamond111,
            fcc100,
            fcc110,
            fcc111,
            fcc211,
            hcp0001,
            hcp10m10,
            mx2,
            hcp0001_root,
            fcc111_root,
            bcc111_root,
            root_surface,
            root_surface_analysis,
            ase_surf,
        ]:
            if surface_type == surface_class.__name__:
                surface_type = surface_class
                break
        if isinstance(surface_type, types.FunctionType):
            if center:
                surface = surface_type(
                    symbol=element, size=size, vacuum=vacuum, **kwargs
                )
            else:
                surface = surface_type(symbol=element, size=size, **kwargs)
                z_max = np.max(surface.positions[:, 2])
                surface.cell[2, 2] = z_max + vacuum
            surface.pbc = pbc
            return ase_to_pyiron(surface)
        else:
            return None


[docs]    @staticmethod
    def surface_hkl(lattice, hkl, layers, vacuum=1.0, center=False, pbc=True):
        """
        Use ase.build.surface to build a surface with surface normal (hkl).

        Args:
            lattice (pyiron.atomistics.structure.atoms.Atoms/str): bulk Atoms
                instance or str, e.g. "Fe", from which to build the surface
            hkl (list): miller indices of surface to be created
            layers (int): # of atomic layers in the surface
            vacuum (float): vacuum spacing
            center (bool): shift all positions to center the surface
                in the cell

        Returns:
            pyiron.atomistics.structure.atoms.Atoms instance: Required surface
        """
        # https://gitlab.com/ase/ase/blob/master/ase/lattice/surface.py
        s.publication_add(publication_ase())

        surface = ase_surf(lattice, hkl, layers)
        z_max = np.max(surface.positions[:, 2])
        surface.cell[2, 2] = z_max + vacuum
        if center:
            surface.positions += 0.5 * surface.cell[2] - [0, 0, z_max/2]
        surface.pbc = pbc
        return ase_to_pyiron(surface)


[docs]    @staticmethod
    def crystal(element, bravais_basis, lattice_constant):
        """
        Create a crystal structure using pyiron's native crystal structure generator

        Args:
            element (str): Element name
            bravais_basis (str): Basis type
            lattice_constant (float/list): Lattice constants

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: The required crystal structure
        """
        return CrystalStructure(
            element=element,
            bravais_basis=bravais_basis,
            lattice_constants=[lattice_constant],
        )


[docs]    @staticmethod
    def ase_bulk(
        name,
        crystalstructure=None,
        a=None,
        c=None,
        covera=None,
        u=None,
        orthorhombic=False,
        cubic=False,
    ):
        """
        Creating bulk systems using ASE bulk module. Crystal structure and lattice constant(s) will be guessed if not
        provided.

        name (str): Chemical symbol or symbols as in 'MgO' or 'NaCl'.
        crystalstructure (str): Must be one of sc, fcc, bcc, hcp, diamond, zincblende,
                                rocksalt, cesiumchloride, fluorite or wurtzite.
        a (float): Lattice constant.
        c (float): Lattice constant.
        c_over_a (float): c/a ratio used for hcp.  Default is ideal ratio: sqrt(8/3).
        u (float): Internal coordinate for Wurtzite structure.
        orthorhombic (bool): Construct orthorhombic unit cell instead of primitive cell which is the default.
        cubic (bool): Construct cubic unit cell if possible.

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: Required bulk structure
        """
        s.publication_add(publication_ase())
        return ase_to_pyiron(bulk(
            name=name,
            crystalstructure=crystalstructure,
            a=a,
            c=c,
            covera=covera,
            u=u,
            orthorhombic=orthorhombic,
            cubic=cubic,
        ))


[docs]    @staticmethod
    def atoms(
            symbols=None,
            positions=None,
            numbers=None,
            tags=None,
            momenta=None,
            masses=None,
            magmoms=None,
            charges=None,
            scaled_positions=None,
            cell=None,
            pbc=None,
            celldisp=None,
            constraint=None,
            calculator=None,
            info=None,
            indices=None,
            elements=None,
            dimension=None,
            species=None,
            **qwargs
    ):
        """
        Creates a atomistics.structure.atoms.Atoms instance.

        Args:
            elements (list/numpy.ndarray): List of strings containing the elements or a list of
                                atomistics.structure.periodic_table.ChemicalElement instances
            numbers (list/numpy.ndarray): List of atomic numbers of elements
            symbols (list/numpy.ndarray): List of chemical symbols
            positions (list/numpy.ndarray): List of positions
            scaled_positions (list/numpy.ndarray): List of scaled positions (relative coordinates)
            pbc (boolean): Tells if periodic boundary conditions should be applied
            cell (list/numpy.ndarray): A 3x3 array representing the lattice vectors of the structure
            momenta (list/numpy.ndarray): List of momentum values
            tags (list/numpy.ndarray): A list of tags
            masses (list/numpy.ndarray): A list of masses
            magmoms (list/numpy.ndarray): A list of magnetic moments
            charges (list/numpy.ndarray): A list of point charges
            celldisp:
            constraint (list/numpy.ndarray): A list of constraints
            calculator: ASE calculator
            info (list/str): ASE compatibility
            indices (list/numpy.ndarray): The list of species indices
            dimension (int): Dimension of the structure
            species (list): List of species

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: The required structure instance
        """
        if pbc is None:
            pbc = True
        return Atoms(
            symbols=symbols,
            positions=positions,
            numbers=numbers,
            tags=tags,
            momenta=momenta,
            masses=masses,
            magmoms=magmoms,
            charges=charges,
            scaled_positions=scaled_positions,
            cell=cell,
            pbc=pbc,
            celldisp=celldisp,
            constraint=constraint,
            calculator=calculator,
            info=info,
            indices=indices,
            elements=elements,
            dimension=dimension,
            species=species,
            **qwargs
        )


[docs]    @staticmethod
    def element(parent_element, new_element_name=None, spin=None, potential_file=None):
        """

        Args:
            parent_element (str, int): The parent element eq. "N", "O", "Mg" etc.
            new_element_name (str): The name of the new parent element (can be arbitrary)
            spin (float): Value of the magnetic moment (with sign)
            potential_file (str): Location of the new potential file if necessary

        Returns:
            atomistics.structure.periodic_table.ChemicalElement instance
        """
        periodic_table = PeriodicTable()
        if new_element_name is None:
            if spin is not None:
                new_element_name = (
                        parent_element + "_spin_" + str(spin).replace(".", "_")
                )
            else:
                new_element_name = parent_element + "_1"
        if potential_file is not None:
            if spin is not None:
                periodic_table.add_element(
                    parent_element=parent_element,
                    new_element=new_element_name,
                    spin=str(spin),
                    pseudo_potcar_file=potential_file,
                )
            else:
                periodic_table.add_element(
                    parent_element=parent_element,
                    new_element=new_element_name,
                    pseudo_potcar_file=potential_file,
                )
        elif spin is not None:
            periodic_table.add_element(
                parent_element=parent_element,
                new_element=new_element_name,
                spin=str(spin),
            )
        else:
            periodic_table.add_element(
                parent_element=parent_element, new_element=new_element_name
            )
        return periodic_table.element(new_element_name)
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  Source code for pyiron.atomistics.structure.neighbors

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from sklearn.cluster import AgglomerativeClustering
from scipy.sparse import coo_matrix
from scipy.special import gamma
from pyiron_base import Settings
from pyiron.atomistics.structure.analyse import get_average_of_unique_labels
import warnings

__author__ = "Joerg Neugebauer, Sam Waseda"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sam Waseda"
__email__ = "waseda@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"

s = Settings()

[docs]class Tree:
    """
    Class to get tree structure for the neighborhood information.

    Main attributes (do not modify them):

    - distances (numpy.ndarray/list): Distances to the neighbors of given positions
    - indices (numpy.ndarray/list): Indices of the neighbors of given positions
    - vecs (numpy.ndarray/list): Vectors to the neighbors of given positions

    Auxiliary attributes:

    - allow_ragged (bool): Whether to allow a ragged list of numpy arrays or not. This is relevant
        only if the cutoff length was specified, in which case the number of atoms for each
        position could differ. `allow_ragged = False` is computationally more efficient in most of the
        methods. When `allow_ragged = False`, the variables are filled as follows:
        `np.inf` in `distances`, `numpy.array([np.inf, np.inf, np.inf])` in `vecs`, `n_atoms+1` (or
        a larger value) in `indices` and -1 in `shells`
    - wrap_positions (bool): Whether to wrap back the positions entered by user in get_neighborhood
        etc. Since the information outside the original box is limited to a few layer,
        wrap_positions=False might miss some points without issuing an error.

    Furthermore, you can re-employ the original tree structure to get neighborhood information via
    get_indices, get_vectors, get_distances and get_neighborhood. The information delivered by
    get_neighborhood is the same as what can be obtained through the other three getters (except
    for the fact that get_neighborhood returns a Tree instance, while the others return numpy
    arrays), but since get_vectors anyway has to call get_distances and get_indices internally, the
    computational cost of get_neighborhood and get_vectors is the same.

    """
    def __init__(self, ref_structure):
        self.distances = None
        self.vecs = None
        self.indices = None
        self._extended_positions = None
        self._wrapped_indices = None
        self._allow_ragged = False
        self._cell = None
        self._extended_indices = None
        self._ref_structure = ref_structure.copy()
        self.wrap_positions = False
        self._tree = None
        self.num_neighbors = None
        self.cutoff_radius = np.inf
        self._norm_order = 2

    def __repr__(self):
        """
            Returns: __repr__
        """
        to_return = (
            "Main attributes:\n"
            + "- distances : Distances to the neighbors of given positions\n"
            + "- indices : Indices of the neighbors of given positions\n"
        )
        if self.vecs is not None:
            to_return += "- vecs : Vectors to the neighbors of given positions\n"
        return to_return

[docs]    def copy(self):
        new_neigh = Tree(self._ref_structure)
        new_neigh.distances = self.distances.copy()
        new_neigh.vecs = self.vecs.copy()
        new_neigh.indices = self.indices.copy()
        new_neigh._extended_positions = self._extended_positions
        new_neigh._wrapped_indices = self._wrapped_indices
        new_neigh._allow_ragged = self._allow_ragged
        new_neigh._cell = self._cell
        new_neigh._extended_indices = self._extended_indices
        new_neigh.wrap_positions = self.wrap_positions
        new_neigh._tree = self._tree
        new_neigh.num_neighbors = self.num_neighbors
        new_neigh.cutoff_radius = self.cutoff_radius
        new_neigh._norm_order = self._norm_order
        return new_neigh


    @property
    def norm_order(self):
        """
        Norm to use for the neighborhood search and shell recognition. The definition follows the
        conventional Lp norm (cf. https://en.wikipedia.org/wiki/Lp_space). This is still an
        experimental feature and for anything other than norm_order=2, there is no guarantee that
        this works flawlessly.
        """
        return self._norm_order

    @norm_order.setter
    def norm_order(self, value):
        raise ValueError(
            'norm_order cannot be changed after initialization. Re-initialize the Neighbor class'
            + ' with the correct norm_order value'
        )

    def _get_max_length(self, ref_vector=None):
        if ref_vector is None:
            ref_vector = self.distances
        if (ref_vector is None
            or len(ref_vector)==0
            or not hasattr(ref_vector[0], '__len__')):
            return None
        return max(len(dd[dd<np.inf]) for dd in ref_vector)

    def _fill(self, value, filler=np.inf):
        max_length = self._get_max_length()
        if max_length is None:
            return value
        arr = np.zeros((len(value), max_length)+value[0].shape[1:], dtype=type(filler))
        arr.fill(filler)
        for ii, vv in enumerate(value):
            arr[ii,:len(vv)] = vv
        return arr

    def _contract(self, value, ref_vector=None):
        if self._get_max_length(ref_vector=ref_vector) is None:
            return value
        return [vv[:np.sum(dist<np.inf)] for vv, dist in zip(value, self.distances)]

    @property
    def allow_ragged(self):
        """
        Whether to allow ragged list of distancs/vectors/indices or fill empty slots with numpy.inf
        to get rectangular arrays
        """
        return self._allow_ragged

    @allow_ragged.setter
    def allow_ragged(self, new_bool):
        if not isinstance(new_bool, bool):
            raise ValueError('allow_ragged must be a boolean')
        if self._allow_ragged == new_bool:
            return
        self._allow_ragged = new_bool
        if new_bool:
            self.distances = self._contract(self.distances)
            if self.vecs is not None:
                self.vecs = self._contract(self.vecs)
            self.indices = self._contract(self.indices)
        else:
            self.distances = self._fill(self.distances)
            self.indices = self._fill(self.indices, filler=len(self._ref_structure))
            if self.vecs is not None:
                self.vecs = self._fill(self.vecs)

    def _get_extended_positions(self):
        if self._extended_positions is None:
            return self._ref_structure.positions
        return self._extended_positions

    def _get_wrapped_indices(self):
        if self._wrapped_indices is None:
            return np.arange(len(self._ref_structure.positions))
        return self._wrapped_indices

    def _get_wrapped_positions(self, positions):
        if not self.wrap_positions:
            return np.asarray(positions)
        x = np.array(positions).copy()
        cell = self._ref_structure.cell
        x_scale = np.dot(x, np.linalg.inv(cell))+1.0e-12
        x[...,self._ref_structure.pbc] -= np.dot(np.floor(x_scale),
                                                 cell)[...,self._ref_structure.pbc]
        return x

    def _get_distances_and_indices(
        self,
        positions=None,
        allow_ragged=None,
        num_neighbors=None,
        cutoff_radius=np.inf,
        width_buffer=1.2,
    ):
        if positions is None:
            if allow_ragged is None:
                return self.distances, self.indices
            if allow_ragged:
                return (self._contract(self.distances),
                        self._contract(self.indices))
            return (self._fill(self.distances),
                    self._fill(self.indices, filler=len(self._ref_structure)))
        num_neighbors = self._estimate_num_neighbors(
            num_neighbors=num_neighbors,
            cutoff_radius=cutoff_radius,
            width_buffer=width_buffer,
        )
        if len(self._get_extended_positions()) < num_neighbors and cutoff_radius==np.inf:
            raise ValueError(
                'num_neighbors too large - make width_buffer larger and/or make '
                + 'num_neighbors smaller'
            )
        distances, indices = self._tree.query(
            self._get_wrapped_positions(positions),
            k=num_neighbors,
            distance_upper_bound=cutoff_radius,
            p=self.norm_order,
        )
        if cutoff_radius<np.inf and np.any(distances.T[-1]<np.inf):
            warnings.warn(
                'Number of neighbors found within the cutoff_radius is equal to (estimated) '
                + 'num_neighbors. Increase num_neighbors (or set it to None) or '
                + 'width_buffer to find all neighbors within cutoff_radius.'
            )
        self._extended_indices = indices.copy()
        indices[distances<np.inf] = self._get_wrapped_indices()[indices[distances<np.inf]]
        if allow_ragged is None:
            allow_ragged = self.allow_ragged
        if allow_ragged:
            return self._contract(distances, distances), self._contract(indices, distances)
        return distances, indices

[docs]    def get_indices(
        self,
        positions=None,
        allow_ragged=None,
        num_neighbors=None,
        cutoff_radius=np.inf,
        width_buffer=1.2,
    ):
        """
        Get current indices or neighbor indices for given positions using the same Tree structure
        used for the instantiation of the Neighbor class. This function should not be used if the
        structure changed in the meantime. If `positions` is None and `allow_ragged` is None, this
        function returns the same content as `indices`.

        Args:
            positions (list/numpy.ndarray/None): Positions around which neighborhood vectors
                are to be computed (None to get current vectors)
            allow_ragged (bool): Whether to allow ragged list of arrays or rectangular
                numpy.ndarray filled with np.inf for values outside cutoff_radius
            num_neighbors (int/None): Number of neighboring atoms to calculate vectors for.
                Ignored if `positions` is None.
            cutoff_radius (float): cutoff radius. Ignored if `positions` is None.
            width_buffer (float): Buffer length for the estimation of num_neighbors. Ignored if
                `positions` is None.

        Returns:
            (list/numpy.ndarray) list (if allow_ragged=True) or numpy.ndarray (otherwise) of
                neighbor indices

        """
        return self._get_distances_and_indices(
            positions=positions,
            allow_ragged=allow_ragged,
            num_neighbors=num_neighbors,
            cutoff_radius=cutoff_radius,
            width_buffer=width_buffer,
        )[1]


[docs]    def get_distances(
        self,
        positions=None,
        allow_ragged=None,
        num_neighbors=None,
        cutoff_radius=np.inf,
        width_buffer=1.2,
    ):
        """
        Get current positions or neighbor positions for given positions using the same Tree
        structure used for the instantiation of the Neighbor class. This function should not be
        used if the structure changed in the meantime. If `positions` is None and `allow_ragged` is
        None, this function returns the same content as `positions`.

        Args:
            positions (list/numpy.ndarray/None): Positions around which neighborhood vectors
                are to be computed (None to get current vectors)
            allow_ragged (bool): Whether to allow ragged list of arrays or rectangular
                numpy.ndarray filled with np.inf for values outside cutoff_radius
            num_neighbors (int/None): Number of neighboring atoms to calculate vectors for.
                Ignored if `positions` is None.
            cutoff_radius (float): cutoff radius. Ignored if `positions` is None.
            width_buffer (float): Buffer length for the estimation of num_neighbors. Ignored if
                `positions` is None.

        Returns:
            (list/numpy.ndarray) list (if allow_ragged=True) or numpy.ndarray (otherwise) of
                neighbor distances
        """
        return self._get_distances_and_indices(
            positions=positions,
            allow_ragged=allow_ragged,
            num_neighbors=num_neighbors,
            cutoff_radius=cutoff_radius,
            width_buffer=width_buffer,
        )[0]


[docs]    def get_vectors(
        self,
        positions=None,
        allow_ragged=False,
        num_neighbors=None,
        cutoff_radius=np.inf,
        width_buffer=1.2,
    ):
        """
        Get current vectors or neighbor vectors for given positions using the same Tree structure
        used for the instantiation of the Neighbor class. This function should not be used if the
        structure changed in the meantime. If `positions` is None and `allow_ragged` is None, this
        function returns the same content as `vecs`.

        Args:
            positions (list/numpy.ndarray/None): Positions around which neighborhood vectors
                are to be computed (None to get current vectors)
            allow_ragged (bool): Whether to allow ragged list of arrays or rectangular
                numpy.ndarray filled with np.inf for values outside cutoff_radius
            num_neighbors (int/None): Number of neighboring atoms to calculate vectors for.
                Ignored if `positions` is None.
            cutoff_radius (float): cutoff radius. Ignored if `positions` is None.
            width_buffer (float): Buffer length for the estimation of num_neighbors. Ignored if
                `positions` is None.


        Returns:
            (list/numpy.ndarray) list (if allow_ragged=True) or numpy.ndarray (otherwise) of
                neighbor vectors
        """
        return self._get_vectors(
            positions=positions,
            allow_ragged=allow_ragged,
            num_neighbors=num_neighbors,
            cutoff_radius=cutoff_radius,
            width_buffer=width_buffer,
        )


    def _get_vectors(
        self,
        positions=None,
        allow_ragged=None,
        num_neighbors=None,
        cutoff_radius=np.inf,
        distances=None,
        indices=None,
        width_buffer=1.2,
    ):
        if positions is not None:
            if distances is None or indices is None:
                distances, indices = self._get_distances_and_indices(
                    positions=positions,
                    allow_ragged=False,
                    num_neighbors=num_neighbors,
                    cutoff_radius=cutoff_radius,
                    width_buffer=width_buffer,
                )
            vectors = np.zeros(distances.shape+(3,))
            vectors -= self._get_wrapped_positions(positions).reshape(distances.shape[:-1]+(1, 3))
            vectors[distances<np.inf] += self._get_extended_positions()[
                self._extended_indices[distances<np.inf]
            ]
            vectors[distances==np.inf] = np.array(3*[np.inf])
            if self._cell is not None:
                vectors[distances<np.inf] -= self._cell*np.rint(vectors[distances<np.inf]/self._cell)
        elif self.vecs is not None:
            vectors = self.vecs
        else:
            raise AssertionError(
                'vectors not created yet -> put positions or reinitialize with t_vec=True'
            )
        if allow_ragged==self.allow_ragged:
            return vectors
        if allow_ragged:
            return self._contract(vectors, distances)
        return self._fill(vectors)

    def _estimate_num_neighbors(self, num_neighbors=None, cutoff_radius=np.inf, width_buffer=1.2):
        """

        Args:
            num_neighbors (int): number of neighbors
            width_buffer (float): width of the layer to be added to account for pbc.
            cutoff_radius (float): self-explanatory

        Returns:
            Number of atoms required for a given cutoff

        """
        if num_neighbors is None and cutoff_radius==np.inf and self.num_neighbors is None:
            raise ValueError('Specify num_neighbors or cutoff_radius')
        elif num_neighbors is None and self.num_neighbors is None:
            volume = self._ref_structure.get_volume(per_atom=True)
            width_buffer = 1+width_buffer
            width_buffer *= 8*gamma(1+1/self.norm_order)**3/gamma(1+3/self.norm_order)
            num_neighbors = max(14, int(width_buffer*cutoff_radius**3/volume))
        elif num_neighbors is None:
            num_neighbors = self.num_neighbors
        if self.num_neighbors is None:
            self.num_neighbors = num_neighbors
            self.cutoff_radius = cutoff_radius
        if num_neighbors > self.num_neighbors:
            warnings.warn("Taking a larger search area after initialization has the risk of "
                          + "missing neighborhood atoms")
        return num_neighbors

    def _estimate_width(self, num_neighbors=None, cutoff_radius=np.inf, width_buffer=1.2):
        """

        Args:
            num_neighbors (int): number of neighbors
            width_buffer (float): width of the layer to be added to account for pbc.
            cutoff_radius (float): cutoff radius

        Returns:
            Width of layer required for the given number of atoms

        """
        if num_neighbors is None and cutoff_radius==np.inf:
            raise ValueError('Define either num_neighbors or cutoff_radius')
        if all(self._ref_structure.pbc==False):
            return 0
        elif cutoff_radius!=np.inf:
            return cutoff_radius
        pbc = self._ref_structure.pbc
        n = sum(pbc)
        prefactor = 2**n*gamma(1+1/self.norm_order)**2/gamma(1+n/self.norm_order)
        width = np.prod((
            np.linalg.norm(self._ref_structure.cell, axis=-1, ord=self.norm_order)-np.ones(3)
        )*pbc+np.ones(3))
        width *= prefactor*np.max([num_neighbors, 8])/len(self._ref_structure)
        cutoff_radius = width_buffer*width**(1/np.sum(pbc))
        return cutoff_radius

[docs]    def get_neighborhood(
        self,
        positions,
        num_neighbors=None,
        t_vec=True,
        cutoff_radius=np.inf,
        width_buffer=1.2,
    ):
        """
        Get neighborhood information of `positions`. What it returns is in principle the same as
        `get_neighborhood` in `Atoms`. The only one difference is the reuse of the same Tree
        structure, which makes the algorithm more efficient, but will fail if the reference
        structure changed in the meantime.

        Args:
            position: Position in a box whose neighborhood information is analysed
            num_neighbors (int): Number of nearest neighbors
            t_vec (bool): True: compute distance vectors (pbc are taken into account)
            cutoff_radius (float): Upper bound of the distance to which the search is to be done
            width_buffer (float): Width of the layer to be added to account for pbc.

        Returns:

            pyiron.atomistics.structure.atoms.Tree: Neighbors instances with the neighbor indices,
                distances and vectors

        """
        new_neigh = self.copy()
        return new_neigh._get_neighborhood(
            positions=positions,
            num_neighbors=num_neighbors,
            t_vec=t_vec,
            cutoff_radius=cutoff_radius,
            exclude_self=False,
            width_buffer=width_buffer,
        )


    def _get_neighborhood(
        self,
        positions,
        num_neighbors=12,
        t_vec=True,
        cutoff_radius=np.inf,
        exclude_self=False,
        width_buffer=1.2,
    ):
        start_column = 0
        if exclude_self:
            start_column = 1
            if num_neighbors is not None:
                num_neighbors += 1
        distances, indices = self._get_distances_and_indices(
            positions,
            num_neighbors=num_neighbors,
            cutoff_radius=cutoff_radius,
            width_buffer=width_buffer,
        )
        if num_neighbors is not None:
            self.num_neighbors -= 1
        max_column = np.sum(distances<np.inf, axis=-1).max()
        self.distances = distances[...,start_column:max_column]
        self.indices = indices[...,start_column:max_column]
        self._extended_indices = self._extended_indices[...,start_column:max_column]
        if t_vec:
            self.vecs = self._get_vectors(
                positions=positions, distances=self.distances, indices=self._extended_indices
            )
        return self

    def _check_width(self, width, pbc):
        if any(pbc) and np.prod(self.distances.shape)>0 and self.vecs is not None:
            if np.linalg.norm(
                self._fill(self._contract(self.vecs), filler=0.0)[...,pbc],
                axis=-1,
                ord=self.norm_order
            ).max() > width:
                return True
        return False



[docs]class Neighbors(Tree):
    """
    Class for storage of the neighbor information for a given atom based on the KDtree algorithm

    Main attributes (do not modify them):

    - distances (numpy.ndarray/list): Distances to the neighbors of all atoms
    - indices (numpy.ndarray/list): Indices of the neighbors of all atoms
    - vecs (numpy.ndarray/list): Vectors to the neighbors of all atoms

    Auxiliary attributes:

    - allow_ragged (bool): Whether to allow a ragged list of numpy arrays or not. This is relevant
        only if the cutoff length was specified, in which case the number of neighbor atoms for each
        atom could differ. `allow_ragged = False` is computationally more efficient in most of the
        methods. When `allow_ragged = False`, the variables are filled as follows:
        `np.inf` in `distances`, `numpy.array([np.inf, np.inf, np.inf])` in `vecs`, `n_atoms+1` (or
        a larger value) in `indices` and -1 in `shells`
    - wrap_positions (bool): Whether to wrap back the positions entered by user in get_neighborhood
        etc. Since the information outside the original box is limited to a few layer,
        wrap_positions=False might miss some points without issuing an error.

    Furthermore, you can re-employ the original tree structure to get neighborhood information via
    get_indices, get_vectors, get_distances and get_neighborhood. The information delivered by
    get_neighborhood is the same as what can be obtained through the other three getters (except
    for the fact that get_neighborhood returns a Tree instance, while the others return numpy
    arrays), but since get_vectors anyway has to call get_distances and get_indices internally, the
    computational cost of get_neighborhood and get_vectors is the same.
    """

    def __init__(self, ref_structure, tolerance=2):
        super().__init__(ref_structure=ref_structure)
        self._shells = None
        self._tolerance = tolerance
        self._cluster_vecs = None
        self._cluster_dist = None

    def __repr__(self):
        """
            Returns: __repr__
        """
        to_return = super().__repr__()
        return to_return.replace('given positions', 'each atom')

    @property
    def shells(self):
        """
            Returns the cell numbers of each atom according to the distances
        """
        if self._shells is None:
            self._shells = self.get_local_shells()
        if self.allow_ragged:
            return self._contract(self._shells)
        return self._shells

[docs]    def get_local_shells(self, tolerance=None, cluster_by_distances=False, cluster_by_vecs=False):
        """
        Set shell indices based on distances available to each atom. Clustering methods can be used
        at the same time, which will be useful at finite temperature results, but depending on how
        dispersed the atoms are, the algorithm could take some time. If the clustering method(-s)
        have already been launched before this function, it will use the results already available
        and does not execute the clustering method(-s) again.

        Args:
            tolerance (int): decimals in np.round for rounding up distances
            cluster_by_distances (bool): If True, `cluster_by_distances` is called first and the distances obtained
                from the clustered distances are used to calculate the shells. If cluster_by_vecs is True at the same
                time, `cluster_by_distances` will use the clustered vectors for its clustering algorithm. For more,
                see the DocString of `cluster_by_distances`. (default: False)
            cluster_by_vecs (bool): If True, `cluster_by_vectors` is called first and the distances obtained from
                the clustered vectors are used to calculate the shells. (default: False)

        Returns:
            shells (numpy.ndarray): shell indices
        """
        allow_ragged = self.allow_ragged
        if allow_ragged:
            self.allow_ragged = False
        if tolerance is None:
            tolerance = self._tolerance
        if cluster_by_distances:
            if self._cluster_dist is None:
                self.cluster_by_distances(use_vecs=cluster_by_vecs)
            shells = np.array([np.unique(np.round(dist, decimals=tolerance), return_inverse=True)[1]+1
                         for dist in self._cluster_dist.cluster_centers_[self._cluster_dist.labels_]
                     ])
            shells[self._cluster_dist.labels_<0] = -1
            shells = shells.reshape(self.indices.shape)
        elif cluster_by_vecs:
            if self._cluster_vecs is None:
                self.cluster_by_vecs()
            shells = np.array([np.unique(np.round(dist, decimals=tolerance), return_inverse=True)[1]+1
                         for dist in np.linalg.norm(
                            self._cluster_vecs.cluster_centers_[self._cluster_vecs.labels_],
                            axis=-1,
                            ord=self.norm_order
                        )
                     ])
            shells[self._cluster_vecs.labels_<0] = -1
            shells = shells.reshape(self.indices.shape)
        else:
            shells = []
            for dist in self.distances:
                shells.append(np.unique(np.round(dist[dist<np.inf], decimals=tolerance), return_inverse=True)[1]+1)
            shells = self._fill(shells, filler=-1)
        self.allow_ragged = allow_ragged 
        if allow_ragged:
            return self._contract(shells)
        return shells


[docs]    def get_global_shells(self, tolerance=None, cluster_by_distances=False, cluster_by_vecs=False):
        """
        Set shell indices based on all distances available in the system instead of
        setting them according to the local distances (in contrast to shells defined
        as an attribute in this class). Clustering methods can be used at the same time,
        which will be useful at finite temperature results, but depending on how dispersed
        the atoms are, the algorithm could take some time. If the clustering method(-s)
        have already been launched before this function, it will use the results already
        available and does not execute the clustering method(-s) again.

        Args:
            tolerance (int): decimals in np.round for rounding up distances (default: 2)
            cluster_by_distances (bool): If True, `cluster_by_distances` is called first and the distances obtained
                from the clustered distances are used to calculate the shells. If cluster_by_vecs is True at the same
                time, `cluster_by_distances` will use the clustered vectors for its clustering algorithm. For more,
                see the DocString of `cluster_by_distances`. (default: False)
            cluster_by_vecs (bool): If True, `cluster_by_vectors` is called first and the distances obtained from
                the clustered vectors are used to calculate the shells. (default: False)

        Returns:
            shells (numpy.ndarray): shell indices (cf. shells)
        """
        allow_ragged = self.allow_ragged
        if allow_ragged:
            self.allow_ragged = False
        if tolerance is None:
            tolerance = self._tolerance
        if self.distances is None:
            raise ValueError('neighbors not set')
        distances = self.distances
        if cluster_by_distances:
            if self._cluster_dist is None:
                self.cluster_by_distances(use_vecs=cluster_by_vecs)
            distances = self._cluster_dist.cluster_centers_[
                self._cluster_dist.labels_
            ].reshape(self.distances.shape)
            distances[self._cluster_dist.labels_<0] = np.inf
        elif cluster_by_vecs:
            if self._cluster_vecs is None:
                self.cluster_by_vecs()
            distances = np.linalg.norm(
                self._cluster_vecs.cluster_centers_[self._cluster_vecs.labels_],
                axis=-1,
                ord=self.norm_order,
            ).reshape(self.distances.shape)
            distances[self._cluster_vecs.labels_<0] = np.inf
        dist_lst = np.unique(np.round(a=distances, decimals=tolerance))
        shells = -np.ones_like(self.indices).astype(int)
        shells[distances<np.inf] = np.absolute(
            distances[distances<np.inf, np.newaxis]-dist_lst[np.newaxis, dist_lst<np.inf]
        ).argmin(axis=-1)+1
        self.allow_ragged = allow_ragged 
        if allow_ragged:
            return self._contract(shells)
        return shells


[docs]    def get_shell_matrix(
        self, chemical_pair=None, cluster_by_distances=False, cluster_by_vecs=False
    ):
        """
        Shell matrices for pairwise interaction. Note: The matrices are always symmetric, meaning if you
        use them as bilinear operators, you have to divide the results by 2.

        Args:
            chemical_pair (list): pair of chemical symbols (e.g. ['Fe', 'Ni'])

        Returns:
            list of sparse matrices for different shells


        Example:
            from pyiron import Project
            structure = Project('.').create_structure('Fe', 'bcc', 2.83).repeat(2)
            J = -0.1 # Ising parameter
            magmoms = 2*np.random.random((len(structure)), 3)-1 # Random magnetic moments between -1 and 1
            neigh = structure.get_neighbors(num_neighbors=8) # Iron first shell
            shell_matrices = neigh.get_shell_matrix()
            print('Energy =', 0.5*J*magmoms.dot(shell_matrices[0].dot(matmoms)))
        """

        pairs = np.stack((self.indices,
            np.ones_like(self.indices)*np.arange(len(self.indices))[:,np.newaxis],
            self.get_global_shells(cluster_by_distances=cluster_by_distances, cluster_by_vecs=cluster_by_vecs)-1),
            axis=-1
        ).reshape(-1, 3)
        shell_max = np.max(pairs[:,-1])+1
        if chemical_pair is not None:
            c = self._ref_structure.get_chemical_symbols()
            pairs = pairs[np.all(np.sort(c[pairs[:,:2]], axis=-1)==np.sort(chemical_pair), axis=-1)]
        shell_matrix = []
        for ind in np.arange(shell_max):
            indices = pairs[ind==pairs[:,-1]]
            if len(indices)>0:
                ind_tmp = np.unique(indices[:,:-1], axis=0, return_counts=True)
                shell_matrix.append(coo_matrix((ind_tmp[1], (ind_tmp[0][:,0], ind_tmp[0][:,1])),
                    shape=(len(self._ref_structure), len(self._ref_structure))
                ))
            else:
                shell_matrix.append(coo_matrix((len(self._ref_structure), len(self._ref_structure))))
        return shell_matrix


[docs]    def find_neighbors_by_vector(self, vector, return_deviation=False):
        """
        Args:
            vector (list/np.ndarray): vector by which positions are translated (and neighbors are searched)
            return_deviation (bool): whether to return distance between the expect positions and real positions

        Returns:
            np.ndarray: list of id's for the specified translation

        Example:
            a_0 = 2.832
            structure = pr.create_structure('Fe', 'bcc', a_0)
            id_list = structure.find_neighbors_by_vector([0, 0, a_0])
            # In this example, you get a list of neighbor atom id's at z+=a_0 for each atom.
            # This is particularly powerful for SSA when the magnetic structure has to be translated
            # in each direction.
        """

        z = np.zeros(len(self._ref_structure)*3).reshape(-1, 3)
        v = np.append(z[:,np.newaxis,:], self.vecs, axis=1)
        dist = np.linalg.norm(v-np.array(vector), axis=-1, ord=self.norm_order)
        indices = np.append(np.arange(len(self._ref_structure))[:,np.newaxis], self.indices, axis=1)
        if return_deviation:
            return indices[np.arange(len(dist)), np.argmin(dist, axis=-1)], np.min(dist, axis=-1)
        return indices[np.arange(len(dist)), np.argmin(dist, axis=-1)]


[docs]    def cluster_by_vecs(
        self, distance_threshold=None, n_clusters=None, linkage='complete', affinity='euclidean'
    ):
        """
        Method to group vectors which have similar values. This method should be used as a part of
        neigh.get_global_shells(cluster_by_vecs=True) or neigh.get_local_shells(cluster_by_vecs=True).
        However, in order to specify certain arguments (such as n_jobs or max_iter), it might help to
        have run this function before calling parent functions, as the data obtained with this function
        will be stored in the variable `_cluster_vecs`

        Args:
            distance_threshold (float/None): The linkage distance threshold above which, clusters
                will not be merged. (cf. sklearn.cluster.AgglomerativeClustering)
            n_clusters (int/None): The number of clusters to find.
                (cf. sklearn.cluster.AgglomerativeClustering)
            linkage (str): Which linkage criterion to use. The linkage criterion determines which
                distance to use between sets of observation. The algorithm will merge the pairs of
                cluster that minimize this criterion. (cf. sklearn.cluster.AgglomerativeClustering)
            affinity (str/callable): Metric used to compute the linkage. Can be `euclidean`, `l1`,
                `l2`, `manhattan`, `cosine`, or `precomputed`. If linkage is `ward`, only
                `euclidean` is accepted.

        """
        allow_ragged = self.allow_ragged
        if allow_ragged:
            self.allow_ragged = False
        if distance_threshold is None and n_clusters is None:
            distance_threshold = np.min(self.distances)
        dr = self.vecs[self.distances<np.inf]
        self._cluster_vecs = AgglomerativeClustering(
            distance_threshold=distance_threshold,
            n_clusters=n_clusters,
            linkage=linkage,
            affinity=affinity,
        ).fit(dr)
        self._cluster_vecs.cluster_centers_ = get_average_of_unique_labels(
            self._cluster_vecs.labels_, dr
        )
        new_labels = -np.ones_like(self.indices).astype(int)
        new_labels[self.distances<np.inf] = self._cluster_vecs.labels_
        self._cluster_vecs.labels_ = new_labels
        self.allow_ragged = allow_ragged


[docs]    def cluster_by_distances(
        self,
        distance_threshold=None,
        n_clusters=None,
        linkage='complete',
        affinity='euclidean',
        use_vecs=False,
    ):
        """
        Method to group vectors which have similar lengths. This method should be used as a part of
        neigh.get_global_shells(cluster_by_vecs=True) or
        neigh.get_local_shells(cluster_by_distances=True).  However, in order to specify certain
        arguments (such as n_jobs or max_iter), it might help to have run this function before
        calling parent functions, as the data obtained with this function will be stored in the
        variable `_cluster_distances`

        Args:
            distance_threshold (float/None): The linkage distance threshold above which, clusters
                will not be merged. (cf. sklearn.cluster.AgglomerativeClustering)
            n_clusters (int/None): The number of clusters to find.
                (cf. sklearn.cluster.AgglomerativeClustering)
            linkage (str): Which linkage criterion to use. The linkage criterion determines which
                distance to use between sets of observation. The algorithm will merge the pairs of
                cluster that minimize this criterion. (cf. sklearn.cluster.AgglomerativeClustering)
            affinity (str/callable): Metric used to compute the linkage. Can be `euclidean`, `l1`,
                `l2`, `manhattan`, `cosine`, or `precomputed`. If linkage is `ward`, only
                `euclidean` is accepted.
            use_vecs (bool): Whether to form clusters for vecs beforehand. If true, the distances
                obtained from the clustered vectors is used for the distance clustering. Otherwise
                neigh.distances is used.
        """
        allow_ragged = self.allow_ragged
        if allow_ragged:
            self.allow_ragged = False
        if distance_threshold is None:
            distance_threshold = 0.1*np.min(self.distances)
        dr = self.distances[self.distances<np.inf]
        if use_vecs:
            if self._cluster_vecs is None:
                self.cluster_by_vecs()
            labels_to_consider = self._cluster_vecs.labels_[self._cluster_vecs.labels_>=0]
            dr = np.linalg.norm(
                self._cluster_vecs.cluster_centers_[labels_to_consider],
                axis=-1,
                ord=self.norm_order
            )
        self._cluster_dist = AgglomerativeClustering(
            distance_threshold=distance_threshold,
            n_clusters=n_clusters,
            linkage=linkage,
            affinity=affinity,
        ).fit(dr.reshape(-1, 1))
        self._cluster_dist.cluster_centers_ = get_average_of_unique_labels(
            self._cluster_dist.labels_, dr
        )
        new_labels = -np.ones_like(self.indices).astype(int)
        new_labels[self.distances<np.inf] = self._cluster_dist.labels_
        self._cluster_dist.labels_ = new_labels
        self.allow_ragged = allow_ragged


[docs]    def reset_clusters(self, vecs=True, distances=True):
        """
        Method to reset clusters.

        Args:
            vecs (bool): Reset `_cluster_vecs` (cf. `cluster_by_vecs`)
            distances (bool): Reset `_cluster_distances` (cf. `cluster_by_distances`)
        """
        if vecs:
            self._cluster_vecs = None
        if distances:
            self._cluster_distances = None


[docs]    def cluster_analysis(
        self, id_list, return_cluster_sizes=False
    ):
        """

        Args:
            id_list:
            return_cluster_sizes:

        Returns:

        """
        self._cluster = [0] * len(self._ref_structure)
        c_count = 1
        # element_list = self.get_atomic_numbers()
        for ia in id_list:
            # el0 = element_list[ia]
            nbrs = self.indices[ia]
            # print ("nbrs: ", ia, nbrs)
            if self._cluster[ia] == 0:
                self._cluster[ia] = c_count
                self.__probe_cluster(c_count, nbrs, id_list)
                c_count += 1

        cluster = np.array(self._cluster)
        cluster_dict = {
            i_c: np.where(cluster == i_c)[0].tolist() for i_c in range(1, c_count)
        }
        if return_cluster_sizes:
            sizes = [self._cluster.count(i_c + 1) for i_c in range(c_count - 1)]
            return cluster_dict, sizes

        return cluster_dict  # sizes


    def __probe_cluster(self, c_count, neighbors, id_list):
        """

        Args:
            c_count:
            neighbors:
            id_list:

        Returns:

        """
        for nbr_id in neighbors:
            if self._cluster[nbr_id] == 0:
                if nbr_id in id_list:  # TODO: check also for ordered structures
                    self._cluster[nbr_id] = c_count
                    nbrs = self.indices[nbr_id]
                    self.__probe_cluster(c_count, nbrs, id_list)

    # TODO: combine with corresponding routine in plot3d
[docs]    def get_bonds(self, radius=np.inf, max_shells=None, prec=0.1):
        """

        Args:
            radius:
            max_shells:
            prec: minimum distance between any two clusters (if smaller considered to be single cluster)

        Returns:

        """

        def get_cluster(dist_vec, ind_vec, prec=prec):
            ind_where = np.where(np.diff(dist_vec) > prec)[0] + 1
            ind_vec_cl = [np.sort(group) for group in np.split(ind_vec, ind_where)]
            return ind_vec_cl

        dist = self.distances
        ind = self.indices
        el_list = self._ref_structure.get_chemical_symbols()

        ind_shell = []
        for d, i in zip(dist, ind):
            id_list = get_cluster(d[d < radius], i[d < radius])
            # print ("id: ", d[d<radius], id_list, dist_lst)
            ia_shells_dict = {}
            for i_shell_list in id_list:
                ia_shell_dict = {}
                for i_s in i_shell_list:
                    el = el_list[i_s]
                    if el not in ia_shell_dict:
                        ia_shell_dict[el] = []
                    ia_shell_dict[el].append(i_s)
                for el, ia_lst in ia_shell_dict.items():
                    if el not in ia_shells_dict:
                        ia_shells_dict[el] = []
                    if max_shells is not None:
                        if len(ia_shells_dict[el]) + 1 > max_shells:
                            continue
                    ia_shells_dict[el].append(ia_lst)
            ind_shell.append(ia_shells_dict)
        return ind_shell







            

          

      

      

    

  

  
    
    
    pyiron.atomistics.structure.periodic_table
    

    
 
  

    
      
          
            
  Source code for pyiron.atomistics.structure.periodic_table

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function, unicode_literals
import numpy as np
import os
from pyiron_base import Settings
from mendeleev import element
import sys
import pandas

__author__ = "Joerg Neugebauer, Sudarsan Surendralal, Martin Boeckmann"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"

s = Settings()
pandas.options.mode.chained_assignment = None


[docs]class ChemicalElement(object):
    """
    An Object which contains the element specific parameters
    """

    def __init__(self, sub):
        """
        Constructor: assign PSE dictionary to object
        """
        self._dataset = None
        self.sub = sub
        self._mendeleev_element = None
        self._mendeleev_property_lst = None
        stringtypes = str
        if isinstance(self.sub, stringtypes):
            self._init_mendeleev(self.sub)
        elif "Parent" in self.sub.index and isinstance(self.sub.Parent, stringtypes):
            self._init_mendeleev(self.sub.Parent)
        elif len(self.sub) > 0:
            self._init_mendeleev(self.sub.Abbreviation)

        self._mendeleev_translation_dict = {
            'AtomicNumber': 'atomic_number',
            'AtomicRadius': 'covalent_radius_cordero',
            'AtomicMass': 'mass',
            'Color': 'cpk_color',
            'CovalentRadius': 'covalent_radius',
            'CrystalStructure': 'lattice_structure',
            'Density': 'density',
            'DiscoveryYear': 'discovery_year',
            'ElectronAffinity': 'electron_affinity',
            'Electronegativity': 'electronegativity',
            'Group': 'group_id',
            'Name': 'name',
            'Period': 'period',
            'StandardName': 'name',
            'VanDerWaalsRadius': 'vdw_radius',
            'MeltingPoint': 'melting_point'
        }
        self.el = None

    def _init_mendeleev(self, element_str):
        self._mendeleev_element = element(str(element_str))
        self._mendeleev_property_lst = [s for s in dir(self._mendeleev_element) if not s.startswith('_')]

    def __getattr__(self, item):
        return self[item]

    def __getitem__(self, item):
        if item in self._mendeleev_translation_dict.keys():
            item = self._mendeleev_translation_dict[item]
        if item in self._mendeleev_property_lst:
            return getattr(self._mendeleev_element, item)
        if item in self.sub.index:
            return self.sub[item]

    def __eq__(self, other):
        if isinstance(other, self.__class__):
            conditions = list()
            conditions.append(self.sub.to_dict() == other.sub.to_dict())
            return all(conditions)
        elif isinstance(other, (np.ndarray, list)):
            conditions = list()
            for sp in other:
                conditions.append(self.sub.to_dict() == sp.sub.to_dict())
            return any(conditions)

    def __ne__(self, other):
        return not self.__eq__(other)

    def __gt__(self, other):
        if self != other:
            if self["AtomicNumber"] != other["AtomicNumber"]:
                return self["AtomicNumber"] > other["AtomicNumber"]
            else:
                return self["Abbreviation"] > other["Abbreviation"]
        else:
            return False

    def __ge__(self, other):
        if self != other:
            return self > other
        else:
            return True

    def __hash__(self):
        return hash(repr(self))

    @property
    def tags(self):
        if "tags" not in self.sub.keys() or self.sub["tags"] is None:
            return dict()
        return self.sub["tags"]

    def __dir__(self):
        return list(self.sub.index) + super(ChemicalElement, self).__dir__()

    def __str__(self):
        return str([self._dataset, self.sub])

[docs]    def add_tags(self, tag_dic):
        """
        Add tags to an existing element inside its specific panda series without overwriting the old tags

        Args:
            tag_dic (dict): dictionary containing e.g. key = "spin" value = "up",
                            more than one tag can be added at once

        """
        (self.sub["tags"]).update(tag_dic)


[docs]    def to_hdf(self, hdf):
        """
        saves the element with his parameters into his hdf5 job file
        Args:
            hdf (Hdfio): Hdfio object which will be used
        """
        with hdf.open(self.Abbreviation) as hdf_el:  # "Symbol of the chemical element"
            # TODO: save all parameters that are different from the parent (e.g. modified mass)
            if self.Parent is not None:
                self._dataset = {"Parameter": ["Parent"], "Value": [self.Parent]}
                hdf_el["elementData"] = self._dataset
            with hdf_el.open(
                "tagData"
            ) as hdf_tag:  # "Dictionary of element tag static"
                for key in self.tags.keys():
                    hdf_tag[key] = self.tags[key]


[docs]    def from_hdf(self, hdf):
        """
        loads an element with his parameters from the hdf5 job file and store it into its specific pandas series
        Args:
            hdf (Hdfio): Hdfio object which will be used to read a hdf5 file
        """
        pse = PeriodicTable()
        elname = self.sub.name
        with hdf.open(elname) as hdf_el:
            if "elementData" in hdf_el.list_nodes():
                element_data = hdf_el["elementData"]
                for key, val in zip(element_data["Parameter"], element_data["Value"]):
                    if key in "Parent":
                        self.sub = pse.dataframe.loc[val]
                        self.sub["Parent"] = val
                        self._init_mendeleev(val)
                    else:
                        self.sub["Parent"] = None
                        self._init_mendeleev(elname)
                    self.sub.name = elname
            if "tagData" in hdf_el.list_groups():
                with hdf_el.open(
                    "tagData"
                ) as hdf_tag:  # "Dictionary of element tag static"
                    tag_dic = {}
                    for key in hdf_tag.list_nodes():
                        tag_dic[key] = hdf_tag[key]
                        self.sub["tags"] = tag_dic




[docs]class PeriodicTable(object):
    """
    An Object which stores an elementary table which can be modified for the current session
    """

    def __init__(self, file_name=None):  # PSE_dat_file = None):
        """

        Args:
            file_name (str): Possibility to choose an source hdf5 file
        """
        self.dataframe = self._get_periodic_table_df(file_name)
        if "Abbreviation" not in self.dataframe.columns.values:
            self.dataframe["Abbreviation"] = None
        if not all(self.dataframe["Abbreviation"].values):
            for item in self.dataframe.index.values:
                if self.dataframe["Abbreviation"][item] is None:
                    self.dataframe["Abbreviation"][item] = item
        self._parent_element = None
        self.el = None

    def __getattr__(self, item):
        return self[item]

    def __getitem__(self, item):
        if item in self.dataframe.columns.values:
            return self.dataframe[item]
        if item in self.dataframe.index.values:
            return self.dataframe.loc[item]

[docs]    def from_hdf(self, hdf):
        """
        loads an element with his parameters from the hdf5 job file by creating an Object of the ChemicalElement type.
        The new element will be stored in the current periodic table.
        Changes in the tags will also be modified inside the periodic table.

        Args:
            hdf (Hdfio): Hdfio object which will be used to read the data from a hdf5 file

        Returns:

        """
        elements = hdf.list_groups()  # ["elements"]
        for el in elements:
            sub = pandas.Series()
            new_element = ChemicalElement(sub)
            new_element.sub.name = el
            new_element.from_hdf(hdf)
            new_element.sub["Abbreviation"] = el

            if "sub_tags" in new_element.tags:
                if not new_element.tags["sub_tags"]:
                    del new_element.tags["sub_tags"]

            if new_element.Parent is None:
                if not (el in self.dataframe.index.values):
                    raise AssertionError()
                if len(new_element.sub["tags"]) > 0:
                    raise ValueError("Element cannot get tag-assignment twice")
                if "tags" not in self.dataframe.keys():
                    self.dataframe["tags"] = None
                self.dataframe["tags"][el] = new_element.tags
            else:
                self.dataframe = self.dataframe.append(new_element.sub)
                self.dataframe["tags"] = self.dataframe["tags"].apply(
                    lambda x: None if pandas.isnull(x) else x
                )
                self.dataframe["Parent"] = self.dataframe["Parent"].apply(
                    lambda x: None if pandas.isnull(x) else x
                )


[docs]    def element(self, arg, **qwargs):
        """
        The method searches through the periodic table. If the table contains the element,
        it will return an Object of the type ChemicalElement containing all parameters from the periodic table.
        The option **qwargs allows a direct modification of the tag-values during the creation process
        Args:
            arg (str, ChemicalElement): sort of element
            **qwargs: e.g. a dictionary of tags

        Returns element (ChemicalElement): a element with all its properties (Abbreviation, AtomicMass, Weight, ...)

        """

        stringtypes = str
        if isinstance(arg, stringtypes):
            if arg in self.dataframe.index.values:
                self.el = arg
            else:
                raise KeyError(arg)
        elif isinstance(arg, int):

            if arg in list(self.dataframe["AtomicNumber"]):
                index = list(self.dataframe["AtomicNumber"]).index(arg)
                self.el = self.dataframe.iloc[index].name
        else:
            raise ValueError("type not defined: " + str(type(arg)))

        if qwargs is not None and "tags" not in self.dataframe.columns.values:
            self.dataframe["tags"] = None
            self.dataframe["tags"][self.el] = qwargs

        element = self.dataframe.loc[self.el]
        # element['CovalentRadius'] /= 100
        return ChemicalElement(element)


[docs]    def is_element(self, symbol):
        """
        Compares the Symbol with the Abbreviations of elements inside the periodic table
        Args:
            symbol (str): name of element, str

        Returns boolean: true for the same element, false otherwise

        """
        return symbol in self.dataframe["Abbreviation"]


[docs]    def atomic_number_to_abbreviation(self, atom_no):
        """

        Args:
            atom_no:

        Returns:

        """
        if not isinstance(atom_no, int):
            raise ValueError("type not defined: " + str(type(atom_no)))

        return self.Abbreviation[
            np.nonzero(self.AtomicNumber.to_numpy() == atom_no)[0][0]
        ]


[docs]    def add_element(
        self, parent_element, new_element, use_parent_potential=False, **qwargs
    ):
        """
        Add "additional" chemical elements to the Periodic Table. These can be used to distinguish between the various
        potentials which may exist for a given species or to introduce artificial elements such as pseudohydrogen. For
        this case set use_parent_potential = False and add in the directory containing the potential files a new file
        which is derived from the name new element.

        This function may be also used to provide additional information for the identical chemical element, e.g., to
        define a Fe_up and Fe_down to perform the correct symmetry search as well as initialization.

        Args:
            parent_element (str): name of parent element
            new_element (str): name of new element
            use_parent_potential: True: use the potential from the parent species
            **qwargs: define tags and their values, e.g. spin = "up", relax = [True, True, True]

        Returns: new element (ChemicalElement)

        """

        pandas.options.mode.chained_assignment = None
        parent_element_data_series = self.dataframe.loc[parent_element]
        parent_element_data_series["Abbreviation"] = new_element
        parent_element_data_series["Parent"] = parent_element
        parent_element_data_series.name = new_element
        if new_element not in self.dataframe.T.columns:
            self.dataframe = self.dataframe.append(parent_element_data_series)
        else:
            self.dataframe.loc[new_element] = parent_element_data_series
        if len(qwargs) != 0:
            if "tags" not in self.dataframe.columns.values:
                self.dataframe["tags"] = None
            self.dataframe["tags"][new_element] = qwargs
        if use_parent_potential:
            self._parent_element = parent_element
        return self.element(new_element)


    @staticmethod
    def _get_periodic_table_df(file_name):
        """

        Args:
            file_name:

        Returns:

        """
        if not file_name:
            for resource_path in s.resource_paths:
                if os.path.exists(os.path.join(resource_path, "atomistics")):
                    resource_path = os.path.join(resource_path, "atomistics")
                for path, folder_lst, file_lst in os.walk(resource_path):
                    for periodic_table_file_name in {"periodic_table.csv"}:
                        if (
                            periodic_table_file_name in file_lst
                            and periodic_table_file_name.endswith(".csv")
                        ):
                            return pandas.read_csv(
                                os.path.join(path, periodic_table_file_name),
                                index_col=0,
                            )
                        elif (
                            periodic_table_file_name in file_lst
                            and periodic_table_file_name.endswith(".h5")
                        ):
                            return pandas.read_hdf(
                                os.path.join(path, periodic_table_file_name), mode="r"
                            )
            raise ValueError("Was not able to locate a periodic table. ")
        else:
            if file_name.endswith(".h5"):
                return pandas.read_hdf(file_name, mode="r")
            elif file_name.endswith(".csv"):
                return pandas.read_csv(file_name, index_col=0)
            raise TypeError(
                "PeriodicTable file format not recognised: "
                + file_name
                + " supported file formats are csv, h5."
            )
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  Source code for pyiron.atomistics.structure.phonopy

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from phonopy.structure.atoms import PhonopyAtoms
import spglib as spg
from pyiron_base import Settings

__author__ = "Osamu Waseda"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Osamu Waseda"
__email__ = "waseda@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2018"

s = Settings()


[docs]def analyse_phonopy_equivalent_atoms(atoms, symprec=1e-5, angle_tolerance=-1.0):
    """
    Args: (read phonopy.structure.spglib for more details)
        symprec:
            float: Symmetry search tolerance in the unit of length.
        angle_tolerance:
            float: Symmetry search tolerance in the unit of angle deg.
                If the value is negative, an internally optimized routine
                is used to judge symmetry.

    """
    s.publication_add(publication())
    positions = atoms.get_scaled_positions()
    cell = atoms.cell
    types = atoms.get_chemical_symbols()
    types = list(types)
    natom = len(types)
    positions = np.reshape(np.array(positions), (natom, 3))
    cell = np.reshape(np.array(cell), (3, 3))
    unitcell = PhonopyAtoms(symbols=types, cell=cell, scaled_positions=positions)
    ops = spg.get_symmetry(unitcell, symprec=symprec, angle_tolerance=angle_tolerance)
    return ops["equivalent_atoms"]



[docs]def publication():
    return {
        "phonopy": {
            "phonopy": {
                "journal": "Scr. Mater.",
                "year": "2015",
                "title": "First principles phonon calculations in materials science",
                "author": ["Togo, A", "Tanaka, I"],
                "pages": "1--5",
                "volume": "108",
                "month": "Nov",
            }
        }
    }
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  Source code for pyiron.atomistics.structure.pyironase

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import sys

try:
    from ase.atoms import Atoms as ASEAtoms
except ImportError:
    pass

__author__ = "Joerg Neugebauer"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]def publication():
    return {
        "ase": {
            "ase-paper": {
                "author": [
                    "Ask Hjorth Larsen",
                    "Jens Jørgen Mortensen",
                    "Jakob Blomqvist",
                    "Ivano E Castelli",
                    "Rune Christensen",
                    "Marcin Dułak",
                    "Jesper Friis",
                    "Michael N Groves",
                    "Bjørk Hammer",
                    "Cory Hargus",
                    "Eric D Hermes",
                    "Paul C Jennings",
                    "Peter Bjerre Jensen",
                    "James Kermode",
                    "John R Kitchin",
                    "Esben Leonhard Kolsbjerg",
                    "Joseph Kubal",
                    "Kristen Kaasbjerg",
                    "Steen Lysgaard",
                    "Jón Bergmann Maronsson",
                    "Tristan Maxson",
                    "Thomas Olsen",
                    "Lars Pastewka",
                    "Andrew Peterson",
                    "Carsten Rostgaard",
                    "Jakob Schiøtz",
                    "Ole Schütt",
                    "Mikkel Strange",
                    "Kristian S Thygesen",
                    "Tejs Vegge",
                    "Lasse Vilhelmsen",
                    "Michael Walter",
                    "Zhenhua Zeng",
                    "Karsten W Jacobsen",
                ],
                "title": "The atomic simulation environment—a Python library for working with atoms",
                "journal": "Journal of Physics: Condensed Matter",
                "volume": "29",
                "number": "27",
                "pages": "273002",
                "url": "http://stacks.iop.org/0953-8984/29/i=27/a=273002",
                "year": "2017",
            }
        }
    }
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  Source code for pyiron.atomistics.structure.pyscal

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from pyiron_base import Settings
import pyiron.atomistics.structure.atoms
import pyscal.core as pc
from sklearn import cluster

__author__ = "Sarath Menon, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sarath Menon"
__email__ = "sarath.menon@rub.de"
__status__ = "development"
__date__ = "Nov 6, 2019"

s = Settings()


[docs]def get_steinhardt_parameter_structure(atoms, neighbor_method="cutoff", cutoff=0, n_clusters=2,
                                       q=(4, 6), averaged=False, clustering=True):
    """
    Calculate Steinhardts parameters

    Args:
        atoms: Atoms object
        neighbor_method (str) : can be ['cutoff', 'voronoi']
        cutoff (float) : can be 0 for adaptive cutoff or any other value
        n_clusters (int) : number of clusters for K means clustering
        q (list) : can be from 2-12, the required q values to be calculated
        averaged (bool) : If True, calculates the averaged versions of the parameter
        clustering (bool) : If True, cluster based on the q values

    Returns:
        q (list) : calculated q parameters

    """
    s.publication_add(publication())
    sys = pc.System()
    sys.read_inputfile(
        pyiron.atomistics.structure.atoms.pyiron_to_ase(atoms),
        format='ase'
    )

    sys.find_neighbors(
        method=neighbor_method,
        cutoff=cutoff
    )

    sys.calculate_q(
        q,
        averaged=averaged
    )

    sysq = sys.get_qvals(
        q,
        averaged=averaged
    )

    if clustering:
        cl = cluster.KMeans(
            n_clusters=n_clusters
        )

        ind = cl.fit(list(zip(*sysq))).labels_ == 0
        return sysq, ind
    else:
        return sysq



[docs]def analyse_centro_symmetry(atoms, num_neighbors=12):
    """
    Analyse centrosymmetry parameter

    Args:
        atoms: Atoms object
        num_neighbors (int) : number of neighbors

    Returns:
        csm (list) : list of centrosymmetry parameter
    """
    s.publication_add(publication())
    sys = pc.System()
    sys.read_inputfile(atoms, format="ase")
    return np.array(sys.calculate_centrosymmetry(nmax=num_neighbors))



[docs]def analyse_diamond_structure(atoms, mode="total", ovito_compatibility=False):
    """
    Analyse diamond structure

    Args:
        atoms: Atoms object
        mode ("total"/"numeric"/"str"): Controls the style and level
        of detail of the output.
            - total : return number of atoms belonging to each structure
            - numeric : return a per atom list of numbers- 0 for unknown,
                1 fcc, 2 hcp, 3 bcc and 4 icosa
            - str : return a per atom string of sructures
        ovito_compatibility(bool): use ovito compatiblity mode

    Returns:
        (depends on `mode`)
    """
    s.publication_add(publication())
    sys = pc.System()
    sys.read_inputfile(atoms, format="ase")
    diamond_dict = sys.identify_diamond()

    ovito_identifiers = [
        'Cubic diamond',
        'Cubic diamond (1st neighbor)',
        'Cubic diamond (2nd neighbor)',
        'Hexagonal diamond',
        'Hexagonal diamond (1st neighbor)',
        'Hexagonal diamond (2nd neighbor)',
        'Other'
    ]
    pyscal_identifiers = [
        'others', 'fcc', 'hcp', 'bcc', 'ico', 'cubic diamond',
        'cubic diamond 1NN', 'cubic diamond 2NN',
        'hex diamond', 'hex diamond 1NN', 'hex diamond 2NN'
    ]
    convert_to_ovito = {
        0: 6, 1: 6, 2: 6, 3: 6, 4: 6,
        5: 0, 6: 1, 7: 2, 8: 3, 9: 4, 10: 5
    }

    if mode == "total":
        if not ovito_compatibility:
            return diamond_dict
        else:
            return {
                'IdentifyDiamond.counts.CUBIC_DIAMOND': diamond_dict['cubic diamond'],
                'IdentifyDiamond.counts.CUBIC_DIAMOND_FIRST_NEIGHBOR': diamond_dict['cubic diamond 1NN'],
                'IdentifyDiamond.counts.CUBIC_DIAMOND_SECOND_NEIGHBOR': diamond_dict['cubic diamond 2NN'],
                'IdentifyDiamond.counts.HEX_DIAMOND': diamond_dict['hex diamond'],
                'IdentifyDiamond.counts.HEX_DIAMOND_FIRST_NEIGHBOR': diamond_dict['hex diamond 1NN'],
                'IdentifyDiamond.counts.HEX_DIAMOND_SECOND_NEIGHBOR': diamond_dict['hex diamond 2NN'],
                'IdentifyDiamond.counts.OTHER':
                    diamond_dict['others'] +
                    diamond_dict['fcc'] +
                    diamond_dict['hcp'] +
                    diamond_dict['bcc'] +
                    diamond_dict['ico']
            }
    elif mode == "numeric":
        if not ovito_compatibility:
            return np.array([atom.structure for atom in sys.atoms])
        else:
            return np.array([convert_to_ovito[atom.structure] for atom in sys.atoms])
    elif mode == "str":
        if not ovito_compatibility:
            return np.array([pyscal_identifiers[atom.structure] for atom in sys.atoms])
        else:
            return np.array([ovito_identifiers[convert_to_ovito[atom.structure]] for atom in sys.atoms])
    else:
        raise ValueError("Only total, str and numeric mode is imported for analyse_diamond_structure()")



[docs]def analyse_cna_adaptive(atoms, mode="total", ovito_compatibility=False):
    """
    Use common neighbor analysis

    Args:
        atoms (pyiron.structure.atoms.Atoms): The structure to analyze.
        mode ("total"/"numeric"/"str"): Controls the style and level
            of detail of the output.
            - total : return number of atoms belonging to each structure
            - numeric : return a per atom list of numbers- 0 for unknown,
                1 fcc, 2 hcp, 3 bcc and 4 icosa
            - str : return a per atom string of sructures
        ovito_compatibility(bool): use ovito compatiblity mode

    Returns:
        (depends on `mode`)
    """
    s.publication_add(publication())
    if mode not in ["total", "numeric", "str"]:
        raise ValueError("Unsupported mode")

    pyscal_parameter = ['others', 'fcc', 'hcp', 'bcc', 'ico']
    ovito_parameter = [
        'CommonNeighborAnalysis.counts.OTHER',
        'CommonNeighborAnalysis.counts.FCC',
        'CommonNeighborAnalysis.counts.HCP',
        'CommonNeighborAnalysis.counts.BCC',
        'CommonNeighborAnalysis.counts.ICO'
    ]

    sys = pc.System()
    sys.read_inputfile(atoms, format="ase")
    cna = sys.calculate_cna()

    if mode == "total":
        if not ovito_compatibility:
            return cna
        else:
            return {o: cna[p] for o, p in zip(
                ovito_parameter,
                pyscal_parameter
            )}
    else:
        atoms = sys.atoms
        cnalist = np.array([atom.structure for atom in atoms])
        if mode == "numeric":
            return cnalist
        elif mode == "str":
            if not ovito_compatibility:
                dd = ['others', 'fcc', 'hcp', 'bcc', 'ico']
                return np.array([dd[int(x)] for x in cnalist])
            else:
                dd = ['Other', "FCC", "HCP", "BCC", "ICO"]
                return np.array([dd[int(x)] for x in cnalist])
        else:
            raise ValueError("Only total, str and numeric mode is imported for analyse_cna_adaptive()")



[docs]def analyse_voronoi_volume(atoms):
    """
    Calculate the Voronoi volume of atoms

    Args:
        atoms : (pyiron.structure.atoms.Atoms): The structure to analyze.
    """
    s.publication_add(publication())
    sys = pc.System()
    sys.read_inputfile(atoms, format="ase")
    sys.find_neighbors(method="voronoi")
    atoms = sys.atoms
    return np.array([atom.volume for atom in atoms])



[docs]def publication():
    return {
        "pyscal": {
            "Menon2019": {
                "doi": "10.21105/joss.01824",
                "url": "https://doi.org/10.21105/joss.01824",
                "year": "2019",
                "volume": "4",
                "number": "43",
                "pages": "1824",
                "author": ["Sarath Menon", "Grisell Diaz Leines", "Jutta Rogal"],
                "title": "pyscal: A python module for structural analysis of atomic environments",
                "journal": "Journal of Open Source Software",
            }
        }
    }
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  Source code for pyiron.atomistics.structure.sparse_list

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function

# import os
import sys
import copy
import numpy as np
from collections import OrderedDict, Sequence

__author__ = "Joerg Neugebauer"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]class SparseListElement(object):
    """
    Handle single element of a sparse lisr
    Args:
        ind: index
        val: value
    """

    def __init__(self, ind, val):
        self.index = ind
        self.value = val

    def __str__(self):
        return "({}: {})".format(self.index, self.value)



[docs]class SparseList(object):
    """
    Object to represent a single sparse list
    Internal representation like a dict
    External representation like a list
    Args:
        sparse_list: dict object with {index: val}
        default: default value for all elements not given by index in sparse_list
        length: length of the list
    """

    def __init__(self, sparse_list, default=None, length=None):
        if isinstance(sparse_list, dict):
            self._dict = sparse_list.copy()
            if "_" in self._dict.keys():
                default = self._dict["_"]
                del self._dict["_"]

            if length is None:
                raise ValueError("Length must be provided in dict input mode")
            self._length = length
        elif isinstance(sparse_list, (list, np.ndarray)):
            # self._dict = {el: [] for el in set(sparse_list)}
            self._dict = {}
            for i, el in enumerate(sparse_list):
                self._dict[i] = el
            self._length = len(sparse_list)
            if length is not None:
                if length != self._length:
                    raise ValueError("Incompatible length of new list")
        self._default = default

    def _val_data_type(self):
        """

        Returns:

        """
        if isinstance(self.values(), dict):
            pass
            print(self.values())
        data_0 = self.values()[0]
        if isinstance(data_0, list):
            if isinstance(data_0[0], bool):
                return "list_bool"
            else:
                raise ValueError(
                    "tags which have as elements lists or tensors are not implemented"
                )
        else:
            return "scalar"

[docs]    def to_hdf(self, hdf, key):
        """

        Args:
            hdf:
            key:

        Returns:

        """
        if len(self.list()) > 0:
            # Convert to array and store
            hdf[key] = np.array(self.list())
        elif len(self.values()) > 0:
            print("sparse array: ", key, len(self.values()))
            data_type = self._val_data_type()
            my_dict = OrderedDict()
            my_dict["index"] = self.keys()
            if data_type == "list_bool":
                my_dict["values"] = [
                    sum([2 ** i * int(v) for i, v in enumerate(val)])
                    for val in self.values()
                ]
            else:
                my_dict["values"] = self.values()
            print("values: ", self.values())
            hdf[key] = my_dict


    def __len__(self):
        return self._length

    def __copy__(self):
        return SparseList(
            sparse_list=self._dict, default=self._default, length=self._length
        )

[docs]    def keys(self):
        """

        Returns:
            indices of non-sparse elements
        """
        return self._dict.keys()


[docs]    def values(self):
        """

        Returns:
            values of non-sparse elements
        """
        return self._dict.values()


[docs]    def items(self):
        """

        Returns:
            index, value pairs of non-sparse elements
        """
        return self._dict.items()


[docs]    def list(self):
        """
        convert sparse list into full list
        Returns:
            list representation
        """
        full_list = [self._default for _ in range(self._length)]
        for i, val in self._dict.items():
            full_list[i] = val

        return full_list


    def __iter__(self):
        if self._default is None:
            for i, val in self._dict.items():
                yield SparseListElement(i, val)
        else:
            for i, val in enumerate(self.list()):
                yield val

    def __getitem__(self, item):
        if isinstance(item, (int, np.integer)):
            if item in self._dict:
                return self._dict[item]
            return self._default

        if isinstance(item, slice):
            ind_list = range(len(self))[item]
        elif isinstance(item, (list, tuple, np.ndarray)):
            if len(item) == 0:
                ind_list = []
            else:
                if isinstance(item[0], (int, np.integer)):
                    ind_list = item
                elif isinstance(item[0], (bool, np.bool_)):
                    ind_list = []
                    for i, bo in enumerate(item):
                        if bo:
                            ind_list.append(i)
        else:
            raise ValueError("Unknown item type: " + str(type(item)))
        sliced_dict = {
            j: self._dict[ind] for j, ind in enumerate(ind_list) if ind in self._dict
        }

        return self.__class__(sliced_dict, default=self._default, length=len(ind_list))

    def __setitem__(self, key, value):
        if isinstance(key, (int, np.integer)):
            if key > len(self):
                raise IndexError
            self._dict[key] = value
            return
        elif isinstance(key, slice):
            key = range(len(self))[key]

        if max(key) > self._length:
            raise IndexError
        for i in key:
            self._dict[i] = value

    def __delitem__(self, key):
        # programmed for simplicity, not for performance
        ind_list = list(range(len(self)))
        if isinstance(key, (list, np.ndarray, tuple)):
            indexes = sorted(list(key), reverse=True)
            for index in indexes:
                del ind_list[index]
        else:
            del ind_list[key]
        new_list = self[ind_list]
        self._dict = new_list._dict
        self._length = new_list._length
        self._default = new_list._default

    def __add__(self, other):
        if not (isinstance(other, SparseList)):
            raise AssertionError()
        if not (self._default == other._default):
            raise AssertionError()
        new_list = self.__copy__()
        shifted_dict = {i + self._length: val for i, val in other._dict.items()}
        new_list._dict.update(shifted_dict)
        new_list._length += len(other)
        return new_list

    def __mul__(self, other):
        if not isinstance(other, (int, np.integer)):
            raise ValueError("Multiplication defined only for SparseArray*integers")
        overall_list = other * np.arange(len(self)).tolist()
        new_dic = dict()
        for k in self.keys():
            for val in np.argwhere(np.array(overall_list) == k).flatten():
                new_dic[val] = self[k]
        return self.__class__(new_dic, default=self._default, length=other * len(self))

    def __rmul__(self, other):
        if isinstance(other, int):
            return self * other

    def __str__(self):
        if self._default is None:
            return "[" + " ".join([str(el) for el in self]) + "]"
        else:
            # return "[" + " ".join([str(el) + os.sep for el in self.list()]) + "]"
            return "[" + " ".join([str(el) for el in self.list()]) + "]"

    def __repr__(self):
        return str(self.list())



[docs]def sparse_index(index_list, length, default_val=True):
    """

    Args:
        index_list:
        length:
        default_val:

    Returns:

    """
    new_dict = {i: default_val for i in index_list}
    return SparseList(new_dict, length=length)



[docs]class SparseArrayElement(object):
    """
    Single element of a SparseArray
    Args:
        **qwargs:
    """

    def __init__(self, **qwargs):
        self._lists = dict()
        if qwargs:
            self._lists = qwargs

    def __getattr__(self, item):
        if item in self._lists.keys():
            return self._lists[item]
        raise AttributeError(
            "Object has no attribute {} {}".format(self.__class__, item)
        )

    def __str__(self):
        out_str = ""
        for key, val in self._lists.items():
            out_str += "{}: {}".format(key, val)
        return out_str

    def __eq__(self, other):
        if not (isinstance(other, SparseArrayElement)):
            raise AssertionError()
        conditions = []
        for key in self._lists.keys():
            try:
                if isinstance(self._lists[key], np.ndarray):
                    conditions += list(np.equal(self._lists[key], other._lists[key]))
                else:
                    conditions.append(self._lists[key] == other._lists[key])
            except KeyError:
                conditions.append(False)
        return all(conditions)



[docs]class SparseArray(object):
    """
    Administrate object that consists of several sparse lists (tags) and full lists that have identical indices and
    length

    Args:
        **qwargs: dictionary containing lists and SparseLists (tags) (must have identical length)
    """

    def __init__(self, length=None, **qwargs):
        self._lists = dict()
        self._length = length
        for key in qwargs:
            value = qwargs[key]
            if self._length is None:
                self._length = len(value)
            else:
                if not len(self) == len(value):
                    raise ValueError(
                        "Inconsistent vector lengths {} {} {}".format(
                            key, len(self), len(value)
                        )
                    )
            self._lists[key] = value

    def __setitem__(self, key, value):
        # exclude hidden variables (starting with _ from being added to _lists
        # if (not hasattr(self, '_lists')) or (key[0] == "_"):
        #     self.__dict__[key] = value
        #     return
        # el

        if isinstance(value, SparseList):
            self._lists[key] = value
            return
        elif isinstance(value, (Sequence, np.ndarray)):
            if len(value) == len(self):
                self._lists[key] = value
                return
            else:
                raise ValueError(
                    "Length of array object and new list are inconsistent: {} {} {}".format(
                        key, len(value), len(self)
                    )
                )
        raise ValueError("Unsupported argument: " + str(type(value)))

    def __getattr__(self, item):
        # if not (item in ["_lists"]):
        #     print "item: ", item, hasattr(self, item)
        if "_lists" in dir(self):  # Python 3
            if item in self._lists.keys():
                return self._lists[item]

        return object.__getattribute__(self, item)
        # raise AttributeError("%r object has no attribute %r" %(self.__class__, item))

    def __delitem__(self, key):
        for k in self.keys():
            if len(self._lists[k]) == 0:
                # ensure ASE compatibility
                print("Empty key in SparseList: ", k, key)
                continue
            # print "del: ", k, key
            if isinstance(self._lists[k], np.ndarray):
                self._lists[k] = np.delete(self._lists[k], key, axis=0)
                self._length = len(self._lists[k])
            elif isinstance(self._lists[k], (list, tuple)):
                if isinstance(key, (list, np.ndarray, tuple)):
                    indexes = sorted(list(key), reverse=True)
                    for index in indexes:
                        del self._lists[k][index]
                else:
                    del self._lists[k][key]
            else:
                del self._lists[k][key]
                # self._length = len(self._lists[k])

[docs]    def check_consistency(self):
        """

        Returns:

        """
        for key, val in self._lists.items():
            # for val in self._lists.values():
            #     print ("consistency: ", key, len(val), len(self))
            if not (len(val) == self._length):
                raise AssertionError()


    def __str__(self):
        out_str = "\n"
        for key, val in self._lists.items():
            out_str += key + " := [" + " ".join([str(el) for el in val]) + "] \n"
        return out_str

    def __len__(self):
        if hasattr(self, "_length"):
            return self._length
        else:
            return 0

    def __getitem__(self, item):
        new_dict = {}
        if isinstance(item, int):
            for key, value in self._lists.items():
                if value[item] is not None:
                    new_dict[key] = value[item]
            return SparseArrayElement(**new_dict)
        elif isinstance(item, (str, np.str, np.str_)):
            return self._lists[item]

        elif isinstance(item, (list, np.ndarray)):
            # print("key(__getitem__) len, type, item[0]: ", len(item), type(item), item[0])
            if len(item) == len(self):
                if isinstance(item[0], (np.bool_, bool)):
                    item = np.arange(len(item))[item]
        for key, value in self._lists.items():
            # print ('key: ', key, type(value))
            if isinstance(item, slice):
                new_dict[key] = value[item]
            else:
                if isinstance(value, (list, tuple)):
                    new_dict[key] = [value[i] for i in item]
                else:
                    if len(value) > 0:
                        try:
                            new_dict[key] = value[item]
                        except IndexError:
                            print("Index error:: ", key, item, value)
                    # else:
                    #     new_dict[key] = []
        # print ("new_dict: ", new_dict, self.__class__)
        return self.__class__(**new_dict)

[docs]    def keys(self):
        """

        Returns:

        """
        return self._lists.keys()


[docs]    def items(self):
        """

        Returns:

        """
        return self._lists.items()


    def __copy__(self):
        """

        Returns:

        """
        cls = self.__class__
        result = cls.__new__(cls)
        result.__init__()
        for k, v in self.__dict__.items():
            if k == "_lists":
                result.__dict__[k] = {}
                for key, val in self._lists.items():
                    if isinstance(val, SparseList):
                        result.__dict__[k][key] = val.__copy__()
                    elif isinstance(val, list):
                        result.__dict__[k][key] = val[:]
                    else:
                        result.__dict__[k][key] = np.copy(val)
            else:
                result.__dict__[k] = v
        return result

    def __add__(self, other):
        # print "__add__.new_elements"
        # assert(isinstance(other, self.__class__))
        new_array = self.__copy__()
        for key, val in other.items():
            if key not in self.keys():
                if isinstance(val, SparseList):
                    new_array._lists[key] = SparseList(
                        {}, default=other._lists[key]._default, length=len(self)
                    )
                else:
                    raise ValueError(
                        "Incompatible lists (for non-sparse lists keys must be identical (1)"
                        + str(key)
                    )

        new_length = len(self) + len(other)
        for key, val in new_array.items():
            # print "key: ", key, val.__class__, isinstance(new_array, SparseList)
            if key in other.keys():
                if isinstance(new_array._lists[key], np.ndarray):
                    new_array._lists[key] = np.append(
                        new_array._lists[key], other._lists[key], axis=0
                    )
                elif isinstance(new_array._lists[key], (list, SparseList)):
                    new_array._lists[key] += other._lists[key]
                else:
                    raise ValueError(
                        "Type not implemented " + str(type(new_array._lists[key]))
                    )
            elif isinstance(val, SparseList):
                new_array._lists[
                    key
                ]._length = (
                    new_length
                )  # TODO: default extends to all elements (may be undesired)
            else:
                print("non-matching key: ", key)
                raise ValueError(
                    "Incompatible lists (for non-sparse lists keys must be identical (2)"
                )
        new_array._length += len(other)
        return new_array

    def __mul__(self, other):
        if not isinstance(other, int):
            raise ValueError(
                "Multiplication with SparseMatrix only implemented for integers"
            )
        new_array = self.__copy__()
        for key, value in self.items():
            new_array._lists[key] *= other

        new_array._length *= other
        return new_array

    def __rmul__(self, other):
        if isinstance(other, int):
            return self * other

[docs]    def add_tag(self, *args, **qwargs):
        for key in args:
            self._lists[key] = SparseList({}, length=len(self))

        for key, default in qwargs.items():
            self._lists[key] = SparseList({}, default=default, length=len(self))


[docs]    def remove_tag(self, *args, **qwargs):
        """

        Args:
            *args:
            **qwargs:

        Returns:

        """
        for key in args:
            del self._lists[key]
        for key, default in qwargs.items():
            del self._lists[key]
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  Source code for pyiron.atomistics.thermodynamics.thermo_bulk

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function

from copy import copy
import numpy as np

__author__ = "Joerg Neugebauer, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"


[docs]class ThermoBulk(object):
    """
    Class should provide all tools to compute bulk thermodynamic quantities. Central quantity is the Free Energy F(V,T).
    ToDo: Make it a (light weight) pyiron object (introduce a new tool rather than job object).

    Args:
        project:
        name:

    """

    eV_to_J_per_mol = 1.60217662e-19 * 6.022e23
    kB = 1 / 8.6173303e-5

    def __init__(self, project=None, name=None):
        # only for compatibility with pyiron objects
        self._project = project
        self._name = name

        self._volumes = None
        self._temperatures = None
        self._energies = None
        self._entropy = None
        self._pressure = None
        self._num_atoms = None

        self._fit_order = 3

[docs]    def copy(self):
        """

        Returns:

        """
        cls = self.__class__
        result = cls.__new__(cls)
        result.__init__()
        result.__dict__["_volumes"] = copy(self._volumes)
        result.__dict__["_temperatures"] = copy(self._temperatures)
        result.__dict__["_energies"] = copy(self._energies)
        result.__dict__["_fit_order"] = self._fit_order
        return result


    def _reset_energy(self):
        """

        Returns:

        """
        if self._volumes is not None:
            if self._temperatures is not None:
                self._energies = np.zeros((len(self._temperatures), len(self._volumes)))
                # self.energies = 0

    @property
    def num_atoms(self):
        """

        Returns:

        """
        if self._num_atoms is None:
            return 1  # normalize per cell if number of atoms unknown
        return self._num_atoms

    @num_atoms.setter
    def num_atoms(self, num):
        """

        Args:
            num:

        Returns:

        """
        self._num_atoms = num

    @property
    def _coeff(self):
        """

        Returns:

        """
        return np.polyfit(self._volumes, self._energies.T, deg=self._fit_order)

    @property
    def temperatures(self):
        """

        Returns:

        """
        return self._temperatures

    @property
    def _d_temp(self):
        """

        Returns:

        """
        return self.temperatures[1] - self.temperatures[0]

    @property
    def _d_vol(self):
        """

        Returns:

        """
        return self.volumes[1] - self.volumes[0]

    @temperatures.setter
    def temperatures(self, temp_lst):
        """

        Args:
            temp_lst:

        Returns:

        """
        if not hasattr(temp_lst, "__len__"):
            raise ValueError("Requires list as input parameter")
        len_temp = -1
        if self._temperatures is not None:
            len_temp = len(self._temperatures)
        self._temperatures = np.array(temp_lst)
        if len(temp_lst) != len_temp:
            self._reset_energy()

    @property
    def volumes(self):
        """

        Returns:

        """
        return self._volumes

    @volumes.setter
    def volumes(self, volume_lst):
        """

        Args:
            volume_lst:

        Returns:

        """
        if not hasattr(volume_lst, "__len__"):
            raise ValueError("Requires list as input parameter")
        len_vol = -1
        if self._volumes is not None:
            len_vol = len(self._volumes)
        self._volumes = np.array(volume_lst)
        if len(volume_lst) != len_vol:
            self._reset_energy()

    @property
    def entropy(self):
        """

        Returns:

        """
        if self._entropy is None:
            self._compute_thermo()
        return self._entropy

    @property
    def pressure(self):
        """

        Returns:

        """
        if self._pressure is None:
            self._compute_thermo()
        return self._pressure

    @property
    def energies(self):
        """

        Returns:

        """
        return self._energies

    @energies.setter
    def energies(self, erg_lst):
        """

        Args:
            erg_lst:

        Returns:

        """
        if np.ndim(erg_lst) == 2:
            self._energies = erg_lst
        elif np.ndim(erg_lst) == 1:
            if len(erg_lst) == len(self.volumes):
                self._energies = np.tile(erg_lst, (len(self.temperatures), 1))
            else:
                raise ValueError()
        else:
            self._energies = (
                np.ones((len(self.volumes), len(self.temperatures))) * erg_lst
            )

[docs]    def set_temperatures(
        self, temperature_min=0, temperature_max=1500, temperature_steps=50
    ):
        """

        Args:
            temperature_min:
            temperature_max:
            temperature_steps:

        Returns:

        """
        self.temperatures = np.linspace(
            temperature_min, temperature_max, temperature_steps
        )


[docs]    def set_volumes(self, volume_min, volume_max=None, volume_steps=10):
        """

        Args:
            volume_min:
            volume_max:
            volume_steps:

        Returns:

        """
        if volume_max is None:
            volume_max = 1.1 * volume_min
        self.volumes = np.linspace(volume_min, volume_max, volume_steps)


[docs]    def meshgrid(self):
        """

        Returns:

        """
        return np.meshgrid(self.volumes, self.temperatures)


[docs]    def get_minimum_energy_path(self, pressure=None):
        """

        Args:
            pressure:

        Returns:

        """
        if pressure is not None:
            raise NotImplemented()
        v_min_lst = []
        for c in self._coeff.T:
            v_min = np.roots(np.polyder(c, 1))
            p_der2 = np.polyder(c, 2)
            p_val2 = np.polyval(p_der2, v_min)
            v_m_lst = v_min[p_val2 > 0]
            if len(v_m_lst) > 0:
                v_min_lst.append(v_m_lst[0])
            else:
                v_min_lst.append(np.nan)
        return np.array(v_min_lst)


[docs]    def get_free_energy(self, vol, pressure=None):
        """

        Args:
            vol:
            pressure:

        Returns:

        """
        if not pressure:
            return np.polyval(self._coeff, vol)
        else:
            raise NotImplementedError()


[docs]    def interpolate_volume(self, volumes, fit_order=None):
        """

        Args:
            volumes:
            fit_order:

        Returns:

        """
        if fit_order is not None:
            self._fit_order = fit_order
        new = self.copy()
        new.volumes = volumes
        new.energies = np.array([np.polyval(self._coeff, v) for v in volumes]).T
        return new


    def _compute_thermo(self):
        """

        Returns:

        """
        self._entropy, self._pressure = np.gradient(
            -self.energies, self._d_temp, self._d_vol
        )

[docs]    def get_free_energy_p(self):
        """

        Returns:

        """
        coeff = np.polyfit(self._volumes, self.energies.T, deg=self._fit_order)
        return np.polyval(coeff, self.get_minimum_energy_path())


[docs]    def get_entropy_p(self):
        """

        Returns:

        """
        s_coeff = np.polyfit(self._volumes, self.entropy.T, deg=self._fit_order)
        return np.polyval(s_coeff, self.get_minimum_energy_path())


[docs]    def get_entropy_v(self):
        """

        Returns:

        """
        eq_volume = self.volumes[0]
        s_coeff = np.polyfit(self.volumes, self.entropy.T, deg=self._fit_order)
        const_v = eq_volume * np.ones(len(s_coeff.T))
        return np.polyval(s_coeff, const_v)


[docs]    def plot_free_energy(self):
        """

        Returns:

        """
        try:
            import pylab as plt
        except ImportError:
            import matplotlib.pyplot as plt
        plt.plot(self.temperatures, self.get_free_energy_p() / self.num_atoms)
        plt.xlabel("Temperature [K]")
        plt.ylabel("Free energy [eV]")


[docs]    def plot_entropy(self):
        """

        Returns:

        """
        try:
            import pylab as plt
        except ImportError:
            import matplotlib.pyplot as plt
        plt.plot(
            self.temperatures,
            self.eV_to_J_per_mol / self.num_atoms * self.get_entropy_p(),
            label="S$_p$",
        )
        plt.plot(
            self.temperatures,
            self.eV_to_J_per_mol / self.num_atoms * self.get_entropy_v(),
            label="S$_V$",
        )
        plt.legend()
        plt.xlabel("Temperature [K]")
        plt.ylabel("Entropy [J K$^{-1}$ mol-atoms$^{-1}$]")


[docs]    def plot_heat_capacity(self, to_kB=True):
        """

        Args:
            to_kB:

        Returns:

        """
        try:
            import pylab as plt
        except ImportError:
            import matplotlib.pyplot as plt
        if to_kB:
            units = self.kB / self.num_atoms
            plt.ylabel("Heat capacity [kB]")
        else:
            units = self.eV_to_J_per_mol
            plt.ylabel("Heat capacity [J K$^{-1}$ mol-atoms$^{-1}$]")
        temps = self.temperatures[:-2]
        c_p = temps * np.gradient(self.get_entropy_p(), self._d_temp)[:-2]
        c_v = temps * np.gradient(self.get_entropy_v(), self._d_temp)[:-2]
        plt.plot(temps, units * c_p, label="c$_p$")
        plt.plot(temps, units * c_v, label="c$_v$")
        plt.legend(loc="lower right")
        plt.xlabel("Temperature [K]")


[docs]    def contour_pressure(self):
        """

        Returns:

        """
        try:
            import pylab as plt
        except ImportError:
            import matplotlib.pyplot as plt
        x, y = self.meshgrid()
        p_coeff = np.polyfit(self.volumes, self.pressure.T, deg=self._fit_order)
        p_grid = np.array([np.polyval(p_coeff, v) for v in self._volumes]).T
        plt.contourf(x, y, p_grid)
        plt.plot(self.get_minimum_energy_path(), self.temperatures)
        plt.xlabel("Volume [$\AA^3$]")
        plt.ylabel("Temperature [K]")


[docs]    def contour_entropy(self):
        """

        Returns:

        """
        try:
            import pylab as plt
        except ImportError:
            import matplotlib.pyplot as plt
        s_coeff = np.polyfit(self.volumes, self.entropy.T, deg=self._fit_order)
        s_grid = np.array([np.polyval(s_coeff, v) for v in self.volumes]).T
        x, y = self.meshgrid()
        plt.contourf(x, y, s_grid)
        plt.plot(self.get_minimum_energy_path(), self.temperatures)
        plt.xlabel("Volume [$\AA^3$]")
        plt.ylabel("Temperature [K]")


[docs]    def plot_contourf(self, ax=None, show_min_erg_path=False):
        """

        Args:
            ax:
            show_min_erg_path:

        Returns:

        """
        try:
            import pylab as plt
        except ImportError:
            import matplotlib.pyplot as plt
        x, y = self.meshgrid()
        if ax is None:
            fig, ax = plt.subplots(1, 1)
        ax.contourf(x, y, self.energies)
        if show_min_erg_path:
            plt.plot(self.get_minimum_energy_path(), self.temperatures, "w--")
        plt.xlabel("Volume [$\AA^3$]")
        plt.ylabel("Temperature [K]")
        return ax


[docs]    def plot_min_energy_path(self, *args, ax=None, **qwargs):
        """

        Args:
            *args:
            ax:
            **qwargs:

        Returns:

        """
        try:
            import pylab as plt
        except ImportError:
            import matplotlib.pyplot as plt
        if ax is None:
            fig, ax = plt.subplots(1, 1)
            ax.xlabel("Volume [$\AA^3$]")
            ax.ylabel("Temperature [K]")
        ax.plot(self.get_minimum_energy_path(), self.temperatures, *args, **qwargs)
        return ax
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  Source code for pyiron.atomistics.volumetric.generic

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from pyiron.atomistics.structure.atoms import Atoms
from pyiron.vasp.structure import write_poscar

__author__ = "Sudarsan Surendralal, Su-Hyun Yoo"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH "
    "- Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"


[docs]class VolumetricData(object):
    """
    A new class to handle 3-dimensional volumetric data elegantly (charge densities, electrostatic potentials etc) based
    on the numpy.ndarray instance. This module is adapted from the pymatgen vasp VolumtricData class

    http://pymatgen.org/_modules/pymatgen/io/vasp/outputs.html#VolumetricData

    Attributes:

        total_data (numpy.ndarray): A 3D array containing the data

    """

    def __init__(self):
        self._total_data = None
        self._atoms = None

    @property
    def atoms(self):
        """
        The structure related to the volumeric data

        Returns:
            pyiron.atomistics.structure.Atoms: The structure associated with the data

        """
        return self._atoms

    @atoms.setter
    def atoms(self, val):
        self._atoms = val

    @property
    def total_data(self):
        """
        numpy.ndarray: The Nx x Ny x Nz sized array for the total data
        """
        return self._total_data

    @total_data.setter
    def total_data(self, val):
        if not (isinstance(val, (np.ndarray, list))):
            raise TypeError(
                "Attribute total_data should be a numpy.ndarray instance or a list and "
                "not {}".format(type(val))
            )
        val = np.array(val)
        shape = np.array(np.shape(val))
        if not (len(shape) == 3):
            raise ValueError("Attribute total_data should be a 3D array")
        self._total_data = val

[docs]    @staticmethod
    def gauss_f(d, fwhm=0.529177):
        """
        Generates a Gaussian distribution for a given distance and full width half maximum value

        Args:
            d (float): distance between target point and reference point
            fwhm (float): Full width half maximum in angstrom

        Returns:
            float: Gaussian reduction constant

        """
        sigma = fwhm / (2 * np.sqrt(2 * np.log(2)))
        d2 = d * d
        return np.exp(-1 / (2 * sigma ** 2) * d2)


[docs]    @staticmethod
    def dist_between_two_grid_points(target_grid_point, n_grid_at_center, lattice, grid_shape):
        """
        Calculates the distance between a target grid point and another grid point

        Args:
            target_grid_point (numpy.ndarray/list): Target grid point
            n_grid_at_center (numpy.ndarray/list): coordinate of center of sphere
            lattice (numpy.ndarray/list): lattice vector
            grid_shape (tuple/list/numpy.ndarray): size of grid

        Returns:

            float: Distance between target grid and center of sphere in angstrom

        """
        unit_dist_in_grid = [np.sqrt(np.dot(lattice[0], lattice[0])) / grid_shape[0],
                             np.sqrt(np.dot(lattice[1], lattice[1])) / grid_shape[1],
                             np.sqrt(np.dot(lattice[2], lattice[2])) / grid_shape[2]]
        dn = np.multiply(np.subtract(target_grid_point, n_grid_at_center), unit_dist_in_grid)
        dist = np.linalg.norm(dn)
        return dist


[docs]    def spherical_average_potential(self, structure, spherical_center, rad=2, fwhm=0.529177):
        """
        Calculates the spherical average about a given point in space

        Args:
            structure (pyiron.atomistics.structure.Atoms): Input structure
            spherical_center (list/numpy.ndarray): position of spherical_center in direct coordinate
            rad (float): radius of sphere to be considered in Angstrom (recommended value: 2)
            fwhm (float): Full width half maximum of gaussian function in Angstrom (recommended value: 0.529177)

        Returns:
            float: Spherical average at the target center

        """
        grid_shape = self._total_data.shape

        # Position of center of sphere at grid coordinates
        n_grid_at_center = [int(np.ceil(spherical_center[0] * grid_shape[0])),
                            int(np.ceil(spherical_center[1] * grid_shape[1])),
                            int(np.ceil(spherical_center[2] * grid_shape[2]))]

        # Unit distance between grids
        dist_in_grid = [np.linalg.norm(structure.cell[0]) / grid_shape[0],
                        np.linalg.norm(structure.cell[1]) / grid_shape[1],
                        np.linalg.norm(structure.cell[2]) / grid_shape[2]]

        # Range of grids to be considered within the provided radius w.r.t. center of sphere
        num_grid_in_sph = [[], []]
        for i, dist in enumerate(dist_in_grid):
            num_grid_in_sph[0].append(n_grid_at_center[i] - int(np.ceil(rad / dist)))
            num_grid_in_sph[1].append(n_grid_at_center[i] + int(np.ceil(rad / dist)))

        sph_avg_tmp = []
        weight = 0
        for k in range(num_grid_in_sph[0][0], num_grid_in_sph[1][0]):
            for l in range(num_grid_in_sph[0][1], num_grid_in_sph[1][1]):
                for m in range(num_grid_in_sph[0][2], num_grid_in_sph[1][2]):
                    target_grid_point = [k, l, m]
                    dist = self.dist_between_two_grid_points(target_grid_point,
                                                             n_grid_at_center, structure.cell, grid_shape)
                    if dist <= rad:
                        sph_avg_tmp.append(
                            self._total_data[k % grid_shape[0], l % grid_shape[1], m % grid_shape[2]]
                            * self.gauss_f(dist, fwhm))
                        weight += self.gauss_f(dist, fwhm)
                    else:
                        pass
        sum_list = np.sum(sph_avg_tmp)
        sph_avg = sum_list / weight
        return sph_avg


[docs]    @staticmethod
    def dist_between_two_grid_points_cyl(target_grid_point, n_grid_at_center, lattice, grid_shape, direction_of_cyl):
        """
        Distance between a target grid point and the center of a cylinder

        Args:
            target_grid_point (numpy.ndarray/list): Target grid point
            n_grid_at_center (numpy.ndarray/list): coordinate of center of sphere
            lattice (numpy.ndarray/list): lattice vector
            grid_shape (tuple/list/numpy.ndarray): size of grid
            direction_of_cyl (int): Axis of cylinder (0 (x) or 1 (y) or 2 (z))

        Returns:
            float: Distance between target grid and in-plane center of cylinder

        """
        unit_dist_in_grid = [np.sqrt(np.dot(lattice[0], lattice[0])) / grid_shape[0],
                             np.sqrt(np.dot(lattice[1], lattice[1])) / grid_shape[1],
                             np.sqrt(np.dot(lattice[2], lattice[2])) / grid_shape[2]]
        dn = np.multiply(np.subtract(target_grid_point, n_grid_at_center), unit_dist_in_grid)
        if direction_of_cyl == 0:
            dn[0] = 0
        elif direction_of_cyl == 1:
            dn[1] = 0
        elif direction_of_cyl == 2:
            dn[2] = 0
        else:
            print("check the direction of cylindrical axis")
        dist = np.linalg.norm(dn)
        return dist


[docs]    def cylindrical_average_potential(self, structure, spherical_center, axis_of_cyl, rad=2, fwhm=0.529177):
        """
        Calculates the cylindrical average about a given point in space

        Args:
            structure (pyiron.atomistics.structure.Atoms): Input structure
            spherical_center (list/numpy.ndarray): position of spherical_center in direct coordinate
            rad (float): radius of sphere to be considered in Angstrom (recommended value: 2)
            fwhm (float): Full width half maximum of gaussian function in Angstrom (recommended value: 0.529177)
            axis_of_cyl (int): Axis of cylinder (0 (x) or 1 (y) or 2 (z))

        Returns:
            float: Cylindrical average at the target center

        """
        grid_shape = self._total_data.shape

        # Position of center of sphere at grid coordinates
        n_grid_at_center = [int(np.ceil(spherical_center[0] * grid_shape[0])),
                            int(np.ceil(spherical_center[1] * grid_shape[1])),
                            int(np.ceil(spherical_center[2] * grid_shape[2]))]

        # Unit distance between grids
        dist_in_grid = [np.linalg.norm(structure.cell[0]) / grid_shape[0],
                        np.linalg.norm(structure.cell[1]) / grid_shape[1],
                        np.linalg.norm(structure.cell[2]) / grid_shape[2]]

        # Range of grids to be considered within the provided radius w.r.t. center of sphere
        num_grid_in_cyl = [[], []]

        for i, dist in enumerate(dist_in_grid):
            if i == axis_of_cyl:
                num_grid_in_cyl[0].append(0)
                num_grid_in_cyl[1].append(grid_shape[i])
            else:
                num_grid_in_cyl[0].append(n_grid_at_center[i] - int(np.ceil(rad / dist)))
                num_grid_in_cyl[1].append(n_grid_at_center[i] + int(np.ceil(rad / dist)))

        cyl_avg_tmp = []
        weight = 0
        for k in range(num_grid_in_cyl[0][0], num_grid_in_cyl[1][0]):
            for l in range(num_grid_in_cyl[0][1], num_grid_in_cyl[1][1]):
                for m in range(num_grid_in_cyl[0][2], num_grid_in_cyl[1][2]):
                    target_grid_point = [k, l, m]
                    dist = self.dist_between_two_grid_points_cyl(target_grid_point, n_grid_at_center, structure.cell,
                                                                 grid_shape, axis_of_cyl)
                    if dist <= rad:
                        cyl_avg_tmp.append(
                            self._total_data[k % grid_shape[0], l % grid_shape[1], m % grid_shape[2]]
                            * self.gauss_f(dist, fwhm))
                        weight += self.gauss_f(dist, fwhm)
                    else:
                        pass
        sum_list = np.sum(cyl_avg_tmp)
        cyl_avg = sum_list / weight

        return cyl_avg


[docs]    def get_average_along_axis(self, ind=2):
        """
        Get the lateral average along a certain axis direction. This function is adapted from the pymatgen vasp
        VolumetricData class

        http://pymatgen.org/_modules/pymatgen/io/vasp/outputs.html#VolumetricData.get_average_along_axis

        Args:
            ind (int): Index of axis (0, 1 and 2 for the x, y, and z axis respectively)

        Returns:
            numpy.ndarray: A 1D vector with the laterally averaged values of the volumetric data
        """
        if ind == 0:
            return np.average(np.average(self._total_data, axis=1), 1)
        elif ind == 1:
            return np.average(np.average(self._total_data, axis=0), 1)
        else:
            return np.average(np.average(self._total_data, axis=0), 0)


[docs]    def to_hdf(self, hdf, group_name="volumetric_data"):
        """
        Writes the data as a group to a HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): The HDF file/path to write the data to
            group_name (str): The name of the group under which the data must be stored as

        """
        with hdf.open(group_name) as hdf_vd:
            hdf_vd["TYPE"] = str(type(self))
            hdf_vd["total"] = self.total_data


[docs]    def from_hdf(self, hdf, group_name="volumetric_data"):
        """
        Recreating the VolumetricData instance by reading data from the HDF5 files

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): The HDF file/path to write the data to
            group_name (str): The name of the group under which the data must be stored as

        Returns:
            pyiron.atomistics.volumetric.generic.VolumetricData: The VolumetricData instance

        """
        with hdf.open(group_name) as hdf_vd:
            self._total_data = hdf_vd["total"]


[docs]    def write_cube_file(self, filename="cube_file.cube", cell_scaling=1.0):
        """
        Write the volumetric data into the CUBE file format

        Args:
            filename (str): Filename
            cell_scaling (float): Scale the cell by this fraction

        """
        if self._atoms is None:
            raise ValueError(
                "The volumetric data object must have a valid structure assigned to it before writing "
                "to the cube format"
            )
        data = self.total_data
        n_x, n_y, _ = data.shape
        origin = np.zeros(3)
        flattened_data = np.hstack(
            [data[i, j, :] for i in range(n_x) for j in range(n_y)]
        )
        n_atoms = len(self.atoms)
        total_lines = int(len(flattened_data) / 6) * 6
        reshaped_data = np.reshape(flattened_data[0:total_lines], (-1, 6))
        last_line = [flattened_data[total_lines:]]
        head_array = np.zeros((4, 4))
        head_array[0] = np.append([n_atoms], origin)
        head_array[1:, 0] = data.shape
        head_array[1:, 1:] = self.atoms.cell / data.shape * cell_scaling
        position_array = np.zeros((len(self.atoms.positions), 5))
        position_array[:, 0] = self.atoms.get_atomic_numbers()
        position_array[:, 2:] = self.atoms.positions
        with open(filename, "w") as f:
            f.write("Cube file generated by pyiron (http://pyiron.org) \n")
            f.write("z is the fastest index \n")
            np.savetxt(f, head_array, fmt="%4d %.6f %.6f %.6f")
            np.savetxt(f, position_array, fmt="%4d %.6f %.6f %.6f %.6f")
            np.savetxt(f, reshaped_data, fmt="%.5e")
            np.savetxt(f, last_line, fmt="%.5e")


[docs]    def read_cube_file(self, filename="cube_file.cube"):
        """
        Generate data from a CUBE file

        Args:
            filename (str): Filename to parse

        """
        with open(filename, "r") as f:
            lines = f.readlines()
            n_atoms = int(lines[2].strip().split()[0])
            cell_data = np.genfromtxt(lines[3:6])
            cell_grid = cell_data[:, 1:]
            grid_shape = np.array(cell_data[:, 0], dtype=int)
            # total_data = np.zeros(grid_shape)
            cell = np.array([val * grid_shape[i] for i, val in enumerate(cell_grid)])
            pos_data = np.genfromtxt(lines[6: n_atoms + 6])
            if n_atoms == 1:
                pos_data = np.array([pos_data])
            atomic_numbers = np.array(pos_data[:, 0], dtype=int)
            positions = pos_data[:, 2:]
            self._atoms = Atoms(numbers=atomic_numbers, positions=positions, cell=cell)
            end_int = n_atoms + 6 + int(np.prod(grid_shape) / 6)
            data = np.genfromtxt(lines[n_atoms+6: end_int])
            data_flatten = np.hstack(data)
            if np.prod(grid_shape) % 6 > 0:
                data_flatten = np.append(
                    data_flatten, [float(val) for val in lines[end_int].split()]
                )
            n_x, n_y, n_z = grid_shape
            self._total_data = data_flatten.reshape((n_x, n_y, n_z))


[docs]    def write_vasp_volumetric(self, filename="CHGCAR", normalize=False):
        """
        Writes volumetric data into a VASP CHGCAR format

        Args:
            filename (str): Filename of the new file
            normalize (bool): True if the data is to be normalized by the volume

        """
        write_poscar(structure=self.atoms, filename=filename)
        with open(filename, "a") as f:
            f.write("\n")
            f.write(" ".join(list(np.array(self.total_data.shape, dtype=str))))
            f.write("\n")
            _, n_y, n_z = self.total_data.shape
            flattened_data = np.hstack(
                [self.total_data[:, i, j] for j in range(n_z) for i in range(n_y)]
            )
            if normalize:
                flattened_data /= self.atoms.get_volume()
            num_lines = int(len(flattened_data) / 5) * 5
            reshaped_data = np.reshape(flattened_data[0:num_lines], (-1, 5))
            np.savetxt(f, reshaped_data, fmt="%.12f")
            if len(flattened_data) % 5 > 0:
                np.savetxt(f, [flattened_data[num_lines:]], fmt="%.12f")
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  Source code for pyiron.dft.job.generic

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from pyiron.atomistics.job.atomistic import AtomisticGenericJob, MapFunctions as AtomisticMapFunctions
from pyiron.dft.waves.electronic import ElectronicStructure
import warnings

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]class GenericDFTJob(AtomisticGenericJob):
    def __init__(self, project, job_name):
        super(GenericDFTJob, self).__init__(project, job_name)
        self._generic_input["fix_symmetry"] = True
        self.map_functions = MapFunctions()
        self._generic_input["k_mesh_spacing"] = None
        self._generic_input["k_mesh_center_shift"] = None
        self._generic_input["reduce_kpoint_symmetry"] = True

    @property
    def encut(self):
        return self.plane_wave_cutoff

    @encut.setter
    def encut(self, val):
        self.plane_wave_cutoff = val

    @property
    def kpoint_mesh(self):
        return self.get_kpoints()

    @kpoint_mesh.setter
    def kpoint_mesh(self, val):
        self.set_kpoints(mesh=val)

    @property
    def xc(self):
        return self.exchange_correlation_functional

    @xc.setter
    def xc(self, val):
        self.exchange_correlation_functional = val

    @property
    def plane_wave_cutoff(self):
        raise NotImplementedError(
            "The encut property is not implemented for this code."
        )

    @plane_wave_cutoff.setter
    def plane_wave_cutoff(self, val):
        raise NotImplementedError(
            "The encut property is not implemented for this code."
        )

    @property
    def spin_constraints(self):
        raise NotImplementedError(
            "The spin_constraints property is not implemented for this code."
        )

    @spin_constraints.setter
    def spin_constraints(self, val):
        raise NotImplementedError(
            "The spin_constraints property is not implemented for this code."
        )

    @property
    def exchange_correlation_functional(self):
        raise NotImplementedError(
            "The exchange property is not implemented for this code."
        )

    @exchange_correlation_functional.setter
    def exchange_correlation_functional(self, val):
        raise NotImplementedError(
            "The exchange property is not implemented for this code."
        )

    @property
    def k_mesh_spacing(self):
        """
        Number of unreduced k-points per Angstrom of the lattice vector

        Returns:
            float: Number of k-points per Angstrom
        """
        return self._generic_input["k_mesh_spacing"]

    @k_mesh_spacing.setter
    def k_mesh_spacing(self, val):
        self._generic_input["k_mesh_spacing"] = val

    @property
    def k_mesh_center_shift(self):
        """
        Number of unreduced k-points per Angstrom of the lattice vector

        Returns:
            float: Number of k-points per Angstrom
        """
        return self._generic_input["k_mesh_center_shift"]

    @k_mesh_center_shift.setter
    def k_mesh_center_shift(self, val):
        self._generic_input["k_mesh_center_shift"] = val

    @property
    def reduce_kpoint_symmetry(self):
        """
        Number of unreduced k-points per Angstrom of the lattice vector

        Returns:
            float: Number of k-points per Angstrom
        """
        return self._generic_input["reduce_kpoint_symmetry"]

    @reduce_kpoint_symmetry.setter
    def reduce_kpoint_symmetry(self, boolean):
        self._generic_input["reduce_kpoint_symmetry"] = boolean

    @property
    def fix_spin_constraint(self):
        return self._generic_input["fix_spin_constraint"]

    @fix_spin_constraint.setter
    def fix_spin_constraint(self, boolean):
        if not isinstance(boolean, bool):
            raise AssertionError()
        self._generic_input["fix_spin_constraint"] = boolean

    @property
    def fix_symmetry(self):
        return self._generic_input["fix_symmetry"]

    @fix_symmetry.setter
    def fix_symmetry(self, boolean):
        if not isinstance(boolean, bool):
            raise AssertionError()
        self._generic_input["fix_symmetry"] = boolean

[docs]    def get_structure(self, iteration_step=-1, wrap_atoms=True):
        """
        Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
        there is only one ionic iteration step
        Args:
            iteration_step (int): Step for which the structure is requested
            wrap_atoms (bool): True if the atoms are to be wrapped back into the unit cell

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: The required structure
        """
        snapshot = super(GenericDFTJob, self).get_structure(
            iteration_step=iteration_step, wrap_atoms=wrap_atoms
        )
        spins = self.get_magnetic_moments(iteration_step=iteration_step)
        if spins is not None:
            snapshot.set_initial_magnetic_moments(spins)
        return snapshot


[docs]    def set_mixing_parameters(
        self,
        method=None,
        n_pulay_steps=None,
        density_mixing_parameter=None,
        spin_mixing_parameter=None,
    ):
        raise NotImplementedError(
            "set_mixing_parameters is not implemented for this code."
        )


[docs]    def restart_for_band_structure_calculations(self, job_name=None):
        """
        Restart a new job created from an existing calculation by reading the charge density
        for band structure calculations.

        Args:
            job_name (str/None): Job name

        Returns:
            new_ham (pyiron.dft.job.generic.GenericDFTJob): New job
        """
        raise NotImplementedError(
            "restart_for_band_structure_calculations is not implemented for this code."
        )


[docs]    def get_magnetic_moments(self, iteration_step=-1):
        """
        Gives the magnetic moments of a calculation for each iteration step.

        Args:
            iteration_step (int): Step for which the structure is requested

        Returns:
            numpy.ndarray/None: array of final magmetic moments or None if no magnetic moment is given
        """
        spins = self.get("output/generic/dft/atom_spins")
        if spins is not None:
            return spins[iteration_step]
        else:
            return None


[docs]    def get_kpoints(self):
        raise NotImplementedError(
            "The get_kpoints() function is not implemented for this code."
        )


[docs]    def get_k_mesh_by_cell(self, k_mesh_spacing, cell=None):
        """
        Get k-mesh density according to the box size.

        Args:
            k_mesh_spacing (float): K-point spacing in units of 2 * pi reciprocal Angstrom.
                                (smaller values result in a denser mesh for a given structure).
            cell (numpy.ndarray/list): The cell shape

        Returns:
            list/numpy.ndarray: Mesh size

        """
        if cell is None:
            if self.structure is None:
                raise ValueError("Can't generate k-points without structure being set and if cell is not specified")
            cell = self.structure.cell
        return get_k_mesh_by_density(cell=cell, k_mesh_spacing=k_mesh_spacing)


[docs]    def set_kpoints(
        self,
        mesh=None,
        scheme="MP",
        center_shift=None,
        symmetry_reduction=True,
        manual_kpoints=None,
        weights=None,
        reciprocal=True,
        k_mesh_spacing=None,
        n_path=None,
        path_name=None,
    ):
        """
        Function to setup the k-points

        Args:
            mesh (list/numpy.ndarray): Size of the mesh (ignored if scheme is not set to 'MP' or kpoints_per_reciprocal_
            angstrom is set)
            scheme (str): Type of k-point generation scheme (MP/GP(gamma point)/Manual/Line)
            center_shift (list/numpy.ndarray/None): Shifts the center of the mesh from the gamma point by the given vector in relative coordinates
            symmetry_reduction (boolean): Tells if the symmetry reduction is to be applied to the k-points
            manual_kpoints (list/numpy.ndarray): Manual list of k-points
            weights(list/numpy.ndarray): Manually supplied weights to each k-point in case of the manual mode
            reciprocal (bool): Tells if the supplied values are in reciprocal (direct) or cartesian coordinates (in
            reciprocal space)
            k_mesh_spacing (float): K-point spacing in units of 2 * pi reciprocal Angstrom.
                                (smaller values result in a denser mesh for a given structure).
            n_path (int): Number of points per trace part for line mode
            path_name (str): Name of high symmetry path used for band structure calculations.
        """
        if k_mesh_spacing is not None:
            if mesh is not None:
                warnings.warn("mesh value is overwritten by k_mesh_spacing")
            mesh = self.get_k_mesh_by_cell(k_mesh_spacing=k_mesh_spacing)
        self.k_mesh_spacing = k_mesh_spacing
        self.k_mesh_center_shift = center_shift
        self.reduce_kpoint_symmetry = symmetry_reduction
        if mesh is not None:
            if np.min(mesh) <= 0:
                raise ValueError("mesh values must be larger than 0")
        if center_shift is not None:
            if np.min(center_shift) < 0 or np.max(center_shift) > 1:
                warnings.warn("center_shift is given in relative coordinates")
        self._set_kpoints(
            mesh=mesh,
            scheme=scheme,
            center_shift=center_shift,
            symmetry_reduction=symmetry_reduction,
            manual_kpoints=manual_kpoints,
            weights=weights,
            reciprocal=reciprocal,
            n_path=n_path,
            path_name=path_name,
        )


[docs]    def calc_static(
        self,
        electronic_steps=100,
        algorithm=None,
        retain_charge_density=False,
        retain_electrostatic_potential=False,
    ):
        self._generic_input["fix_symmetry"] = True
        super(GenericDFTJob, self).calc_static()


[docs]    def calc_minimize(
        self,
        electronic_steps=60,
        ionic_steps=100,
        max_iter=None,
        pressure=None,
        algorithm=None,
        retain_charge_density=False,
        retain_electrostatic_potential=False,
        ionic_energy_tolerance=None,
        ionic_force_tolerance=None,
        ionic_energy=None,
        ionic_forces=None,
        volume_only=False,
    ):
        self._generic_input["fix_symmetry"] = True
        super(GenericDFTJob, self).calc_minimize(max_iter=max_iter, pressure=pressure)


[docs]    def calc_md(
        self,
        temperature=None,
        n_ionic_steps=1000,
        n_print=1,
        time_step=1.0,
        retain_charge_density=False,
        retain_electrostatic_potential=False,
        **kwargs
    ):
        self._generic_input["fix_symmetry"] = False
        super(GenericDFTJob, self).calc_md(
            temperature=temperature,
            n_ionic_steps=n_ionic_steps,
            n_print=n_print,
            time_step=time_step,
        )


    # Backward compatibility
[docs]    def get_encut(self):
        return self.encut


[docs]    def set_encut(self, encut):
        """
        Sets the plane-wave energy cutoff
        Args:
            encut (float): The energy cutoff in eV
        """
        self.plane_wave_cutoff = encut


[docs]    def set_exchange_correlation_functional(self, exchange_correlation_functional):
        self.exchange_correlation_functional = exchange_correlation_functional


[docs]    def set_empty_states(self, n_empty_states=None):
        raise NotImplementedError(
            "The set_empty_states function is not implemented for this code."
        )


    def _set_kpoints(
        self,
        mesh=None,
        scheme="MP",
        center_shift=None,
        symmetry_reduction=True,
        manual_kpoints=None,
        weights=None,
        reciprocal=True,
        n_path=None,
        path_name=None,
    ):
        raise NotImplementedError(
            "The set_kpoints function is not implemented for this code."
        )

[docs]    def get_electronic_structure(self):
        """
        Gets the electronic structure instance from the hdf5 file

        Returns:
                pyiron.atomistics.waves.electronic.ElectronicStructure instance
        """
        if self.status not in ["finished", "warning", "not_converged"]:
            return
        else:
            with self.project_hdf5.open("output") as ho:
                es_obj = ElectronicStructure()
                es_obj.from_hdf(ho)
            return es_obj


[docs]    def modify_kpoints(self):
        if self.k_mesh_spacing is not None:
            self.set_kpoints(center_shift=self.k_mesh_center_shift,
                             k_mesh_spacing=self.k_mesh_spacing,
                             symmetry_reduction=self.reduce_kpoint_symmetry)


[docs]    def save(self):
        self.modify_kpoints()
        super(GenericDFTJob, self).save()


[docs]    def get_density_of_states(self, sigma=0.1, shift_by_fermi_energy=True, grid=None):
        """
        Get density of states from a fully converged result. A Gaussian smeared histogram is
        returned

        Args:
            sigma (float): Gaussian smearing parameter in energy unit.
            shift_by_fermi_energy (bool): Shift the histogram by the Fermi energy value. Setting
                this to False will return code specific absolute values which have physically no
                meaning.
            grid (list/numpy.ndarray): Energy grid. If None, the interval between maximum and
                minimum eigenvalues plus 5 x sigma with a step length of sigma will be taken.

        Returns:
            (dict): grid and density of states (n_spin x energy_grid)
        """
        if sigma <= 0:
            raise ValueError('Sigma must be a positive float')
        k_weights = self['output/electronic_structure/k_weights']
        if k_weights is None:
            raise ValueError('k-point weighting not found')
        e_fermi = 0
        if shift_by_fermi_energy:
            e_fermi = self['output/electronic_structure/efermi']
        eigen_values = self['output/electronic_structure/eig_matrix']
        eigen_values = eigen_values-e_fermi
        if grid is None:
            grid = np.arange(eigen_values.min()-5*sigma, eigen_values.max()+5*sigma, sigma)
        hist = eigen_values[:,:,:,np.newaxis]-grid[np.newaxis,np.newaxis,np.newaxis,:]
        hist = np.exp(-(hist)**2/(2*sigma**2))*k_weights[np.newaxis,:,np.newaxis,np.newaxis]
        hist = np.sum(hist, axis=(1,2))
        hist *= 2/len(eigen_values)/np.sqrt(2*np.pi*sigma**2)
        return {'grid': grid, 'dos': hist}




[docs]def get_k_mesh_by_density(cell, k_mesh_spacing=0.5):
    """
    Get k-mesh density according to the box size.

    Args:
        cell (numpy.ndarray/list): The cell shape
        k_mesh_spacing (float): K-point spacing in units of 2 * pi reciprocal Angstrom.
                                (smaller values result in a denser mesh for a given structure).

    Returns:
        list/numpy.ndarray: Mesh size

    """
    omega = np.linalg.det(cell)
    l1, l2, l3 = cell
    g1 = 2 * np.pi / omega * np.cross(l2, l3)
    g2 = 2 * np.pi / omega * np.cross(l3, l1)
    g3 = 2 * np.pi / omega * np.cross(l1, l2)

    kmesh = np.rint(
        np.array([np.linalg.norm(g) for g in [g1, g2, g3]]) / k_mesh_spacing
    )
    kmesh[kmesh < 1] = 1
    return [int(k) for k in kmesh]



[docs]def set_encut(job, parameter):
    job.set_encut(parameter)
    return job



[docs]def set_kpoints(job, parameter):
    job.set_kpoints(parameter)
    return job



[docs]class MapFunctions(AtomisticMapFunctions):
    def __init__(self):
        super().__init__()
        self.set_encut = set_encut
        self.set_kpoints = set_kpoints
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  Source code for pyiron.dft.master.convergence_encut_parallel

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
from pyiron.atomistics.master.parallel import AtomisticParallelMaster
from pyiron_base import JobGenerator
import numpy as np

try:
    import pylab as plt
except (ImportError, RuntimeError):
    try:
        import matplotlib.pyplot as plt
    except (ImportError, RuntimeError):
        pass

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"


[docs]class EncutConvergenceJobGenerator(JobGenerator):
    @property
    def parameter_list(self):
        """

        Returns:
            (list)
        """
        return [
            np.round(encut, 7)
            for encut in np.linspace(
                self._master.input["min"],
                self._master.input["max"],
                self._master.input["num_points"],
            )
        ]

[docs]    @staticmethod
    def job_name(parameter):
        return "encut_" + str(parameter).replace(".", "_")


[docs]    @staticmethod
    def modify_job(job, parameter):
        job.set_encut(encut=parameter)
        return job




# ToDo: not all abstract methods implemented
[docs]class ConvEncutParallel(AtomisticParallelMaster):
    def __init__(self, project, job_name="encut_conv"):
        """

        Args:
            project:
            job_name:
        """
        super(ConvEncutParallel, self).__init__(project, job_name)
        self.__name__ = "ConvEncutParallel"
        self.__version__ = "0.0.1"

        # define default input
        self.input["num_points"] = (11, "number of sample points")
        self.input["min"] = (200, "EnCut Minimum")
        self.input["max"] = (800, "EnCut Maximum")
        self._job_generator = EncutConvergenceJobGenerator(self)

[docs]    def collect_output(self):
        eng_lst, encut_lst = [], []
        for job_id in self.child_ids:  # add iter_jobs (should behave like a project)
            ham = self.project_hdf5.inspect(job_id)
            print("job_id: ", job_id, ham.status)
            eng_lst.append(ham["output/generic/energy_tot"][-1])
            encut = ham.job_name.split("_")[1:]
            encut_lst.append(float(encut[0] + "." + encut[1]))
        arg_lst = np.argsort(encut_lst)
        self._output["energy"] = eng_lst[arg_lst]
        self._output["encut"] = encut_lst[arg_lst]

        with self.project_hdf5.open("output") as hdf5_out:
            for key, val in self._output.items():
                hdf5_out[key] = val


[docs]    def plot(self, plt_show=True):
        df = self.output_to_pandas()
        encut_lst, eng_lst = df["encut"], df["energy"]
        plt.plot(encut_lst, eng_lst, "x-", markersize=20)
        plt.xlabel("EnCut (eV)")
        plt.ylabel("energy (eV)")
        if plt_show:
            plt.show()
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  Source code for pyiron.dft.master.convergence_encut_serial

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
from pyiron.atomistics.master.serial import SerialMaster

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"


[docs]def convergence_goal(self, eps=0.005):
    import numpy as np

    if len(self) > 1:
        prev_job_eng = self[-2]["output/generic/energy_tot"]
        last_job_eng = self[-1]["output/generic/energy_tot"]
        if np.abs(prev_job_eng - last_job_eng) < eps:
            return True
    ham_prev = self[-1]
    encut_new = ham_prev.get_encut() + 100
    job_name = self.get_initial_child_name() + "_" + str(encut_new)
    ham_next = ham_prev.restart(job_name=job_name)
    ham_next.set_encut(encut_new)
    return ham_next



[docs]class ConvEncutSerial(SerialMaster):
    """

    Args:
        project:
        job_name:
    """

    def __init__(self, project, job_name):
        super(ConvEncutSerial, self).__init__(project, job_name=job_name)
        self.__name__ = "ConvEncutSerial"
        self.__version__ = "0.0.2"
        if (
            not self["input/convergence_goal"]
            or self["input/convergence_goal"] == "None"
        ):
            self.set_goal(convergence_goal, eps=0.005)

[docs]    def create_next(self, job_name=None):
        """

        Args:
            job_name:

        Returns:

        """
        ham_prev = self[-1]
        encut_new = ham_prev.get_encut() + 100
        job_name = self.get_initial_child_name() + "_" + str(encut_new)
        ham_next = ham_prev.restart(job_name=job_name)
        ham_next.set_encut(encut_new)
        return ham_next
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  Source code for pyiron.dft.master.convergence_kpoint_parallel

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
from pyiron.atomistics.master.parallel import AtomisticParallelMaster
from pyiron_base import JobGenerator
import numpy as np

try:
    import pylab as plt
except (ImportError, RuntimeError):
    try:
        import matplotlib.pyplot as plt
    except (ImportError, RuntimeError):
        pass

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"


[docs]class KpointConvergenceJobGenerator(JobGenerator):
    @property
    def parameter_list(self):
        """

        Returns:
            (list)
        """
        return [
            kpoint
            for kpoint in range(
                self.input["min"],
                self.input["max"] + self.input["steps"],
                self.input["steps"],
            )
        ]

[docs]    @staticmethod
    def job_name(parameter):
        return "kpoint_mesh_" + str(parameter)


[docs]    @staticmethod
    def modify_job(job, parameter):
        job.set_kpoints(mesh=[parameter, parameter, parameter])
        return job




# ToDo: not all abstract methods implemented
[docs]class ConvKpointParallel(AtomisticParallelMaster):
    def __init__(self, project, job_name="encut_conv"):
        """

        Args:
            project:
            job_name:
        """
        super(ConvKpointParallel, self).__init__(project, job_name)
        self.__name__ = "ConvKpointParallel"
        self.__version__ = "0.0.1"

        # define default input
        self.input["steps"] = (2, "increase of kpoints")
        self.input["min"] = (4, "Kpoint Minimum")
        self.input["max"] = (8, "Kpoint Maximum")
        self._job_generator = KpointConvergenceJobGenerator(self)

[docs]    def write_input(self):
        self.input["num_points"] = len(
            range(
                self.input["min"],
                self.input["max"] + self.input["steps"],
                self.input["steps"],
            )
        )
        super(ConvKpointParallel, self).write_input()


[docs]    def collect_output(self):
        eng_lst, kpoint_lst = [], []
        for job_id in self.child_ids:  # add iter_jobs (should behave like a project)
            ham = self.project_hdf5.inspect(job_id)
            print("job_id: ", job_id, ham.status)
            eng_lst.append(ham["output/generic/energy_tot"][-1])
            kpoint_lst.append(int(ham.job_name.split("_")[-1]))
        arg_lst = np.argsort(kpoint_lst)
        self._output["energy"] = eng_lst[arg_lst]
        self._output["kpoints"] = kpoint_lst[arg_lst]

        with self.project_hdf5.open("output") as hdf5_out:
            for key, val in self._output.items():
                hdf5_out[key] = val


[docs]    def plot(self, plt_show=True):
        df = self.output_to_pandas()
        kpoint_lst, eng_lst = df["kpoints"], df["energy"]
        plt.plot(kpoint_lst, eng_lst, "x-", markersize=20)
        plt.xlabel("Kpoint Mesh")
        plt.ylabel("energy (eV)")
        if plt_show:
            plt.show()
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  Source code for pyiron.dft.master.murnaghan_dft

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
from pyiron.atomistics.master.murnaghan import Murnaghan, DebyeModel

__author__ = "Joerg Neugebauer, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]class MurnaghanDFT(Murnaghan):
    def __init__(self, project, job_name="murnaghan"):
        super(MurnaghanDFT, self).__init__(project, job_name)
        self.__name__ = "MurnaghanDFT"
        self.__version__ = "0.3.0"

[docs]    def set_kpoints(
        self,
        mesh=None,
        scheme="MP",
        center_shift=None,
        symmetry_reduction=True,
        manual_kpoints=None,
        weights=None,
        reciprocal=True,
    ):
        if self.ref_job:
            self._ref_job.set_kpoints(
                mesh=mesh,
                scheme=scheme,
                center_shift=center_shift,
                symmetry_reduction=symmetry_reduction,
                manual_kpoints=manual_kpoints,
                weights=weights,
                reciprocal=reciprocal,
            )


[docs]    def set_encut(self, encut):
        if self.ref_job:
            self._ref_job.set_encut(encut)


[docs]    def get_encut(self):
        if self.ref_job:
            return self._ref_job.get_encut()
        else:
            return None


[docs]    def get_structure(self, iteration_step=-1):
        """

        Returns: Structure with equilibrium volume

        """
        if not (iteration_step == -1):
            raise AssertionError()
        if not (self.structure is not None):
            raise AssertionError()
        snapshot = self.structure.copy()
        old_vol = snapshot.get_volume()
        new_vol = self["output/equilibrium_volume"]
        k = (new_vol / old_vol) ** (1.0 / 3.0)
        new_cell = snapshot.cell * k
        snapshot.set_cell(new_cell, scale_atoms=True)
        return snapshot
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  Source code for pyiron.dft.waves.bandstructure

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

"""
This module is supposed to be common for both electronic and phonon band structures
"""
from __future__ import print_function
import numpy as np
from numpy import transpose as tr
from numpy.linalg import inv, norm
from pyiron_base import PyironObject

__author__ = "Joerg Neugebauer, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"


[docs]class BandPath(object):
    def __init__(self, bs_obj, n_points=20):
        self.bs_obj = bs_obj
        self.translate_to_pylab = {"Gamma": r"$\Gamma$", "G'": r"$\Gamma^\prime$"}
        self.q_points = list()
        self.labels = bs_obj.path_dict.keys()
        self.special_points = bs_obj.path_dict.values()
        self.n_points = n_points
        self.q_dist = np.zeros(n_points)

    def _generate_points(self):
        if not (self.bs_obj.structure is not None):
            raise AssertionError()
        spl_distances = list()
        for i, sp in enumerate(self.special_points):
            if i < len(self.special_points) - 1:
                x1 = np.array(self.special_points[i + 1])
                x2 = np.array(sp)
                spl_distances.append(np.linalg.norm(x2 - x1))



[docs]class Bandstructure(PyironObject):
    translate_to_pylab = {"Gamma": r"$\Gamma$", "G'": r"$\Gamma^\prime$"}

    def __init__(self, structure=None, prec=1e-5):
        self.prec = prec
        self._structure = None
        self.bmat = None
        self.point_group = None
        self.path_type = None
        self.num_points = None
        self.q_dist = None
        self.q_points = None
        self.q_ticks = None
        self.q_labels = None
        self.q_path = None
        self.ew_list = None
        self.ev_list = None
        self._eigenvalues = None
        self._path_dict = dict()
        if structure:
            self.structure = structure

    @property
    def structure(self):
        return self._structure

    @structure.setter
    def structure(self, val):
        self._structure = val
        self.bmat = tr(inv(val.cell))
        self.point_group = val.get_spacegroup(self.prec)["Number"]
        self._assign_path()

    @property
    def path_dict(self):
        return self._path_dict

    @path_dict.setter
    def path_dict(self, val):
        self._path_dict = val

    def _assign_path(self):
        b1, b2, b3 = self.bmat
        # print "B1",b1
        # print "B2",b2
        # print "B3",b3
        point_group = self.point_group

        special_points = {
            "Gamma": [0, 0, 0],
            "G'": b2,
            "L": 0.5 * (b1 + b2 + b3),
            "K": 1.0 / 8.0 * (3 * b1 + 6 * b2 + 3 * b3),
            "U": 1.0 / 8.0 * (2 * b1 + 5 * b2 + 5 * b3),
            "X": 0.5 * (b2 + b3),
            "W": 0.25 * b1 + 0.75 * b2 + 0.5 * b3,
            "X'": 0.5 * (b1 + 2 * b2 + b3),
            # replace by correct nomenclature
            "M": 0.5 * (b1 + b2),
            "X1": 0.5 * b1,
            "X2": 0.5 * b2,
        }

        if point_group == 225:  # fcc
            path_dict = {
                "very_short": ["L", "Gamma", "X"],
                "full": [
                    "Gamma",
                    "X",
                    "U",
                    "L",
                    "Gamma",
                    "K",
                ],  # , "U", "W", "L", "K"],
                "full_20": ["G", "X", "U", "Gamma", "L"],
                "full_CM": ["G'", "X'", "K", "Gamma", "L"],
            }
        elif point_group == 229:  # bcc
            path_dict = {
                "very_short": ["Gamma", "X"],
                "full": ["Gamma", "X", "L", "W", "Gamma"],
            }
        elif point_group == 221:  # sc
            path_dict = {
                "very_short": ["L", "Gamma", "X1"],
                "full": ["Gamma", "X1", "X", "L", "Gamma"],
            }
        elif point_group == 129:
            path_dict = {
                "very_short": ["Gamma", "X1"],
                "full": ["Gamma", "X1", "M", "X2", "Gamma"],
            }
        elif point_group == 123:  # used here for 1d system
            path_dict = {
                "very_short": ["X2", "Gamma", "X1"],
                "full": ["Gamma", "X1", "M", "X2", "Gamma"],
            }
        elif point_group == 166:
            path_dict = {
                "very_short": ["L", "Gamma", "X"],
                # "full": ["Gamma", "X", "K", "Gamma", "L"],
                # "full_20": ["Gamma", "X", "K", "Gamma", "L"]
                "full": ["Gamma", "X", "Gamma", "L"],
                "full_20": ["Gamma", "X", "Gamma", "L"],
            }
        elif point_group == 167:
            path_dict = {
                "very_short": ["L", "Gamma", "X"],
                # "full": ["Gamma", "X", "K", "Gamma", "L"],
                # "full_20": ["Gamma", "X", "K", "Gamma", "L"]
                "full": ["Gamma", "X", "Gamma", "L"],
                "full_20": ["Gamma", "X", "Gamma", "L"],
            }

        elif point_group == 186:
            special_points = {
                "Gamma": [0, 0, 0],
                "A": 0.5 * b3,
                "L": 0.5 * (b1 + b3),
                "M": 0.5 * b1,
                "K": (1.0 / 0.3) * (b1 + b2),
                "H": (1.0 / 0.3) * (b1 + b2) + 0.5 * b3,
            }
            path_dict = {"full": ["A", "L", "M", "Gamma", "A"]}

        else:  # TODO: taking fcc path for testing reasons, change this later
            path_dict = {
                "very_short": ["L", "Gamma", "X"],
                # "full": ["Gamma", "X", "K", "Gamma", "L"],
                # "full_20": ["Gamma", "X", "K", "Gamma", "L"]
                "full": ["Gamma", "X", "Gamma", "L"],
                "full_20": ["Gamma", "X", "Gamma", "L"],
            }
        self.path_dict = path_dict
        self.special_points = special_points

[docs]    def get_pathes(self):
        """
        provide dictionary with all predefined Bandstructure pathes for this structure
        """
        return self.path_dict


[docs]    def get_path(self, num_points=10, path_type="very_short"):
        if path_type in self.path_dict.keys():
            q_labels = self.path_dict[path_type]
        else:
            raise (
                "path type "
                + path_type
                + " does not exist for point group "
                + str(self.point_group)
            )

        self.num_points = num_points
        self.path_type = path_type

        q_path = np.array([self.special_points[q_s] for q_s in q_labels])
        self.q_path = q_path
        #        print "q_path: ", q_path

        # get total length of q_path
        q_length = 0.0
        q_vec_list = []
        for i, q in enumerate(q_path[1:]):
            d_q = q - q_path[i]

            q_vec_list.append(d_q)
            q_length += norm(d_q)
        delta_q = q_length / num_points

        # get q-points on path
        q_point_list = []
        q_dist_list = []
        q_dist_sum = 0.0
        q_ticks = []  # indices where q is special point (for graphical output)

        count = 0
        for i, q_vec in enumerate(q_vec_list):
            # print "q_vec: ", q_vec, q_path[i]
            q_dist = norm(q_vec)
            n_points = int(q_dist / delta_q + 0.5) + 1
            delta_q_i = q_dist / n_points

            delta = 1
            if i == len(q_vec_list) - 1:
                delta = 2

            q_ticks.append(count)
            for j in range(n_points + delta):
                q_point = q_path[i] + j * q_vec / (n_points + 1)
                q_point_list.append(q_point)
                q_dist_sum += delta_q_i
                q_dist_list.append(q_dist_sum)
                if delta == 2 and j == n_points + 1:
                    q_ticks.append(count)

                count += 1

        self.q_dist = q_dist_list
        self.q_points = q_point_list
        self.q_ticks = q_ticks
        self.q_labels = q_labels

        self.ew_list = None
        self.ev_list = []

        return q_dist_list, q_point_list, [q_labels, q_ticks]


[docs]    def set_eigenvalues(self, ew_list, ev_list=None):
        if not len(ew_list) == len(self.q_points):
            print("Failed")
            raise (
                "Number of eigenvalues inconsistent with q-path: "
                + str(len(ew_list))
                + " vs "
                + str(len(self.q_points))
            )

        self.ew_list = ew_list
        self.ev_list = ev_list


[docs]    def append_eigenvalues(self, ew, ev=None):
        if self.ew_list is None:
            self.ew_list = [ew]
            if ev is not None:
                self.ev_list = [ev]
        else:
            self.ew_list = np.append(self.ew_list, values=[ew], axis=0)
            if ev is not None:
                self.ev_list = np.append(self.ev_list, values=ev, axis=0)


[docs]    def plot(self):
        import pylab as plt

        q_ticks_int = [self.q_dist[i] for i in self.q_ticks]
        q_ticks_label = self.q_labels
        for i, q in enumerate(q_ticks_label):
            if q in self.translate_to_pylab:
                q_ticks_label[i] = self.translate_to_pylab[q]
        plt.plot(self.q_dist, self.ew_list)
        plt.xticks(q_ticks_int, q_ticks_label)
        for x in q_ticks_int:
            plt.axvline(x, color="black")
        return plt


[docs]    def to_hdf(self, hdf=None, group_name=None):
        if not group_name:
            group_name = "bandstructure"
        with hdf.open(group_name) as hdf5_band:
            hdf5_band["path_type"] = self.path_type
            hdf5_band["num_points"] = self.num_points
            hdf5_band["q_dist"] = self.q_dist
            hdf5_band["q_points"] = self.q_points
            hdf5_band["q_ticks"] = self.q_ticks
            hdf5_band["q_labels"] = self.q_labels
            hdf5_band["ew"] = self.ew_list


[docs]    def from_hdf(self, hdf=None, group_name=None):
        if not group_name:
            group_name = "bandstructure"
        with hdf.open(group_name) as hdf5_band:
            self.path_type = hdf5_band["path_type"]
            self.num_points = hdf5_band["num_points"]
            self.q_dist = hdf5_band["q_dist"]
            self.q_points = hdf5_band["q_points"]
            self.q_ticks = hdf5_band["q_ticks"]
            self.q_labels = hdf5_band["q_labels"]
            self.ew_list = hdf5_band["ew"]
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  Source code for pyiron.dft.waves.dos

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
import numpy as np

__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"


[docs]class Dos(object):

    """
    The DOS class stores all information to store and retrieve the total and resolved density of states from an
    electronic structure calculation.

    Args:
        n_bins (int): Number of histogram bins required to calculate the DOS
        es_obj: The pyiron.objects.waves.core.ElectronicStructure instance for which the DOS has to be computed
        eigenvalues (list/numpy.ndarray): If es-obj is None, the eigenvalues could be specified as a list

    """

    def __init__(self, n_bins=100, es_obj=None, eigenvalues=None, bin_density=None):
        self.orbital_dict = {"s": [0], "p": [1, 2, 3], "d": [4, 5, 6, 7, 8]}
        self.n_bins = n_bins
        self.es_obj = es_obj
        self.t_dos = list()
        self.energies = list()

        if es_obj is not None:
            eig_vals = self.es_obj.eigenvalues
        else:
            eig_vals = eigenvalues
        for eig_val in eig_vals:
            dos_min = np.min(eig_val)
            dos_max = np.max(eig_val)
            if bin_density is not None:
                n_bins = int((dos_max - dos_min) * bin_density)
            else:
                n_bins = self.n_bins
            t_dos, energies = np.histogram(
                eig_val, bins=int(n_bins), density=True
            )
            self.t_dos.append(t_dos)
            self.energies.append(energies)
        self.energies = [energies[1:] - ((energies[1] - energies[0]) / 2.0) for energies in self.energies]

[docs]    def plot_total_dos(self, **kwargs):
        """
        Plots the total DOS

        Args:
            **kwargs: Variables for matplotlib.pylab.plot customization (linewidth, linestyle, etc.)

        Returns:
            matplotlib.pylab.plot
        """
        try:
            import matplotlib.pylab as plt
        except ImportError:
            import matplotlib.pyplot as plt
        fig = plt.figure(1, figsize=(6, 4))
        ax1 = fig.add_subplot(111)
        ax1.set_xlabel("E (eV)", fontsize=14)
        ax1.set_ylabel("DOS", fontsize=14)
        for i, energies in enumerate(self.energies):
            plt.fill_between(energies, self.t_dos[i], label="spin {}".format(i), **kwargs)
        plt.legend()
        return plt


[docs]    def plot_orbital_resolved_dos(self, **kwargs):
        """
        Plots the orbital resolved DOS

        Args:
            **kwargs: Variable for matplotlib.pylab.plot customization (linewidth, linestyle, etc.)

        Returns:
            matplotlib.pylab.plot
        """
        try:
            import matplotlib.pylab as plt
        except ImportError:
            import matplotlib.pyplot as plt
        if not (self.es_obj.grand_dos_matrix is not None):
            raise NoResolvedDosError(
                "Can not plot the orbital resolved dos since resolved dos values are not"
                " available"
            )
        plot = self.plot_total_dos()
        for spin in range(len(self.energies)):
            for key, val in self.orbital_dict.items():
                r_dos = self.get_orbital_resolved_dos(val)
                plt.plot(self.energies, r_dos, label=key + "spin {}".format(spin), **kwargs)
        plot.legend()
        return plot


[docs]    def get_spin_resolved_dos(self, spin_indices):
        """
        Gives the dos contribution of a given indices of spin as arranged in the
        pyiron.objects.waves.ElectronicStructure instance.

        Args:
            spin_indices (list/numpy.ndarray): The index/indices of the spins for which the dos contribution is required

        Returns:
            numpy.ndarray: The required dos

        """
        if not (self.es_obj.grand_dos_matrix is not None):
            raise NoResolvedDosError(
                "Can not get the spin resolved dos since resolved dos values are not"
                " available"
            )

        grand_sum = np.sum(self.es_obj.grand_dos_matrix)
        tot_val = self.es_obj.grand_dos_matrix.copy() / grand_sum
        n_spin, n_kpts, n_bands, _, _ = np.shape(tot_val)
        k = 0
        b = 0
        r_dos = np.zeros_like(self.t_dos[spin_indices])
        w_dos = np.zeros_like(self.t_dos[spin_indices])
        eigenvalues = self.es_obj.eigenvalues[spin_indices]
        for e in eigenvalues:
            weight = np.sum(tot_val[spin_indices, k, b, :, :])
            weight_sum = np.sum(tot_val[:, k, b, :, :])
            if b < n_bands - 1:
                b += 1
            else:
                b = 0
                k += 1
            index = len(self.energies[spin_indices][self.energies[spin_indices] < e]) - 1
            if index >= 0:
                r_dos[index] = r_dos[index] + weight
                w_dos[index] = w_dos[index] + weight_sum
            else:
                r_dos[0] = r_dos[0] + weight
                w_dos[0] = w_dos[0] + weight_sum
        ind_0 = np.argwhere(w_dos < 1e-8).flatten()
        ind_1 = np.argwhere(w_dos >= 1e-8).flatten()
        r_dos[ind_1] /= w_dos[ind_1]
        r_dos[ind_0] = 0.0
        return r_dos * self.t_dos[spin_indices]


[docs]    def get_spatially_resolved_dos(self, atom_indices, spin_indices=0):
        """
        Gives the dos contribution of a given indices of atoms as arranged in the
        pyiron.objects.waves.ElectronicStructure instance.

        Args:
            atom_indices (list/numpy.ndarray): The index/indices of the atoms for which the dos contribution is required
            spin_indices (list/numpy.ndarray): The index/indices of the spins for which the dos contribution is required

        Returns:
            numpy.ndarray: The required dos

        """
        if not (self.es_obj.grand_dos_matrix is not None):
            raise NoResolvedDosError(
                "Can not get the spatially resolved dos since resolved dos values are not"
                " available"
            )
        grand_sum = np.sum(self.es_obj.grand_dos_matrix)
        tot_val = self.es_obj.grand_dos_matrix.copy() / grand_sum
        _, n_kpts, n_bands, _, _ = np.shape(tot_val)
        k = 0
        b = 0
        r_dos = np.zeros_like(self.t_dos[spin_indices])
        w_dos = np.zeros_like(self.t_dos[spin_indices])
        eigenvalues = self.es_obj.eigenvalues[spin_indices]
        for e in eigenvalues:
            weight = np.sum(tot_val[spin_indices, k, b, atom_indices, :])
            weight_sum = np.sum(tot_val[spin_indices, k, b, :, :])
            if b < n_bands - 1:
                b += 1
            else:
                b = 0
                k += 1
            index = len(self.energies[spin_indices][self.energies[spin_indices] < e]) - 1
            if index >= 0:
                r_dos[index] = r_dos[index] + weight
                w_dos[index] = w_dos[index] + weight_sum
            else:
                r_dos[0] = r_dos[0] + weight
                w_dos[0] = w_dos[0] + weight_sum
        ind_0 = np.argwhere(w_dos < 1e-8).flatten()
        ind_1 = np.argwhere(w_dos >= 1e-8).flatten()
        r_dos[ind_1] /= w_dos[ind_1]
        r_dos[ind_0] = 0.0
        return r_dos * self.t_dos[spin_indices]


[docs]    def get_orbital_resolved_dos(self, orbital_indices, spin_indices=0):
        """
        Gives the dos contribution of a given indices of orbitals as arranged in the
        pyiron.objects.waves.ElectronicStructure instance.

        Args:
            orbital_indices (list/numpy.ndarray): The index/indices of the orbitals for which the dos contribution is required
            spin_indices (list/numpy.ndarray): The index/indices of the spins for which the dos contribution is required

        Returns:
            numpy.ndaray: The required dos

        """
        if not (self.es_obj.grand_dos_matrix is not None):
            raise NoResolvedDosError(
                "Can not get the orbital resolved dos since resolved dos values are not"
                " available"
            )
        grand_sum = np.sum(self.es_obj.grand_dos_matrix)
        tot_val = self.es_obj.grand_dos_matrix.copy() / grand_sum
        _, n_kpts, n_bands, _, _ = np.shape(tot_val)
        k = 0
        b = 0
        r_dos = np.zeros_like(self.t_dos)[spin_indices]
        w_dos = np.zeros_like(self.t_dos)[spin_indices]
        eigenvalues = self.es_obj.eigenvalues[spin_indices]
        for e in eigenvalues:
            weight = np.sum(tot_val[spin_indices, k, b, :, orbital_indices])
            weight_sum = np.sum(tot_val[spin_indices, k, b, :, :])
            if b < n_bands - 1:
                b += 1
            else:
                b = 0
                k += 1
            index = len(self.energies[spin_indices][self.energies[spin_indices] < e]) - 1
            if index >= 0:
                r_dos[index] = r_dos[index] + weight
                w_dos[index] = w_dos[index] + weight_sum
            else:
                r_dos[0] = r_dos[0] + weight
                w_dos[0] = w_dos[0] + weight_sum
        ind_0 = np.argwhere(w_dos < 1e-8).flatten()
        ind_1 = np.argwhere(w_dos >= 1e-8).flatten()
        r_dos[ind_1] /= w_dos[ind_1]
        r_dos[ind_0] = 0.0
        return r_dos * self.t_dos[spin_indices]


[docs]    def get_spatial_orbital_resolved_dos(
        self, atom_indices, orbital_indices, spin_indices=0
    ):
        """
        Gives the dos contribution of a given indices of atoms as well as orbitals as arranged in the
        pyiron.objects.waves.ElectronicStructure instance.

        Args:
            atom_indices (list/numpy.ndarray): The index/indices of the atoms for which the dos contribution is required
            orbital_indices (list/numpy.ndarray): The index/indices of the orbitals for which the dos contribution is required
            spin_indices (list/numpy.ndarray): The index/indices of the spins for which the dos contribution is required

        Returns:
            numpy.ndaray: The required dos
        """
        if not (self.es_obj.grand_dos_matrix is not None):
            raise NoResolvedDosError(
                "Can not get the resolved dos since resolved dos values are not"
                " available"
            )
        grand_sum = np.sum(self.es_obj.grand_dos_matrix)
        tot_val = self.es_obj.grand_dos_matrix.copy() / grand_sum
        _, n_kpts, n_bands, _, _ = np.shape(tot_val)
        k = 0
        b = 0
        r_dos = np.zeros_like(self.t_dos)[spin_indices]
        w_dos = np.zeros_like(self.t_dos)[spin_indices]

        eigenvalues = self.es_obj.eigenvalues[spin_indices]
        for e in eigenvalues:
            weight = np.sum(
                [
                    np.sum(tot_val[spin_indices, k, b, atom_indices, o])
                    for o in orbital_indices
                ]
            )
            weight_sum = np.sum(tot_val[spin_indices, k, b, :, :])
            if b < n_bands - 1:
                b += 1
            else:
                b = 0
                k += 1
            index = len(self.energies[spin_indices][self.energies[spin_indices] < e]) - 1
            if index >= 0:
                r_dos[index] = r_dos[index] + weight
                w_dos[index] = w_dos[index] + weight_sum
            else:
                r_dos[0] = r_dos[0] + weight
                w_dos[0] = w_dos[0] + weight_sum
        ind_0 = np.argwhere(w_dos < 1e-8).flatten()
        ind_1 = np.argwhere(w_dos >= 1e-8).flatten()
        r_dos[ind_1] /= w_dos[ind_1]
        r_dos[ind_0] = 0.0
        return r_dos * self.t_dos




[docs]class NoResolvedDosError(Exception):
    """
    Raised when information on the resolved dos in unavailable
    """

    pass
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  Source code for pyiron.dft.waves.electronic

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function

import numpy as np

from pyiron.atomistics.structure.atoms import Atoms
from pyiron.dft.waves.dos import Dos

__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH "
    "- Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"


[docs]class ElectronicStructure(object):
    """
    This is a generic module to store electronic structure data in a clean way. Kpoint and Band classes are used to
    store information related to kpoints and bands respectively. Every spin configuration has a set of k-points and
    every k-point has a set of bands associated with it. This is loosely adapted from the `pymatgen electronic_structure
    modules`_. Many of the functions have been substantially modified for pyiron

    .. _pymatgen electronic_structure modules: http://pymatgen.org/pymatgen.electronic_structure.bandstructure.html
    """

    def __init__(self):
        self.kpoints = list()
        self._eigenvalues = list()
        self._occupancies = list()
        self._dos_energies = list()
        self._dos_densities = list()
        self._dos_idensities = list()
        self._eg = None
        self._vbm = None
        self._cbm = None
        self._efermi = None
        self._eigenvalue_matrix = None
        self._occupancy_matrix = None
        self._grand_dos_matrix = None
        self._resolved_densities = None
        self._kpoint_list = list()
        self._kpoint_weights = list()
        self.n_spins = 1
        self._structure = None
        self._orbital_dict = None

[docs]    def add_kpoint(self, value, weight):
        """
        Appends a Kpoint() instance to the kpoints attribute

        Args:
            value (list/numpy.ndarray): Value of the k-point in cartesian reciprocal coordinates
            weight (float): The weight of the particular k-point

        """
        kpt_obj = Kpoint()
        kpt_obj.value = value
        kpt_obj.weight = weight
        self.kpoints.append(kpt_obj)


[docs]    def get_dos(self, n_bins=100):
        """
        Gives a pyiron.objects.waves.dos.Dos instance

        Args:
            n_bins (int): Number of histogram bins for the dos

        Returns:
            pyiron.objects.waves.dos.Dos: Dos instance

        """
        dos_obj = Dos(n_bins=n_bins, es_obj=self)
        return dos_obj


    @property
    def dos_energies(self):
        """
        numpy.ndarray: A (1xN) vector containing the energies with N grid points
        """
        return self._dos_energies

    @dos_energies.setter
    def dos_energies(self, val):
        self._dos_energies = val

    @property
    def dos_densities(self):
        """
        numpy.ndarray: A (SxN) vector containing the density of states for every spin configuration with S spin
                       configurations and N grid points

        """
        return self._dos_densities

    @dos_densities.setter
    def dos_densities(self, val):
        self._dos_densities = val

    @property
    def dos_idensities(self):
        """
        numpy.ndarray: A (SxN) vector containing the density of states for every spin configuration with S spin
                       configurations and N grid points

        """
        return self._dos_idensities

    @dos_idensities.setter
    def dos_idensities(self, val):
        self._dos_idensities = val

    @property
    def resolved_densities(self):
        """
        numpy.ndarray: A (SxAxOxN) vector containing the density of states for every spin configuration with S spin
                       configurations, A atoms, O orbitals and N grid points. The labels of the orbitals are found on
                       the orbital_dict

        """
        return self._resolved_densities

    @resolved_densities.setter
    def resolved_densities(self, val):
        self._resolved_densities = val

    @property
    def orbital_dict(self):
        """
        dict: A dictionary of the ordering of the orbitals

        Examples:
            >>> self.orbital_dict[0]
            's'

        """
        return self._orbital_dict

    @orbital_dict.setter
    def orbital_dict(self, val):
        self._orbital_dict = val

    @property
    def eigenvalues(self):
        """
        Returns the eigenvalues for each spin value

        numpy.ndarray: Eigenvalues of the bands
        """
        return np.array([val.reshape(-1) for val in self._eigenvalue_matrix])

    @property
    def occupancies(self):
        """
        Returns the occupancies for each spin value

        numpy.ndarray: Occupancies of the bands
        """
        return np.array([val.reshape(-1) for val in self._occupancy_matrix])

    @property
    def eigenvalue_matrix(self):
        """
        numpy.ndarray: A getter function to return the eigenvalue_matrix. The eigenvalue for a given kpoint index i and
                       band index j is given by eigenvalue_matrix[i][j]

        """
        if self._eigenvalue_matrix is None and len(self.kpoints) > 0:
            self._eigenvalue_matrix = np.zeros(
                (len(self.kpoints), len(self.kpoints[0].bands))
            )
            for i, k in enumerate(self.kpoints):
                self._eigenvalue_matrix[i, :] = k.eig_occ_matrix[:, 0]
        return self._eigenvalue_matrix

    @eigenvalue_matrix.setter
    def eigenvalue_matrix(self, val):
        self._eigenvalue_matrix = val

    @property
    def occupancy_matrix(self):
        """
        numpy.ndarray: A getter function to return the occupancy_matrix. The occupancy for a given kpoint index i and
                       band index j is given by occupancy_matrix[i][j]
        """
        if self._occupancy_matrix is None and len(self.kpoints) > 0:
            self._occupancy_matrix = np.zeros(
                (len(self.kpoints), len(self.kpoints[0].bands))
            )
            for i, k in enumerate(self.kpoints):
                self._occupancy_matrix[i, :] = k.eig_occ_matrix[:, 1]
        return self._occupancy_matrix

    @occupancy_matrix.setter
    def occupancy_matrix(self, val):
        self._occupancy_matrix = val

    @property
    def kpoint_list(self):
        """
        list: The list of kpoints in cartesian coordinates
        """
        if len(self._kpoint_list) == 0:
            kpt_lst = list()
            for k in self.kpoints:
                kpt_lst.append(k.value)
            self._kpoint_list = kpt_lst
        return self._kpoint_list

    @kpoint_list.setter
    def kpoint_list(self, val):
        self._kpoint_list = val

    @property
    def kpoint_weights(self):
        """
        list: The weights of the kpoints of the electronic structure in cartesian coordinates
        """
        if len(self._kpoint_weights) == 0:
            kpt_lst = list()
            for k in self.kpoints:
                kpt_lst.append(k.weight)
            self._kpoint_weights = kpt_lst
        return self._kpoint_weights

    @kpoint_weights.setter
    def kpoint_weights(self, val):
        self._kpoint_weights = val

    @property
    def structure(self):
        """
        atomistics.structure.atoms.Atoms: The structure associated with the electronic structure object
        """
        return self._structure

    @structure.setter
    def structure(self, val):
        self._structure = val

[docs]    def get_vbm(self, resolution=1e-6):
        """
        Gets the valence band maximum (VBM) of the system for each spin value

        Args:
            resolution (float): An occupancy below this value is considered unoccupied

        Returns:
            dict:
                "value" (float): Absolute energy value of the VBM (eV)
                "kpoint": The Kpoint instance associated with the VBM
                "band": The Band instance associated with the VBM
        """
        vbm_spin_dict = dict()
        n_spins = len(self._eigenvalue_matrix)
        for spin in range(n_spins):
            vbm = None
            vbm_spin_dict[spin] = dict()
            vbm_dict = dict()
            for kpt in self.kpoints:
                for band in kpt.bands[spin]:
                    if band.occupancy > resolution:
                        if vbm is None:
                            vbm = band.eigenvalue
                            vbm_dict["value"] = vbm
                            vbm_dict["kpoint"] = kpt
                            vbm_dict["band"] = band
                        else:
                            if band.eigenvalue > vbm:
                                vbm = band.eigenvalue
                                vbm_dict["value"] = vbm
                                vbm_dict["kpoint"] = kpt
                                vbm_dict["band"] = band
                vbm_spin_dict[spin] = vbm_dict
        return vbm_spin_dict


[docs]    def get_cbm(self, resolution=1e-6):
        """
        Gets the conduction band minimum (CBM) of the system for each spin value

        Args:
            resolution (float): An occupancy above this value is considered occupied

        Returns:
            dict:
                "value" (float): Absolute energy value of the CBM (eV)
                 "kpoint": The Kpoint instance associated with the CBM
                 "band": The Band instance associated with the CBM
        """
        cbm_spin_dict = dict()
        n_spins = len(self._eigenvalue_matrix)
        for spin in range(n_spins):
            cbm = None
            cbm_spin_dict[spin] = dict()
            cbm_dict = dict()
            for kpt in self.kpoints:
                for band in kpt.bands[spin]:
                    if band.occupancy <= resolution:
                        if cbm is None:
                            cbm = band.eigenvalue
                            cbm_dict["value"] = cbm
                            cbm_dict["kpoint"] = kpt
                            cbm_dict["band"] = band
                        else:
                            if band.eigenvalue < cbm:
                                cbm = band.eigenvalue
                                cbm_dict["value"] = cbm
                                cbm_dict["kpoint"] = kpt
                                cbm_dict["band"] = band
                cbm_spin_dict[spin] = cbm_dict
        return cbm_spin_dict


[docs]    def get_band_gap(self, resolution=1e-6):
        """
        Gets the band gap of the system for each spin value

        Args:
            resolution (float): An occupancy above this value is considered occupied

        Returns:
            dict:
                "band gap" (float): The band gap (eV)
                 "vbm": The dictionary associated with the VBM
                 "cbm": The dictionary associated with the CBM
        """
        gap_dict = {}
        vbm_spin_dict = self.get_vbm(resolution)
        cbm_spin_dict = self.get_cbm(resolution)
        for spin, vbm_dict in vbm_spin_dict.items():
            gap_dict[spin] = dict()
            vbm = vbm_dict["value"]
            cbm = cbm_spin_dict[spin]["value"]
            gap_dict[spin]["band_gap"] = max(0.0, cbm - vbm)
            gap_dict[spin]["vbm"] = vbm_dict
            gap_dict[spin]["cbm"] = cbm_spin_dict[spin]
        return gap_dict


    @property
    def eg(self):
        """
        The band gap for each spin channel

        Returns:
            list: list of band gap values for each spin channel
        """
        self._eg = [val["band_gap"] for val in self.get_band_gap().values()]
        return self._eg

    @eg.setter
    def eg(self, val):
        self._eg = val

    @property
    def vbm(self):
        """
        The Kohn-Sham valence band maximum for each spin channel

        Returns:
            list: list of valence band maximum values for each spin channel
        """
        self._vbm = [val["value"] for val in self.get_vbm().values()]
        return self._vbm

    @vbm.setter
    def vbm(self, val):
        self._vbm = val

    @property
    def cbm(self):
        """
        The Kohn-Sham conduction band minimum for each spin channel

        Returns:
            list: list of conduction band minimum values for each spin channel
        """
        self._cbm = [val["value"] for val in self.get_cbm().values()]
        return self._cbm

    @cbm.setter
    def cbm(self, val):
        self._cbm = val

    @property
    def efermi(self):
        """
        float: The Fermi-level of the system (eV). Please note that in the case of DFT this level is the Kohn-Sham Fermi
               level computed by the DFT code.
        """
        return self._efermi

    @efermi.setter
    def efermi(self, val):
        self._efermi = val

    @property
    def is_metal(self):
        """
        Tells if the given system is metallic or not in each spin channel (up and down respectively).
        The Fermi level crosses bands in the cas of metals but is present in the band gap in the
        case of semi-conductors.

        Returns:

            list: List of boolean values for each spin channel
        """
        if not (self._efermi is not None):
            raise ValueError(
                "e_fermi has to be set before you can determine if the system is metallic or not"
            )
        n_spin, _, n_bands = np.shape(self.eigenvalue_matrix)
        fermi_crossed = [False] * n_spin
        for spin in range(n_spin):
            for i in range(n_bands):
                values = self.eigenvalue_matrix[spin, :, i]
                if (self.efermi < np.max(values)) and (self.efermi >= np.min(values)):
                    fermi_crossed[spin] = True
        return fermi_crossed

    @property
    def grand_dos_matrix(self):
        """
        Getter for the 5 dimensional grand_dos_matrix which gives the contribution of every spin, kpoint, band, atom and
        orbital to the total DOS. For example the dos contribution with spin index s, kpoint k, band b, atom a and
        orbital o is:

        grand_dos_matrix[s, k, b, a, o]

        The grand sum of this matrix would equal 1.0. The spatial, spin, and orbital resolved DOS can be computed using
        this matrix

        Returns:
            numpy.ndarray (5 dimensional)

        """
        if self._grand_dos_matrix is None:
            try:
                n_atoms, n_orbitals = np.shape(
                    self.kpoints[0].bands[0][0].resolved_dos_matrix
                )
            except ValueError:
                return self._grand_dos_matrix
            dimension = (
                self.n_spins,
                len(self.kpoints),
                len(self.kpoints[0].bands),
                n_atoms,
                n_orbitals,
            )
            self._grand_dos_matrix = np.zeros(dimension)
            for spin in range(self.n_spins):
                for i, kpt in enumerate(self.kpoints):
                    for j, band in enumerate(kpt.bands):
                        self._grand_dos_matrix[
                            spin, i, j, :, :
                        ] = band.resolved_dos_matrix
        return self._grand_dos_matrix

    @grand_dos_matrix.setter
    def grand_dos_matrix(self, val):
        """
        Setter for grand_dos_matrix
        """
        self._grand_dos_matrix = val

[docs]    def to_hdf(self, hdf, group_name="electronic_structure"):
        """
        Store the object to hdf5 file

        Args:
            hdf: Path to the hdf5 file/group in the file
            group_name: Name of the group under which the attributes are o be stored
        """
        with hdf.open(group_name) as h_es:
            h_es["TYPE"] = str(type(self))
            if self.structure is not None:
                self.structure.to_hdf(h_es)
            h_es["k_points"] = self.kpoint_list
            h_es["k_weights"] = self.kpoint_weights
            h_es["eig_matrix"] = self.eigenvalue_matrix
            h_es["occ_matrix"] = self.occupancy_matrix
            if self.efermi is not None:
                h_es["efermi"] = self.efermi
            with h_es.open("dos") as h_dos:
                h_dos["energies"] = self.dos_energies
                h_dos["tot_densities"] = self.dos_densities
                h_dos["int_densities"] = self.dos_idensities
                if self.grand_dos_matrix is not None:
                    h_dos["grand_dos_matrix"] = self.grand_dos_matrix
                if self.resolved_densities is not None:
                    h_dos["resolved_densities"] = self.resolved_densities


[docs]    def from_hdf(self, hdf, group_name="electronic_structure"):
        """
        Retrieve the object from the hdf5 file

        Args:
            hdf: Path to the hdf5 file/group in the file
            group_name: Name of the group under which the attributes are stored
        """
        if "dos" not in hdf[group_name].list_groups():
            self.from_hdf_old(hdf=hdf, group_name=group_name)
        else:
            with hdf.open(group_name) as h_es:
                if "TYPE" not in h_es.list_nodes():
                    h_es["TYPE"] = str(type(self))
                nodes = h_es.list_nodes()
                if self.structure is not None:
                    self.structure.to_hdf(h_es)
                self.kpoint_list = h_es["k_points"]
                self.kpoint_weights = h_es["k_weights"]
                if len(h_es["eig_matrix"].shape) == 2:
                    self.eigenvalue_matrix = np.array([h_es["eig_matrix"]])
                    self.occupancy_matrix = np.array([h_es["occ_matrix"]])
                else:
                    self._eigenvalue_matrix = h_es["eig_matrix"]
                    self._occupancy_matrix = h_es["occ_matrix"]
                self.n_spins = len(self._eigenvalue_matrix)
                if "efermi" in nodes:
                    self.efermi = h_es["efermi"]
                with h_es.open("dos") as h_dos:
                    nodes = h_dos.list_nodes()
                    self.dos_energies = h_dos["energies"]
                    self.dos_densities = h_dos["tot_densities"]
                    self.dos_idensities = h_dos["int_densities"]
                    if "grand_dos_matrix" in nodes:
                        self.grand_dos_matrix = h_dos["grand_dos_matrix"]
                    if "resolved_densities" in nodes:
                        self.resolved_densities = h_dos["resolved_densities"]
            self.generate_from_matrices()


[docs]    def to_hdf_old(self, hdf, group_name="electronic_structure"):
        """
        Store the object to hdf5 file

        Args:
            hdf: Path to the hdf5 file/group in the file
            group_name: Name of the group under which the attributes are o be stored
        """
        with hdf.open(group_name) as h_es:
            h_es["TYPE"] = str(type(self))
            if self.structure is not None:
                self.structure.to_hdf(h_es)
            h_es["k_points"] = self.kpoint_list
            h_es["k_point_weights"] = self.kpoint_weights
            h_es["eigenvalue_matrix"] = self.eigenvalue_matrix
            h_es["occupancy_matrix"] = self.occupancy_matrix
            h_es["dos_energies"] = self.dos_energies
            h_es["dos_densities"] = self.dos_densities
            h_es["dos_idensities"] = self.dos_idensities
            if self.efermi is not None:
                h_es["fermi_level"] = self.efermi
            if self.grand_dos_matrix is not None:
                h_es["grand_dos_matrix"] = self.grand_dos_matrix
            if self.resolved_densities is not None:
                h_es["resolved_densities"] = self.resolved_densities


[docs]    def from_hdf_old(self, hdf, group_name="electronic_structure"):
        """
        Retrieve the object from the hdf5 file

        Args:
            hdf: Path to the hdf5 file/group in the file
            group_name: Name of the group under which the attributes are stored
        """
        with hdf.open(group_name) as h_es:
            if "structure" in h_es.list_nodes():
                self.structure = Atoms().from_hdf(h_es)
            nodes = h_es.list_nodes()
            self.kpoint_list = h_es["k_points"]
            self.kpoint_weights = h_es["k_point_weights"]
            self.eigenvalue_matrix = np.array([h_es["eigenvalue_matrix"]])
            self.occupancy_matrix = np.array([h_es["occupancy_matrix"]])
            try:
                self.dos_energies = h_es["dos_energies"]
                self.dos_densities = h_es["dos_densities"]
                self.dos_idensities = h_es["dos_idensities"]
            except ValueError:
                pass
            if "fermi_level" in nodes:
                self.efermi = h_es["fermi_level"]
            if "grand_dos_matrix" in nodes:
                self.grand_dos_matrix = h_es["grand_dos_matrix"]
            if "resolved_densities" in nodes:
                self.resolved_densities = h_es["resolved_densities"]
        self.generate_from_matrices()


[docs]    def generate_from_matrices(self):
        """
        Generate the Kpoints and Bands from the kpoint lists and sometimes grand_dos_matrix

        """
        for i in range(len(self.kpoint_list)):
            self.add_kpoint(self.kpoint_list[i], self.kpoint_weights[i])
            n_spin, _, length = np.shape(self._eigenvalue_matrix)
            for spin in range(n_spin):
                for j in range(length):
                    val = self.eigenvalue_matrix[spin][i][j]
                    occ = self.occupancy_matrix[spin][i][j]
                    self.kpoints[-1].add_band(eigenvalue=val, occupancy=occ, spin=spin)
                    if self._grand_dos_matrix is not None:
                        self.kpoints[-1].bands[spin][
                            -1
                        ].resolved_dos_matrix = self.grand_dos_matrix[spin, i, j, :, :]


[docs]    def get_spin_resolved_dos(self, spin_indices=0):
        """
        Gets the spin resolved DOS

        Args:
            spin_indices (int): The index of the spin for which the DOS is required

        Returns:
            Spin resolved dos (numpy.ndarray instance)

        """
        if not (len(self.dos_energies) > 0):
            raise ValueError("The DOS is not computed/saved for this vasp run")
        return self.dos_densities[spin_indices]


[docs]    def get_resolved_dos(self, spin_indices=0, atom_indices=None, orbital_indices=None):
        """
        Get resolved dos based on the specified spin, atom and orbital indices

        Args:
            spin_indices (int/list/numpy.ndarray): spin indices
            atom_indices (int/list/numpy.ndarray): stom indices
            orbital_indices (int/list/numpy.ndarray): orbital indices (based on orbital_dict)

        Returns:
            rdos (numpy.ndarray): Required resolved dos
        """
        if len(self.dos_energies) == 0:
            raise ValueError("The DOS is not computed/saved for this vasp run")
        if self.resolved_densities is None:
            raise ValueError("The resolved DOS is not available for this calculation")
        rdos = None
        if isinstance(spin_indices, (list, np.ndarray)):
            rdos = np.sum(self.resolved_densities[spin_indices], axis=0)
        elif isinstance(spin_indices, int):
            rdos = self.resolved_densities[spin_indices]
        if atom_indices is not None:
            if isinstance(atom_indices, (list, np.ndarray)):
                rdos = np.sum(rdos[atom_indices], axis=0)
            elif isinstance(atom_indices, int):
                rdos = rdos[atom_indices]
        else:
            rdos = np.sum(rdos, axis=0)
        if orbital_indices is not None:
            if isinstance(orbital_indices, (list, np.ndarray)):
                rdos = np.sum(rdos[orbital_indices], axis=0)
            elif isinstance(orbital_indices, int):
                rdos = rdos[orbital_indices]
        else:
            rdos = np.sum(rdos, axis=0)
        return rdos


[docs]    def plot_fermi_dirac(self):
        """
        Plots the obtained eigenvalue vs occupation plot

        """
        try:
            import matplotlib.pylab as plt
        except ModuleNotFoundError:
            import matplotlib.pyplot as plt
        for spin, eigenvalues in enumerate(self.eigenvalues):
            arg = np.argsort(eigenvalues)
            plt.plot(eigenvalues[arg], self.occupancies[spin][arg], "-o", label="spin:{}".format(spin), linewidth=2)
        plt.legend()
        plt.axvline(self.efermi, linewidth=2.0, linestyle="dashed", color="black")
        plt.xlabel("Eigen value (eV)")
        plt.ylabel("Occupancy")
        return plt


    def __del__(self):
        del self.kpoints
        del self._eigenvalues
        del self._occupancies
        del self._eg
        del self._vbm
        del self._cbm
        del self._efermi
        del self._eigenvalue_matrix
        del self._occupancy_matrix
        del self._grand_dos_matrix
        del self._kpoint_list
        del self._kpoint_weights
        del self.n_spins

    def __str__(self):
        output_string = list()
        output_string.append("ElectronicStructure Instance")
        output_string.append("----------------------------")
        output_string.append("Number of spin channels: {}".format(len(self.eigenvalue_matrix)))
        output_string.append("Number of k-points: {}".format(len(self.kpoints)))
        output_string.append("Number of bands: {}".format(len(self.kpoints[0].bands[0])))
        try:
            for spin, is_metal in enumerate(self.is_metal):
                if is_metal:
                    output_string.append("spin {}:".format(spin) + " Is a metal: {}".format(is_metal))
                else:
                    output_string.append("spin {}:".format(spin) + " Is a metal: "
                                                                   "{}".format(is_metal) + " Band gap (ev) "
                                                                                           "{}".format(self.eg[spin]))
        except ValueError:
            pass
        return "\n".join(output_string)

    def __repr__(self):
        return self.__str__()



[docs]class Kpoint(object):

    """
    All data related to a single k-point is stored in this module


    Attributes:

        bands (dict): Dict of pyiron.objects.waves.settings.Band objects for each spin channel
        value (float): Value of the k-point
        weight (float): Weight of the k-point used in integration of quantities
        eig_occ_matrix (numpy.ndarray): A Nx2 matrix with the first column with eigenvalues and the second with
                                    occupancies of every band. N being the number of bands assoiated with the k-point
    """

    def __init__(self):
        self._value = None
        self._weight = None
        self.bands = dict()
        self.is_relative = False

    @property
    def value(self):
        return self._value

    @value.setter
    def value(self, val):
        self._value = val

    @property
    def weight(self):
        return self._weight

    @weight.setter
    def weight(self, val):
        self._weight = val

[docs]    def add_band(self, eigenvalue, occupancy, spin):
        """
        Add a pyiron.objects.waves.core.Band instance

        Args:
            eigenvalue (float): The eigenvalue associated with the Band instance
            occupancy (flaot): The occupancy associated with the Band instance
            spin (int): Spin channel
        """
        band_obj = Band()
        band_obj.eigenvalue = eigenvalue
        band_obj.occupancy = occupancy
        if spin not in self.bands.keys():
            self.bands[spin] = list()
        self.bands[spin].append(band_obj)


    @property
    def eig_occ_matrix(self):
        eig_occ_list = list()
        for bands in self.bands.values():
            eig_occ_list.append([[b.eigenvalue, b.occupancy] for b in bands])
        return np.array(eig_occ_list)



[docs]class Band(object):
    """
    All data related to a single band for every k-point is stored in this module
    """

    def __init__(self):
        self._eigenvalue = None
        self._occupancy = None
        self._resolved_dos_matrix = None

    @property
    def eigenvalue(self):
        """
        float: The eigenvalue of a given band at a given k-point
        """
        return self._eigenvalue

    @eigenvalue.setter
    def eigenvalue(self, val):
        self._eigenvalue = val

    @property
    def occupancy(self):
        """
        float: The occupancy of a given band at a given k-point
        """
        return self._occupancy

    @occupancy.setter
    def occupancy(self, val):
        self._occupancy = val

    @property
    def resolved_dos_matrix(self):
        """
        numpy.ndarray instance: 2D matrix with n rows and m columns; n being the unmber of
                                atoms and m being the number of orbitals
        """
        return self._resolved_dos_matrix

    @resolved_dos_matrix.setter
    def resolved_dos_matrix(self, val):
        self._resolved_dos_matrix = val
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  Source code for pyiron.gaussian.gaussian

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import os
import subprocess
import re
import pandas
import numpy as np
import matplotlib.pyplot as pt

from pyiron.dft.job.generic import GenericDFTJob
from pyiron_base import GenericParameters, ImportAlarm
from pyiron.atomistics.structure.atoms import Atoms

try:
    from molmod.io.fchk import FCHKFile
    from molmod.units import amu, angstrom, electronvolt, centimeter, kcalmol
    from molmod.constants import lightspeed
    from molmod.periodic import periodic
    import tamkin
    import_alarm = ImportAlarm()
except ImportError:
    import_alarm = ImportAlarm(
        "Gaussian relies on the molmod and tamkin packages, but these are unavailable. Please ensure your python "
        "environment contains these."
    )


__author__ = "Jan Janssen, Sander Borgmans"
__copyright__ = "Copyright 2019, Max-Planck-Institut für Eisenforschung GmbH - " \
                "- Computational Materials Design (CM) Department"
__version__ = "1.0"
__maintainer__ = ""
__email__ = ""
__status__ = "trial"
__date__ = "Aug 27, 2019"


[docs]class Gaussian(GenericDFTJob):
    @import_alarm
    def __init__(self, project, job_name):
        super(Gaussian, self).__init__(project, job_name)
        self.__name__ = "Gaussian"
        self._executable_activate(enforce=True)
        self.input = GaussianInput()

[docs]    def write_input(self):
        input_dict = {'mem': self.server.memory_limit,
                      'cores': self.server.cores,
                      'verbosity': self.input['verbosity'],
                      'lot': self.input['lot'],
                      'basis_set': self.input['basis_set'],
                      'jobtype' : self.input['jobtype'],
                      'settings' : self.input['settings'],
                      'title' : self.input['title'],
                      'spin_mult': self.input['spin_mult'],
                      'charge': self.input['charge'],
                      'bsse_idx': self.input['bsse_idx'],
                      'symbols': self.structure.get_chemical_symbols().tolist(),
                      'pos': self.structure.positions
                      }
        write_input(input_dict=input_dict, working_directory=self.working_directory)


[docs]    def collect_output(self):
        output_dict = collect_output(output_file=os.path.join(self.working_directory, 'input.fchk'))
        with self.project_hdf5.open("output") as hdf5_output:
            for k, v in output_dict.items():
                hdf5_output[k] = v


[docs]    def to_hdf(self, hdf=None, group_name=None):
        super(Gaussian, self).to_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.structure.to_hdf(hdf5_input)
            self.input.to_hdf(hdf5_input)


[docs]    def from_hdf(self, hdf=None, group_name=None):
        super(Gaussian, self).from_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.input.from_hdf(hdf5_input)
            self.structure = Atoms().from_hdf(hdf5_input)


[docs]    def log(self):
        with open(os.path.join(self.working_directory, 'input.log')) as f:
            print(f.read())


[docs]    def calc_minimize(self, electronic_steps=None, ionic_steps=None, algorithm=None, ionic_forces=None):
        """
            Function to setup the hamiltonian to perform ionic relaxations using DFT. The convergence goal can be set using
            either the iconic_energy as an limit for fluctuations in energy or the iconic_forces.

            **Arguments**

                algorithm: SCF algorithm
                electronic_steps (int): maximum number of electronic steps per electronic convergence
                ionic_steps (int): maximum number of ionic steps
                ionic_forces ('tight' or 'verytight'): convergence criterium for Berny opt (optional)
        """
        settings = {}
        opt_settings = []

        if electronic_steps is not None:
            if not 'SCF' in settings:
                settings['SCF'] = []
            settings['SCF'].append("MaxCycle={}".format(electronic_steps))

        if ionic_steps is not None:
            opt_settings.append("MaxCycles={}".format(ionic_steps))

        if algorithm is not None:
            if not 'SCF' in settings:
                settings['SCF'] = []
            settings['SCF'].append(algorithm)

        if ionic_forces is not None:
            assert isinstance(ionic_forces,str)
            opt_settings.append(ionic_forces)

        self.input['jobtype'] = 'opt' + '({})'.format(",".join(opt_settings))*(len(opt_settings)>0)
        if not isinstance(self.input['settings'],dict):
            self.input['settings'] = settings
        else:
            self.input['settings'].update(settings)

        super(Gaussian, self).calc_minimize(
            electronic_steps=electronic_steps,
            ionic_steps=ionic_steps,
            algorithm=algorithm,
            ionic_force_tolerance=ionic_forces
        )


[docs]    def calc_static(self, electronic_steps=None, algorithm=None):
        """
            Function to setup the hamiltonian to perform static SCF DFT runs

            **Arguments**

                algorithm (str): SCF algorithm
                electronic_steps (int): maximum number of electronic steps, which can be used to achieve convergence
        """
        settings = {}
        if electronic_steps is not None:
            if not 'SCF' in settings:
                settings['SCF'] = []
            settings['SCF'].append("MaxCycle={}".format(electronic_steps))

        if algorithm is not None:
            if not 'SCF' in settings:
                settings['SCF'] = []
            settings['SCF'].append(algorithm)

        self.input['jobtype'] = 'sp'
        if not isinstance(self.input['settings'],dict):
            self.input['settings'] = settings
        else:
            self.input['settings'].update(settings)

        super(Gaussian, self).calc_static(
            electronic_steps=electronic_steps,
            algorithm=algorithm
        )


[docs]    def calc_md(self, temperature=None,  n_ionic_steps=1000, time_step=None, n_print=100):
        raise NotImplementedError("calc_md() not implemented in Gaussian.")


[docs]    def print_MO(self):
        """
            Print a list of the MO's with the corresponding orbital energy and occupation.
        """

        n_MO = self.get('output/structure/dft/scf_density').shape[0]
        for n,index in enumerate(range(n_MO)):
            # print orbital information
            occ_alpha = int(self.get('output/structure/dft/n_alpha_electrons') > index)
            occ_beta = int(self.get('output/structure/dft/n_beta_electrons') > index)

            if self.get('output/structure/dft/beta_orbital_e') is None:
                orbital_energy = self.get('output/structure/dft/alpha_orbital_e')[index]
                print("#{}: \t Orbital energy = {:>10.5f} \t Occ. = {}".format(n,orbital_energy,occ_alpha+occ_beta))
            else:
                orbital_energy = [self.get('output/structure/dft/alpha_orbital_e')[index],self.get('output/structure/dft/beta_orbital_e')[index]]
                print("#{}: \t Orbital energies (alpha,beta) = {:>10.5f},{:>10.5f} \t Occ. = {},{}".format(n,orbital_energy[0],orbital_energy[1],occ_alpha,occ_beta))


[docs]    def visualize_MO(self, index, particle_size=0.5, show_bonds=True):
        """
            Visualize the MO identified by its index.

            **Arguments**

            index       index of the MO, as listed by print_MO()

            particle_size
                        size of the atoms for visualization, lower value if orbital is too small to see

            show_bonds  connect atoms or not

            **Notes**

            This function should always be accompanied with the following commands (in a separate cell)

            view[1].update_surface(isolevel=1, color='blue', opacity=.3)
            view[2].update_surface(isolevel=-1, color='red', opacity=.3)

            This makes sure that the bonding and non-bonding MO's are plotted and makes them transparent
        """
        n_MO = self.get('output/structure/dft/scf_density').shape[0]
        assert index >= 0 and index < n_MO
        assert len(self.get('output/structure/numbers')) < 50 # check whether structure does not become too large for interactive calculation of cube file

        # print orbital information
        occ_alpha = int(self.get('output/structure/dft/n_alpha_electrons') > index)
        occ_beta = int(self.get('output/structure/dft/n_beta_electrons') > index)

        if self.get('output/structure/dft/beta_orbital_e') is None:
            orbital_energy = self.get('output/structure/dft/alpha_orbital_e')[index]
            print("Orbital energy = {:>10.5f} \t Occ. = {}".format(orbital_energy,occ_alpha+occ_beta))
        else:
            orbital_energy = [self.get('output/structure/dft/alpha_orbital_e')[index],self.get('output/structure/dft/beta_orbital_e')[index]]
            print("Orbital energies (alpha,beta) = {:>10.5f},{:>10.5f} \t Occ. = {},{}".format(orbital_energy[0],orbital_energy[1],occ_alpha,occ_beta))

        # make cube file
        path = self.path+'_hdf5/'+self.name+'/input'
        out = subprocess.check_output(
                "ml load Gaussian/g16_E.01-intel-2019a;module use /apps/gent/CO7/haswell-ib/modules/all; cubegen 1 MO={} {}.fchk {}.cube".format(index+1,path,path),
                stderr=subprocess.STDOUT,
                universal_newlines=True,
                shell=True,
            )
        # visualize cube file
        try:
            import nglview
        except ImportError:
            raise ImportError("The animate_nma_mode() function requires the package nglview to be installed")

        atom_numbers = []
        atom_positions = []

        with open('{}.cube'.format(path),'r') as f:
            for i in range(2):
                f.readline()
            n_atoms = int(f.readline().split()[0][1:])
            for i in range(3):
                f.readline()
            for n in range(n_atoms):
                line = f.readline().split()
                atom_numbers.append(int(line[0]))
                atom_positions.append(np.array([float(m) for m in line[2:]])/angstrom)

        structure = Atoms(numbers=np.array(atom_numbers),positions=atom_positions)
        view = nglview.show_ase(structure)
        if not show_bonds:
            view.add_spacefill(radius_type='vdw', scale=0.5, radius=particle_size)
            view.remove_ball_and_stick()
        else:
            view.add_ball_and_stick()
        view.add_component('{}.cube'.format(path))
        view.add_component('{}.cube'.format(path))
        return view


[docs]    def read_NMA(self):
        """
            Reads the NMA output from the Gaussian .log file.

            Returns:
                    IR frequencies, intensities and corresponding eigenvectors (modes).
        """
        # Read number of atoms
        nrat = len(self.get('output/structure/numbers'))

        # Read IR frequencies and intensities from log file
        low_freqs = []
        freqs = []
        ints = []
        modes = [[] for i in range(nrat)]

        path = self.path+'_hdf5/'+self.name+'/input.log'
        with open(path,'r') as f:
            lines = f.readlines()

        # Assert normal termination
        assert "Normal termination of Gaussian" in lines[-1]

        # Find zero frequencies
        for n in range(len(lines)):
            line = lines[n]
            if 'Low frequencies' in line:
                low_freqs += [float(i) for i in line[20:].split()]
            if 'Frequencies --' in line:
                freqs += [float(i) for i in line[15:].split()]
            if 'IR Inten    --' in line:
                ints += [float(i) for i in line[15:].split()]
            if 'Atom  AN      X      Y      Z' in line:
                for m in range(nrat):
                    modes[m] += [float(i) for i in lines[n+m+1][10:].split()]

        nma_zeros = 3*nrat-len(freqs)
        freq_array = np.zeros(3*nrat)
        freq_array[:nma_zeros] = np.array(low_freqs[:nma_zeros])
        freq_array[nma_zeros:] = np.array(freqs)
        freqs = freq_array * (lightspeed/centimeter) # put into atomic units
        ints = np.array(ints)
        modes = np.array(modes).reshape(len(ints),nrat,3)

        return freqs,ints,modes


[docs]    def bsse_to_pandas(self):
        """
        Convert bsse output of all frames to a pandas Dataframe object.

        Returns:
            pandas.Dataframe: output as dataframe
        """
        assert 'counterpoise' in [k.lower() for k in self.input['settings'].keys()] # check if there was a bsse calculation
        tmp = {}
        with self.project_hdf5.open('output/structure/bsse') as hdf:
            for key in hdf.list_nodes():
                tmp[key] = hdf[key] if isinstance(hdf[key],np.ndarray) else [hdf[key]]
            df = pandas.DataFrame(tmp)
        return df




[docs]class GaussianInput(GenericParameters):
    def __init__(self, input_file_name=None):
        super(GaussianInput, self).__init__(input_file_name=input_file_name, table_name="input_inp", comment_char="#")

[docs]    def load_default(self):
        """
        Loading the default settings for the input file.
        """
        input_str = """\
lot HF
basis_set 6-311G(d,p)
spin_mult 1
charge 0
"""
        self.load_string(input_str)




[docs]def write_input(input_dict,working_directory='.'):
    # Comments can be written with ! in Gaussian
    # Load dictionary
    lot          = input_dict['lot']
    basis_set    = input_dict['basis_set']
    spin_mult    = input_dict['spin_mult']  # 2S+1
    charge       = input_dict['charge']
    symbols      = input_dict['symbols']
    pos          = input_dict['pos']
    assert pos.shape[0] == len(symbols)

    # Optional elements
    if not input_dict['mem'] is None:
        mem = input_dict['mem'] + 'B' * (input_dict['mem'][-1]!='B') # check if string ends in bytes
        # convert pmem to mem
        cores = input_dict['cores']
        nmem = str(int(re.findall("\d+", mem)[0]) * cores)
        mem_unit = re.findall("[a-zA-Z]+", mem)[0]
        mem = nmem+mem_unit
    else:
        mem = "800MB" # default allocation

    if not input_dict['jobtype'] is None:
        jobtype = input_dict['jobtype']
    else:
        jobtype = "" # corresponds to sp

    if not input_dict['title'] is None:
        title = input_dict['title']
    else:
        title = "no title"

    if not input_dict['settings'] is None:
        settings = input_dict['settings'] # dictionary {key: [options]}
    else:
        settings = {}

    verbosity_dict = {'low': 't', 'normal': 'n', 'high': 'p'}
    if not input_dict['verbosity'] is None:
        verbosity  = input_dict['verbosity']
        if verbosity in verbosity_dict:
            verbosity = verbosity_dict[verbosity]
    else:
        verbosity='n'

    if 'Counterpoise' in settings.keys():
        if input_dict['bsse_idx'] is None or not len(input_dict['bsse_idx']) == len(pos) : # check if all elements are present for a BSSE calculation
            raise ValueError('The Counterpoise setting requires a valid bsse_idx array')
        # Check bsse idx (should start from 1 for Gaussian)
        input_dict['bsse_idx'] = [k - min(input_dict['bsse_idx']) + 1 for k in input_dict['bsse_idx']]
        # Check if it only contains conseqcutive numbers (sum of set should be n*(n+1)/2)
        assert sum(set(input_dict['bsse_idx'])) == (max(input_dict['bsse_idx'])*(max(input_dict['bsse_idx']) + 1))/2

    # Parse settings
    settings_string = ""
    for key,valuelst in settings.items():
        if not isinstance(valuelst, list):
            valuelst = [valuelst]
        option = key + "({}) ".format(",".join(valuelst))*(len(valuelst) > 0)
        settings_string += option

    # Write to file
    route_section = "#{} {}/{} {} {}\n\n".format(verbosity,lot,basis_set,jobtype,settings_string)
    with open(os.path.join(working_directory, 'input.com'), 'w') as f:
        f.write("%mem={}\n".format(mem))
        f.write("%chk=input.chk\n")
        f.write(route_section)
        f.write("{}\n\n".format(title))

        if not 'Counterpoise' in settings.keys():
            f.write("{} {}\n".format(charge,spin_mult))
            for n, p in enumerate(pos):
                f.write(" {}\t{: 1.6f}\t{: 1.6f}\t{: 1.6f}\n".format(symbols[n],p[0],p[1],p[2]))
            f.write('\n\n') # don't know whether this is still necessary in G16
        else:
            if isinstance(charge,list) and isinstance(spin_mult,list): # for BSSE it is possible to define charge and multiplicity for the fragments separately
                f.write(" ".join(["{},{}".format(charge[idx],spin_mult[idx]) for idx in range(int(settings['Counterpoise']))])) # first couple is for full system, then every fragment separately
            else:
                f.write("{} {}\n".format(charge,spin_mult))

            for n, p in enumerate(pos):
                f.write(" {}(Fragment={})\t{: 1.6f}\t{: 1.6f}\t{: 1.6f}\n".format(symbols[n],input_dict['bsse_idx'][n],p[0],p[1],p[2]))
            f.write('\n\n') # don't know whether this is still necessary in G16



# we could use theochem iodata, should be more robust than molmod.io
# but we require the latest iodata for this, not the conda version
[docs]def fchk2dict(fchk):
    # probably still some data missing
    # check job type, for now implement basics (SP=single point, FOpt = full opt, Freq = frequency calculation)
    if not fchk.command.lower() in ['sp','fopt','freq']:
        raise NotImplementedError

    # Basic information
    fchkdict = {}
    fchkdict['jobtype']     = fchk.command.lower()
    fchkdict['lot']         = fchk.lot
    fchkdict['basis_set']   = fchk.basis

    fchkdict['structure/numbers']     = fchk.fields.get('Atomic numbers')
    fchkdict['structure/masses']      = fchk.fields.get('Real atomic weights')*amu
    fchkdict['structure/charges']     = fchk.fields.get('Mulliken Charges')
    fchkdict['structure/dipole']      = fchk.fields.get('Dipole Moment')
    fchkdict['structure/dft/n_electrons']         = fchk.fields.get('Number of electrons')
    fchkdict['structure/dft/n_alpha_electrons']   = fchk.fields.get('Number of alpha electrons')
    fchkdict['structure/dft/n_beta_electrons']    = fchk.fields.get('Number of beta electrons')
    fchkdict['structure/dft/n_basis_functions']   = fchk.fields.get('Number of basis functions')

    # Orbital information
    fchkdict['structure/dft/alpha_orbital_e']     = fchk.fields.get('Alpha Orbital Energies')
    fchkdict['structure/dft/beta_orbital_e']      = fchk.fields.get('Beta Orbital Energies')

    # Densities
    fchkdict['structure/dft/scf_density']         = _triangle_to_dense(fchk.fields.get('Total SCF Density'))
    fchkdict['structure/dft/spin_scf_density']    = _triangle_to_dense(fchk.fields.get('Spin SCF Density'))

    if fchk.lot.upper() in ['MP2', 'MP3', 'CC', 'CI']:
        # only one of the lots should be present, hence using the same key
        fchkdict['structure/dft/post_scf_density']      = _triangle_to_dense(fchk.fields.get('Total {} Density'.format(fchk.lot)))
        fchkdict['structure/dft/post_spin_scf_density'] = _triangle_to_dense(fchk.fields.get('Spin {} Density'.format(fchk.lot)))

    # Specific job information
    if fchkdict['jobtype'] == 'fopt':
        if len(fchk.get_optimization_coordinates().shape) == 3:
            fchkdict['structure/positions']   = fchk.get_optimization_coordinates()[-1]/angstrom
        else:
            fchkdict['structure/positions']   = fchk.get_optimization_coordinates()/angstrom
        fchkdict['generic/positions']     = fchk.get_optimization_coordinates()/angstrom
        fchkdict['generic/energy_tot']    = fchk.get_optimization_energies()/electronvolt
        fchkdict['generic/forces']        = fchk.get_optimization_gradients()/(electronvolt/angstrom) * -1

    if fchkdict['jobtype'] == 'freq':
        fchkdict['structure/positions']   = fchk.fields.get('Current cartesian coordinates').reshape([1,-1, 3])/angstrom
        fchkdict['generic/positions']     = fchk.fields.get('Current cartesian coordinates').reshape([1,-1, 3])/angstrom
        fchkdict['generic/forces']        = fchk.fields.get('Cartesian Gradient').reshape([-1, 3])/(electronvolt/angstrom) *-1
        fchkdict['generic/hessian']       = fchk.get_hessian()/(electronvolt/angstrom**2)
        fchkdict['generic/energy_tot']    = fchk.fields.get('Total Energy')/electronvolt

    if fchkdict['jobtype'] == 'sp':
        fchkdict['structure/positions']   = fchk.fields.get('Current cartesian coordinates').reshape([1,-1, 3])/angstrom
        fchkdict['generic/positions']     = fchk.fields.get('Current cartesian coordinates').reshape([1,-1, 3])/angstrom
        fchkdict['generic/energy_tot']    = fchk.fields.get('Total Energy')/electronvolt

    return fchkdict



[docs]def get_bsse_array(line,it):
    numeric_const_pattern = '[-+]? (?: (?: \d* \. \d+ ) | (?: \d+ \.? ) )(?: [Ee] [+-]? \d+ ) ?'
    rx = re.compile(numeric_const_pattern, re.VERBOSE)

    cE_corr = float(rx.findall(line)[0]) * kcalmol/electronvolt
    line = next(it) # go to next line
    cE_raw = float(rx.findall(line)[0]) * kcalmol/electronvolt
    line = next(it) # go to next line
    sum_fragments = float(rx.findall(line)[0])/electronvolt
    line = next(it) # go to next line
    bsse_corr = float(rx.findall(line)[0])/electronvolt
    line = next(it) # go to next line
    E_tot_corr = float(rx.findall(line)[0])/electronvolt

    return E_tot_corr,bsse_corr,sum_fragments,cE_raw,cE_corr



[docs]def read_bsse(output_file,output_dict):
    # Check whether the route section contains the Counterpoise setting (if fchk module is update, route section can be loaded from dict)
    cp = False
    with open(output_file,'r') as f:
        line = f.readline()
        while line:
            if 'route' in line.lower():
                if 'counterpoise' in f.readline().lower(): # read next line
                    cp = True
                break
            line = f.readline()

    if cp:
        # the log file has the same path and name as the output file aside from the file extension
        log_file = output_file[:output_file.rfind('.')] + '.log'

        frames = 1 if isinstance(output_dict['generic/energy_tot'],float) else len(output_dict['generic/energy_tot'])

        output_dict['structure/bsse/energy_tot_corrected'] = np.zeros(frames)
        output_dict['structure/bsse/bsse_correction'] = np.zeros(frames)
        output_dict['structure/bsse/sum_of_fragments'] = np.zeros(frames)
        output_dict['structure/bsse/complexation_energy_raw'] = np.zeros(frames)
        output_dict['structure/bsse/complexation_energy_corrected'] = np.zeros(frames)

        it = _reverse_readline(log_file)
        line = next(it)
        for i in range(frames):
            found = False
            while not found:
                line = next(it)
                if 'complexation energy' in line:
                    E_tot_corr,bsse_corr,sum_fragments,cE_raw,cE_corr = get_bsse_array(line,it)
                    output_dict['structure/bsse/energy_tot_corrected'][i] = E_tot_corr
                    output_dict['structure/bsse/bsse_correction'][i] = bsse_corr
                    output_dict['structure/bsse/sum_of_fragments'][i] = sum_fragments
                    output_dict['structure/bsse/complexation_energy_raw'][i] = cE_raw
                    output_dict['structure/bsse/complexation_energy_corrected'][i] = cE_corr
                    found = True

        if frames==1:
            output_dict['structure/bsse/energy_tot_corrected'] = output_dict['structure/bsse/energy_tot_corrected'][0]
            output_dict['structure/bsse/bsse_correction'] = output_dict['structure/bsse/bsse_correction'][0]
            output_dict['structure/bsse/sum_of_fragments'] = output_dict['structure/bsse/sum_of_fragments'][0]
            output_dict['structure/bsse/complexation_energy_raw'] = output_dict['structure/bsse/complexation_energy_raw'][0]
            output_dict['structure/bsse/complexation_energy_corrected'] = output_dict['structure/bsse/complexation_energy_corrected'][0]
        else:
            # flip array sequence
            output_dict['structure/bsse/energy_tot_corrected'] = output_dict['structure/bsse/energy_tot_corrected'][::-1]
            output_dict['structure/bsse/bsse_correction'] = output_dict['structure/bsse/bsse_correction'][::-1]
            output_dict['structure/bsse/sum_of_fragments'] = output_dict['structure/bsse/sum_of_fragments'][::-1]
            output_dict['structure/bsse/complexation_energy_raw'] = output_dict['structure/bsse/complexation_energy_raw'][::-1]
            output_dict['structure/bsse/complexation_energy_corrected'] = output_dict['structure/bsse/complexation_energy_corrected'][::-1]



[docs]def read_EmpiricalDispersion(output_file,output_dict):
    # Get dispersion term from log file if it is there
    # dispersion term is not retrieved from gaussian output in fchk

    disp = None
    with open(output_file,'r') as f:
        while True:
            line = f.readline()
            if 'Route' in line:
                line = f.readline()
                if 'EmpiricalDispersion' in line:
                    idx = line.find('EmpiricalDispersion')
                    if 'GD3' in line[idx:]:
                        search_term = 'Grimme-D3 Dispersion energy='
                    else:
                        raise NotImplementedError
                else:
                    return
                break

    # the log file has the same path and name as the output file aside from the file extension
    log_file = output_file[:output_file.rfind('.')] + '.log'
    it = _reverse_readline(log_file)
    while True:
        line = next(it)
        if search_term in line:
            disp = float(line[38:-9])/electronvolt # could be changed when new search terms are implemented
            break

    output_dict['generic/energy_tot'] += disp



[docs]def collect_output(output_file):
    # Read output
    fchk = FCHKFile(output_file)

    # Translate to dict
    output_dict = fchk2dict(fchk)

    # Read BSSE output if it is present
    read_bsse(output_file,output_dict)

    # Correct energy if empirical dispersion contribution is present
    read_EmpiricalDispersion(output_file,output_dict)

    return output_dict



# function from theochem iodata
def _triangle_to_dense(triangle):
    """
    Convert a symmetric matrix in triangular storage to a dense square matrix.
    Parameters
    ----------
    triangle
        A row vector containing all the unique matrix elements of symmetric
        matrix. (Either the lower-triangular part in row major-order or the
        upper-triangular part in column-major order.)
    Returns
    -------
    ndarray
        a square symmetric matrix.
    """
    if triangle is None: return None
    nrow = int(np.round((np.sqrt(1 + 8 * len(triangle)) - 1) / 2))
    result = np.zeros((nrow, nrow))
    begin = 0
    for irow in range(nrow):
        end = begin + irow + 1
        result[irow, :irow + 1] = triangle[begin:end]
        result[:irow + 1, irow] = triangle[begin:end]
        begin = end
    return result


def _reverse_readline(filename, buf_size=8192):
    """
    A generator that returns the lines of a file in reverse order

    https://stackoverflow.com/questions/2301789/read-a-file-in-reverse-order-using-python
    """
    with open(filename) as fh:
        segment = None
        offset = 0
        fh.seek(0, os.SEEK_END)
        file_size = remaining_size = fh.tell()
        while remaining_size > 0:
            offset = min(file_size, offset + buf_size)
            fh.seek(file_size - offset)
            buffer = fh.read(min(remaining_size, buf_size))
            remaining_size -= buf_size
            lines = buffer.split('\n')
            # The first line of the buffer is probably not a complete line so
            # we'll save it and append it to the last line of the next buffer
            # we read
            if segment is not None:
                # If the previous chunk starts right from the beginning of line
                # do not concat the segment to the last line of new chunk.
                # Instead, yield the segment first
                if buffer[-1] != '\n':
                    lines[-1] += segment
                else:
                    yield segment
            segment = lines[0]
            for index in range(len(lines) - 1, 0, -1):
                if lines[index]:
                    yield lines[index]
        # Don't yield None if the file was empty
        if segment is not None:
            yield segment
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  Source code for pyiron.gpaw.gpaw

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from pyiron.gpaw.pyiron_ase import AseJob
from pyiron.dft.job.generic import GenericDFTJob
from pyiron_base import GenericParameters, Settings, ImportAlarm

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2018"

s = Settings()

try:
    from gpaw import GPAW as GPAWcode, PW, MethfesselPaxton
    import_alarm = ImportAlarm()
except ImportError:
    import_alarm = ImportAlarm(
        "Gpaw relies on the gpaw module but th is unavailable. Please ensure your python environment contains gpaw, "
        "e.g. by running `conda install -c conda-forge gpaw`."
    )


[docs]class Gpaw(AseJob, GenericDFTJob):
    @import_alarm
    def __init__(self, project, job_name):
        super(Gpaw, self).__init__(project, job_name)
        self.__name__ = "GpawJob"
        self.input = GpawInput()

    @property
    def plane_wave_cutoff(self):
        return self.input["encut"]

    @plane_wave_cutoff.setter
    def plane_wave_cutoff(self, val):
        self.input["encut"] = val

[docs]    def get_kpoints(self):
        return self.input["kpoints"]


    def _set_kpoints(
        self,
        mesh=None,
        scheme="MP",
        center_shift=None,
        symmetry_reduction=True,
        manual_kpoints=None,
        weights=None,
        reciprocal=True,
        n_path=None,
        path_name=None,
    ):
        if scheme != "MP":
            raise ValueError(
                "Currently only MP is supported in the pyiron wrapper."
            )
        if center_shift is not None:
            raise ValueError(
                "centershift is not implemented in the pyiron wrapper."
            )
        if not symmetry_reduction:
            raise ValueError(
                "symmetry_reduction is not implemented in the pyiron wrapper."
            )
        if manual_kpoints is not None:
            raise ValueError(
                "manual_kpoints are not implemented in the pyiron wrapper."
            )
        if weights is not None:
            raise ValueError(
                "weights are not implemented in the pyiron wrapper."
            )
        if not reciprocal:
            raise ValueError(
                "reciprocal is not implemented in the pyiron wrapper."
            )
        if n_path is not None:
            raise ValueError(
                "n_path is not implemented in the pyiron wrapper."
            )
        if path_name is not None:
            raise ValueError(
                "path_name is not implemented in the pyiron wrapper."
            )
        self.input["kpoints"] = mesh

[docs]    def set_calculator(self):
        kpoints = self.input["kpoints"]
        if isinstance(kpoints, str):
            kpoints = (
                self.input["kpoints"].replace("[", "").replace("]", "").split()
            )
        self._create_working_directory()
        calc = GPAWcode(
            mode=PW(float(self.input["encut"])),
            xc=self.input["potential"],
            occupations=MethfesselPaxton(width=float(self.input["sigma"])),
            kpts=kpoints,
            txt=self.working_directory + "/" + self.job_name + ".txt",
        )
        self.structure.set_calculator(calc)


[docs]    def to_hdf(self, hdf=None, group_name=None):
        """
        Store the ExampleJob object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(Gpaw, self).to_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.input.to_hdf(hdf5_input)


[docs]    def from_hdf(self, hdf=None, group_name=None):
        """
        Restore the ExampleJob object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(Gpaw, self).from_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.input.from_hdf(hdf5_input)




[docs]class GpawInput(GenericParameters):
    """
    Input class for the ExampleJob based on the GenericParameters class.

    Args:
        input_file_name (str): Name of the input file - optional
    """

    def __init__(self, input_file_name=None):
        super(GpawInput, self).__init__(
            input_file_name=input_file_name, table_name="input", comment_char="#"
        )

[docs]    def load_default(self):
        """
        Loading the default settings for the input file.
        """
        input_str = """\
kpoints [6,6,6]
sigma 0.1
encut 350
potential PBE
"""
        self.load_string(input_str)
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  Source code for pyiron.gpaw.pyiron_ase

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from ase import Atoms
from ase.constraints import dict2constraint
import copy
import importlib
import numpy as np
from pyiron.atomistics.job.interactive import GenericInteractive
from pyiron.atomistics.structure.atoms import pyiron_to_ase, Atoms as PAtoms

try:
    from ase.cell import Cell
except ImportError:
    Cell = None

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2018"


[docs]def ase_structure_todict(structure):
    atoms_dict = {
        "symbols": structure.get_chemical_symbols(),
        "positions": structure.get_positions(),
        "pbc": structure.get_pbc(),
        "celldisp": structure.get_celldisp(),
        "constraint": [c.todict() for c in structure.constraints],
        "info": copy.deepcopy(structure.info),
    }
    if Cell is not None:
        atoms_dict["cell"] = structure.get_cell().todict()
    else:
        atoms_dict["cell"] = structure.get_cell()
    if structure.has("tags"):
        atoms_dict["tags"] = structure.get_tags()
    if structure.has("masses"):
        atoms_dict["masses"] = structure.get_masses()
    if structure.has("momenta"):
        atoms_dict["momenta"] = structure.get_momenta()
    if structure.has("initial_magmoms"):
        atoms_dict["magmoms"] = structure.get_initial_magnetic_moments()
    if structure.has("initial_charges"):
        atoms_dict["charges"] = structure.get_initial_charges()
    if structure.calc is not None:
        calculator_dict = structure.calc.todict()
        calculator_dict["calculator_class"] = (
            str(structure.calc.__class__).replace("'", " ").split()[1]
        )
        calculator_dict["label"] = structure.calc.label
        atoms_dict["calculator"] = calculator_dict
    return atoms_dict



[docs]def ase_calculator_fromdict(class_path, class_dict):
    module_loaded = importlib.import_module(".".join(class_path.split(".")[:-1]))
    module_class = getattr(module_loaded, class_path.split(".")[-1])
    return module_class(**class_dict)



[docs]def ase_structure_fromdict(atoms_dict):
    def cell_fromdict(celldict):
        celldict.pop("pbc", None)
        if Cell is not None:
            return Cell(**celldict)
        else:
            return celldict

    atoms_dict_copy = copy.deepcopy(atoms_dict)
    if "calculator" in atoms_dict_copy.keys():
        calculator_dict = atoms_dict_copy["calculator"]
        calculator_class = calculator_dict["calculator_class"]
        del calculator_dict["calculator_class"]
        atoms_dict_copy["calculator"] = ase_calculator_fromdict(
            calculator_class, calculator_dict
        )
    if "constraint" in atoms_dict_copy.keys():
        atoms_dict_copy["constraint"] = [
            dict2constraint(const_dict)
            for const_dict in atoms_dict_copy["constraint"]
        ]
    atoms_dict_copy["cell"] = cell_fromdict(celldict=atoms_dict_copy["cell"])
    atoms = Atoms(**atoms_dict_copy)
    if atoms.calc is not None:
        atoms.calc.read(atoms.calc.label)
    return atoms



[docs]class AseJob(GenericInteractive):
    def __init__(self, project, job_name):
        super(AseJob, self).__init__(project, job_name)
        self.__name__ = "AseJob"
        self.__version__ = (
            None
        )  # Reset the version number to the executable is set automatically

    @property
    def structure(self):
        return GenericInteractive.structure.fget(self)

    @structure.setter
    def structure(self, structure):
        if isinstance(structure, PAtoms):
            structure = pyiron_to_ase(structure)
        GenericInteractive.structure.fset(self, structure)

[docs]    def to_hdf(self, hdf=None, group_name=None):
        super(AseJob, self).to_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf_input:
            hdf_input["structure"] = ase_structure_todict(self._structure)


[docs]    def from_hdf(self, hdf=None, group_name=None):
        super(AseJob, self).from_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf_input:
            self.structure = ase_structure_fromdict(hdf_input["structure"])


[docs]    def run_static(self):
        pre_run_mode = self.server.run_mode
        self.server.run_mode.interactive = True
        self.run_if_interactive()
        self.interactive_close()
        self.server.run_mode = pre_run_mode


[docs]    def run_if_interactive(self):
        if self.structure.calc is None:
            self.set_calculator()
        super(AseJob, self).run_if_interactive()
        self.interactive_collect()


[docs]    def set_calculator(self):
        raise NotImplementedError(
            "The _set_calculator function is not implemented for this code."
        )


[docs]    def interactive_structure_setter(self, structure):
        self.structure.calc.calculate(structure)


[docs]    def interactive_positions_setter(self, positions):
        self.structure.positions = positions


[docs]    def interactive_initialize_interface(self):
        self.status.running = True
        self._structure.calc.set_label(self.working_directory + "/")
        self._interactive_library = True


[docs]    def interactive_close(self):
        if self.interactive_is_activated():
            super(AseJob, self).interactive_close()
            with self.project_hdf5.open("output") as h5:
                if "interactive" in h5.list_groups():
                    for key in h5["interactive"].list_nodes():
                        h5["generic/" + key] = h5["interactive/" + key]


[docs]    def interactive_forces_getter(self):
        return self.structure.get_forces()


[docs]    def interactive_pressures_getter(self):
        return -self.structure.get_stress(voigt=False)


[docs]    def interactive_energy_pot_getter(self):
        return self.structure.get_potential_energy()


[docs]    def interactive_energy_tot_getter(self):
        return self.structure.get_potential_energy()


[docs]    def interactive_indices_getter(self):
        element_lst = sorted(list(set(self.structure.get_chemical_symbols())))
        return np.array(
            [element_lst.index(el) for el in self.structure.get_chemical_symbols()]
        )


[docs]    def interactive_positions_getter(self):
        return self.structure.positions.copy()


[docs]    def interactive_steps_getter(self):
        return len(self.interactive_cache[list(self.interactive_cache.keys())[0]])


[docs]    def interactive_time_getter(self):
        return self.interactive_steps_getter()


[docs]    def interactive_volume_getter(self):
        return self.structure.get_volume()


[docs]    def interactive_cells_getter(self):
        return self.structure.cell.copy()


[docs]    def write_input(self):
        pass


[docs]    def collect_output(self):
        pass


[docs]    def run_if_scheduler(self):
        self._create_working_directory()
        super(AseJob, self).run_if_scheduler()


[docs]    def interactive_index_organizer(self):
        index_merge_lst = self._interactive_species_lst.tolist() + list(
            np.unique(self._structure_current.get_chemical_symbols())
        )
        el_lst = sorted(set(index_merge_lst), key=index_merge_lst.index)
        current_structure_index = [
            el_lst.index(el)
            for el in self._structure_current.get_chemical_symbols()
        ]
        previous_structure_index = [
            el_lst.index(el)
            for el in self._structure_previous.get_chemical_symbols()
        ]
        if not np.array_equal(
            np.array(current_structure_index),
            np.array(previous_structure_index),
        ):
            self._logger.debug("Generic library: indices changed!")
            self.interactive_indices_setter(self._structure_current.indices)


[docs]    def get_structure(self, iteration_step=-1, wrap_atoms=True):
        """
        Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
        there is only one ionic iteration step
        Args:
            iteration_step (int): Step for which the structure is requested
            wrap_atoms (bool):

        Returns:
            atomistics.structure.atoms.Atoms object
        """
        if (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ):
            # Warning: We only copy symbols, positions and cell information - no tags.
            if self.output.indices is not None and len(self.output.indices) != 0:
                indices = self.output.indices[iteration_step]
            else:
                return None
            if len(self._interactive_species_lst) == 0:
                el_lst = list(
                    np.unique(self._structure_current.get_chemical_symbols())
                )
            else:
                el_lst = self._interactive_species_lst.tolist()
            if indices is not None:
                if wrap_atoms:
                    positions = self.output.positions[iteration_step]
                else:
                    if len(self.output.unwrapped_positions) > max([iteration_step, 0]):
                        positions = self.output.unwrapped_positions[iteration_step]
                    else:
                        positions = (
                            self.output.positions[iteration_step]
                            + self.output.total_displacements[iteration_step]
                        )
                atoms = Atoms(
                    symbols=np.array([el_lst[el] for el in indices]),
                    positions=positions,
                    cell=self.output.cells[iteration_step],
                    pbc=self.structure.pbc,
                )
                # Update indicies to match the indicies in the cache.
                atoms.indices = indices
                return atoms
            else:
                return None
        else:
            if (
                self.get("output/generic/cells") is not None
                and len(self.get("output/generic/cells")) != 0
            ):
                return super(AseJob, self).get_structure(
                    iteration_step=iteration_step, wrap_atoms=wrap_atoms
                )
            else:
                return None




[docs]class AseAdapter(object):
    def __init__(self, ham, fast_mode=False):
        self._ham = ham
        self._fast_mode = fast_mode
        if self._ham.server.run_mode.interactive and fast_mode:
            self.interactive_cache = {
                "velocities": [],
                "energy_kin": [],
                "momenta": [],
                "positions": [],
                "energy_tot": [],
                "energy_pot": []
            }
            self._ham.run()
            self._ham.interactive_cache = {}
        elif self._ham.server.run_mode.interactive:
            self.interactive_cache = {
                "velocities": [],
                "energy_kin": [],
                "momenta": []
            }
        self.constraints = []
        try:
            self.arrays = {
                "positions": self._ham.structure.positions.copy(),
                "numbers": self._ham.structure.numbers,
            }
        except AttributeError:
            self.arrays = {
                "positions": self._ham.structure.positions.copy(),
                "numbers": self._ham.structure.get_atomic_numbers(),
            }

    @property
    def communicator(self):
        return None

[docs]    def get_masses(self):
        return np.array(self._ham.structure.get_masses())


[docs]    def get_positions(self):
        return self.arrays["positions"]


[docs]    def set_positions(self, positions):
        self.arrays["positions"] = positions


[docs]    def get_forces(self, md=True):
        if self._fast_mode:
            self._ham.interactive_positions_setter(self.arrays["positions"])
            self.interactive_cache["positions"].append(self.arrays["positions"])
            self._ham.interactive_execute()
            self.interactive_cache["energy_pot"].append(self._ham.interactive_energy_pot_getter())
            return np.array(self._ham.interactive_forces_getter())
        else:
            self._ham.structure.positions = self.arrays["positions"]
            if self._ham.server.run_mode.interactive:
                self._ham.run()
            else:
                self._ham.run(delete_existing_job=True)
            return self._ham.output.forces[-1]


[docs]    def interactive_close(self):
        self._ham.interactive_store_in_cache(
            "velocities", self.interactive_cache["velocities"]
        )
        self._ham.interactive_store_in_cache(
            "energy_kin", self.interactive_cache["energy_kin"]
        )
        if self._fast_mode:
            self._ham.interactive_store_in_cache(
                "positions", self.interactive_cache["positions"]
            )
            self._ham.interactive_store_in_cache(
                "energy_pot", self.interactive_cache["energy_pot"][::2]
            )
            self._ham.interactive_store_in_cache(
                "energy_tot",
                (
                    np.array(self.interactive_cache["energy_pot"][::2])
                    + np.array(self.interactive_cache["energy_kin"])
                ).tolist(),
            )
        else:
            self._ham.interactive_store_in_cache(
                "energy_tot",
                (
                    np.array(self._ham.output.energy_pot)[::2]
                    + np.array(self.interactive_cache["energy_kin"])
                ).tolist(),
            )
        self._ham.interactive_close()


[docs]    def get_number_of_atoms(self):
        return self._ham.structure.get_number_of_atoms()


    # ASE functions
[docs]    def get_kinetic_energy(self):
        """Get the kinetic energy."""
        momenta = self.arrays.get("momenta")
        if momenta is None:
            return 0.0
        return 0.5 * np.vdot(momenta, self.get_velocities())


[docs]    def set_momenta(self, momenta, apply_constraint=True):
        """Set momenta."""
        if apply_constraint and len(self.constraints) > 0 and momenta is not None:
            momenta = np.array(momenta)  # modify a copy
            for constraint in self.constraints:
                if hasattr(constraint, "adjust_momenta"):
                    constraint.adjust_momenta(self, momenta)
        self.set_array("momenta", momenta, float, (3,))
        self.interactive_cache["velocities"].append(self.get_velocities())
        self.interactive_cache["energy_kin"].append(self.get_kinetic_energy())


[docs]    def set_velocities(self, velocities):
        """Set the momenta by specifying the velocities."""
        self.set_momenta(self.get_masses()[:, np.newaxis] * velocities)


[docs]    def get_momenta(self):
        """Get array of momenta."""
        if "momenta" in self.arrays:
            return self.arrays["momenta"].copy()
        else:
            return np.zeros((len(self), 3))


[docs]    def set_array(self, name, a, dtype=None, shape=None):
        """Update array.

        If *shape* is not *None*, the shape of *a* will be checked.
        If *a* is *None*, then the array is deleted."""

        b = self.arrays.get(name)
        if b is None:
            if a is not None:
                self.new_array(name, a, dtype, shape)
        else:
            if a is None:
                del self.arrays[name]
            else:
                a = np.asarray(a)
                if a.shape != b.shape:
                    raise ValueError(
                        "Array has wrong shape %s != %s." % (a.shape, b.shape)
                    )
                b[:] = a


[docs]    def get_angular_momentum(self):
        """Get total angular momentum with respect to the center of mass."""
        com = self.get_center_of_mass()
        positions = self.get_positions()
        positions -= com  # translate center of mass to origin
        return np.cross(positions, self.get_momenta()).sum(0)


[docs]    def new_array(self, name, a, dtype=None, shape=None):
        """Add new array.

        If *shape* is not *None*, the shape of *a* will be checked."""

        if dtype is not None:
            a = np.array(a, dtype, order="C")
            if len(a) == 0 and shape is not None:
                a.shape = (-1,) + shape
        else:
            if not a.flags["C_CONTIGUOUS"]:
                a = np.ascontiguousarray(a)
            else:
                a = a.copy()

        if name in self.arrays:
            raise RuntimeError

        for b in self.arrays.values():
            if len(a) != len(b):
                raise ValueError("Array has wrong length: %d != %d." % (len(a), len(b)))
            break

        if shape is not None and a.shape[1:] != shape:
            raise ValueError(
                "Array has wrong shape %s != %s." % (a.shape, (a.shape[0:1] + shape))
            )

        self.arrays[name] = a


[docs]    def has(self, name):
        """Check for existence of array.

        name must be one of: 'tags', 'momenta', 'masses', 'initial_magmoms',
        'initial_charges'."""
        # XXX extend has to calculator properties
        return name in self.arrays


[docs]    def get_center_of_mass(self, scaled=False):
        """Get the center of mass.

        If scaled=True the center of mass in scaled coordinates
        is returned."""
        m = self.get_masses()
        com = np.dot(m, self.arrays["positions"]) / m.sum()
        if scaled:
            if self._fast_mode:
                return np.linalg.solve(self._ham.structure.cells[-1].T, com)
            else:
                return np.linalg.solve(self._ham.output.cells[-1].T, com)
        else:
            return com


[docs]    def get_velocities(self):
        """Get array of velocities."""
        momenta = self.arrays.get("momenta")
        if momenta is None:
            return None
        m = self.get_masses()
        # m = self.arrays.get('masses')
        # if m is None:
        #     m = atomic_masses[self.arrays['numbers']]
        return momenta / m.reshape(-1, 1)


    def __len__(self):
        return len(self._ham.structure)
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  Source code for pyiron.interactive.activation_relaxation_technique

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from pyiron.atomistics.job.interactivewrapper import InteractiveWrapper, ReferenceJobOutput
from pyiron_base import InputList, Settings

__author__ = "Osamu Waseda"
__copyright__ = "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH " \
                "- Computational Materials Design (CM) Department"
__version__ = "1.0"
__maintainer__ = "Osamu Waseda"
__email__ = "waseda@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2018"

s = Settings()


[docs]class ARTInteractive(object):
    def __init__(self, art_id, direction, gamma=0.1, fix_layer=False, non_art_id=None):
        if int(art_id) != art_id or art_id < 0:
            raise ValueError('art_id must be a posive integer')
        if len(direction) != 3 or np.isclose(np.linalg.norm(direction), 0):
            raise ValueError('direction must be a finite 3d vector')
        if gamma < 0:
            raise ValueError('gamma must be a positive float')
        if fix_layer and non_art_id is not None:
            raise ValueError('fix_layer and non_art_id cannot be set at the same time')
        self.art_id = art_id
        self.direction = direction
        self.gamma = gamma
        self.non_art_id = non_art_id
        if non_art_id is not None:
            self.non_art_id = np.array([non_art_id]).flatten()
        self.fix_layer = fix_layer

    @property
    def _R(self):
        value = np.array(self.direction)
        value = value / np.linalg.norm(value)
        return np.outer(value, value)

[docs]    def get_forces(self, f_in):
        f = np.array(f_in)
        if len(f.shape) == 2:
            f = np.array([f])
        if self.non_art_id is None:
            self.non_art_id = np.arange(len(f[0])) != self.art_id
        f_art = (1.0+self.gamma)*np.einsum('ij,nj->ni', self._R, f[:, self.art_id])
        if self.fix_layer:
            f[:, self.non_art_id] = np.einsum('nmj,ij->nmi', f[:, self.non_art_id], np.identity(3)-self._R)
        else:
            f[:, self.non_art_id] += f_art[:, np.newaxis, :] / np.sum(self.non_art_id != False)
        f[:, self.art_id] -= f_art
        return f.reshape(np.array(f_in).shape)



[docs]class ART(InteractiveWrapper):
    """
    Apply an artificial force according to the Activation Relaxation Technique (ART)
    DOI:https://doi.org/10.1103/PhysRevE.57.2419

    The applied force f_art is calculated from the original force f by:

    f_art = f-(1+gamma)*np.dot(n,f)*n

    where gamma is a parameter to be determined in the input (default: 0.1) and n is
    the direction along which the force is reversed (3d-vector). In order to homogenize
    the total force in the system, f_art is distributed among atoms specified by
    non_art_id (default: all atoms), or if fix_layer is defined, the forces acting on
    all the other atoms along the direction n are cancelled. Note: Since the energy
    is not compatible with the forces anymore, structure optimization methods which
    rely on the energy variation (such as conjugate gradient) cannot/should not be used.

    Input:
        - art_id (int): atom id on which ART force is applied
        - direction (list/numpy.ndarray): direction along which force is reversed
        - gamma (float): prefactor for force inversion. v.s.
        - non_art_id (list/numpy.ndarray): list of atoms to be used for the force cancellation
        - fix_layer (bool): whether or not to fix all other atoms on the layer perpendicular
            to the direction along which force is reversed.

    Example:

        # Structure creation
        >>> vacancy_position = structure.positions[0]
        >>> del structure[0]
        >>> neighbors = structure.get_neighborhood(vacancy_position)
        >>> direction = neighbors.vecs[0]
        >>> art_id = neighbors.indices[0]
        >>> structure.positions[art_id] -= 0.5*direction

        # Job creation
        >>> some_atomistic_job.structure = structure
        >>> art = ART(job_name='art')
        >>> art.ref_job = some_atomistic_job
        >>> art.input.art_id = art_id
        >>> art.input.direction = direction
        >>> some_minimizer.ref_job = art
        >>> some_minimizer.run()


    """
    def __init__(self, project, job_name):
        super(ART, self).__init__(project, job_name)
        self.__name__ = "ART"
        self.input = InputList(table_name='custom_dict')
        self.input.gamma = 0.1
        self.input.fix_layer = False
        self.input.non_art_id = None
        self.input.art_id = None
        self.input.direction = None
        self.output = ARTIntOutput(job=self)
        self.server.run_mode.interactive = True
        self._interactive_interface = None
        self._art = None

[docs]    def set_input_to_read_only(self):
        """
        This function enforces read-only mode for the input classes, but it has to be implement in the individual
        classes.
        """
        self.input.read_only = True


    @property
    def art(self):
        if self._art is None:
            self._art = ARTInteractive(
                art_id=self.input.art_id,
                direction=self.input.direction,
                gamma=self.input.gamma,
                fix_layer=self.input.fix_layer,
                non_art_id=self.input.non_art_id
            )
        return self._art

[docs]    def run_if_interactive(self):
        self._logger.debug('art status: ' + str(self.status))
        if not self.status.running:
            self.ref_job_initialize()
        self.status.running = True
        if self.ref_job.server.run_mode.interactive:
            self.ref_job.run()
        else:
            self.ref_job.run(run_again=True)
        self._logger.debug('art status: ' + str(self.status))


[docs]    def interactive_forces_getter(self):
        return self.art.get_forces(self.ref_job.output.forces[-1])


[docs]    def validate_ready_to_run(self):
        """
            check whether art_id and direction are set
        """
        if self.input.art_id is None or self.input.direction is None:
            raise AssertionError('art_id and/or direction not set')


[docs]    def interactive_close(self):
        self.status.collect = True
        if self.ref_job.server.run_mode.interactive:
            self.ref_job.interactive_close()
        self.status.finished = True




[docs]class ARTIntOutput(ReferenceJobOutput):
    def __init__(self, job):
        super(ARTIntOutput, self).__init__(job=job)

    @property
    def forces(self):
        return self._job.art.get_forces(self._job.ref_job.output.forces)
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  Source code for pyiron.interactive.scipy_minimizer

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from pyiron.atomistics.job.interactivewrapper import InteractiveWrapper
from pyiron_base import InputList
from pyiron.atomistics.job.interactive import GenericInteractiveOutput
from scipy.optimize import minimize
import scipy
import warnings

__author__ = "Osamu Waseda"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Osamu Waseda"
__email__ = "waseda@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2018"

GPa_to_eV_by_A3 = (
    1e21 / scipy.constants.physical_constants["joule-electron volt relationship"][0]
)


[docs]class ScipyMinimizer(InteractiveWrapper):
    """
    Structure optimization class based on Scipy minimizers.

    Example I:

    # Position optimization
    >>> pr = Project('position')
    >>> job = pr.create_job('SomeAtomisticJob', 'atomistic')
    >>> job.structure = pr.create_structure('Al', 'fcc', 4.)
    >>> # it works also in the static mode, but interactive is recommended
    >>> job.server.run_mode.interactive = True
    >>> minim = pr.create_job('ScipyMinimizer', 'scipy')
    >>> minim.ref_job = job
    >>> minim.run()

    Example II:

    # Volume optimization:
    >>> pr = Project('volume')
    >>> job = pr.create_job('SomeAtomisticJob', 'atomistic')
    >>> job.structure = pr.create_structure('Al', 'fcc', 4.)
    >>> # it works also in the static mode, but interactive is recommended
    >>> job.server.run_mode.interactive = True
    >>> minim = pr.create_job('ScipyMinimizer', 'scipy')
    >>> minim.ref_job = job
    >>> minim.calc_minimize(pressure=0, volume_only=True)
    >>> minim.run()

    By setting `volume_only`, positions are not updated, so that only the
    pressures are minimized.

    It is possible to optimize both the volume and the positions, but since
    changing the cell also changes the definition of coordinates, it is a
    mathematically ill-defined problem and therefore it might end up in a
    physically undefined state. For this reason, it is strongly recommended to
    launch several jobs using the Murnaghan class (cf. `Murnaghan`).

    In order to perform volume optimization, the child job must have
    3x3-pressure output.
    """
    def __init__(self, project, job_name):
        super(ScipyMinimizer, self).__init__(project, job_name)
        self.__name__ = "ScipyMinimizer"
        self._ref_job = None
        self.input = Input()
        self.output = ScipyMinimizerOutput(job=self)
        self.interactive_cache = {}
        self._delete_existing_job = True

[docs]    def set_input_to_read_only(self):
        """
        This function enforces read-only mode for the input classes, but it
        has to be implement in the individual classes.
        """
        super(ScipyMinimizer, self).set_input_to_read_only()
        self.input.read_only = True


[docs]    def write_input(self):
        pass


    def _initialize_structure(self):
        self._original_cell = self.ref_job.structure.cell.copy()
        self._current_strain = np.zeros(6)

[docs]    def run_static(self):
        self.ref_job_initialize()
        self._logger.debug("cg status: " + str(self.status))
        self._initialize_structure()
        if self.ref_job.server.run_mode.interactive:
            self._delete_existing_job = False
        self.ref_job.run(delete_existing_job=self._delete_existing_job)
        self.status.running = True
        if self.input.pressure is not None:
            x0 = np.zeros(sum(self.input.pressure!=None))
            if not self.input.volume_only:
                x0 = np.append(x0, self.ref_job.structure.get_scaled_positions().flatten())
        else:
            x0 = self.ref_job.structure.positions.flatten()
        self.output._result = minimize(
            method=self.input.minimizer,
            fun=self._get_value,
            x0=x0,
            jac=self._get_gradient,
            tol=1.0e-20,
            options={'maxiter': self.input.ionic_steps,
                     'return_all': True }
        )
        self.status.collect = True
        self.collect_output()
        if self.ref_job.server.run_mode.interactive:
            self.ref_job.interactive_close()
        if self["output/convergence"] > 0:
            self.status.finished = True
        else:
            self.status.not_converged = True


    @staticmethod
    def _tensor_to_voigt(s, strain=False):
        ss = 0.5*(s+s.T)
        ss = ss.flatten()[[0, 4, 8, 5, 2, 1]]
        if strain:
            ss[3:] *= 2
        return ss

    @staticmethod
    def _voigt_to_tensor(s, strain=False):
        ss = np.array(s).copy()
        if not strain:
            ss[:3] /= 2
        ss = np.array([[ss[0], ss[5], ss[4]], [0, ss[1], ss[3]], [0, 0, ss[2]]])
        ss += ss.T
        return ss

    def _update(self, x):
        rerun = False
        if self.input.pressure is not None:
            if not np.allclose(x[:len(self.input.pressure)], self._current_strain):
                if len(self.input.pressure)==1:
                    self._current_strain[:3] = x[0]
                else:
                    self._current_strain[self.input.pressure!=None] = x[:len(self.input.pressure)]
                cell = np.matmul(
                    self._voigt_to_tensor(self._current_strain, strain=True)+np.eye(3),
                    self._original_cell
                )
                self.ref_job.structure.set_cell(cell, scale_atoms=True)
                rerun = True
            if (not self.input.volume_only
                and not np.allclose(
                    x[len(self.input.pressure):], self.ref_job.structure.get_scaled_positions().flatten()
                )):
                self.ref_job.structure.set_scaled_positions(x[len(self.input.pressure):].reshape(-1, 3))
                rerun = True
        elif not np.allclose(x, self.ref_job.structure.positions.flatten()):
            self.ref_job.structure.positions = x.reshape(-1, 3)
            rerun = True
        if rerun:
            self.ref_job.run(delete_existing_job=self._delete_existing_job)

[docs]    def check_convergence(self):
        if self.input.ionic_energy_tolerance > 0:
            if len(self.ref_job.output.energy_pot) < 2:
                return False
            elif np.absolute(np.diff(self.ref_job.output.energy_pot)[-1]) > self.input.ionic_energy_tolerance:
                return False
            if self.input.ionic_force_tolerance==0:
                return True
        max_force = np.linalg.norm(self.ref_job.output.forces[-1], axis=-1).max()
        if self.input.pressure is None:
            if max_force > self.input.ionic_force_tolerance:
                return False
        elif self.input.volume_only:
            if np.absolute(self._get_pressure()-self.input.pressure).max() > self.input.pressure_tolerance:
                return False
        else:
            if max_force > self.input.ionic_force_tolerance:
                return False
            if np.absolute(self._get_pressure()-self.input.pressure).max() > self.input.pressure_tolerance:
                return False
        return True


    def _get_pressure(self):
        if len(self.input.pressure)==1:
            return [np.mean(np.diagonal(self.ref_job.output.pressures[-1]))]
        else:
            return self._tensor_to_voigt(self.ref_job.output.pressures[-1])[self.input.pressure!=None]

    def _get_gradient(self, x):
        self._update(x)
        prefactor = 1.0e-1
        if self.check_convergence():
            prefactor = 0
        if self.input.pressure is not None:
            pressure = -(
                self._get_pressure()-self.input.pressure
            )
            if self.input.volume_only:
                return pressure*prefactor
            else:
                return np.append(
                    pressure,
                    -np.einsum(
                        'ij,ni->nj',
                        np.linalg.inv(self.ref_job.structure.cell),
                        self.ref_job.output.forces[-1]
                    ).flatten()
                ).flatten()*prefactor
        else:
            return -self.ref_job.output.forces[-1].flatten()*prefactor

    def _get_value(self, x):
        self._update(x)
        return self.ref_job.output.energy_pot[-1]

[docs]    def collect_output(self):
        self.output.to_hdf(self._hdf5)


[docs]    def to_hdf(self, hdf=None, group_name=None):
        super(ScipyMinimizer, self).to_hdf(hdf=hdf, group_name=group_name)
        self.output.to_hdf(self._hdf5)


[docs]    def calc_minimize(
        self,
        max_iter=100,
        pressure=None,
        algorithm='CG',
        ionic_energy_tolerance=0,
        ionic_force_tolerance=1.0e-2,
        pressure_tolerance=1.0e-3,
        volume_only=False,
    ):
        """
        Args:
            algorithm (str): scipy algorithm (currently only 'CG' and 'BFGS' run reliably)
            pressure (float/list/numpy.ndarray): target pressures
            max_iter (int): maximum number of iterations
            ionic_energy_tolerance (float): convergence goal in terms of
                                  energy (optional)
            ionic_force_tolerance (float): convergence goal in terms of
                                  forces (optional)
            volume_only (bool): Only pressure minimization
        """
        if pressure is None and volume_only:
            raise ValueError('pressure must be specified if volume_only')
        if pressure is not None and not volume_only:
            warnings.warn(
                'Simultaneous optimization of pressures and positions is a'
                + ' mathematically ill posed problem - there is no guarantee'
                + ' that it converges to the desired structure'
            )
        if pressure is not None:
            pressure = np.array([pressure]).flatten()
            if len(pressure)==9:
                pressure = self._tensor_to_voigt(pressure.reshape(3,3))
            if len(pressure)==3:
                pressure = np.append(pressure, 3*[None])
        self.input.minimizer = algorithm
        self.input.ionic_steps = max_iter
        self.input.pressure = pressure
        self.input.volume_only = volume_only
        self.input.ionic_force_tolerance = ionic_force_tolerance
        self.input.ionic_energy_tolerance = ionic_energy_tolerance
        self.input.pressure_tolerance = pressure_tolerance




[docs]class Input(InputList):
    """
    Args:
        minimizer (str): minimizer to use (currently only 'CG' and 'BFGS' run
            reliably)
        ionic_steps (int): max number of steps
        ionic_force_tolerance (float): maximum force tolerance
    """

    def __init__(self, input_file_name=None, table_name="input"):
        self.minimizer = 'CG'
        self.ionic_steps = 100
        self.ionic_force_tolerance = 1.0e-2
        self.pressure = None
        self.volume_only = False
        self.ionic_energy_tolerance = 0
        self.pressure_tolerance = 1.0e-3



[docs]class ScipyMinimizerOutput(GenericInteractiveOutput):
    def __init__(self, job):
        super(ScipyMinimizerOutput, self).__init__(job=job)
        self._result = None

[docs]    def to_hdf(self, hdf, group_name="output"):
        if self._result is None:
            return
        with hdf.open(group_name) as hdf_output:
            hdf_output["convergence"] = self._result['success']
            if 'hess_inv' in self._result.keys():
                hdf_output["hessian"] = self._result['hess_inv']







            

          

      

      

    

  

  
    
    
    pyiron.interactive.sxextoptint
    

    
 
  

    
      
          
            
  Source code for pyiron.interactive.sxextoptint

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
import subprocess
import os
import time
import posixpath
import warnings
from pyiron_base import Settings, GenericParameters, Executable, deprecate
from pyiron.atomistics.job.interactivewrapper import (
    InteractiveWrapper,
    ReferenceJobOutput,
)
from pyiron.atomistics.job.interactive import InteractiveInterface
from pyiron.sphinx.base import InputWriter

__author__ = "Jan Janssen, Osamu Waseda"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2018"


s = Settings()


[docs]class SxExtOpt(InteractiveInterface):
    @deprecate(ionic_forces="Use ionic_force_tolerance",
               ionic_energy="use ionic_energy_tolerance")
    def __init__(
        self,
        structure,
        working_directory=None,
        maxDist=5,
        ionic_steps=1000,
        ionic_energy=None,
        ionic_forces=None,
        ionic_energy_tolerance=1.0e-3,
        ionic_force_tolerance=1.0e-2,
        max_step_length=1.0e-1,
        soft_mode_damping=1,
        executable=None,
        ssa=False,
    ):
        if ionic_forces is not None:
            ionic_force_tolerance = ionic_forces
        if ionic_energy is not None:
            ionic_energy_tolerance = ionic_energy
        super().__init__()
        self.__name__ = "SxExtOpt"
        if working_directory is None:
            warnings.warn("WARNING: working_directory not set; current folder is used")
            working_directory = os.getcwd()
        self._interactive_library = None
        self._interactive_library_read = None
        self.working_directory = working_directory
        if executable is None:
            executable = Executable(
                path_binary_codes=s.resource_paths,
                codename="SxExtOptInteractive",
                module=self.__module__.split(".")[1],
                overwrite_nt_flag=False,
            ).executable_path
        self._start_process(
            structure=structure,
            executable=executable,
            maxDist=maxDist,
            ionic_steps=ionic_steps,
            ionic_energy_tolerance=ionic_energy_tolerance,
            ionic_force_tolerance=ionic_force_tolerance,
            max_step_length=max_step_length,
            soft_mode_damping=soft_mode_damping,
            selective_dynamics="selective_dynamics" in structure._tag_list.keys(),
            ssa=ssa,
        )
        self._cell = structure.cell
        if ssa:
            self._elements = structure.get_parent_symbols()
        else:
            magmom = structure.get_initial_magnetic_moments()
            magmom[magmom!=None] = np.round(magmom[magmom!=None], decimals=1)
            magmom = np.char.mod('%s', magmom)
            self._elements = np.char.add(structure.get_parent_symbols(), magmom)
            self._elements = np.char.replace(self._elements, '-', 'm')
            self._elements = np.char.replace(self._elements, '.', 'p')
        self._positions = structure.positions
        self._converged = False

    def _start_process(
        self,
        structure,
        executable,
        maxDist=5,
        ionic_steps=1000,
        ionic_energy_tolerance=1.0e-3,
        ionic_force_tolerance=1.0e-2,
        max_step_length=1.0e-1,
        soft_mode_damping=1,
        selective_dynamics=False,
        ssa=False,
    ):
        if selective_dynamics:
            input_writer_obj = InputWriter()
            input_writer_obj.structure = structure
            if ssa:
                input_writer_obj.structure.set_initial_magnetic_moments(len(structure)*[None])
            input_writer_obj.write_structure(
                file_name="structure.sx",
                cwd=self.working_directory,
                structure_str=None,
                symmetry_enabled=True,
                keep_angstrom=True,
            )
        self._write_input(
            working_directory=self.working_directory,
            maxDist=maxDist,
            ionic_steps=ionic_steps,
            ionic_energy_tolerance=ionic_energy_tolerance,
            ionic_force_tolerance=ionic_force_tolerance,
            max_step_length=max_step_length,
            soft_mode_damping=soft_mode_damping,
            selective_dynamics=selective_dynamics,
        )

        shell = os.name == "nt"
        try:
            with open(
                posixpath.join(self.working_directory, "out.txt"), mode="w"
            ) as f_out:
                with open(
                    posixpath.join(self.working_directory, "error.txt"), mode="w"
                ) as f_err:
                    self._process = subprocess.Popen(
                        [executable],
                        cwd=self.working_directory,
                        shell=shell,
                        stdout=f_out,
                        stderr=f_err,
                        universal_newlines=True,
                    )
        except subprocess.CalledProcessError as e:
            raise ValueError("run_job.py crashed")
        while not self._interactive_pipes_initialized(self.working_directory):
            time.sleep(1)
        self._interactive_initialize_interface()

    @staticmethod
    def _write_input(
        working_directory,
        maxDist=5,
        ionic_steps=1000,
        ionic_energy_tolerance=1.0e-3,
        ionic_force_tolerance=1.0e-2,
        max_step_length=1.0e-1,
        soft_mode_damping=1,
        selective_dynamics=False,
    ):
        with open(os.path.join(working_directory, "optim.sx"), "w") as f:
            content = (
                "main { ricQN { ric { maxDist = %f; withAngles; } maxSteps = %i; dEnergy = %f; dF = %f; maxStepLength = %f; softModeDamping = %f;}}"
                % (
                    maxDist,
                    ionic_steps,
                    ionic_energy_tolerance,
                    ionic_force_tolerance,
                    max_step_length,
                    soft_mode_damping,
                )
            )
            if selective_dynamics:
                content += "structure { include <structure.sx>; }"
            f.write(content)

    @staticmethod
    def _interactive_pipes_initialized(working_directory):
        return os.path.exists(
            os.path.join(working_directory, "control")
        ) and os.path.exists(os.path.join(working_directory, "response"))

    def _interactive_write_line(self, line):
        self._interactive_library.write("%s\n" % line)
        self._interactive_library.flush()

    def _interactive_initialize_interface(self):
        self._interactive_library_read = open(
            os.path.join(self.working_directory, "control"), "r"
        )
        self._interactive_library = open(
            os.path.join(self.working_directory, "response"), "w"
        )

[docs]    def interactive_close(self):
        if self.interactive_is_activated():
            self._interactive_library.close()
            self._interactive_library_read.close()
            self._delete_named_pipes(working_directory=self.working_directory)


    @staticmethod 
    def _delete_named_pipes(working_directory):
        for file in ["control", "response"]:
            file_path = posixpath.join(working_directory, file)
            if os.path.exists(file_path):
                os.remove(file_path)

[docs]    def interactive_is_activated(self):
        if self._interactive_library is None:
            return False
        else:
            return True


    def _write_cell(self, cell):
        for c in cell:
            self._interactive_write_line("%.16f %.16f %.16f" % (c[0], c[1], c[2]))

    def _write_number_of_atoms(self, count):
        self._interactive_write_line("%s" % count)

    def _write_positions(self, positions, elements):
        for pos, el in zip(positions, elements):
            self._interactive_write_line(
                "%.16f %.16f %.16f %s" % (pos[0], pos[1], pos[2], str(el))
            )

    def _write_energy(self):
        self._interactive_write_line("0")

    def _write_forces(self, forces):
        for f in forces:
            self._interactive_write_line("%.16f %.16f %.16f" % (f[0], f[1], f[2]))

    def _read_positions(self, count):
        return [
            [float(c) for c in self._interactive_library_read.readline().split()]
            for _ in range(count)
        ]

[docs]    def set_forces(self, forces):
        line = self._interactive_library_read.readline().split()
        if len(line) == 0 or line[0] == "end":
            print("Ending calculation")
            self._converged = True
        elif line[0] == "get":
            if line[1] == "cell":
                self._write_cell(cell=self._cell)
            elif line[1] == "natoms":
                self._write_number_of_atoms(count=len(self._positions))
            elif line[1] == "positions":
                self._write_positions(
                    positions=self._positions, elements=self._elements
                )
            elif line[1] == "energy":
                self._write_energy()
            elif line[1] == "forces":
                self._write_forces(forces=forces)
            else:
                raise ValueError("Unknown command:", line)
            self.set_forces(forces)
        elif line[0] == "run":
            self.set_forces(forces)
        elif line[0] == "set":
            if line[1] == "positions":
                self._positions = np.array(self._read_positions(count=len(forces)))
            else:
                raise ValueError("Unknown command:", line)
        else:
            raise ValueError("Unknown command:", line)


[docs]    def get_positions(self):
        return self._positions


[docs]    def end(self):
        while not self.converged:
            self.set_forces(np.zeros_like(self._positions))


    @property
    def converged(self):
        return self._converged

    def __del__(self):
        self.end()
        if self.interactive_is_activated():
            self.interactive_close()
        else:
            self._delete_named_pipes(working_directory=self.working_directory)



[docs]class SxExtOptInteractive(InteractiveWrapper):
    def __init__(self, project, job_name):
        super(SxExtOptInteractive, self).__init__(project, job_name)
        self.__name__ = "SxExtOptInteractive"
        self.__version__ = (
            None
        )  # Reset the version number to the executable is set automatically
        self._executable_activate()
        self.input = Input()
        self.output = SxExtOptOutput(job=self)
        self._interactive_interface = None
        self._interactive_number_of_steps = 0

[docs]    def set_input_to_read_only(self):
        """
        This function enforces read-only mode for the input classes, but it has to be implement in the individual
        classes.
        """
        super(SxExtOptInteractive, self).set_input_to_read_only()
        self.input.read_only = True


[docs]    def write_input(self):
        pass


[docs]    def run_static(self):
        """
        The run if modal function is called by run to execute the simulation, while waiting for the output. For this we
        use subprocess.check_output()
        """
        self._create_working_directory()
        self._interactive_interface = SxExtOpt(
            structure=self.ref_job.structure,
            working_directory=self.working_directory,
            maxDist=int(self.input["maxDist"]),
            ionic_steps=int(self.input["ionic_steps"]),
            ionic_energy_tolerance=float(self.input["ionic_energy_tolerance"]),
            ionic_force_tolerance=float(self.input["ionic_force_tolerance"]),
            max_step_length=float(self.input["max_step_length"]),
            soft_mode_damping=float(self.input["soft_mode_damping"]),
            executable=self.executable.executable_path,
            ssa=self.input['ssa'],
        )
        self.status.running = True
        self._logger.info("job status: %s", self.status)
        new_positions = self.ref_job.structure.positions
        self.ref_job_initialize()
        while (
            self._interactive_number_of_steps < self.input["ionic_steps"]
            and not self._interactive_interface.converged
        ):
            str_temp = self.ref_job.structure
            str_temp.positions = new_positions
            self.ref_job.structure = str_temp
            if self.ref_job.server.run_mode.interactive:
                self._logger.debug("SxExtOpt: step start!")
                self.ref_job.run()
                self._logger.debug("SxExtOpt: step finished!")
            else:
                self.ref_job.run(delete_existing_job=True)
            self._interactive_interface.set_forces(forces=self.get_forces())
            new_positions = self._interactive_interface.get_positions()
            self._interactive_number_of_steps += 1
        self.status.collect = True
        if self.ref_job.server.run_mode.interactive:
            self.ref_job.interactive_close()
        self._interactive_interface.interactive_close()
        self.run()


[docs]    def get_forces(self):
        ff = np.array(self.ref_job.output.forces[-1])
        if hasattr(self.ref_job.structure, "selective_dynamics"):
            ff[np.array(self.ref_job.structure.selective_dynamics) == False] = 0
            return ff
        return ff


[docs]    def convergence_check(self):
        """
        Validate the convergence of the calculation.

        Returns:
             (bool): If the calculation is converged
        """
        if self._interactive_number_of_steps < self.input["ionic_steps"]:
            return True
        else:
            return False




[docs]class Input(GenericParameters):
    """
    class to control the generic input for a Sphinx calculation.

    Args:
        input_file_name (str): name of the input file
        table_name (str): name of the GenericParameters table
    """

    def __init__(self, input_file_name=None, table_name="input"):
        super(Input, self).__init__(
            input_file_name=input_file_name,
            table_name=table_name,
            comment_char="//",
            separator_char="=",
            end_value_char=";",
        )

[docs]    def load_default(self):
        """
        Loads the default file content
        """
        file_content = (
            "ionic_steps = 1000 // maximum number of ionic steps\n"
            "ionic_energy_tolerance = 1.0e-3\n"
            "ionic_force_tolerance = 1.0e-2\n"
            "maxDist = 5 // maximum possible distance for considering neighbors\n"
            "max_step_length = 1.0e-1 // maximum displacement at each step\n"
            "ssa = False // ignore different magnetic moment values when internal symmetries are considered\n"
            "soft_mode_damping = 1.0 // Tikhonov damper\n"
        )
        self.load_string(file_content)




[docs]class SxExtOptOutput(ReferenceJobOutput):
    def __init__(self, job):
        super(SxExtOptOutput, self).__init__(job=job)
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  Source code for pyiron.lammps.base

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function, unicode_literals
import os
import posixpath

import ast
import h5py
import numpy as np
import pandas as pd
import warnings
from io import StringIO

from pyiron.lammps.potential import LammpsPotentialFile, PotentialAvailable
from pyiron.atomistics.job.atomistic import AtomisticGenericJob
from pyiron_base import Settings, extract_data_from_file, deprecate
from pyiron.lammps.control import LammpsControl
from pyiron.lammps.potential import LammpsPotential
from pyiron.lammps.structure import LammpsStructure, UnfoldingPrism

__author__ = "Joerg Neugebauer, Sudarsan Surendralal, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH "
    "- Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


s = Settings()


[docs]class LammpsBase(AtomisticGenericJob):
    """
    Class to setup and run and analyze LAMMPS simulations which is a derivative of
    atomistics.job.generic.GenericJob. The functions in these modules are written in such the function names and
    attributes are very generic (get_structure(), molecular_dynamics(), version) but the functions are written to handle
    LAMMPS specific input/output.

    Args:
        project (pyiron.project.Project instance):  Specifies the project path among other attributes
        job_name (str): Name of the job

    Attributes:
        input (lammps.Input instance): Instance which handles the input
    """

    def __init__(self, project, job_name):
        super(LammpsBase, self).__init__(project, job_name)
        self.input = Input()
        self._cutoff_radius = None
        self._is_continuation = None
        self._compress_by_default = True
        self._prism = None
        s.publication_add(self.publication)

    @property
    def bond_dict(self):
        """
        A dictionary which defines the nature of LAMMPS bonds that are to be drawn between atoms. To set the values, use
        the function `define_bonds`.

        Returns:
            dict: Dictionary of the bond properties for every species

        """
        return self.input.bond_dict

[docs]    def define_bonds(self, species, element_list, cutoff_list, max_bond_list, bond_type_list, angle_type_list=None):
        """
        Define the nature of bonds between different species. Make sure that the bonds between two species are defined
        only once (no double counting).

        Args:
            species (str): Species for which the bonds are to be drawn (e.g. O, H, C ..)
            element_list (list): List of species to which the bonds are to be made (e.g. O, H, C, ..)
            cutoff_list (list): Draw bonds only for atoms within this cutoff distance
            max_bond_list (list): Maximum number of bonds drawn from each molecule
            bond_type_list (list): Type of the bond as defined in the LAMMPS potential file
            angle_type_list (list): Type of the angle as defined in the LAMMPS potential file

        Example:
            The command below defined bonds between O and H atoms within a cutoff raduis of 2 $\AA$ with the bond and
            angle types 1 defined in the potential file used

            >> job_lammps.define_bonds(species="O", element_list-["H"], cutoff_list=[2.0], bond_type_list=[1],
            angle_type_list=[1])

        """
        if isinstance(species, str):
            if len(element_list) == len(cutoff_list) == bond_type_list == max_bond_list:
                self.input.bond_dict[species] = dict()
                self.input.bond_dict[species]["element_list"] = element_list
                self.input.bond_dict[species]["cutoff_list"] = cutoff_list
                self.input.bond_dict[species]["bond_type_list"] = bond_type_list
                self.input.bond_dict[species]["max_bond_list"] = max_bond_list
                if angle_type_list is not None:
                    self.input.bond_dict[species]["angle_type_list"] = angle_type_list
                else:
                    self.input.bond_dict[species]["angle_type_list"] = [None]
            else:
                raise ValueError("The element list, cutoff list, max bond list, and the bond type list"
                                 " must have the same length")


    @property
    def cutoff_radius(self):
        """

        Returns:

        """
        return self._cutoff_radius

    @cutoff_radius.setter
    def cutoff_radius(self, cutoff):
        """

        Args:
            cutoff:

        Returns:

        """
        self._cutoff_radius = cutoff

    @property
    def potential(self):
        """
        Execute view_potential() or list_potential() in order to see the pre-defined potential files

        Returns:

        """
        return self.input.potential.df

    @potential.setter
    def potential(self, potential_filename):
        """
        Execute view_potential() or list_potential() in order to see the pre-defined potential files

        Args:
            potential_filename:

        Returns:

        """
        stringtypes = str
        if isinstance(potential_filename, stringtypes):
            if ".lmp" in potential_filename:
                potential_filename = potential_filename.split(".lmp")[0]
            potential_db = LammpsPotentialFile()
            potential = potential_db.find_by_name(potential_filename)
        elif isinstance(potential_filename, pd.DataFrame):
            potential = potential_filename
        else:
            raise TypeError("Potentials have to be strings or pandas dataframes.")
        if self.structure:
            structure_elements = self.structure.get_species_symbols()
            potential_elements = list(potential["Species"])[0]
            if not set(structure_elements).issubset(potential_elements):
                raise ValueError("Potential {} does not support elements "
                                 "in structure {}.".format(
                                     potential_elements,
                                     structure_elements
                                ))
        self.input.potential.df = potential
        if "Citations" in potential.columns.values:
            pot_pub_dict = {}
            for p in ast.literal_eval(potential["Citations"].values[0]):
                for k in p.keys():
                    pot_pub_dict[k] = p[k]
            s.publication_add({"lammps_potential": pot_pub_dict})
        for val in ["units", "atom_style", "dimension"]:
            v = self.input.potential[val]
            if v is not None:
                self.input.control[val] = v
                if val == "units" and v != "metal":
                    warnings.warn(
                        "WARNING: Non-'metal' units are not fully supported. Your calculation should run OK, but "
                        "results may not be saved in pyiron units."
                    )
        self.input.potential.remove_structure_block()

    @property
    def potential_available(self):
        return PotentialAvailable(list_of_potentials=self.potential_list)

    @property
    def potential_list(self):
        """
        List of interatomic potentials suitable for the current atomic structure.

        use self.potentials_view() to get more details.

        Returns:
            list: potential names
        """

        return self.list_potentials()

    @property
    def potential_view(self):
        """
        List all interatomic potentials for the current atomistic sturcture including all potential parameters.

        To quickly get only the names of the potentials you can use: self.potentials_list()

        Returns:
            pandas.Dataframe: Dataframe including all potential parameters.
        """
        return self.view_potentials()

[docs]    def set_input_to_read_only(self):
        """
        This function enforces read-only mode for the input classes, but it has to be implement in the individual
        classes.
        """
        super(LammpsBase, self).set_input_to_read_only()
        self.input.control.read_only = True
        self.input.potential.read_only = True


[docs]    def validate_ready_to_run(self):
        """
        Validating input parameters before LAMMPS run
        """
        super(LammpsBase, self).validate_ready_to_run()
        if self.potential is None:
            lst_of_potentials = self.list_potentials()
            if len(lst_of_potentials) > 0:
                self.potential = lst_of_potentials[0]
                warnings.warn("No potential set via job.potential - use default potential, " + lst_of_potentials[0])
            else:
                raise ValueError(
                    "This job does not contain a valid potential: {}".format(self.job_name)
                )
        scaled_positions = self.structure.get_scaled_positions(wrap=False)
        # Check if atoms located outside of non periodic box
        conditions = [(np.min(scaled_positions[:, i]) < 0.0 or
                       np.max(scaled_positions[:, i]) > 1.0) and not self.structure.pbc[i] for i in range(3)]
        if any(conditions):
            raise ValueError("You have atoms located outside the non-periodic boundaries "
                             "of the defined simulation box")


[docs]    def get_potentials_for_structure(self):
        """

        Returns:

        """
        return self.list_potentials()


[docs]    @deprecate("use get_structure() instead")
    def get_final_structure(self):
        """

        Returns:

        """
        return self.get_structure(iteration_step=-1)


[docs]    def view_potentials(self):
        """
        List all interatomic potentials for the current atomistic sturcture including all potential parameters.

        To quickly get only the names of the potentials you can use: self.potentials_list()

        Returns:
            pandas.Dataframe: Dataframe including all potential parameters.
        """
        from pyiron.lammps.potential import LammpsPotentialFile

        if not self.structure:
            raise ValueError("No structure set.")
        list_of_elements = set(self.structure.get_chemical_symbols())
        list_of_potentials = LammpsPotentialFile().find(list_of_elements)
        if list_of_potentials is not None:
            return list_of_potentials
        else:
            raise TypeError(
                "No potentials found for this kind of structure: ",
                str(list_of_elements),
            )


[docs]    def list_potentials(self):
        """
        List of interatomic potentials suitable for the current atomic structure.

        use self.potentials_view() to get more details.

        Returns:
            list: potential names
        """
        return list(self.view_potentials()["Name"].values)


[docs]    def enable_h5md(self):
        """

        Returns:

        """
        del self.input.control["dump_modify___1"]
        del self.input.control["dump___1"]
        self.input.control[
            "dump___1"
        ] = "all h5md ${dumptime} dump.h5 position force create_group yes"


[docs]    def write_input(self):
        """
        Call routines that generate the code specific input files

        Returns:

        """
        if self.structure is None:
            raise ValueError("Input structure not set. Use method set_structure()")
        lmp_structure = self._get_lammps_structure(
            structure=self.structure, cutoff_radius=self.cutoff_radius
        )
        lmp_structure.write_file(file_name="structure.inp", cwd=self.working_directory)
        version_int_lst = self._get_executable_version_number()
        update_input_hdf5 = False
        if (
            version_int_lst is not None
            and "dump_modify" in self.input.control._dataset["Parameter"]
            and (
                version_int_lst[0] < 2016
                or (version_int_lst[0] == 2016 and version_int_lst[1] < 11)
            )
        ):
            self.input.control["dump_modify"] = self.input.control[
                "dump_modify"
            ].replace(" line ", " ")
            update_input_hdf5 = True
        if not all(self.structure.pbc):
            self.input.control["boundary"] = " ".join(
                ["p" if coord else "f" for coord in self.structure.pbc]
            )
            update_input_hdf5 = True
        self._set_selective_dynamics()
        if update_input_hdf5:
            self.input.to_hdf(self._hdf5)
        self.input.control.write_file(
            file_name="control.inp", cwd=self.working_directory
        )
        self.input.potential.write_file(
            file_name="potential.inp", cwd=self.working_directory
        )
        self.input.potential.copy_pot_files(self.working_directory)


    def _get_executable_version_number(self):
        """
        Get the version of the executable

        Returns:
            list: List of integers defining the version number
        """
        if self.executable.version:
            return [
                l
                for l in [
                    [int(i) for i in sv.split(".") if i.isdigit()]
                    for sv in self.executable.version.split("/")[-1].split("_")
                ]
                if len(l) > 0
            ][0]
        else:
            return None

    @property
    def publication(self):
        return {
            "lammps": {
                "lammps": {
                    "title": "Fast Parallel Algorithms for Short-Range Molecular Dynamics",
                    "journal": "Journal of Computational Physics",
                    "volume": "117",
                    "number": "1",
                    "pages": "1-19",
                    "year": "1995",
                    "issn": "0021-9991",
                    "doi": "10.1006/jcph.1995.1039",
                    "url": "http://www.sciencedirect.com/science/article/pii/S002199918571039X",
                    "author": ["Steve Plimpton"],
                }
            }
        }

[docs]    def collect_output(self):
        """

        Returns:

        """
        self.input.from_hdf(self._hdf5)
        if os.path.isfile(
            self.job_file_name(file_name="dump.h5", cwd=self.working_directory)
        ):
            self.collect_h5md_file(file_name="dump.h5", cwd=self.working_directory)
        else:
            self.collect_dump_file(file_name="dump.out", cwd=self.working_directory)
        self.collect_output_log(file_name="log.lammps", cwd=self.working_directory)
        if len(self.output.cells) > 0:
            final_structure = self.get_structure(iteration_step=-1)
            if final_structure is not None:
                with self.project_hdf5.open("output") as hdf_output:
                    final_structure.to_hdf(hdf_output)


[docs]    def convergence_check(self):
        if self._generic_input["calc_mode"] == "minimize":
            if (
                self._generic_input["max_iter"] + 1
                <= len(self["output/generic/energy_tot"])
                or len(
                    [l for l in self["log.lammps"] if "linesearch alpha is zero" in l]
                )
                != 0
            ):
                return False
            else:
                return True
        else:
            return True


[docs]    def collect_logfiles(self):
        """

        Returns:

        """
        return


    # TODO: make rotation of all vectors back to the original as in self.collect_dump_file
[docs]    def collect_h5md_file(self, file_name="dump.h5", cwd=None):
        """

        Args:
            file_name:
            cwd:

        Returns:

        """
        prism = UnfoldingPrism(self.structure.cell, digits=15)
        if np.matrix.trace(prism.R) != 3:
            raise RuntimeError("The Lammps output will not be mapped back to pyiron correctly.")
        file_name = self.job_file_name(file_name=file_name, cwd=cwd)
        with h5py.File(file_name, mode="r", libver="latest", swmr=True) as h5md:
            positions = [
                pos_i.tolist() for pos_i in h5md["/particles/all/position/value"]
            ]
            steps = [steps_i.tolist() for steps_i in h5md["/particles/all/position/step"]]
            forces = [for_i.tolist() for for_i in h5md["/particles/all/force/value"]]
            # following the explanation at: http://nongnu.org/h5md/h5md.html
            cell = [
                np.eye(3) * np.array(cell_i.tolist())
                for cell_i in h5md["/particles/all/box/edges/value"]
            ]
            indices = [indices_i.tolist() for indices_i in h5md["/particles/all/indices/value"]]
        with self.project_hdf5.open("output/generic") as h5_file:
            h5_file["forces"] = np.array(forces)
            h5_file["positions"] = np.array(positions)
            h5_file["steps"] = np.array(steps)
            h5_file["cells"] = cell
            h5_file["indices"] = self.remap_indices(indices)


[docs]    def remap_indices(self, lammps_indices):
        """
        Give the Lammps-dumped indices, re-maps these back onto the structure's indices to preserve the species.

        The issue is that for an N-element potential, Lammps dumps the chemical index from 1 to N based on the order
        that these species are written in the Lammps input file. But the indices for a given structure are based on the
        order in which chemical species were added to that structure, and run from 0 up to the number of species
        currently in that structure. Therefore we need to be a little careful with mapping.

        Args:
            indices (numpy.ndarray/list): The Lammps-dumped integers.

        Returns:
            numpy.ndarray: Those integers mapped onto the structure.
        """
        lammps_symbol_order = np.array(self.input.potential.get_element_lst())

        # If new Lammps indices are present for which we have no species, extend the species list
        unique_lammps_indices = np.unique(lammps_indices)
        if len(unique_lammps_indices) > len(np.unique(self.structure.indices)):
            unique_lammps_indices -= 1  # Convert from Lammps start counting at 1 to python start counting at 0
            new_lammps_symbols = lammps_symbol_order[unique_lammps_indices]
            self.structure.set_species([self.structure.convert_element(el) for el in new_lammps_symbols])

        # Create a map between the lammps indices and structure indices to preserve species
        structure_symbol_order = np.array([el.Abbreviation for el in self.structure.species])
        map_ = np.array([int(np.argwhere(lammps_symbol_order == symbol)[0]) + 1 for symbol in structure_symbol_order])

        structure_indices = np.array(lammps_indices)
        for i_struct, i_lammps in enumerate(map_):
            np.place(structure_indices, lammps_indices == i_lammps, i_struct)
        # TODO: Vectorize this for-loop for computational efficiency

        return structure_indices


[docs]    def collect_errors(self, file_name, cwd=None):
        """

        Args:
            file_name:
            cwd:

        Returns:

        """
        file_name = self.job_file_name(file_name=file_name, cwd=cwd)
        error = extract_data_from_file(file_name, tag="ERROR", num_args=1000)
        if len(error) > 0:
            error = " ".join(error[0])
            raise RuntimeError("Run time error occurred: " + str(error))
        else:
            return True


[docs]    def collect_output_log(self, file_name="log.lammps", cwd=None):
        """
        general purpose routine to extract static from a lammps log file

        Args:
            file_name:
            cwd:

        Returns:

        """
        self.collect_errors(file_name=file_name, cwd=cwd)
        file_name = self.job_file_name(file_name=file_name, cwd=cwd)
        if os.path.exists(file_name):
            with open(file_name, "r") as f:
                f = f.readlines()
                l_start = np.where([line.startswith("Step") for line in f])[0]
                l_end = np.where([line.startswith("Loop") for line in f])[0]
                if len(l_start) > len(l_end):
                    l_end = np.append(l_end, [None])
                df = [
                    pd.read_csv(
                        StringIO("\n".join(f[llst:llen])), delim_whitespace=True
                    )
                    for llst, llen in zip(l_start, l_end)
                ]
            if len(df) == 1:
                df = df[-1]
            else:
                df = pd.concat(df)

            h5_dict = {
                "Step": "steps",
                "Temp": "temperature",
                "PotEng": "energy_pot",
                "TotEng": "energy_tot",
                "Volume": "volume",
            }

            for key in df.columns[df.columns.str.startswith('f_mean')]:
                h5_dict[key] = key.replace('f_', '')

            df = df.rename(index=str, columns=h5_dict)
            if all([x in df.columns.values for x in ["Pxx", "Pxy", "Pxz", "Pxy", "Pyy", "Pyz", "Pxz", "Pyz", "Pzz"]]):
                pressures = np.stack(
                    (df.Pxx, df.Pxy, df.Pxz, df.Pxy, df.Pyy, df.Pyz, df.Pxz, df.Pyz, df.Pzz),
                    axis=-1,
                ).reshape(-1, 3, 3).astype('float64')
                pressures *= 0.0001  # bar -> GPa

                # Rotate pressures from Lammps frame to pyiron frame if necessary
                rotation_matrix = self._prism.R.T
                if np.matrix.trace(rotation_matrix) != 3:
                    pressures = rotation_matrix.T @ pressures @ rotation_matrix

                df = df.drop(
                    columns=df.columns[
                        ((df.columns.str.len() == 3) & df.columns.str.startswith("P"))
                    ]
                )
                df["pressures"] = pressures.tolist()
            else:
                warnings.warn("LAMMPS warning: log.lammps does not contain the required pressure values.")
            if 'mean_pressure[1]' in df.columns:
                pressures = np.stack(
                    (df['mean_pressure[1]'], df['mean_pressure[4]'], df['mean_pressure[5]'],
                     df['mean_pressure[4]'], df['mean_pressure[2]'], df['mean_pressure[6]'],
                     df['mean_pressure[5]'], df['mean_pressure[6]'], df['mean_pressure[3]']),
                    axis=-1,
                ).reshape(-1, 3, 3).astype('float64')
                pressures *= 0.0001  # bar -> GPa
                if np.matrix.trace(rotation_matrix) != 3:
                    pressures = rotation_matrix.T @ pressures @ rotation_matrix
                df = df.drop(
                    columns=df.columns[
                        (df.columns.str.startswith("mean_pressure") & df.columns.str.endswith(']'))
                    ]
                )
                df["mean_pressures"] = pressures.tolist()

            with self.project_hdf5.open("output/generic") as hdf_output:
                # This is a hack for backward comparability
                for k, v in df.items():
                    hdf_output[k] = np.array(v)
        else:
            warnings.warn("LAMMPS warning: No log.lammps output file found.")


[docs]    def calc_minimize(
            self,
            ionic_energy_tolerance=0.0,
            ionic_force_tolerance=1e-4,
            e_tol=None,
            f_tol=None,
            max_iter=1000000,
            pressure=None,
            n_print=100,
            style='cg'
    ):
        rotation_matrix = self._get_rotation_matrix(pressure=pressure)
        # Docstring set programmatically -- Ensure that changes to signature or defaults stay consistent!
        if e_tol is not None:
            ionic_energy_tolerance = e_tol
        if f_tol is not None:
            ionic_force_tolerance = f_tol
        super(LammpsBase, self).calc_minimize(
            ionic_energy_tolerance=ionic_energy_tolerance,
            ionic_force_tolerance=ionic_force_tolerance,
            e_tol=e_tol,
            f_tol=f_tol,
            max_iter=max_iter,
            pressure=pressure,
            n_print=n_print,
        )
        self.input.control.calc_minimize(
            ionic_energy_tolerance=ionic_energy_tolerance,
            ionic_force_tolerance=ionic_force_tolerance,
            max_iter=max_iter,
            pressure=pressure,
            n_print=n_print,
            style=style,
            rotation_matrix=rotation_matrix
        )

    calc_minimize.__doc__ = LammpsControl.calc_minimize.__doc__

[docs]    def calc_static(self):
        """

        Returns:

        """
        super(LammpsBase, self).calc_static()
        self.input.control.calc_static()


[docs]    def calc_md(
        self,
        temperature=None,
        pressure=None,
        n_ionic_steps=1000,
        time_step=1.0,
        n_print=100,
        temperature_damping_timescale=100.0,
        pressure_damping_timescale=1000.0,
        seed=None,
        tloop=None,
        initial_temperature=None,
        langevin=False,
        delta_temp=None,
        delta_press=None,
    ):
        # Docstring set programmatically -- Ensure that changes to signature or defaults stay consistent!
        if self.server.run_mode.interactive_non_modal:
            warnings.warn(
                "calc_md() is not implemented for the non modal interactive mode use calc_static()!"
            )
        rotation_matrix = self._get_rotation_matrix(pressure=pressure)
        super(LammpsBase, self).calc_md(
            temperature=temperature,
            pressure=pressure,
            n_ionic_steps=n_ionic_steps,
            time_step=time_step,
            n_print=n_print,
            temperature_damping_timescale=temperature_damping_timescale,
            pressure_damping_timescale=pressure_damping_timescale,
            seed=seed,
            tloop=tloop,
            initial_temperature=initial_temperature,
            langevin=langevin,
        )
        self.input.control.calc_md(
            temperature=temperature,
            pressure=pressure,
            n_ionic_steps=n_ionic_steps,
            time_step=time_step,
            n_print=n_print,
            temperature_damping_timescale=temperature_damping_timescale,
            pressure_damping_timescale=pressure_damping_timescale,
            seed=seed,
            tloop=tloop,
            initial_temperature=initial_temperature,
            langevin=langevin,
            delta_temp=delta_temp,
            delta_press=delta_press,
            job_name=self.job_name,
            rotation_matrix=rotation_matrix
        )

    calc_md.__doc__ = LammpsControl.calc_md.__doc__

[docs]    def calc_vcsgc(
        self,
        mu=None,
        target_concentration=None,
        kappa=1000.,
        mc_step_interval=100,
        swap_fraction=0.1,
        temperature_mc=None,
        window_size=None,
        window_moves=None,
        temperature=None,
        pressure=None,
        n_ionic_steps=1000,
        time_step=1.0,
        n_print=100,
        temperature_damping_timescale=100.0,
        pressure_damping_timescale=1000.0,
        seed=None,
        initial_temperature=None,
        langevin=False
    ):
        """
        Run variance-constrained semi-grand-canonical MD/MC for a binary system. In addition to VC-SGC arguments, all
        arguments for a regular MD calculation are also accepted.

        https://vcsgc-lammps.materialsmodeling.org

        Note:
            For easy visualization later (with `get_structure`), it is highly recommended that the initial structure
            contain at least one atom of each species.

        Warning:
            - The fix does not yet support non-orthogonal simulation boxes; using one will give a runtime error.

        Args:
            mu (dict): A dictionary of chemical potentials, one for each element the potential treats, where the
                dictionary keys are just the chemical symbol. Note that only the *relative* chemical potentials are used
                here, such that the swap acceptance probability is influenced by the chemical potential difference
                between the two species (a more negative value increases the odds of swapping *to* that element.)
                (Default is None, all elements have the same chemical potential.)
            target_concentration: A dictionary of target simulation domain concentrations for each species *in the
                potential*. Dictionary keys should be the chemical symbol of the corresponding species, and the sum of
                all concentrations must be 1. (Default is None, which runs regular semi-grand-canonical MD/MC without
                any variance constraint.)
            kappa: Variance constraint for the MC. Larger value means a tighter adherence to the target concentrations.
                (Default is 1000.)
            mc_step_interval (int): How many steps of MD between each set of MC moves. (Default is 100.) Must divide the
                number of ionic steps evenly.
            swap_fraction (float): The fraction of atoms whose species is swapped at each MC phase. (Default is 0.1.)
            temperature_mc (float): The temperature for accepting MC steps. (Default is None, which uses the MD
                temperature.)
            window_size (float): The size of the sampling window for parallel calculations as a fraction of something
                unspecified in the VC-SGC docs, but it must lie between 0.5 and 1. (Default is None, window is
                determined automatically.)
            window_moves (int): The number of times the sampling window is moved during one MC cycle. (Default is None,
                number of moves is determined automatically.)
        """
        rotation_matrix = self._get_rotation_matrix(pressure=pressure)
        if mu is None:
            mu = {}
            for el in self.input.potential.get_element_lst():
                mu[el] = 0.

        self._generic_input["calc_mode"] = "vcsgc"
        self._generic_input["temperature"] = temperature
        self._generic_input["n_ionic_steps"] = n_ionic_steps
        self._generic_input["n_print"] = n_print
        self._generic_input.remove_keys(["max_iter"])
        self.input.control.calc_vcsgc(
            mu=mu,
            ordered_element_list=self.input.potential.get_element_lst(),
            target_concentration=target_concentration,
            kappa=kappa,
            mc_step_interval=mc_step_interval,
            swap_fraction=swap_fraction,
            temperature_mc=temperature_mc,
            window_size=window_size,
            window_moves=window_moves,
            temperature=temperature,
            pressure=pressure,
            n_ionic_steps=n_ionic_steps,
            time_step=time_step,
            n_print=n_print,
            temperature_damping_timescale=temperature_damping_timescale,
            pressure_damping_timescale=pressure_damping_timescale,
            seed=seed,
            initial_temperature=initial_temperature,
            langevin=langevin,
            job_name=self.job_name,
            rotation_matrix=rotation_matrix
        )


    # define hdf5 input and output
[docs]    def to_hdf(self, hdf=None, group_name=None):
        """

        Args:
            hdf:
            group_name:

        Returns:

        """
        super(LammpsBase, self).to_hdf(hdf=hdf, group_name=group_name)
        self._structure_to_hdf()
        self.input.to_hdf(self._hdf5)


[docs]    def from_hdf(self, hdf=None, group_name=None):  # TODO: group_name should be removed
        """

        Args:
            hdf:
            group_name:

        Returns:

        """
        super(LammpsBase, self).from_hdf(hdf=hdf, group_name=group_name)
        self._structure_from_hdf()
        self.input.from_hdf(self._hdf5)


[docs]    def write_restart_file(self, filename="restart.out"):
        """

        Args:
            filename:

        Returns:

        """
        self.input.control.modify(write_restart=filename, append_if_not_present=True)


[docs]    def compress(self, files_to_compress=None):
        """
        Compress the output files of a job object.

        Args:
            files_to_compress (list):
        """
        if files_to_compress is None:
            files_to_compress = [
                f for f in list(self.list_files()) if f not in ["restart.out"]
            ]
        super(LammpsBase, self).compress(files_to_compress=files_to_compress)


[docs]    def read_restart_file(self, filename="restart.out"):
        """

        Args:
            filename:

        Returns:

        """
        self._is_continuation = True
        self.input.control.set(read_restart=filename)
        self.input.control["reset_timestep"] = 0
        self.input.control.remove_keys(
            ["dimension", "read_data", "boundary", "atom_style", "velocity"]
        )


[docs]    def collect_dump_file(self, file_name="dump.out", cwd=None):
        """
        general purpose routine to extract static from a lammps dump file

        Args:
            file_name:
            cwd:

        Returns:

        """
        file_name = self.job_file_name(file_name=file_name, cwd=cwd)
        if os.path.exists(file_name):
            output = {}
            with open(file_name, "r") as ff:
                dump = ff.readlines()

            steps = np.genfromtxt(
                [
                    dump[nn]
                    for nn in np.where([ll.startswith("ITEM: TIMESTEP") for ll in dump])[0]
                    + 1
                ],
                dtype=int,
            )
            steps = np.array([steps]).flatten()
            output["steps"] = steps

            natoms = np.genfromtxt(
                [
                    dump[nn]
                    for nn in np.where(
                        [ll.startswith("ITEM: NUMBER OF ATOMS") for ll in dump]
                    )[0]
                    + 1
                ],
                dtype=int,
            )
            natoms = np.array([natoms]).flatten()

            prism = self._prism
            rotation_lammps2orig = self._prism.R.T
            cells = np.genfromtxt(
                " ".join(
                    (
                        [
                            " ".join(dump[nn:nn + 3])
                            for nn in np.where(
                                [ll.startswith("ITEM: BOX BOUNDS") for ll in dump]
                            )[0]
                            + 1
                        ]
                    )
                ).split()
            ).reshape(len(natoms), -1)
            lammps_cells = np.array([to_amat(cc) for cc in cells])
            unfolded_cells = np.array([prism.unfold_cell(cell) for cell in lammps_cells])
            output["cells"] = unfolded_cells


            l_start = np.where([ll.startswith("ITEM: ATOMS") for ll in dump])[0]
            l_end = l_start + natoms + 1
            content = [
                pd.read_csv(
                    StringIO("\n".join(dump[llst:llen]).replace("ITEM: ATOMS ", "")),
                    delim_whitespace=True,
                )
                for llst, llen in zip(l_start, l_end)
            ]

            indices = np.array([cc["type"] for cc in content], dtype=int)
            output["indices"] = self.remap_indices(indices)

            forces = np.array(
                [np.stack((cc["fx"], cc["fy"], cc["fz"]), axis=-1) for cc in content]
            )
            output["forces"] = np.matmul(forces, rotation_lammps2orig)

            if 'f_mean_forces[1]' in content[0].keys():
                forces = np.array(
                    [np.stack((cc["f_mean_forces[1]"],
                               cc["f_mean_forces[2]"],
                               cc["f_mean_forces[3]"]),
                              axis=-1) for cc in content]
                )
                output["mean_forces"] = np.matmul(forces, rotation_lammps2orig)

            if np.all([flag in content[0].columns.values for flag in ["vx", "vy", "vz"]]):
                velocities = np.array(
                    [np.stack((cc["vx"], cc["vy"], cc["vz"]), axis=-1) for cc in content]
                )
                output["velocities"] = np.matmul(velocities, rotation_lammps2orig)

            if 'f_mean_velocities[1]' in content[0].keys():
                velocities = np.array(
                    [np.stack((cc["f_mean_velocities[1]"],
                               cc["f_mean_velocities[2]"],
                               cc["f_mean_velocities[3]"]),
                              axis=-1) for cc in content]
                )
                output["mean_velocities"] = np.matmul(velocities, rotation_lammps2orig)
            direct_unwrapped_positions = np.array(
                [np.stack((cc["xsu"], cc["ysu"], cc["zsu"]), axis=-1) for cc in content]
            )
            unwrapped_positions = np.matmul(direct_unwrapped_positions, lammps_cells)
            output["unwrapped_positions"] = np.matmul(unwrapped_positions, rotation_lammps2orig)
            if 'f_mean_positions[1]' in content[0].keys():
                direct_unwrapped_positions = np.array(
                    [np.stack((cc["f_mean_positions[1]"],
                               cc["f_mean_positions[2]"],
                               cc["f_mean_positions[3]"]),
                              axis=-1) for cc in content]
                )
                unwrapped_positions = np.matmul(direct_unwrapped_positions, lammps_cells)
                output["mean_unwrapped_positions"] = np.matmul(unwrapped_positions, rotation_lammps2orig)

            direct_positions = direct_unwrapped_positions - np.floor(direct_unwrapped_positions)
            positions = np.matmul(direct_positions, lammps_cells)
            output["positions"] = np.matmul(positions, rotation_lammps2orig)

            keys = content[0].keys()
            for kk in keys[keys.str.startswith('c_')]:
                output[kk.replace('c_', '')] = np.array([cc[kk] for cc in content], dtype=float)

            with self.project_hdf5.open("output/generic") as hdf_output:
                for k, v in output.items():
                    hdf_output[k] = v
        else:
            warnings.warn("LAMMPS warning: No dump.out output file found.")


    # Outdated functions:
[docs]    def set_potential(self, file_name):
        """

        Args:
            file_name:

        Returns:

        """
        print("This function is outdated use the potential setter instead!")
        self.potential = file_name


[docs]    def next(self, job_name=None, job_type=None):
        """
        Restart a new job created from an existing Lammps calculation.
        Args:
            project (pyiron.project.Project instance): Project instance at which the new job should be created
            job_name (str): Job name
            job_type (str): Job type. If not specified a Lammps job type is assumed

        Returns:
            new_ham (lammps.lammps.Lammps instance): New job
        """
        return super(LammpsBase, self).restart(
            job_name=job_name, job_type=job_type
        )


[docs]    def restart(self, job_name=None, job_type=None):
        """
        Restart a new job created from an existing Lammps calculation.
        Args:
            project (pyiron.project.Project instance): Project instance at which the new job should be created
            job_name (str): Job name
            job_type (str): Job type. If not specified a Lammps job type is assumed

        Returns:
            new_ham (lammps.lammps.Lammps instance): New job
        """
        new_ham = super(LammpsBase, self).restart(
            job_name=job_name, job_type=job_type
        )
        if new_ham.__name__ == self.__name__:
            new_ham.potential = self.potential
            if os.path.isfile(os.path.join(self.working_directory, "restart.out")):
                new_ham.read_restart_file(filename="restart.out")
                new_ham.restart_file_list.append(
                    posixpath.join(self.working_directory, "restart.out")
                )
        return new_ham


    def _get_lammps_structure(self, structure=None, cutoff_radius=None):
        lmp_structure = LammpsStructure(bond_dict=self.input.bond_dict)
        lmp_structure.potential = self.input.potential
        lmp_structure.atom_type = self.input.control["atom_style"]
        if cutoff_radius is not None:
            lmp_structure.cutoff_radius = cutoff_radius
        else:
            lmp_structure.cutoff_radius = self.cutoff_radius
        lmp_structure.el_eam_lst = self.input.potential.get_element_lst()

        def structure_to_lammps(structure):
            """
            Converts a structure to the Lammps coordinate frame

            Args:
                structure (pyiron.atomistics.structure.atoms.Atoms): Structure to convert.

            Returns:
                pyiron.atomistics.structure.atoms.Atoms: Structure with the LAMMPS coordinate frame.
            """
            prism = UnfoldingPrism(structure.cell)
            lammps_structure = structure.copy()
            lammps_structure.set_cell(prism.A)
            lammps_structure.positions = np.matmul(structure.positions, prism.R)
            return lammps_structure

        if structure is not None:
            lmp_structure.structure = structure_to_lammps(structure)
        else:
            lmp_structure.structure = structure_to_lammps(self.structure)
        if not set(lmp_structure.structure.get_species_symbols()).issubset(
            set(lmp_structure.el_eam_lst)
        ):
            raise ValueError(
                "The selected potentials do not support the given combination of elements."
            )
        return lmp_structure

    def _set_selective_dynamics(self):
        if "selective_dynamics" in self.structure._tag_list.keys():
            if self.structure.selective_dynamics._default is None:
                self.structure.selective_dynamics._default = [True, True, True]
            sel_dyn = np.logical_not(self.structure.selective_dynamics.list())
            # Enter loop only if constraints present
            if len(np.argwhere(np.any(sel_dyn, axis=1)).flatten()) != 0:
                all_indices = np.arange(len(self.structure), dtype=int)
                constraint_xyz = np.argwhere(np.all(sel_dyn, axis=1)).flatten()
                not_constrained_xyz = np.setdiff1d(all_indices, constraint_xyz)
                # LAMMPS starts counting from 1
                constraint_xyz += 1
                ind_x = np.argwhere(sel_dyn[not_constrained_xyz, 0]).flatten()
                ind_y = np.argwhere(sel_dyn[not_constrained_xyz, 1]).flatten()
                ind_z = np.argwhere(sel_dyn[not_constrained_xyz, 2]).flatten()
                constraint_xy = not_constrained_xyz[np.intersect1d(ind_x, ind_y)] + 1
                constraint_yz = not_constrained_xyz[np.intersect1d(ind_y, ind_z)] + 1
                constraint_zx = not_constrained_xyz[np.intersect1d(ind_z, ind_x)] + 1
                constraint_x = (
                    not_constrained_xyz[np.setdiff1d(np.setdiff1d(ind_x, ind_y), ind_z)]
                    + 1
                )
                constraint_y = (
                    not_constrained_xyz[np.setdiff1d(np.setdiff1d(ind_y, ind_z), ind_x)]
                    + 1
                )
                constraint_z = (
                    not_constrained_xyz[np.setdiff1d(np.setdiff1d(ind_z, ind_x), ind_y)]
                    + 1
                )
                if len(constraint_xyz) > 0:
                    self.input.control["group___constraintxyz"] = "id " + " ".join(
                        [str(ind) for ind in constraint_xyz]
                    )
                    self.input.control[
                        "fix___constraintxyz"
                    ] = "constraintxyz setforce 0.0 0.0 0.0"
                    if self._generic_input["calc_mode"] == "md":
                        self.input.control[
                            "velocity___constraintxyz"
                        ] = "set 0.0 0.0 0.0"
                if len(constraint_xy) > 0:
                    self.input.control["group___constraintxy"] = "id " + " ".join(
                        [str(ind) for ind in constraint_xy]
                    )
                    self.input.control[
                        "fix___constraintxy"
                    ] = "constraintxy setforce 0.0 0.0 NULL"
                    if self._generic_input["calc_mode"] == "md":
                        self.input.control[
                            "velocity___constraintxy"
                        ] = "set 0.0 0.0 NULL"
                if len(constraint_yz) > 0:
                    self.input.control["group___constraintyz"] = "id " + " ".join(
                        [str(ind) for ind in constraint_yz]
                    )
                    self.input.control[
                        "fix___constraintyz"
                    ] = "constraintyz setforce NULL 0.0 0.0"
                    if self._generic_input["calc_mode"] == "md":
                        self.input.control[
                            "velocity___constraintyz"
                        ] = "set NULL 0.0 0.0"
                if len(constraint_zx) > 0:
                    self.input.control["group___constraintxz"] = "id " + " ".join(
                        [str(ind) for ind in constraint_zx]
                    )
                    self.input.control[
                        "fix___constraintxz"
                    ] = "constraintxz setforce 0.0 NULL 0.0"
                    if self._generic_input["calc_mode"] == "md":
                        self.input.control[
                            "velocity___constraintxz"
                        ] = "set 0.0 NULL 0.0"
                if len(constraint_x) > 0:
                    self.input.control["group___constraintx"] = "id " + " ".join(
                        [str(ind) for ind in constraint_x]
                    )
                    self.input.control[
                        "fix___constraintx"
                    ] = "constraintx setforce 0.0 NULL NULL"
                    if self._generic_input["calc_mode"] == "md":
                        self.input.control[
                            "velocity___constraintx"
                        ] = "set 0.0 NULL NULL"
                if len(constraint_y) > 0:
                    self.input.control["group___constrainty"] = "id " + " ".join(
                        [str(ind) for ind in constraint_y]
                    )
                    self.input.control[
                        "fix___constrainty"
                    ] = "constrainty setforce NULL 0.0 NULL"
                    if self._generic_input["calc_mode"] == "md":
                        self.input.control[
                            "velocity___constrainty"
                        ] = "set NULL 0.0 NULL"
                if len(constraint_z) > 0:
                    self.input.control["group___constraintz"] = "id " + " ".join(
                        [str(ind) for ind in constraint_z]
                    )
                    self.input.control[
                        "fix___constraintz"
                    ] = "constraintz setforce NULL NULL 0.0"
                    if self._generic_input["calc_mode"] == "md":
                        self.input.control[
                            "velocity___constraintz"
                        ] = "set NULL NULL 0.0"

    @staticmethod
    def _modify_structure_to_allow_requested_deformation(structure, pressure, prism=None):
        """
        Lammps will not allow xy/xz/yz cell deformations in minimization or MD for non-triclinic cells. In case the
        requested pressure for a calculation has these non-diagonal entries, we need to make sure it will run. One way
        to do this is by invoking the lammps `change_box` command, but it is easier to just force our box to to be
        triclinic by adding a very small cell perturbation (in the case where it isn't triclinic already).

        Args:
            pressure (float/int/list/numpy.ndarray/tuple): Between three and six pressures for the x, y, z, xy, xz, and
                yz directions, in that order, or a single value.
        """
        if hasattr(pressure, '__len__'):
            non_diagonal_pressures = np.any([p is not None for p in pressure[3:]])

            if prism is None:
                prism = UnfoldingPrism(structure.cell)

            if non_diagonal_pressures:
                try:
                    if not prism.is_skewed():
                        skew_structure = structure.copy()
                        skew_structure.cell[0, 1] += 2 * prism.acc
                        return skew_structure
                except AttributeError:
                    warnings.warn(
                        "WARNING: Setting a calculation type which uses pressure before setting the structure risks " +
                        "constraining your cell shape evolution if non-diagonal pressures are used but the structure " +
                        "is not triclinic from the start of the calculation."
                    )
        return structure

    def _get_rotation_matrix(self, pressure):
        """

        Args:
            pressure:

        Returns:

        """
        if self.structure is not None:
            if self._prism is None:
                self._prism = UnfoldingPrism(self.structure.cell)

            self.structure = self._modify_structure_to_allow_requested_deformation(
                pressure=pressure,
                structure=self.structure,
                prism=self._prism
            )
            rotation_matrix = self._prism.R
        else:
            warnings.warn(
                "No structure set, can not validate the simulation cell!"
            )
            rotation_matrix = None
        return rotation_matrix



[docs]class Input:
    def __init__(self):
        self.control = LammpsControl()
        self.potential = LammpsPotential()
        self.bond_dict = dict()
        # Set default bond parameters
        self._load_default_bond_params()

    def _load_default_bond_params(self):
        """
        Function to automatically load a few default bond params (wont automatically write them)

        """
        # Default bond properties of a water molecule
        self.bond_dict["O"] = dict()
        self.bond_dict["O"]["element_list"] = ["H"]
        self.bond_dict["O"]["cutoff_list"] = [2.0]
        self.bond_dict["O"]["max_bond_list"] = [2]
        self.bond_dict["O"]["bond_type_list"] = [1]
        self.bond_dict["O"]["angle_type_list"] = [1]

[docs]    def to_hdf(self, hdf5):
        """

        Args:
            hdf5:

        Returns:

        """
        with hdf5.open("input") as hdf5_input:
            self.control.to_hdf(hdf5_input)
            self.potential.to_hdf(hdf5_input)


[docs]    def from_hdf(self, hdf5):
        """

        Args:
            hdf5:

        Returns:

        """
        with hdf5.open("input") as hdf5_input:
            self.control.from_hdf(hdf5_input)
            self.potential.from_hdf(hdf5_input)
            if "bond_dict" in hdf5_input.list_nodes():
                self.bond_dict = hdf5_input["bond_dict"]




[docs]def to_amat(l_list):
    """

    Args:
        l_list:

    Returns:

    """
    lst = np.reshape(l_list, -1)
    if len(lst) == 9:
        xlo_bound, xhi_bound, xy, ylo_bound, yhi_bound, xz, zlo_bound, zhi_bound, yz = (
            lst
        )

    elif len(lst) == 6:
        xlo_bound, xhi_bound, ylo_bound, yhi_bound, zlo_bound, zhi_bound = lst
        xy, xz, yz = 0.0, 0.0, 0.0
    else:
        raise ValueError("This format for amat not yet implemented: " + str(len(lst)))

    # > xhi_bound - xlo_bound = xhi -xlo  + MAX(0.0, xy, xz, xy + xz) - MIN(0.0, xy, xz, xy + xz)
    # > xhili = xhi -xlo   = xhi_bound - xlo_bound - MAX(0.0, xy, xz, xy + xz) + MIN(0.0, xy, xz, xy + xz)
    xhilo = (
        (xhi_bound - xlo_bound)
        - max([0.0, xy, xz, xy + xz])
        + min([0.0, xy, xz, xy + xz])
    )

    # > yhilo = yhi -ylo = yhi_bound -ylo_bound - MAX(0.0, yz) + MIN(0.0, yz)
    yhilo = (yhi_bound - ylo_bound) - max([0.0, yz]) + min([0.0, yz])

    # > zhi - zlo = zhi_bound- zlo_bound
    zhilo = zhi_bound - zlo_bound

    cell = [[xhilo, 0, 0], [xy, yhilo, 0], [xz, yz, zhilo]]
    return cell
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  Source code for pyiron.lammps.control

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
from collections import OrderedDict
import hashlib
import numpy as np
import warnings
from pyiron_base import GenericParameters
import scipy.constants as spc

__author__ = "Joerg Neugebauer, Sudarsan Surendralal, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


# Conversion factors for transfroming pyiron units to Lammps units (alphabetical)
AMU_TO_G = spc.atomic_mass * spc.kilo
AMU_TO_KG = spc.atomic_mass
ANG_PER_FS_TO_ANG_PER_PS = spc.pico / spc.femto
ANG_PER_FS_TO_BOHR_PER_FS = spc.angstrom / spc.physical_constants['Bohr radius'][0]
ANG_PER_FS_TO_CM_PER_S = (spc.angstrom / spc.femto) / spc.centi
ANG_PER_FS_TO_M_PER_S = spc.angstrom / spc.femto
ANG_TO_BOHR = spc.angstrom / spc.physical_constants['Bohr radius'][0]
ANG_TO_CM = spc.angstrom / spc.centi
ANG_TO_M = spc.angstrom
EL_TO_COUL = spc.elementary_charge
EV_PER_ANG_TO_DYNE = (spc.electron_volt / spc.angstrom) / spc.dyne
EV_PER_ANG_TO_HA_PER_BOHR = spc.physical_constants["electron volt-hartree relationship"][0] * \
                            spc.physical_constants['Bohr radius'][0] / spc.angstrom
EV_PER_ANG_TO_KCAL_PER_MOL_ANG = spc.eV / (spc.kilo * spc.calorie / spc.N_A)
EV_PER_ANG_TO_N = spc.electron_volt / spc.angstrom
EV_TO_ERG = spc.electron_volt / spc.erg
EV_TO_HA = spc.physical_constants["electron volt-hartree relationship"][0]
EV_TO_J = spc.electron_volt
EV_TO_KCAL_PER_MOL = spc.eV / (spc.kilo * spc.calorie / spc.N_A)
FS_TO_PS = spc.femto / spc.pico
FS_TO_S = spc.femto
GPA_TO_ATM = spc.giga / spc.atm
GPA_TO_BAR = spc.giga / spc.bar
GPA_TO_BARYE = spc.giga / (spc.micro * spc.bar)  # "barye" = 1e-6 bar
GPA_TO_PA = spc.giga

# Conversions for most of the Lammps units to Pyiron units
# Lammps units source doc: https://lammps.sandia.gov/doc/units.html
# Pyrion units source doc: https://pyiron.readthedocs.io/en/latest/source/faq.html
# At time of writing, not all these conversion factors are used, but may be helpful later.
LAMMPS_UNIT_CONVERSIONS = {
    "metal": {
        "mass": 1.,
        "distance": 1.,
        "time": FS_TO_PS,
        "energy": 1.,
        "velocity": ANG_PER_FS_TO_ANG_PER_PS,
        "force": 1.,
        "temperature": 1.,
        "pressure": GPA_TO_BAR,
        "charge": 1.
    },
    "si": {
        "mass": AMU_TO_KG,
        "distance": ANG_TO_M,
        "time": FS_TO_S,
        "energy": EV_TO_J,
        "velocity": ANG_PER_FS_TO_M_PER_S,
        "force": EV_PER_ANG_TO_N,
        "temperature": 1.,
        "pressure": GPA_TO_PA,
        "charge": EL_TO_COUL
    },
    "cgs": {
        "mass": AMU_TO_G,
        "distance": ANG_TO_CM,
        "time": FS_TO_S,
        "energy": EV_TO_ERG,
        "velocity": ANG_PER_FS_TO_CM_PER_S,
        "force": EV_PER_ANG_TO_DYNE,
        "temperature": 1.,
        "pressure": GPA_TO_BARYE,
        "charge": 4.8032044e-10  # In statCoulombs, but these are deprecated and thus not in scipt.constants
    },
    "real": {
        "mass": 1.,
        "distance": 1.,
        "time": 1.,
        "energy": EV_TO_KCAL_PER_MOL,
        "velocity": 1.,
        "force": EV_PER_ANG_TO_KCAL_PER_MOL_ANG,
        "temperature": 1.,
        "pressure": GPA_TO_ATM,
        "charge": 1.
    },
    "electron": {
        "mass": 1.,
        "distance": ANG_TO_BOHR,
        "time": 1.,
        "energy": EV_TO_HA,
        "velocity": ANG_PER_FS_TO_BOHR_PER_FS,
        "force": EV_PER_ANG_TO_HA_PER_BOHR,
        "temperature": 1.,
        "pressure": GPA_TO_PA,
        "charge": 1.
    },
}


[docs]class LammpsControl(GenericParameters):
    def __init__(self, input_file_name=None, **qwargs):
        super(LammpsControl, self).__init__(
            input_file_name=input_file_name, table_name="control_inp", comment_char="#"
        )
        self._init_block_dict()

    @property
    def dataset(self):
        return self._dataset

    def _init_block_dict(self):
        block_dict = OrderedDict()
        block_dict["read_restart"] = "read_restart"
        block_dict["structure"] = (
            "units",
            "dimension",
            "boundary",
            "atom_style",
            "read_data",
            "include",
        )
        block_dict["potential"] = (
            "group",
            "set",
            "pair_style",
            "pair_coeff",
            "bond_style",
            "bond_coeff",
            "angle_style",
            "angle_coeff",
            "kspace_style",
            "neighbor",
        )
        block_dict["compute"] = (
            "compute",
            "fix",
            "variable",
            "fix_modify",
        )
        block_dict["setup"] = (
            "min_style",
            "min_modify",
            "neigh_modify",
            "velocity",
            "timestep",
            "dielectric",
            "reset_timestep",
        )
        block_dict["control"] = (
            "dump",
            "dump_modify",
            "thermo_style",
            "thermo_modify",
            "thermo",
        )
        block_dict["run"] = ("run", "minimize")
        block_dict["write_restart"] = "write_restart"
        self._block_dict = block_dict

[docs]    def load_default(self, file_content=None):
        if file_content is None:
            file_content = (
                "units                 metal\n"
                + "dimension             3\n"
                + "boundary              p p p\n"
                + "atom_style            atomic\n"
                + "read_data             structure.inp\n"
                + "include               potential.inp\n"
                + "fix___ensemble        all nve\n"
                + "variable___dumptime   equal 100\n"
                + "variable___thermotime equal 100\n"
                + "dump___1              all custom ${dumptime} dump.out id type xsu ysu zsu fx fy fz vx vy vz\n"
                + "dump_modify___1       sort id format line \"%d %d %20.15g %20.15g %20.15g %20.15g %20.15g %20.15g %20.15g %20.15g %20.15g\"\n"
                + "thermo_style          custom step temp pe etotal pxx pxy pxz pyy pyz pzz vol\n"
                + "thermo_modify         format float %20.15g\n"
                + "thermo                ${thermotime}\n"
                + "run                   0\n"
            )
        self.load_string(file_content)


[docs]    def pressure_to_lammps(self, pressure, rotation_matrix):
        """
        Convert a singular value, list of values, or combination of values to the appropriate six elements for Lammps
        pxx, pyy, pzz, pxy, pxz, and pyz pressure tensor representation.

        Lammps handles complex cells in a particular way, namely by using an upper triangular cell. This means we may
        need to convert our pressure tensor to a new coordinate frame. We also handle that transformation here.

        I case of a single pressure value, it is again returned as a single pressure value, to be used with the "iso"
        option (i.e., coupled deformation in x, y, and z).

        Finally, we also ensure that the units are converted from pyiron's GPa to whatever Lammps needs.

        Args:
            pressure (float/list/tuple/numpy.ndarray): The pressure(s) to convert.
            rotation_matrix (numpy.ndarray): The 3x3 matrix rotating from the pyiron to Lammps coordinate frame.

        Returns:
            (list): pxx, pyy, pzz, pxy, pxz, and pyz to be passed to Lammps.

            or

            (float): a single, isotropic pressure to be used with the "iso" option
        """

        # If pressure is a scalar, only unit conversion is needed.
        if np.isscalar(pressure):
            return float(pressure) * LAMMPS_UNIT_CONVERSIONS[self["units"]]["pressure"]

        # Normalize pressure to a list of 6 entries of either float or NoneType type.
        if len(pressure) > 6:
            raise ValueError("Pressure can have a maximum of 6 values, (x, y, z, xy, xz, and yz), but got " +
                             "{}".format(len(pressure)))
        pressure = [float(p) if p is not None else None
                    for p in pressure]
        pressure += (6 - len(pressure)) * [None]

        if all(p is None for p in pressure):
            raise ValueError("Pressure cannot have a length but all be None")

        # If necessary, rotate the pressure tensor to the Lammps coordinate frame.
        # Isotropic, hydrostatic pressures are rotation invariant.
        if not np.isclose(np.matrix.trace(rotation_matrix), 3) and not self._is_isotropic_hydrostatic(pressure):
            if any(p is None for p in pressure):
                raise ValueError("Cells which are not orthorhombic or an upper-triangular cell are incompatible with Lammps "
                                 "constant pressure calculations unless the entire pressure tensor is defined. "
                                 "The reason is that Lammps demands such cells be represented with an "
                                 "upper-triangular unit cell, thus a rotation between Lammps and pyiron coordinate "
                                 "frames is required; it is not possible to rotate the pressure tensor if any of "
                                 "its components is None.")
            pxx, pyy, pzz, pxy, pxz, pyz = pressure
            pressure_tensor = np.array(
                [[pxx, pxy, pxz],
                 [pxy, pyy, pyz],
                 [pxz, pyz, pzz]]
            )
            lammps_pressure_tensor = rotation_matrix.T @ pressure_tensor @ rotation_matrix
            pressure = list(lammps_pressure_tensor[[0, 1, 2, 0, 0, 1], [0, 1, 2, 1, 2, 2]])

        return [(p * LAMMPS_UNIT_CONVERSIONS[self["units"]]["pressure"]
                 if p is not None
                 else p)
                for p in pressure]


    @staticmethod
    def _is_isotropic_hydrostatic(pressure):
        axial_all_alike = None not in pressure[:3] and np.allclose(pressure[:3], pressure[0])
        shear_all_none = all(p is None for p in pressure[3:])
        shear_all_zero = None not in pressure[3:] and np.allclose(pressure[3:], 0)
        return axial_all_alike and (shear_all_none or shear_all_zero)

[docs]    def calc_minimize(
        self,
        ionic_energy_tolerance=0.0,
        ionic_force_tolerance=1e-4,
        max_iter=100000,
        pressure=None,
        n_print=100,
        style='cg',
        rotation_matrix=None
    ):
        """
        Sets parameters required for minimization.

        Args:
            ionic_energy_tolerance (float): If the magnitude of difference between energies of two consecutive steps is
                lower than or equal to `ionic_energy_tolerance`, the minimisation terminates. (Default is 0.0 eV.)
            ionic_force_tolerance (float): If the magnitude of the global force vector at a step is lower than or equal
                to `ionic_force_tolerance`, the minimisation terminates. (Default is 1e-4 eV/angstrom.)
            e_tol (float): Sam as ionic_energy_tolerance (deprecated)
            f_tol (float): Sam as ionic_force_tolerance (deprecated)
            max_iter (int): Maximum number of minimisation steps to carry out. If the minimisation converges before
                `max_iter` steps, terminate at the converged step. If the minimisation does not converge up to
                `max_iter` steps, terminate at the `max_iter` step. (Default is 100000.)
            pressure (None/float/numpy.ndarray/list): Target pressure. If set to None, an isochoric (constant V)
                calculation is performed. If set to a scalar, the shear of the cell and the ratio of the x, y, and
                z components is kept constant, while an isotropic, hydrostatic pressure is applied. A list of up to
                length 6 can be given to specify xx, yy, zz, xy, xz, and yz components of the pressure tensor,
                respectively. These values can mix floats and `None` to allow only certain degrees of cell freedom
                to change. (Default is None, run isochorically.)
            n_print (int): Write (dump or print) to the output file every n steps (Default: 100)
            style ('cg'/'sd'/other values from Lammps docs): The style of the numeric minimization, either conjugate
                gradient, steepest descent, or other keys permissible from the Lammps docs on 'min_style'. (Default
                is 'cg' -- conjugate gradient.)
            rotation_matrix (numpy.ndarray): The rotation matrix from the pyiron to Lammps coordinate frame.
        """
        # This docstring is a source for the calc_minimize method in pyiron.lammps.base.LammpsBase.calc_minimize and
        # pyiron.lammps.interactive.LammpsInteractive.calc_minimize -- Please ensure that changes to signature or
        # defaults stay consistent!

        max_evaluations = 100 * max_iter

        if self["units"] not in LAMMPS_UNIT_CONVERSIONS.keys():
            raise NotImplementedError
        energy_units = LAMMPS_UNIT_CONVERSIONS[self["units"]]["energy"]
        force_units = LAMMPS_UNIT_CONVERSIONS[self["units"]]["force"]

        ionic_energy_tolerance *= energy_units
        ionic_force_tolerance *= force_units

        if pressure is not None:
            pressure = self.pressure_to_lammps(pressure, rotation_matrix)
            if np.isscalar(pressure):
                str_press = " iso {}".format(pressure)
            else:
                str_press = ""
                for press, str_axis in zip(pressure, [" x ", " y ", " z ", " xy ", " xz ", " yz "]):
                    if press is not None:
                        str_press += str_axis + str(press)
                if len(str_press) > 1:
                    str_press += " couple none"
            self.set(fix___ensemble=r"all box/relax" + str_press)
        self.remove_keys(["fix___nve"])
        self.set(min_style=style)
        self.set(
            minimize=str(ionic_energy_tolerance)
            + " "
            + str(ionic_force_tolerance)
            + " "
            + str(int(max_iter))
            + " "
            + str(int(max_evaluations))
        )
        self.remove_keys(["run", "velocity"])
        self.modify(
            variable___dumptime="equal " + str(n_print),
            variable___thermotime="equal " + str(n_print)
        )


[docs]    def calc_static(self):
        self.set(run="0")
        self.remove_keys(["minimize", "velocity"])


[docs]    def set_initial_velocity(
        self,
        temperature,
        seed=None,
        gaussian=False,
        append_value=False,
        zero_lin_momentum=True,
        zero_rot_momentum=True,
        job_name="",
    ):
        """
        Create initial velocities via velocity all create. More information can be found on LAMMPS website:
        https://lammps.sandia.gov/doc/velocity.html

        Args:
            temperature: (int or float)
            seed: (int) Seed for the initial random number generator
            gaussian: (True/False) Create velocity according to the Gaussian distribution (otherwise uniform)
            append_value: (True/False) Add the velocity values to the current velocities (probably not functional now)
            zero_lin_momentum: (True/False) Cancel the total linear momentum
            zero_rot_momentum: (True/False) Cancel the total angular momentum
            job_name: (str) job name to generate seed
        """

        if seed is None:
            seed = self.generate_seed_from_job(job_name=job_name, seed=1)
        arg = ""
        if gaussian:
            arg = " dist gaussian"
        if append_value:
            arg += " sum yes"
        if not zero_lin_momentum:
            arg += " mom no"
        if not zero_rot_momentum:
            arg += " rot no"
        self.modify(
            velocity="all create " + str(temperature) + " " + str(seed) + arg,
            append_if_not_present=True,
        )


[docs]    @staticmethod
    def generate_seed_from_job(job_name="", seed=0):
        """
        Generate a unique seed from the job name.

        Args:
            job_name (str): job_name of the current job to generate the seed
            seed (int): integer to access part of the seed

        Returns:
            int: random seed generated based on the hash
        """
        return int(
            str(int(hashlib.sha256(job_name.encode()).hexdigest(), 16))[
                5 * seed : 5 * seed + 5
            ]
        )


[docs]    def calc_md(
        self,
        temperature=None,
        pressure=None,
        n_ionic_steps=1000,
        time_step=1.0,
        n_print=100,
        temperature_damping_timescale=100.0,
        pressure_damping_timescale=1000.0,
        seed=None,
        tloop=None,
        initial_temperature=None,
        langevin=False,
        delta_temp=None,
        delta_press=None,
        job_name="",
        rotation_matrix=None
    ):
        """
        Set an MD calculation within LAMMPS. Nosé Hoover is used by default.

        Args:
            temperature (None/float/list): Target temperature value(-s). If set to None, an NVE calculation is performed.
                                           It is required when the pressure is set or langevin is set
                                           It can be a list of temperature values, containing the initial target
                                           temperature and the final target temperature (in between the target value
                                           is varied linearly).
            pressure (None/float/numpy.ndarray/list): Target pressure. If set to None, an NVE or an NVT calculation is
                performed. If set to a scalar, the shear of the cell and the ratio of the x, y, and z components is kept
                constant, while an isotropic, hydrostatic pressure is applied. A list of up to length 6 can be given to
                specify xx, yy, zz, xy, xz, and yz components of the pressure tensor, respectively. These values can mix
                floats and `None` to allow only certain degrees of cell freedom to change. (Default is None, run
                isochorically.)
            n_ionic_steps (int): Number of ionic steps
            time_step (float): Step size in fs between two steps.
            n_print (int):  Print frequency
            temperature_damping_timescale (float): The time associated with the thermostat adjusting the temperature.
                                                   (In fs. After rescaling to appropriate time units, is equivalent to
                                                   Lammps' `Tdamp`.)
            pressure_damping_timescale (float): The time associated with the barostat adjusting the temperature.
                                                (In fs. After rescaling to appropriate time units, is equivalent to
                                                Lammps' `Pdamp`.)
            seed (int):  Seed for the random number generation (required for the velocity creation)
            tloop:
            initial_temperature (None/float):  Initial temperature according to which the initial velocity field
                                               is created. If None, the initial temperature will be twice the target
                                               temperature (which would go immediately down to the target temperature
                                               as described in equipartition theorem). If 0, the velocity field is not
                                               initialized (in which case  the initial velocity given in structure will
                                               be used). If any other number is given, this value is going to be used
                                               for the initial temperature.
            langevin (bool): (True or False) Activate Langevin dynamics
            delta_temp (float): Thermostat timescale, but in your Lammps time units, whatever those are. (DEPRECATED.)
            delta_press (float): Barostat timescale, but in your Lammps time units, whatever those are. (DEPRECATED.)
            job_name (str): Job name of the job to generate a unique random seed.
            rotation_matrix (numpy.ndarray): The rotation matrix from the pyiron to Lammps coordinate frame.
        """
        if self["units"] not in LAMMPS_UNIT_CONVERSIONS.keys():
            raise NotImplementedError
        time_units = LAMMPS_UNIT_CONVERSIONS[self["units"]]["time"]
        temperature_units = LAMMPS_UNIT_CONVERSIONS[self["units"]]["temperature"]

        # Transform time
        if time_step is not None:
            try:
                self["timestep"] = time_step * time_units
            except KeyError:
                raise NotImplementedError()

        # Transform thermostat strength (time)
        if delta_temp is not None:
            warnings.warn(
                "WARNING: `delta_temp` is deprecated, please use `temperature_damping_timescale`."
            )
            temperature_damping_timescale = delta_temp
        else:
            temperature_damping_timescale *= time_units

        # Transform barostat strength (time)
        if delta_press is not None:
            warnings.warn(
                "WARNING: `delta_press` is deprecated, please use `pressure_damping_timescale`."
            )
            pressure_damping_timescale = delta_press
        else:
            pressure_damping_timescale *= time_units

        # Transform temperature
        if temperature is not None:
            temperature = np.array([temperature], dtype=float).flatten()
            if len(temperature)==1:
                temperature = np.array(2*temperature.tolist())
            elif len(temperature) != 2:
                raise ValueError("At most two temperatures can be provided "
                                 "(for a linearly ramping target temperature), "
                                 "but got {}".format(len(temperature)))
            temperature *= temperature_units

        # Apply initial overheating (default uses the theorem of equipartition of energy between KE and PE)
        if initial_temperature is None and temperature is not None:
            initial_temperature = 2 * temperature[0]

        if seed is None:
            seed = self.generate_seed_from_job(job_name=job_name)
        if seed <= 0:
            raise ValueError("Seed must be a positive integer larger than 0")
            
        # Set thermodynamic ensemble
        if pressure is not None:  # NPT
            if temperature is None or temperature.min() <= 0:
                raise ValueError("Target temperature for fix nvt/npt/nph cannot be 0 or negative")

            pressure = self.pressure_to_lammps(pressure, rotation_matrix)

            if np.isscalar(pressure):
                pressure_string = " iso {0} {0} {1}".format(pressure, pressure_damping_timescale)
            else:
                pressure_string = ""
                for coord, value in zip(["x", "y", "z", "xy", "xz", "yz"], pressure):
                    if value is not None:
                        pressure_string += " {0} {1} {1} {2}".format(
                            coord, value, pressure_damping_timescale
                        )

            if langevin:  # NPT(Langevin)
                fix_ensemble_str = "all nph" + pressure_string
                self.modify(
                    fix___langevin="all langevin {0} {1} {2} {3} zero yes".format(
                        str(temperature[0]),
                        str(temperature[1]),
                        str(temperature_damping_timescale),
                        str(seed),
                    ),
                    append_if_not_present=True,
                )
            else:  # NPT(Nose-Hoover)
                fix_ensemble_str = "all npt temp {0} {1} {2}".format(
                    str(temperature[0]),
                    str(temperature[1]),
                    str(temperature_damping_timescale),
                )
                fix_ensemble_str += pressure_string
        elif temperature is not None:  # NVT
            if temperature.min() <= 0:
                raise ValueError("Target temperature for fix nvt/npt/nph cannot be 0 or negative")

            if langevin:  # NVT(Langevin)
                fix_ensemble_str = "all nve"
                self.modify(
                    fix___langevin="all langevin {0} {1} {2} {3} zero yes".format(
                        str(temperature[0]),
                        str(temperature[1]),
                        str(temperature_damping_timescale),
                        str(seed),
                    ),
                    append_if_not_present=True,
                )
            else:  # NVT(Nose-Hoover)
                fix_ensemble_str = "all nvt temp {0} {1} {2}".format(
                    str(temperature[0]),
                    str(temperature[1]),
                    str(temperature_damping_timescale),
                )
        else:  # NVE
            if langevin:
                warnings.warn("Temperature not set; Langevin ignored.")
            fix_ensemble_str = "all nve"
            initial_temperature = 0

        if tloop is not None:
            fix_ensemble_str += " tloop " + str(tloop)

        self.remove_keys(["minimize"])
        self.modify(
            fix___ensemble=fix_ensemble_str,
            variable___dumptime=" equal {} ".format(n_print),
            variable___thermotime=" equal {} ".format(n_print),
            run=int(n_ionic_steps),
            append_if_not_present=True,
        )

        if initial_temperature > 0:
            self.set_initial_velocity(
                temperature=initial_temperature,
                seed=seed,
                gaussian=True,
                job_name=job_name
            )


[docs]    def calc_vcsgc(
        self,
        mu,
        ordered_element_list,
        target_concentration=None,
        kappa=1000.,
        mc_step_interval=100,
        swap_fraction=0.1,
        temperature_mc=None,
        window_size=None,
        window_moves=None,
        temperature=None,
        pressure=None,
        n_ionic_steps=1000,
        time_step=1.0,
        n_print=100,
        temperature_damping_timescale=100.0,
        pressure_damping_timescale=1000.0,
        seed=None,
        initial_temperature=None,
        langevin=False,
        job_name="",
        rotation_matrix=None
    ):
        """
        Run variance-constrained semi-grand-canonical MD/MC for a binary system. In addition to VC-SGC arguments, all
        arguments for a regular MD calculation are also accepted.

        https://vcsgc-lammps.materialsmodeling.org

        Note:
            For easy visualization later (with `get_structure`), it is highly recommended that the initial structure
            contain at least one atom of each species.

        Warning:
            Assumes the units are metal, otherwise units for the constraints may be off.

        Args:
            mu (dict): A dictionary of chemical potentials, one for each element the potential treats, where the
                dictionary keys are just the chemical symbol. Note that only the *relative* chemical potentials are used
                here, such that the swap acceptance probability is influenced by the chemical potential difference
                between the two species (a more negative value increases the odds of swapping *to* that element.)
            ordered_element_list (list): A list of the chemical species symbols in the order they appear in the
                definition of the potential in the Lammps' input file.
            target_concentration: A dictionary of target simulation domain concentrations for each species *in the
                potential*. Dictionary keys should be the chemical symbol of the corresponding species, and the sum of
                all concentrations must be 1. (Default is None, which runs regular semi-grand-canonical MD/MC without
                any variance constraint.)
            kappa: Variance constraint for the MC. Larger value means a tighter adherence to the target concentrations.
                (Default is 1000.)
            mc_step_interval (int): How many steps of MD between each set of MC moves. (Default is 100.) Must divide the
                number of ionic steps evenly.
            swap_fraction (float): The fraction of atoms whose species is swapped at each MC phase. (Default is 0.1.)
            temperature_mc (float): The temperature for accepting MC steps. (Default is None, which uses the MD
                temperature.)
            window_size (float): The size of the sampling window for parallel calculations as a fraction of something
                unspecified in the VC-SGC docs, but it must lie between 0.5 and 1. (Default is None, window is
                determined automatically.)
            window_moves (int): The number of times the sampling window is moved during one MC cycle. (Default is None,
                number of moves is determined automatically.)
            rotation_matrix (numpy.ndarray): The rotation matrix from the pyiron to Lammps coordinate frame.
        """
        self.calc_md(
            temperature=temperature,
            pressure=pressure,
            n_ionic_steps=n_ionic_steps,
            time_step=time_step,
            n_print=n_print,
            temperature_damping_timescale=temperature_damping_timescale,
            pressure_damping_timescale=pressure_damping_timescale,
            seed=seed,
            tloop=None,
            initial_temperature=initial_temperature,
            langevin=langevin,
            job_name=job_name,
            rotation_matrix=rotation_matrix
        )

        if self["units"] not in LAMMPS_UNIT_CONVERSIONS.keys():
            raise NotImplementedError
        temperature_units = LAMMPS_UNIT_CONVERSIONS[self["units"]]["temperature"]
        energy_units = LAMMPS_UNIT_CONVERSIONS[self["units"]]["energy"]

        if temperature_mc is None:
            if temperature is None:
                raise ValueError("If temperature is not given, temperature_mc must be.")
            temperature_mc = temperature * temperature_units

        if seed is None:
            seed = self.generate_seed_from_job(job_name=job_name)

        if set(mu.keys()) != set(ordered_element_list):
            raise ValueError("Exactly one chemical potential must be given for each element treated by the potential.")

        calibrating_el = ordered_element_list[0]
        # Apply the actual SGC string
        fix_vcsgc_str = "all sgcmc {0} {1} {2} {3} randseed {4}".format(
            str(mc_step_interval),
            str(swap_fraction),
            str(temperature_mc),
            str(" ".join(str((mu[el] - mu[calibrating_el]) * energy_units) for el in ordered_element_list[1:])),
            str(seed),
        )

        # Add VC to the SGC if target concentrations were provided
        if target_concentration is not None:
            if set(target_concentration.keys()) != set(ordered_element_list):
                raise ValueError("Exactly one target concentration must be given for each element treated by the "
                                 "potential.")

            if not np.isclose(np.sum([v for _, v in target_concentration.items()]), 1):
                raise ValueError("Target concentrations must sum to 1 but were {}.".format(
                    np.sum([v for _, v in target_concentration.items()])
                ))

            fix_vcsgc_str += " variance {0} {1}".format(
                str(kappa),
                str(" ".join([str(target_concentration[el]) for el in ordered_element_list[1:]]))
            )

        # Set optional windowing parameters
        if window_moves is not None:
            if int(window_moves) != window_moves or window_moves < 0:
                raise ValueError("Window moves must be a non-negative integer.")
            fix_vcsgc_str += " window_moves {0}".format(window_moves)
        if window_size is not None:
            if not 0.5 <= window_size <= 1.0:
                raise ValueError("Window size must be a fraction between 0.5 and 1")
            fix_vcsgc_str += " window_size {0}".format(window_size)

        self.modify(
            fix___vcsgc=fix_vcsgc_str,
            append_if_not_present=True
        )


[docs]    def measure_mean_value(self, key, every=1, repeat=None, name=None, atom=False):
        """
            Args:
                key (str): property to take an average value of (e.g. 'energy_pot' v.i.)
                every (int): number of steps there should be between two measurements
                repeat (int): number of measurements for each output (default: n_print/every)
                name (str): name to give in the output string (ignored if a pyiron predefined tag is used)

            Comments:
                Currently available keys: 'energy_pot', 'energy_tot', 'temperature', 'volume',
                                          'pressures', 'positions', 'forces, 'velocities'
                Future keys: 'cells'
        """

        if every<=0:
            raise AssertionError('every must be a positive integer')
        if repeat is None:
            self['variable___mean_repeat_times'] = 'equal round(${thermotime}/'+str(every)+')'
        else:
            self['variable___mean_repeat_times'] = 'equal {}'.format(repeat)
        if key=='energy_pot':
            self._measure_mean_value('energy_pot', 'pe', every)
        elif key=='energy_tot':
            self._measure_mean_value('energy_tot', 'etotal', every)
        elif key=='temperature':
            self._measure_mean_value('temperature', 'temp', every)
        elif key=='volume':
            self._measure_mean_value('volume', 'vol', every)
        elif key=='pressures':
            self._measure_mean_value('pressure', ['pxx', 'pyy', 'pzz', 'pxy', 'pxz', 'pyz'], every)
        elif key=='positions':
            self['compute___unwrap'] = 'all property/atom xu yu zu'
            self['fix___mean_positions'] = ('all ave/atom '
                                            +str(every)
                                            +' ${mean_repeat_times} ${thermotime} c_unwrap[*]'
                                           )
            self['dump___1'] = self['dump___1']+' '+' '.join(['f_mean_positions[{}]'.format(ii+1) for ii in range(3)])
            self['dump_modify___1'] = self['dump_modify___1'][:-1]+' '+' '.join(['%20.15g']*3)+'"'
        elif key=='forces':
            self._measure_mean_value('forces', ['fx', 'fy', 'fz'], every, atom=True)
        elif key=='velocities':
            self._measure_mean_value('velocities', ['vx', 'vy', 'vz'], every, atom=True)
        elif name is not None:
            if '**' in key:
                warnings.warn('** is replaced by ^ (as it is understood by LAMMPS)')
                key = key.replace('**', '^')
            self._measure_mean_value(name, key, every, atom)
        else:
            raise NotImplementedError(key+' is not implemented')


[docs]    def energy_pot_per_atom(self):
        if self['compute___energy_pot_per_atom'] is None:
            self['compute___energy_pot_per_atom'] = 'all pe/atom'
            self['dump___1'] += ' c_energy_pot_per_atom'
            self['dump_modify___1'] = self['dump_modify___1'][:-1] + ' %20.15g"'


    def _set_group_by_id(self, group_name, ids):
        if len(ids) < 1:
            raise ValueError('Group ids must have at least length one, but got {}'.format(ids))
        if np.any([isinstance(id_, bool) or not isinstance(id_, (int, np.integer)) for id_ in ids]):
            # Note: it turns out bool is a subclass of int. Weird, eh.
            raise TypeError('Group ids must be integers, but got {}'.format(ids))
        if np.any(np.array(ids) < 0):
            raise ValueError('Group ids must be non-negative to be parsed by Lammps, but got {}'.format(ids))
        self['group___{}'.format(group_name)] = 'id {}'.format(' '.join(np.array(ids).astype(int).astype(str)))

    def _fix_with_three_vector(self, ids, vector, fix_string, conversion):
        if len(vector) != 3:
            raise ValueError('{} must have three components, but got {}'.format(fix_string, vector))
        vector = list(vector)
        for i, v in enumerate(vector):
            if v is None:
                vector[i] = 'NULL'
            else:
                vector[i] = str(v * conversion)
        name = str(hash(tuple(ids))).replace('-', 'm')  # A unique name for the group
        self._set_group_by_id(name, ids)
        self['fix___{}_{}'.format(fix_string.replace(' ', '_'), name)] = '{} {} {}'.format(
            name, fix_string, ' '.join(vector)
        )

[docs]    def fix_move_linear_by_id(self, ids, velocity):
        """
        Displace atoms at each timestep. Creates a new group with a unique name based off the hash of the ids.

        Args:
            ids (list/numpy.ndarray): Integer ids of the atoms to move in the job's structure.
            velocity (list/numpy.ndarray/tuple): The velocity in x-y-z-direction for the group. `None` arguments are
                converted to Lammps 'NULL' values and the velocity in this direction is left unchanged.

        Warning: This fix does not exclude these atoms from [other fixes](https://lammps.sandia.gov/doc/fix_move.html).
            You may wish to combine this call with `selective_dynamics` on your corresponding structure. Future
            developers can find a more complete discussion [here](https://github.com/pyiron/pyiron/pull/1212) when
            further modifying this capability. Further, it will malfunction if the Lammps coordinate frame and pyiron
            coordinate frame differ.
        """
        warnings.warn('This fix does not exclude these atoms from other fixes. You may wish to combine this call with '
                      '`selective_dynamics` on your corresponding structure. Further, it will malfunction if the '
                      'Lammps coordinate frame and pyiron coordinate frame differ.')
        self._fix_with_three_vector(ids, velocity, 'move linear', LAMMPS_UNIT_CONVERSIONS[self["units"]]["velocity"])


[docs]    def fix_setforce_by_id(self, ids, force):
        """
        Set the force on a collection of atoms to a specified value.

        ids (list/numpy.ndarray): Integer ids of the atoms to move in the job's structure.
        force (list/numpy.ndarray/tuple): The force in x-y-z-direction for the group. `None` arguments are
            converted to Lammps 'NULL' values and the force in this direction is left unchanged.

        Warning: This fix will malfunction (silently) if the Lammps coordinate frame and pyiron coordinate frame differ.
        """
        warnings.warn('This fix will malfunction (silently) if the Lammps coordinate frame and pyiron coordinate frame '
                      'differ.')
        self._fix_with_three_vector(ids, force, 'setforce', LAMMPS_UNIT_CONVERSIONS[self["units"]]["force"])


    def _measure_mean_value(self, key_pyiron, key_lmp, every, atom=False):
        """
            Args:
                key (str): property to take an average value of (e.g. 'energy_pot' v.i.)
                every (int): number of steps there should be between two measurements
                repeat (int): number of measurements for each output (default: n_print/every)
                freq (int): output frequency (default: n_print)

            Comments:
                Currently available keys: 'energy_pot', 'energy_tot', 'temperature', 'volume',
                                          'pressures', 'positions', 'forces, 'velocities'
                Future keys: 'cells'
        """
        if isinstance(key_lmp, str):
            self['variable___{}'.format(key_pyiron)] = 'equal {}'.format(key_lmp)
            self['fix___mean_{}'.format(key_pyiron)] = ('all ave/time '
                                                        +str(every)
                                                        +' ${mean_repeat_times} ${thermotime} v_'
                                                        +str(key_pyiron))
            self['thermo_style'] = self['thermo_style']+' f_mean_{}'.format(key_pyiron)
        else:
            if atom is True:
                for ii, _ in enumerate(key_lmp):
                    self['variable___{}_{}'.format(key_pyiron, ii)] = 'atom {}'.format(key_lmp[ii])
                self['fix___mean_{}'.format(key_pyiron)] = ('all ave/atom '
                                                            +str(every)+
                                                            ' ${mean_repeat_times} ${thermotime} '
                                                            +str(' '.join(['v_{}_{}'.format(key_pyiron, ii) for ii in range(len(key_lmp))]))
                                                           )
                self['dump___1'] = self['dump___1']+' '+' '.join(['f_mean_{}[{}]'.format(key_pyiron, ii+1) for ii in range(len(key_lmp))])
                self['dump_modify___1'] = self['dump_modify___1'][:-1]+' '+' '.join(['%20.15g']*len(key_lmp))+'"'
            else:
                for ii, _ in enumerate(key_lmp):
                    self['variable___{}_{}'.format(key_pyiron, ii)] = 'equal {}'.format(key_lmp[ii])
                self['fix___mean_{}'.format(key_pyiron)] = ('all ave/time '
                                                            +str(every)
                                                            +' ${mean_repeat_times} ${thermotime} '
                                                            +str(' '.join(['v_{}_{}'.format(key_pyiron, ii) for ii in range(len(key_lmp))]))
                                                           )
                self['thermo_style'] = (self['thermo_style']
                                        +' '
                                        +' '.join(['f_mean_{}[{}]'.format(key_pyiron, ii+1) for ii in range(len(key_lmp))]))
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  Source code for pyiron.lammps.interactive

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from ctypes import c_double, c_int
import importlib
import numpy as np
import os
import pandas as pd
import warnings
from scipy import constants

from pyiron.lammps.base import LammpsBase
from pyiron.lammps.structure import UnfoldingPrism
from pyiron.lammps.control import LammpsControl
from pyiron.atomistics.job.interactive import GenericInteractive


try:  # mpi4py is only supported on Linux and Mac Os X
    from pylammpsmpi import LammpsLibrary
except ImportError:
    pass

__author__ = "Osamu Waseda, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2018"


[docs]class LammpsInteractive(LammpsBase, GenericInteractive):
    def __init__(self, project, job_name):
        super(LammpsInteractive, self).__init__(project, job_name)
        self._check_opened = False
        self._interactive_run_command = None
        self._interactive_grand_canonical = True
        if "stress" in self.interactive_output_functions.keys():
            del self.interactive_output_functions["stress"]

    @property
    def structure(self):
        return GenericInteractive.structure.fget(self)

    @structure.setter
    def structure(self, structure):
        self._prism = UnfoldingPrism(structure.cell)
        GenericInteractive.structure.fset(self, structure)

[docs]    def get_structure(self, iteration_step=-1, wrap_atoms=True):
        return GenericInteractive.get_structure(
            self, iteration_step=iteration_step, wrap_atoms=wrap_atoms
        )


    def _interactive_lib_command(self, command):
        self._logger.debug("Lammps library: " + command)
        self._interactive_library.command(command)

[docs]    def interactive_positions_getter(self):
        positions = np.reshape(
            np.array(self._interactive_library.gather_atoms("x", 1, 3)),
            (len(self.structure), 3),
        )
        if np.matrix.trace(self._prism.R) != 3:
            positions = np.matmul(positions, self._prism.R.T)
        return positions.tolist()


[docs]    def interactive_positions_setter(self, positions):
        if np.matrix.trace(self._prism.R) != 3:
            positions = np.array(positions).reshape(-1, 3)
            positions = np.matmul(positions, self._prism.R)
        positions = np.array(positions).flatten()
        if self.server.run_mode.interactive and self.server.cores == 1:
            self._interactive_library.scatter_atoms(
                "x", 1, 3, (len(positions) * c_double)(*positions)
            )
        else:
            self._interactive_library.scatter_atoms("x", positions)
        self._interactive_lib_command("change_box all remap")


[docs]    def interactive_cells_getter(self):
        cc = np.array(
            [
                [self._interactive_library.get_thermo("lx"), 0, 0],
                [
                    self._interactive_library.get_thermo("xy"),
                    self._interactive_library.get_thermo("ly"),
                    0,
                ],
                [
                    self._interactive_library.get_thermo("xz"),
                    self._interactive_library.get_thermo("yz"),
                    self._interactive_library.get_thermo("lz"),
                ],
            ]
        )
        return self._prism.unfold_cell(cc)


[docs]    def interactive_cells_setter(self, cell):
        self._prism = UnfoldingPrism(cell)
        lx, ly, lz, xy, xz, yz = self._prism.get_lammps_prism()
        if np.matrix.trace(self._prism.R) != 3:
            warnings.warn(
                "Warning: setting upper trangular matrix might slow down the calculation"
            )

        is_skewed = self._prism.is_skewed()
        is_scaled = self.structure._is_scaled
        if is_scaled:
            warnings.warn('set_relative() is deprecated as of 2020-02-26. It is not guaranteed from pyiron vers. 0.3')

        if is_skewed and is_scaled:
            self._interactive_lib_command(
                "change_box all x final 0 %f y final 0 %f z final 0 %f \
                 xy final %f xz final %f yz final %f triclinic remap units box"
                % (lx, ly, lz, xy, xz, yz)
            )
        elif is_skewed and not is_scaled:
            self._interactive_lib_command(
                "change_box all x final 0 %f y final 0 %f z final 0 %f \
                xy final %f xz final %f yz final %f triclinic units box"
                % (lx, ly, lz, xy, xz, yz)
            )
        elif not is_skewed and is_scaled:
            self._interactive_lib_command(
                "change_box all x final 0 %f y final 0 %f z final 0 %f remap units box"
                % (lx, ly, lz)
            )
        else:  # is neither skewed nor scaled
            self._interactive_lib_command(
                "change_box all x final 0 %f y final 0 %f z final 0 %f units box"
                % (lx, ly, lz)
            )


[docs]    def interactive_volume_getter(self):
        return self._interactive_library.get_thermo("vol")


[docs]    def interactive_forces_getter(self):
        ff = np.reshape(
            np.array(self._interactive_library.gather_atoms("f", 1, 3)),
            (len(self.structure), 3),
        )
        if np.matrix.trace(self._prism.R) != 3:
            ff = np.matmul(ff, self._prism.R.T)
        return ff.tolist()


[docs]    def interactive_execute(self):
        self._interactive_lib_command(self._interactive_run_command)


    def _interactive_lammps_input(self):
        del self.input.control["dump___1"]
        del self.input.control["dump_modify___1"]
        for key, value in zip(
            self.input.control.dataset["Parameter"], self.input.control.dataset["Value"]
        ):
            if key in [
                "read_data",
                "units",
                "dimension",
                "boundary",
                "atom_style",
                "atom_modify",
                "include",
                "run",
                "minimize",
            ]:
                continue
            else:
                self._interactive_lib_command(
                    " ".join(key.split(self.input.control.multi_word_separator))
                    + " "
                    + str(value)
                )

    def _interactive_set_potential(self):
        potential_lst = []
        if self.input.potential.files is not None:
            for potential in self.input.potential.files:
                if not os.path.exists(potential):
                    raise ValueError("Potential not found: ", potential)
                potential_lst.append([potential.split("/")[-1], potential])

        style_full = self.input.control["atom_style"] == "full"
        for line in self.input.potential.get_string_lst():
            for potential in potential_lst:
                if ' ' + potential[0] in line:
                    line = line.replace(' ' + potential[0], ' ' + potential[1])
            # Don't write the kspace_style or pair style commands if the atom style is "full"
            if not (style_full and ("kspace" in line or "pair" in line)):
                self._interactive_lib_command(line.split("\n")[0])
            if len(potential_lst) == 0:
                self._interactive_lib_command(line.split("\n")[0])
        if style_full:
            # Currently supports only water molecules. Please feel free to expand this
            self._interactive_water_setter()

    def _executable_activate_mpi(self):
        if (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ):
            pass
        else:
            super(LammpsInteractive, self)._executable_activate_mpi()

    def _reset_interactive_run_command(self):
        df = pd.DataFrame(self.input.control.dataset)
        self._interactive_run_command = " ".join(df.T[df.index[-1]].values)

[docs]    def interactive_initialize_interface(self):
        self._create_working_directory()
        if self.server.run_mode.interactive and self.server.cores == 1:
            lammps = getattr(importlib.import_module("lammps"), "lammps")
            log_file = os.path.join(self.working_directory, "log.lammps")
            self._interactive_library = lammps(cmdargs=["-screen", "none", "-log", log_file])
        else:
            self._interactive_library = LammpsLibrary(
                cores=self.server.cores,
                working_directory=self.working_directory
            )
        if not all(self.structure.pbc):
            self.input.control["boundary"] = " ".join(
                ["p" if coord else "f" for coord in self.structure.pbc]
            )
        self._reset_interactive_run_command()
        self.interactive_structure_setter(self.structure)


[docs]    def calc_minimize(
            self,
            ionic_energy_tolerance=0.0,
            ionic_force_tolerance=1.0e-4,
            e_tol=None,
            f_tol=None,
            max_iter=100000,
            pressure=None,
            n_print=100,
            style='cg'
    ):
        # Docstring set programmatically -- Please ensure that changes to signature or defaults stay consistent!
        if e_tol is not None:
            warnings.warn(
                "e_tol is deprecated as of vers. 0.3.0. It is not guaranteed to be in service in vers. 0.4.0. Use ionic_energy_tolerance instead."
            )
            ionic_energy_tolerance = e_tol
            e_tol = None
        if f_tol is not None:
            warnings.warn(
                "f_tol is deprecated as of vers. 0.3.0. It is not guaranteed to be in service in vers. 0.4.0. Use ionic_force_tolerance instead."
            )
            ionic_force_tolerance = f_tol
            f_tol = None
        if self.server.run_mode.interactive_non_modal:
            warnings.warn(
                "calc_minimize() is not implemented for the non modal interactive mode use calc_static()!"
            )
        super(LammpsInteractive, self).calc_minimize(
            ionic_energy_tolerance=ionic_energy_tolerance,
            ionic_force_tolerance=ionic_force_tolerance,
            max_iter=max_iter,
            pressure=pressure,
            n_print=n_print,
            style=style,
        )
        if self.interactive_is_activated() and (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ):
            self.interactive_structure_setter(self.structure)

    calc_minimize.__doc__ = LammpsControl.calc_minimize.__doc__

[docs]    def calc_md(
        self,
        temperature=None,
        pressure=None,
        n_ionic_steps=1000,
        time_step=1.0,
        n_print=100,
        temperature_damping_timescale=100.0,
        pressure_damping_timescale=1000.0,
        seed=None,
        tloop=None,
        initial_temperature=None,
        langevin=False,
        delta_temp=None,
        delta_press=None,
    ):
        super(LammpsInteractive, self).calc_md(
            temperature=temperature,
            pressure=pressure,
            n_ionic_steps=n_ionic_steps,
            time_step=time_step,
            n_print=n_print,
            temperature_damping_timescale=temperature_damping_timescale,
            pressure_damping_timescale=pressure_damping_timescale,
            seed=seed,
            tloop=tloop,
            initial_temperature=initial_temperature,
            langevin=langevin,
            delta_temp=delta_temp,
            delta_press=delta_press,
        )
        if self.interactive_is_activated() and (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ):
            self.interactive_structure_setter(self.structure)


[docs]    def run_if_interactive(self):
        if self._generic_input["calc_mode"] in ["md", "vcsgc"]:
            self.input.control["run"] = self._generic_input["n_print"]
            super(LammpsInteractive, self).run_if_interactive()
            self._reset_interactive_run_command()

            counter = 0
            iteration_max = int(
                self._generic_input["n_ionic_steps"] / self._generic_input["n_print"]
            )
            while counter < iteration_max:
                self.interactive_execute()
                self.interactive_collect()
                counter += 1

        else:
            super(LammpsInteractive, self).run_if_interactive()
            self.interactive_execute()
            self.interactive_collect()


[docs]    def validate_ready_to_run(self):
        if self.server.run_mode.interactive \
                and self._generic_input["calc_mode"] in ["md", "vcsgc"] \
                and 'fix___langevin' in self.input.control.keys():
            warnings.warn(
                "Langevin thermostatted MD in interactive mode only gives correct physics in the limit that the "
                "n_print variable goes to infinity. A more in-depth discussion can be found "
                "[here](https://github.com/pyiron/pyiron/issues/1173).",
                stacklevel=2
            )
        super().validate_ready_to_run()


[docs]    def run_if_interactive_non_modal(self):
        if not self._interactive_fetch_completed:
            print("Warning: interactive_fetch being effectuated")
            self.interactive_fetch()
        super(LammpsInteractive, self).run_if_interactive()
        self.interactive_execute()
        self._interactive_fetch_completed = False


[docs]    def interactive_fetch(self):
        if (
            self._interactive_fetch_completed
            and self.server.run_mode.interactive_non_modal
        ):
            print("First run and then fetch")
        else:
            self.interactive_collect()
            self._logger.debug("interactive run - done")


[docs]    def interactive_structure_setter(self, structure):
        self._interactive_lib_command("clear")
        self._set_selective_dynamics()
        self._interactive_lib_command("units " + self.input.control["units"])
        self._interactive_lib_command(
            "dimension " + str(self.input.control["dimension"])
        )
        self._interactive_lib_command("boundary " + self.input.control["boundary"])
        self._interactive_lib_command("atom_style " + self.input.control["atom_style"])

        self._interactive_lib_command("atom_modify map array")
        self._prism = UnfoldingPrism(structure.cell)
        if np.matrix.trace(self._prism.R) != 3:
            warnings.warn(
                "Warning: setting upper trangular matrix might slow down the calculation"
            )
        xhi, yhi, zhi, xy, xz, yz = self._prism.get_lammps_prism()
        if self._prism.is_skewed():
            self._interactive_lib_command(
                "region 1 prism"
                + " 0.0 "
                + str(xhi)
                + " 0.0 "
                + str(yhi)
                + " 0.0 "
                + str(zhi)
                + " "
                + str(xy)
                + " "
                + str(xz)
                + " "
                + str(yz)
                + " units box"
            )
        else:
            self._interactive_lib_command(
                "region 1 block"
                + " 0.0 "
                + str(xhi)
                + " 0.0 "
                + str(yhi)
                + " 0.0 "
                + str(zhi)
                + " units box"
            )
        el_struct_lst = self.structure.get_species_symbols()
        el_obj_lst = self.structure.get_species_objects()
        el_eam_lst = self.input.potential.get_element_lst()
        if self.input.control["atom_style"] == "full":
            self._interactive_lib_command(
                "create_box "
                + str(len(el_eam_lst))
                + " 1 "
                + "bond/types 1 "
                + "angle/types 1 "
                + "extra/bond/per/atom 2 "
                + "extra/angle/per/atom 2 "
            )
        else:
            self._interactive_lib_command("create_box " + str(len(el_eam_lst)) + " 1")
        el_dict = {}
        for id_eam, el_eam in enumerate(el_eam_lst):
            if el_eam in el_struct_lst:
                id_el = list(el_struct_lst).index(el_eam)
                el = el_obj_lst[id_el]
                el_dict[el] = id_eam + 1
                self._interactive_lib_command(
                    "mass {0:3d} {1:f}".format(id_eam + 1, el.AtomicMass)
                )
            else:
                self._interactive_lib_command(
                    "mass {0:3d} {1:f}".format(id_eam + 1, 1.00)
                )
        self._interactive_lib_command(
            "create_atoms 1 random " + str(len(structure)) + " 12345 1"
        )
        positions = structure.positions.flatten()
        if np.matrix.trace(self._prism.R) != 3:
            positions = np.array(positions).reshape(-1, 3)
            positions = np.matmul(positions, self._prism.R)
        positions = positions.flatten()
        elem_all = np.array([el_dict[el] for el in structure.get_chemical_elements()])
        if self.server.run_mode.interactive and self.server.cores == 1:
            self._interactive_library.scatter_atoms(
                "x", 1, 3, (len(positions) * c_double)(*positions)
            )
            self._interactive_library.scatter_atoms(
                "type", 0, 1, (len(elem_all) * c_int)(*elem_all)
            )
        else:
            self._interactive_library.scatter_atoms("x", positions)
            self._interactive_library.scatter_atoms("type", elem_all)
        self._interactive_lib_command("change_box all remap")
        # if self.input.control['atom_style'] == "full":
        # Do not scatter or manipulate when you have water/ use atom_style full in your system
        # self._interactive_water_setter()
        self._interactive_lammps_input()
        self._interactive_set_potential()


    def _interactive_water_setter(self):
        """
        This function writes the bonds for water molecules present in the structure. It is assumed that only intact
        water molecules are present and the H atoms are within 1.3 $\AA$ of each O atom. Once the neighbor list is
        generated, the bonds and angles are created. This function needs to be generalized/extended to account for
        dissociated water. This function can also be used as an example to create bonds between other molecules.
        """
        neighbors = self.structure.get_neighbors(cutoff_radius=1.3)
        o_indices = self.structure.select_index("O")
        h_indices = self.structure.select_index("H")
        h1_indices = np.intersect1d(
            np.vstack(neighbors.indices[o_indices])[:, 0], h_indices
        )
        h2_indices = np.intersect1d(
            np.vstack(neighbors.indices[o_indices])[:, 1], h_indices
        )
        o_ind_str = (
            np.array2string(o_indices + 1).replace("[", "").replace("]", "").strip()
        )
        h1_ind_str = (
            np.array2string(h1_indices + 1).replace("[", "").replace("]", "").strip()
        )
        h2_ind_str = (
            np.array2string(h2_indices + 1).replace("[", "").replace("]", "").strip()
        )
        group_o = "group Oatoms id {}".format(o_ind_str).replace("  ", " ")
        group_h1 = "group H1atoms id {}".format(h1_ind_str).replace("  ", " ")
        group_h2 = "group H2atoms id {}".format(h2_ind_str).replace("  ", " ")
        self._interactive_lib_command(group_o)
        self._interactive_lib_command(group_h1)
        self._interactive_lib_command(group_h2)
        # A dummy pair style that does not have any Coulombic interactions needs to be initialized to create the bonds
        self._interactive_lib_command("pair_style lj/cut 2.5")
        self._interactive_lib_command("pair_coeff * * 0.0 0.0")
        self._interactive_lib_command("create_bonds many Oatoms H1atoms 1 0.7 1.4")
        self._interactive_lib_command("create_bonds many Oatoms H2atoms 1 0.7 1.4")
        for i, o_ind in enumerate(o_indices):
            self._interactive_lib_command(
                "create_bonds single/angle 1 {} {} {}".format(
                    int(h1_indices[i]) + 1, int(o_ind) + 1, int(h2_indices[i]) + 1
                )
            )
        # Now the actual pair styles are written
        self._interactive_lib_command(
            "pair_style " + self.input.potential["pair_style"]
        )
        values = np.array(self.input.potential._dataset["Value"])
        pair_val = values[
            ["pair_coeff" in val for val in self.input.potential._dataset["Parameter"]]
        ]
        for val in pair_val:
            self._interactive_lib_command("pair_coeff " + val)
        self._interactive_lib_command(
            "kspace_style " + self.input.potential["kspace_style"]
        )

[docs]    def from_hdf(self, hdf=None, group_name=None):
        """
        Recreates instance from the hdf5 file

        Args:
            hdf (str): Path to the hdf5 file
            group_name (str): Name of the group which contains the object
        """
        super(LammpsInteractive, self).from_hdf(hdf=hdf, group_name=group_name)
        self.species_from_hdf()


[docs]    def collect_output(self):
        if (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ):
            pass
        else:
            super(LammpsInteractive, self).collect_output()


[docs]    def update_potential(self):
        self._interactive_lib_command(self.potential.Config[0][0])
        self._interactive_lib_command(self.potential.Config[0][1])


[docs]    def interactive_indices_getter(self):
        lammps_indices = np.array(self._interactive_library.gather_atoms("type", 0, 1))
        indices = self.remap_indices(lammps_indices)
        return indices.tolist()


[docs]    def interactive_indices_setter(self, indices):
        el_struct_lst = self._structure_current.get_species_symbols()
        el_obj_lst = self._structure_current.get_species_objects()
        el_eam_lst = self.input.potential.get_element_lst()
        el_dict = {}
        for id_eam, el_eam in enumerate(el_eam_lst):
            if el_eam in el_struct_lst:
                id_el = list(el_struct_lst).index(el_eam)
                el = el_obj_lst[id_el]
                el_dict[el] = id_eam + 1
        elem_all = np.array(
            [el_dict[self._structure_current.species[el]] for el in indices]
        )
        if self.server.run_mode.interactive and self.server.cores == 1:
            self._interactive_library.scatter_atoms(
                "type", 0, 1, (len(elem_all) * c_int)(*elem_all)
            )
        else:
            self._interactive_library.scatter_atoms("type", elem_all)


[docs]    def interactive_energy_pot_getter(self):
        return self._interactive_library.get_thermo("pe")


[docs]    def interactive_energy_tot_getter(self):
        return self._interactive_library.get_thermo("etotal")


[docs]    def interactive_steps_getter(self):
        return self._interactive_library.get_thermo("step")


[docs]    def interactive_temperatures_getter(self):
        return self._interactive_library.get_thermo("temp")


[docs]    def interactive_stress_getter(self):
        """
        This gives back an Nx3x3 array of stress/atom defined in http://lammps.sandia.gov/doc/compute_stress_atom.html
        Keep in mind that it is stress*volume in eV. Further discussion can be found on the website above.

        Returns:
            numpy.array: Nx3x3 np array of stress/atom
        """
        if not "stress" in self.interactive_cache.keys():
            self._interactive_lib_command("compute st all stress/atom NULL")
            self._interactive_lib_command("run 0")
            self.interactive_cache["stress"] = []
        id_lst = self._interactive_library.extract_atom("id", 0)
        id_lst = np.array([id_lst[i] for i in range(len(self.structure))])-1
        id_lst = np.arange(len(id_lst))[np.argsort(id_lst)]
        ind = np.array([0, 3, 4, 3, 1, 5, 4, 5, 2])
        ss = self._interactive_library.extract_compute("st", 1, 2)
        ss = np.array([ss[i][j] for i in range(len(self.structure)) for j in range(6)]).reshape(-1, 6)[id_lst]
        ss = ss[:, ind].reshape(len(self.structure), 3, 3)/constants.eV*constants.bar*constants.angstrom**3
        if np.matrix.trace(self._prism.R) != 3:
            ss = np.einsum('ij,njk->nik', self._prism.R, ss)
            ss = np.einsum('nij,kj->nik', ss, self._prism.R)
        return ss


[docs]    def interactive_pressures_getter(self):
        pp = np.array(
            [
                [
                    self._interactive_library.get_thermo("pxx"),
                    self._interactive_library.get_thermo("pxy"),
                    self._interactive_library.get_thermo("pxz"),
                ],
                [
                    self._interactive_library.get_thermo("pxy"),
                    self._interactive_library.get_thermo("pyy"),
                    self._interactive_library.get_thermo("pyz"),
                ],
                [
                    self._interactive_library.get_thermo("pxz"),
                    self._interactive_library.get_thermo("pyz"),
                    self._interactive_library.get_thermo("pzz"),
                ],
            ]
        )
        rotation_matrix = self._prism.R.T
        if np.matrix.trace(rotation_matrix) != 3:
            pp = rotation_matrix.T @ pp @ rotation_matrix
        return pp / 10000  # bar -> GPa


[docs]    def interactive_close(self):
        if self.interactive_is_activated():
            self._interactive_library.close()
            super(LammpsInteractive, self).interactive_close()
            with self.project_hdf5.open("output") as h5:
                if "interactive" in h5.list_groups():
                    for key in h5["interactive"].list_nodes():
                        h5["generic/" + key] = h5["interactive/" + key]
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  Source code for pyiron.lammps.lammps

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from pyiron.lammps.interactive import LammpsInteractive

__author__ = "Joerg Neugebauer, Sudarsan Surendralal, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "- Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]class Lammps(LammpsInteractive):
    """
    Class to setup and run and analyze LAMMPS simulations which is a derivative of
    atomistics.job.generic.GenericJob. The functions in these modules are written in such the function names and
    attributes are very generic (get_structure(), molecular_dynamics(), version) but the functions are written to handle
    LAMMPS specific input/output.

    Args:
        project (pyiron.project.Project instance):  Specifies the project path among other attributes
        job_name (str): Name of the job

    Attributes:
        input (lammps.Input instance): Instance which handles the input
    """

    def __init__(self, project, job_name):
        super(Lammps, self).__init__(project, job_name)
        self.__name__ = "Lammps"
        self._executable_activate(enforce=True)
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  Source code for pyiron.lammps.potential

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
from ast import literal_eval
import numpy as np
import pandas as pd
import shutil
import os
from pyiron_base import Settings, GenericParameters
from pyiron.atomistics.job.potentials import PotentialAbstract, find_potential_file_base

__author__ = "Joerg Neugebauer, Sudarsan Surendralal, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"

s = Settings()


[docs]class LammpsPotential(GenericParameters):

    """
    This module helps write commands which help in the control of parameters related to the potential used in LAMMPS
    simulations
    """

    def __init__(self, input_file_name=None):
        super(LammpsPotential, self).__init__(
            input_file_name=input_file_name,
            table_name="potential_inp",
            comment_char="#",
        )
        self._potential = None
        self._attributes = {}
        self._df = None

    @property
    def df(self):
        return self._df

    @df.setter
    def df(self, new_dataframe):
        self._df = new_dataframe
        # ToDo: In future lammps should also support more than one potential file - that is currently not implemented.
        try:
            self.load_string("".join(list(new_dataframe["Config"])[0]))
        except IndexError:
            raise ValueError(
                "Potential not found! "
                "Validate the potential name by self.potential in self.list_potentials()."
            )

[docs]    def remove_structure_block(self):
        self.remove_keys(["units"])
        self.remove_keys(["atom_style"])
        self.remove_keys(["dimension"])


    @property
    def files(self):
        if len(self._df["Filename"].values[0]) > 0 and self._df["Filename"].values[0] != ['']:
            absolute_file_paths = [
                files for files in list(self._df["Filename"])[0] if os.path.isabs(files)
            ]
            relative_file_paths = [
                files
                for files in list(self._df["Filename"])[0]
                if not os.path.isabs(files)
            ]
            env = os.environ
            resource_path_lst = s.resource_paths
            for conda_var in ["CONDA_PREFIX", "CONDA_DIR"]:
                if conda_var in env.keys():  # support iprpy-data package
                    resource_path_lst += [os.path.join(env[conda_var], "share", "iprpy")]
            for path in relative_file_paths:
                absolute_file_paths.append(find_potential_file_base(
                    path=path,
                    resource_path_lst=resource_path_lst,
                    rel_path=os.path.join("lammps", "potentials")
                ))
            if len(absolute_file_paths) != len(list(self._df["Filename"])[0]):
                raise ValueError("Was not able to locate the potentials.")
            else:
                return absolute_file_paths

[docs]    def copy_pot_files(self, working_directory):
        if self.files is not None:
            _ = [shutil.copy(path_pot, working_directory) for path_pot in self.files]


[docs]    def get_element_lst(self):
        return list(self._df["Species"])[0]


    def _find_line_by_prefix(self, prefix):
        """
        Find a line that starts with the given prefix.  Differences in white
        space are ignored.  Raises a ValueError if not line matches the prefix.

        Args:
            prefix (str): line prefix to search for

        Returns:
            list: words of the matching line

        Raises:
            ValueError: if not matching line was found
        """

        def isprefix(prefix, lst):
            if len(prefix) > len(lst): return False
            return all(n == l for n, l in zip(prefix, lst))

        # compare the line word by word to also match lines that differ only in
        # whitespace
        prefix = prefix.split()
        for parameter, value in zip(self._dataset["Parameter"],
                                    self._dataset["Value"]):
            words = (parameter + " " + value).strip().split()
            if isprefix(prefix, words):
                return words

        raise ValueError("No line with prefix \"{}\" found.".format(
                            " ".join(prefix)))

[docs]    def get_element_id(self, element_symbol):
        """
        Return numeric element id for element. If potential does not contain
        the element raise a :class:NameError.  Only makes sense for potentials
        with pair_style "full".

        Args:
            element_symbol (str): short symbol for element

        Returns:
            int: id matching the given symbol

        Raise:
            NameError: if potential does not contain this element
        """

        try:
            line = "group {} type".format(element_symbol)
            return int(self._find_line_by_prefix(line)[3])

        except ValueError:
            msg = "potential does not contain element {}".format(
                    element_symbol)
            raise NameError(msg) from None


[docs]    def get_charge(self, element_symbol):
        """
        Return charge for element. If potential does not specify a charge,
        raise a :class:NameError.  Only makes sense for potentials
        with pair_style "full".

        Args:
            element_symbol (str): short symbol for element

        Returns:
            float: charge speicified for the given element

        Raises:
            NameError: if potential does not specify charge for this element
        """

        try:
            line = "set group {} charge".format(element_symbol)
            return float(self._find_line_by_prefix(line)[4])

        except ValueError:
            msg = "potential does not specify charge for element {}".format(
                    element_symbol)
            raise NameError(msg) from None


[docs]    def to_hdf(self, hdf, group_name=None):
        if self._df is not None:
            with hdf.open("potential") as hdf_pot:
                hdf_pot["Config"] = self._df["Config"].values[0]
                hdf_pot["Filename"] = self._df["Filename"].values[0]
                hdf_pot["Name"] = self._df["Name"].values[0]
                hdf_pot["Model"] = self._df["Model"].values[0]
                hdf_pot["Species"] = self._df["Species"].values[0]
                if "Citations" in self._df.columns.values:
                    hdf_pot["Citations"] = self._df["Citations"].values[0]
        super(LammpsPotential, self).to_hdf(hdf, group_name=group_name)


[docs]    def from_hdf(self, hdf, group_name=None):
        with hdf.open("potential") as hdf_pot:
            try:
                entry_dict = {
                    "Config": [hdf_pot["Config"]],
                    "Filename": [hdf_pot["Filename"]],
                    "Name": [hdf_pot["Name"]],
                    "Model": [hdf_pot["Model"]],
                    "Species": [hdf_pot["Species"]],
                }
                if "Citations" in hdf_pot.list_nodes():
                    entry_dict["Citations"] = [hdf_pot["Citations"]]
                self._df = pd.DataFrame(entry_dict)
            except ValueError:
                pass
        super(LammpsPotential, self).from_hdf(hdf, group_name=group_name)




[docs]class LammpsPotentialFile(PotentialAbstract):
    """
    The Potential class is derived from the PotentialAbstract class, but instead of loading the potentials from a list,
    the potentials are loaded from a file.

    Args:
        potential_df:
        default_df:
        selected_atoms:
    """

    def __init__(self, potential_df=None, default_df=None, selected_atoms=None):
        if potential_df is None:
            potential_df = self._get_potential_df(
                plugin_name="lammps",
                file_name_lst={"potentials_lammps.csv"},
                backward_compatibility_name="lammpspotentials",
            )
        super(LammpsPotentialFile, self).__init__(
            potential_df=potential_df,
            default_df=default_df,
            selected_atoms=selected_atoms,
        )

[docs]    def default(self):
        if self._default_df is not None:
            atoms_str = "_".join(sorted(self._selected_atoms))
            return self._default_df[
                (self._default_df["Name"] == self._default_df.loc[atoms_str].values[0])
            ]
        return None


[docs]    def find_default(self, element):
        """
        Find the potentials

        Args:
            element (set, str): element or set of elements for which you want the possible LAMMPS potentials
            path (bool): choose whether to return the full path to the potential or just the potential name

        Returns:
            list: of possible potentials for the element or the combination of elements

        """
        if isinstance(element, set):
            element = element
        elif isinstance(element, list):
            element = set(element)
        elif isinstance(element, str):
            element = set([element])
        else:
            raise TypeError("Only, str, list and set supported!")
        element_lst = list(element)
        if self._default_df is not None:
            merged_lst = list(set(self._selected_atoms + element_lst))
            atoms_str = "_".join(sorted(merged_lst))
            return self._default_df[
                (self._default_df["Name"] == self._default_df.loc[atoms_str].values[0])
            ]
        return None


    def __getitem__(self, item):
        potential_df = self.find(element=item)
        selected_atoms = self._selected_atoms + [item]
        return LammpsPotentialFile(
            potential_df=potential_df,
            default_df=self._default_df,
            selected_atoms=selected_atoms,
        )



[docs]class PotentialAvailable(object):
    def __init__(self, list_of_potentials):
        self._list_of_potentials = {
            "pot_" + v.replace("-", "_").replace('.', '_'): v for v in list_of_potentials
        }

    def __getattr__(self, name):
        if name in self._list_of_potentials.keys():
            return self._list_of_potentials[name]
        else:
            raise AttributeError

    def __dir__(self):
        return list(self._list_of_potentials.keys())

    def __repr__(self):
        return str(dir(self))
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  Source code for pyiron.lammps.structure

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
from collections import OrderedDict
import numpy as np
from pyiron_base import GenericParameters
import decimal as dec

try:
    from ase.calculators.lammps import Prism

except ImportError:
    try:
        from ase.calculators.lammpsrun import Prism
    except ImportError:
        from ase.calculators.lammpsrun import prism as Prism

__author__ = "Joerg Neugebauer, Sudarsan Surendralal, Yury Lysogorskiy, Jan Janssen, Markus Tautschnig"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]class UnfoldingPrism(Prism):
    """
    Create a lammps-style triclinic prism object from a cell

    The main purpose of the prism-object is to create suitable
    string representations of prism limits and atom positions
    within the prism.
    When creating the object, the digits parameter (default set to 10)
    specify the precision to use.
    lammps is picky about stuff being within semi-open intervals,
    e.g. for atom positions (when using create_atom in the in-file),
    x must be within [xlo, xhi).

    Args:
        cell:
        pbc:
        digits:
    """

    def __init__(self, cell, pbc=(True, True, True), digits=10):
        # Temporary fix. Since the arguments for the constructor have changed, try to see if it is compatible with
        # the latest ase. If not, revert to the old __init__ parameters.
        try:
            super(UnfoldingPrism, self).__init__(
                cell, pbc=pbc, tolerance=float("1e-{}".format(digits))
            )
        except TypeError:
            super(UnfoldingPrism, self).__init__(cell, pbc=pbc, digits=digits)
        a, b, c = cell
        an, bn, cn = [np.linalg.norm(v) for v in cell]

        alpha = np.arccos(np.dot(b, c) / (bn * cn))
        beta = np.arccos(np.dot(a, c) / (an * cn))
        gamma = np.arccos(np.dot(a, b) / (an * bn))

        xhi = an
        xyp = np.cos(gamma) * bn
        yhi = np.sin(gamma) * bn
        xzp = np.cos(beta) * cn
        yzp = (bn * cn * np.cos(alpha) - xyp * xzp) / yhi
        zhi = np.sqrt(cn ** 2 - xzp ** 2 - yzp ** 2)

        # Set precision
        self.car_prec = dec.Decimal("10.0") ** int(
            np.floor(np.log10(max((xhi, yhi, zhi)))) - digits
        )
        self.dir_prec = dec.Decimal("10.0") ** (-digits)
        self.acc = float(self.car_prec)
        self.eps = np.finfo(xhi).eps

        # For rotating positions from ase to lammps
        apre = np.array(((xhi, 0, 0), (xyp, yhi, 0), (xzp, yzp, zhi)))
        # np.linalg.inv(cell) ?= np.array([np.cross(b, c), np.cross(c, a), np.cross(a, b)]).T / np.linalg.det(cell)
        self.R = np.dot(np.linalg.inv(cell), apre)

        def fold(vec, pvec, i):
            p = pvec[i]
            x = vec[i] + 0.5 * p
            n = (np.mod(x, p) - x) / p
            return [float(self.f2qdec(vec_a)) for vec_a in (vec + n * pvec)], n

        apre[1, :], n1 = fold(apre[1, :], apre[0, :], 0)
        if np.abs(apre[1, 0] / apre[0, 0]) > 0.5:
            apre[1, 0] -= np.sign(n1) * apre[0, 0]
            n1 -= np.sign(n1)

        apre[2, :], n2 = fold(apre[2, :], apre[1, :], 1)
        if np.abs(apre[2, 1] / apre[1, 1]) > 0.5:
            apre[2, 1] -= np.sign(n2) * apre[1, 1]
            n2 -= np.sign(n2)

        apre[2, :], n3 = fold(apre[2, :], apre[0, :], 0)
        if np.abs(apre[2, 0] / apre[0, 0]) > 0.5:
            apre[2, 0] -= np.sign(n3) * apre[0, 0]
            n3 -= np.sign(n3)
        self.ns = [n1, n2, n3]

        d_a = apre[0, 0] / 2 - apre[1, 0]
        if np.abs(d_a) < self.acc:
            if d_a < 0:
                print("debug: apply shift")
                apre[1, 0] += 2 * d_a
                apre[2, 0] += 2 * d_a

        self.A = apre

        if self.is_skewed() and (not (pbc[0] and pbc[1] and pbc[2])):
            raise RuntimeError(
                "Skewed lammps cells MUST have " "PBC == True in all directions!"
            )

[docs]    def unfold_cell(self, cell):
        """
        Unfold LAMMPS cell to original

        Let C be the pyiron cell and A be the Lammps cell, then define (in init) the rotation matrix between them as
            R := C^inv.A
        And recall that rotation matrices have the property
            R^T == R^inv
        Then left multiply the definition of R by C, and right multiply by R.T to get
            C.R.R^T = C.C^inv.A.R^T
        Then
            C = A.R^T

        After that, account for the folding process.

        Args:
            cell: LAMMPS cell,

        Returns:
            unfolded cell
        """
        # Rotation
        ucell = np.dot(cell, self.R.T)
        # Folding
        a = ucell[0]
        bp = ucell[1]
        cpp = ucell[2]
        (n1, n2, n3) = self.ns
        b = bp - n1 * a
        c = cpp - n2 * bp - n3 * a
        return np.array([a, b, c])


[docs]    def pos_to_lammps(self, position):
        """
        Rotate an ase-cell position to the lammps cell orientation

        Args:
            position:

        Returns:
            tuple of float.
        """
        return tuple([x for x in np.dot(position, self.R)])


[docs]    def f2qdec(self, f):
        return dec.Decimal(repr(f)).quantize(self.car_prec, dec.ROUND_DOWN)


[docs]    def f2s(self, f):
        return str(dec.Decimal(repr(f)).quantize(self.car_prec, dec.ROUND_HALF_EVEN))


[docs]    def get_lammps_prism_str(self):
        """Return a tuple of strings"""
        p = self.get_lammps_prism()
        return tuple([self.f2s(x) for x in p])




[docs]class LammpsStructure(GenericParameters):
    """

    Args:
        input_file_name:
    """

    def __init__(self, input_file_name=None, bond_dict=None):
        super(LammpsStructure, self).__init__(
            input_file_name=input_file_name,
            table_name="structure_inp",
            comment_char="#",
            val_only=True,
        )
        self._structure = None
        self._potential = None
        self._el_eam_lst = []
        self.atom_type = None
        self.cutoff_radius = None
        self.digits = 10
        self._bond_dict = bond_dict

    @property
    def potential(self):
        return self._potential

    @potential.setter
    def potential(self, val):
        self._potential = val

    @property
    def structure(self):
        """

        Returns:

        """
        return self._structure

    @structure.setter
    def structure(self, structure):
        """

        Args:
            structure:

        Returns:

        """
        self._structure = structure
        if self.atom_type == "full":
            input_str = self.structure_full()
        elif self.atom_type == "bond":
            input_str = self.structure_bond()
        elif self.atom_type == "charge":
            input_str = self.structure_charge()
        else:  # self.atom_type == 'atomic'
            input_str = self.structure_atomic()
        self.load_string(input_str)

    @property
    def el_eam_lst(self):
        """

        Returns:

        """
        return self._el_eam_lst

    @el_eam_lst.setter
    def el_eam_lst(self, el_eam_lst):
        """

        Args:
            el_eam_lst:

        Returns:

        """
        self._el_eam_lst = el_eam_lst

[docs]    def load_default(self):
        """

        Returns:

        """
        input_str = ""
        self.load_string(input_str)


[docs]    def simulation_cell(self):
        """

        Returns:

        """

        self.prism = UnfoldingPrism(self._structure.cell, digits=15)
        xhi, yhi, zhi, xy, xz, yz = self.prism.get_lammps_prism_str()
        # Please, be carefull and not round xhi, yhi,..., otherwise you will get too skew cell from LAMMPS.
        # These values are already checked in UnfoldingPrism to fullfill LAMMPS skewness criteria
        simulation_cell = (
            "0. {} xlo xhi\n".format(xhi)
            + "0. {} ylo yhi\n".format(yhi)
            + "0. {} zlo zhi\n".format(zhi)
        )

        if self.prism.is_skewed():
            simulation_cell += "{0} {1} {2} xy xz yz\n".format(xy, xz, yz)

        return simulation_cell


[docs]    def structure_bond(self):
        """

        Returns:

        """
        # analyze structure to get molecule_ids, bonds, angles etc
        coords = self.rotate_positions(self._structure)

        elements = self._structure.get_chemical_symbols()
        el_list = self._structure.get_species_symbols()
        el_dict = OrderedDict()
        for object_id, el in enumerate(el_list):
            el_dict[el] = object_id

        n_s = len(el_list)
        bond_type = np.ones([n_s, n_s], dtype=np.int)
        count = 0
        for i in range(n_s):
            for j in range(i, n_s):
                count += 1
                bond_type[i, j] = count
                bond_type[j, i] = count

        if self.structure.bonds is None:
            if self.cutoff_radius is None:
                bonds_lst = self.structure.get_bonds(max_shells=1)
            else:
                bonds_lst = self.structure.get_bonds(radius=self.cutoff_radius)
            bonds = []

            for ia, i_bonds in enumerate(bonds_lst):
                el_i = el_dict[elements[ia]]
                for el_j, b_lst in i_bonds.items():
                    b_type = bond_type[el_i][el_dict[el_j]]
                    for i_shell, ib_shell_lst in enumerate(b_lst):
                        for ib in np.unique(ib_shell_lst):
                            if ia < ib:  # avoid double counting of bonds
                                bonds.append([ia + 1, ib + 1, b_type])

            self.structure.bonds = np.array(bonds)
        bonds = self.structure.bonds

        atomtypes = (
            " Start File for LAMMPS \n"
            + "{0:d} atoms".format(len(self._structure))
            + " \n"
            + "{0:d} bonds".format(len(bonds))
            + " \n"
            + "{0} atom types".format(self._structure.get_number_of_species())
            + " \n"
            + "{0} bond types".format(np.max(bond_type))
            + " \n"
        )

        cell_dimesions = self.simulation_cell()

        masses = "Masses \n\n"
        el_obj_list = self._structure.get_species_objects()
        for object_id, el in enumerate(el_obj_list):
            masses += "{0:3d} {1:f}".format(object_id + 1, el.AtomicMass) + "\n"

        atoms = "Atoms \n\n"

        # atom_style bond
        # format: atom-ID, molecule-ID, atom_type, x, y, z
        format_str = "{0:d} {1:d} {2:d} {3:f} {4:f} {5:f} "
        if self._structure.dimension == 3:
            for id_atom, (x, y, z) in enumerate(coords):
                id_mol, id_species = 1, el_dict[elements[id_atom]]
                atoms += (
                    format_str.format(id_atom + 1, id_mol, id_species + 1, x, y, z)
                    + "\n"
                )
        elif self._structure.dimension == 2:
            for id_atom, (x, y) in enumerate(coords):
                id_mol, id_species = 1, el_dict[elements[id_atom]]
                atoms += (
                    format_str.format(id_atom + 1, id_mol, id_species + 1, x, y, 0.0)
                    + "\n"
                )
        else:
            raise ValueError("dimension 1 not yet implemented")

        bonds_str = "Bonds \n\n"
        for i_bond, (i_a, i_b, b_type) in enumerate(bonds):
            bonds_str += (
                "{0:d} {1:d} {2:d} {3:d}".format(i_bond + 1, b_type, i_a, i_b) + "\n"
            )

        return (
            atomtypes
            + "\n"
            + cell_dimesions
            + "\n"
            + masses
            + "\n"
            + atoms
            + "\n"
            + bonds_str
            + "\n"
        )


[docs]    def structure_full(self):
        """
        Write routine to create atom structure static file for atom_type='full' that can be loaded by LAMMPS

        Returns:

        """
        coords = self.rotate_positions(self._structure)

        # extract electric charges from potential file
        q_dict = {}
        species_translate_list = []
        for species in self.structure.species:
            species_name = species.Abbreviation
            q_dict[species_name] = self.potential.get_charge(species_name)
            species_translate_list.append(self.potential.get_element_id(species_name))
        sorted_species_list = np.array(self._potential.get_element_lst())
        molecule_lst, bonds_lst, angles_lst = [], [], []
        bond_type_lst, angle_type_lst = [], []
        # Using a cutoff distance to draw the bonds instead of the number of neighbors
        cutoff_list = list()
        for val in self._bond_dict.values():
            cutoff_list.append(np.max(val["cutoff_list"]))
        max_cutoff = np.max(cutoff_list)
        # Calculate neighbors only once
        neighbors = self._structure.get_neighbors_by_distance(cutoff_radius=max_cutoff)
        id_mol = 0
        indices = self._structure.indices
        for id_el, id_species in enumerate(indices):
            id_mol += 1
            molecule_lst.append([id_el, id_mol, species_translate_list[id_species]])
        # Draw bonds between atoms is defined in self._bond_dict
        # Go through all elements for which bonds are defined
        for element, val in self._bond_dict.items():
            el_1_list = self._structure.select_index(element)
            if el_1_list is not None:
                if len(el_1_list) > 0:
                    for i, v in enumerate(val["element_list"]):
                        el_2_list = self._structure.select_index(v)
                        cutoff_dist = val["cutoff_list"][i]
                        for j, ind in enumerate(np.array(neighbors.indices)[el_1_list]):
                            # Only chose those indices within the cutoff distance and which belong
                            # to the species defined in the element_list
                            # i is the index of each bond type, and j is the element index
                            id_el = el_1_list[j]
                            bool_1 = np.array(neighbors.distances)[id_el] <= cutoff_dist
                            act_ind = ind[bool_1]
                            bool_2 = np.in1d(act_ind, el_2_list)
                            final_ind = act_ind[bool_2]
                            # Get the bond and angle type
                            bond_type = val["bond_type_list"][i]
                            angle_type = val["angle_type_list"][i]
                            # Draw only maximum allowed bonds
                            final_ind = final_ind[:val["max_bond_list"][i]]
                            for fi in final_ind:
                                bonds_lst.append([id_el + 1, fi + 1])
                                bond_type_lst.append(bond_type)
                            # Draw angles if at least 2 bonds are present and if an angle type is defined for this
                            # particular set of bonds
                            if len(final_ind) >= 2 and val["angle_type_list"][i] is not None:
                                angles_lst.append([final_ind[0] + 1, id_el + 1, final_ind[1] + 1])
                                angle_type_lst.append(angle_type)
        m_lst = np.array(molecule_lst)
        molecule_lst = m_lst[m_lst[:, 0].argsort()]

        if len(bond_type_lst) == 0:
            num_bond_types = 1
        else:
            num_bond_types = int(np.max(bond_type_lst))
        if len(angle_type_lst) == 0:
            num_angle_types = 1
        else:
            num_angle_types = int(np.max(angle_type_lst))

        atomtypes = (
            " Start File for LAMMPS \n"
            + "{0:d} atoms".format(len(self._structure))
            + " \n"
            + "{0:d} bonds".format(len(bonds_lst))
            + " \n"
            + "{0:d} angles".format(len(angles_lst))
            + " \n"
            + "{0} atom types".format(len(sorted_species_list))
            + " \n"
            + "{0} bond types".format(num_bond_types)
            + " \n"
            + "{0} angle types".format(num_angle_types)
            + " \n"
        )

        cell_dimensions = self.simulation_cell()

        masses = "Masses" + "\n\n"
        for ic, el_p in enumerate(sorted_species_list):
            mass = self.structure._pse[el_p].AtomicMass
            masses += "{0:3d} {1:f}  # ({2}) \n".format(ic + 1, mass, el_p)

        atoms = "Atoms \n\n"

        # format: atom-ID, molecule-ID, atom_type, q, x, y, z
        format_str = "{0:d} {1:d} {2:d} {3:f} {4:f} {5:f} {6:f}"
        for atom in molecule_lst:
            id_atom, id_mol, id_species = atom
            x, y, z = coords[id_atom]
            ind = np.argwhere(np.array(species_translate_list) == id_species).flatten()[0]
            el_id = self._structure.species[ind].Abbreviation
            atoms += (
                format_str.format(
                    id_atom + 1, id_mol, id_species, q_dict[el_id], x, y, z
                )
                + "\n"
            )

        if len(bonds_lst) > 0:
            bonds_str = "Bonds \n\n"
            for i_bond, id_vec in enumerate(bonds_lst):
                bonds_str += (
                    "{0:d} {1:d} {2:d} {3:d}".format(
                        i_bond + 1, bond_type_lst[i_bond], id_vec[0], id_vec[1]
                    )
                    + "\n"
                )
        else:
            bonds_str = "\n"

        if len(angles_lst) > 0:
            angles_str = "Angles \n\n"
            for i_angle, id_vec in enumerate(angles_lst):
                angles_str += (
                    "{0:d} {1:d} {2:d} {3:d} {4:d}".format(
                        i_angle + 1, angle_type_lst[i_angle], id_vec[0], id_vec[1], id_vec[2]
                    )
                    + "\n"
                )
        else:
            angles_str = "\n"
        return (
            atomtypes
            + "\n"
            + cell_dimensions
            + "\n"
            + masses
            + "\n"
            + atoms
            + "\n"
            + bonds_str
            + "\n"
            + angles_str
            + "\n"
        )


[docs]    def structure_charge(self):
        """
        Create atom structure including the atom charges.

        By convention the LAMMPS atom type numbers are chose alphabetically for the chemical species.

        Returns: LAMMPS readable structure.

        """
        atomtypes = (
            "Start File for LAMMPS \n"
            + "{0:d} atoms".format(self._structure.get_number_of_atoms())
            + " \n"
            + "{0} atom types".format(self._structure.get_number_of_species())
            + " \n"
        )

        cell_dimesions = self.simulation_cell()

        masses = "Masses\n\n"

        for ind, obj in enumerate(self._structure.get_species_objects()):
            masses += "{0:3d} {1:f}".format(ind + 1, obj.AtomicMass) + "\n"

        atoms = "Atoms\n\n"

        coords = self.rotate_positions(self._structure)

        el_charge_lst = self._structure.charge
        el_lst = self._structure.get_chemical_symbols()
        el_alphabet_dict = {}
        for ind, el in enumerate(self._structure.get_species_symbols()):
            el_alphabet_dict[el] = ind + 1
        for id_atom, (el, coord) in enumerate(zip(el_lst, coords)):
            id_el = el_alphabet_dict[el]
            dim = self._structure.dimension
            c = np.zeros(3)
            c[:dim] = coord
            atoms += (
                "{0:d} {1:d} {2:f} {3:.15f} {4:.15f} {5:.15f}".format(
                    id_atom + 1, id_el, el_charge_lst[id_atom], c[0], c[1], c[2]
                )
                + "\n"
            )
        return atomtypes + "\n" + cell_dimesions + "\n" + masses + "\n" + atoms + "\n"


[docs]    def structure_atomic(self):
        """
        Write routine to create atom structure static file that can be loaded by LAMMPS

        Returns:

        """
        atomtypes = (
            "Start File for LAMMPS \n"
            + "{0:d} atoms".format(len(self._structure))
            + " \n"
            + "{0} atom types".format(len(self._el_eam_lst))
            + " \n"
        )  # '{0} atom types'.format(structure.get_number_of_species()) + ' \n'

        cell_dimesions = self.simulation_cell()

        masses = "Masses\n\n"

        el_struct_lst = self._structure.get_species_symbols()
        el_obj_lst = self._structure.get_species_objects()
        el_dict = {}
        for id_eam, el_eam in enumerate(self._el_eam_lst):
            if el_eam in el_struct_lst:
                id_el = list(el_struct_lst).index(el_eam)
                el = el_obj_lst[id_el]
                el_dict[el] = id_eam + 1
                masses += "{0:3d} {1:f}".format(id_eam + 1, el.AtomicMass) + "\n"
            else:
                # element in EAM file but not used in structure, use dummy for atomic mass
                masses += "{0:3d} {1:f}".format(id_eam + 1, 1.00) + "\n"

        atoms = "Atoms\n\n"

        coords = self.rotate_positions(self._structure)

        el_lst = self._structure.get_chemical_elements()
        for id_atom, (el, coord) in enumerate(zip(el_lst, coords)):
            if el in el_dict.keys():
                id_el = el_dict[el]
            else:
                raise ValueError("Selected potential does not support the existing chemical composition")
            dim = self._structure.dimension
            c = np.zeros(3)
            c[:dim] = coord
            atoms += (
                "{0:d} {1:d} {2:.15f} {3:.15f} {4:.15f}".format(
                    id_atom + 1, id_el, c[0], c[1], c[2]
                )
                + "\n"
            )
        return atomtypes + "\n" + cell_dimesions + "\n" + masses + "\n" + atoms + "\n"


[docs]    def rotate_positions(self, structure):
        """
        Rotate all atomic positions in given structure according to new Prism cell

        Args:
            structure: Atoms-like object. Should has .positions attribute

        Returns:
            (list): List of rotated coordinates
        """
        prism = UnfoldingPrism(self._structure.cell)
        coords = [prism.pos_to_lammps(position) for position in structure.positions]
        return coords




[docs]def write_lammps_datafile(structure, file_name="lammps.data", cwd=None):
    lammps_str = LammpsStructure()
    lammps_str.el_eam_lst = structure.get_species_symbols()
    lammps_str.structure = structure
    lammps_str.write_file(file_name=file_name, cwd=cwd)
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  Source code for pyiron.quickff.quickff

from pyiron_base import GenericParameters
from pyiron.atomistics.structure.atoms import Atoms
from pyiron.atomistics.job.atomistic import AtomisticGenericJob
from yaff import System, log as Yafflog, ForceField
Yafflog.set_level(Yafflog.silent)
from quickff import read_abinitio
from quickff.tools import set_ffatypes
from quickff.settings import key_checks
from molmod.units import *
from molmod.io.chk import load_chk, dump_chk
from molmod.periodic import periodic as pt

import os
import posixpath
import numpy as np


[docs]def write_chk(input_dict, working_directory='.'):
    # collect data and initialize Yaff system
    if 'cell' in input_dict.keys() and input_dict['cell'] is not None and np.all(np.array(input_dict['cell']) != np.zeros([3,3])):
        system = System(
          input_dict['numbers'], 
          input_dict['pos']*angstrom, 
          rvecs=np.array(input_dict['cell'])*angstrom, 
          ffatypes=input_dict['ffatypes_man'], 
          ffatype_ids=input_dict['ffatype_ids_man']
        )
    else:
        system = System(
            input_dict['numbers'],
            input_dict['pos']*angstrom,
            ffatypes=input_dict['ffatypes_man'],
            ffatype_ids=input_dict['ffatype_ids_man']
        )
    # determine masses, bonds and ffaypes from ffatype_rules
    system.detect_bonds()
    system.set_standard_masses()
    # write dictionnairy to MolMod CHK file
    system.to_file(posixpath.join(working_directory, 'input.chk'))
    # Reload input.chk as dictionairy and add AI input data
    d = load_chk(posixpath.join(working_directory, 'input.chk'))

    assert isinstance(input_dict['aiener'], float), "AI energy not defined in input, use job.read_abintio(...)"
    assert isinstance(input_dict['aigrad'], np.ndarray), "AI gradient not defined in input, use job.read_abintio(...)"
    assert isinstance(input_dict['aihess'], np.ndarray), "AI hessian not defined in input, use job.read_abintio(...)"
    d['energy'] = input_dict['aiener']
    d['grad'] = input_dict['aigrad']
    d['hess'] = input_dict['aihess']
    dump_chk(posixpath.join(working_directory,'input.chk'), d)



[docs]def write_pars(pars, fn, working_directory='.'):
    with open(posixpath.join(working_directory, fn), 'w') as f:
        for line in pars:
            f.write(line)



[docs]def write_config(input_dict, working_directory='.'):
    with open(posixpath.join(working_directory, 'config.txt'), 'w') as f:
        for key in key_checks.keys():
            if key in input_dict.keys():
                value_int = str(input_dict[key])
                if key == 'ffatypes': assert value_int == 'None'
                print('%s:   %s' %(key+' '*(30-len(key)), value_int), file=f)



[docs]def collect_output(fn_pars, fn_sys):
    # this routine reads the output parameter file containing the covalent pars
    output_dict = {
        'generic/bond': [],
        'generic/bend': [],
        'generic/torsion': [],
        'generic/oopdist': [],
        'generic/cross': []
    }
    kinds = ['bond', 'bend', 'torsion', 'oopdist', 'cross']
    with open(fn_pars, 'r') as f:
        for line in f.readlines():
            for key in kinds:
                if key in line.lower():
                    output_dict['generic/%s' %key].append(line)
    system = System.from_file(fn_sys)
    output_dict['system/numbers'] = system.numbers
    output_dict['system/pos'] = system.pos/angstrom
    if system.cell is not None:
        output_dict['system/rvecs'] = system.cell.rvecs/angstrom
    output_dict['system/bonds'] = system.bonds
    output_dict['system/ffatypes'] = np.asarray(system.ffatypes,'S22')
    output_dict['system/ffatype_ids'] = system.ffatype_ids
    return output_dict



[docs]class QuickFFInput(GenericParameters):
    def __init__(self, input_file_name=None):
        super(QuickFFInput, self).__init__(input_file_name=input_file_name,table_name="input_inp",comment_char="#")

[docs]    def load_default(self):
        """
        Loading the default settings for the input file.
        """
        input_str = """\
fn_yaff pars_cov.txt
fn_charmm22_prm None
fn_charmm22_psf None
fn_sys system.chk
plot_traj None
xyz_traj False
fn_traj None
log_level high
log_file quickff.log
program_mode DeriveFF
only_traj PT_ALL
ffatypes None #Define atom types using the built-in routine in QuickFF (see documentation)
ei None
ei_rcut None #default is 20 (periodic) or 50 (non-per) A
vdw None
vdw_rcut 37.79452267842504
covres None
excl_bonds None
excl_bends None
excl_dihs None
excl_oopds None
do_hess_mass_weighting True
do_hess_negfreq_proj False
do_cross_svd True
pert_traj_tol 1e-3
pert_traj_energy_noise None
cross_svd_rcond 1e-8
do_bonds True
do_bends True
do_dihedrals True
do_oops True
do_cross_ASS True
do_cross_ASA True
do_cross_DSS False
do_cross_DSD False
do_cross_DAA False
do_cross_DAD False
consistent_cross_rvs True
remove_dysfunctional_cross True
bond_term BondHarm
bend_term BendAHarm
do_squarebend True
do_bendclin True
do_sqoopdist_to_oopdist True
"""
        self.load_string(input_str)




[docs]class QuickFF(AtomisticGenericJob):
    def __init__(self, project, job_name):
        super(QuickFF, self).__init__(project, job_name)
        self.__name__ = "QuickFF"
        self._executable_activate(enforce=True)
        self.input = QuickFFInput()
        self.ffatypes = None
        self.ffatype_ids = None
        self.aiener = None
        self.aigrad = None
        self.aihess = None
        self.fn_ei = None
        self.fn_vdw = None

[docs]    def read_abinitio(self, fn):
        numbers, coords, energy, grad, hess, masses, rvecs, pbc = read_abinitio(fn)
        coords /= angstrom
        if rvecs is not None:
            rvecs /= angstrom
        self.structure = Atoms(numbers=numbers, positions=coords, cell=rvecs, pbc=True)
        self.aiener = energy
        self.aigrad = grad
        self.aihess = hess


[docs]    def detect_ffatypes(self, ffatypes=None, ffatype_rules=None, ffatype_level=None):
        """
        Define atom types by explicitely giving them through the
        ffatypes keyword, defining atype rules using the ATSELECT
        language implemented in Yaff (see the Yaff documentation at
        http://molmod.github.io/yaff/ug_atselect.html) or by specifying
        the ffatype_level employing the built-in routine in QuickFF.
        """
        numbers = np.array([pt[symbol].number for symbol in self.structure.get_chemical_symbols()])
        if self.structure.cell is not None and np.all(np.array(self.structure.cell) != np.zeros([3,3])):
            system = System(numbers, self.structure.positions.copy()*angstrom, rvecs=np.array(self.structure.cell)*angstrom)
        else:
            system = System(numbers, self.structure.positions.copy()*angstrom)
        system.detect_bonds()

        if not sum([ffatypes is None, ffatype_rules is None, ffatype_level is None]) == 2:
            raise IOError('Exactly one of ffatypes, ffatype_rules and ffatype_level should be defined')

        if ffatypes is not None:
            assert ffatype_rules is None, 'ffatypes and ffatype_rules cannot be defined both'
            system.ffatypes = ffatypes
            system.ffatype_ids = None
            system._init_derived_ffatypes()
        if ffatype_rules is not None:
            system.detect_ffatypes(ffatype_rules)
        if ffatype_level is not None:
            set_ffatypes(system, ffatype_level)

        self.ffatypes = system.ffatypes.copy()
        self.ffatype_ids = system.ffatype_ids.copy()


[docs]    def set_ei(self, fn):
        self.input['ei'] = fn.split('/')[-1]
        self.fn_ei = fn


[docs]    def set_vdw(self, fn):
        self.input['vdw'] = fn.split('/')[-1]
        self.fn_vdw = fn


[docs]    def write_input(self):
        # load system related input
        input_dict = {
            'symbols': self.structure.get_chemical_symbols(),
            'numbers': np.array([pt[symbol].number for symbol in self.structure.get_chemical_symbols()]),
            'ffatypes_man': self.ffatypes,
            'ffatype_ids_man': self.ffatype_ids,
            'pos': self.structure.positions,
            'aiener': self.aiener,
            'aigrad': self.aigrad,
            'aihess': self.aihess,
        }
        for k in self.input._dataset["Parameter"]:
            input_dict[k] = self.input[k]
        input_dict['cell'] = None
        if self.structure.cell is not None:
            input_dict['cell'] = self.structure.get_cell()
        # load all input settings from self.input
        for k, v in self.input._dataset.items():
            input_dict[k] = v
        # write input chk file
        write_chk(input_dict, working_directory=self.working_directory)
        # write nonbonded pars and config input files
        if self.fn_ei is not None:
            assert self.input['ei'] is not None
            os.system('cp %s %s/%s' %(self.fn_ei , self.working_directory, self.input['ei']))
        if self.fn_vdw is not None:
            assert self.input['vdw'] is not None
            os.system('cp %s %s/%s' %(self.fn_vdw, self.working_directory, self.input['vdw']))
        write_config(input_dict,working_directory=self.working_directory)


[docs]    def collect_output(self):
        output_dict = collect_output(
            posixpath.join(self.working_directory, self.input['fn_yaff']),
            posixpath.join(self.working_directory, self.input['fn_sys'])
        )
        with self.project_hdf5.open("output") as hdf5_output:
            for k, v in output_dict.items():
                hdf5_output[k] = v


[docs]    def to_hdf(self, hdf=None, group_name=None):
        super(QuickFF, self).to_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.structure.to_hdf(hdf5_input)
            self.input.to_hdf(hdf5_input)


[docs]    def from_hdf(self, hdf=None, group_name=None):
        super(QuickFF, self).from_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.input.from_hdf(hdf5_input)
            self.structure = Atoms().from_hdf(hdf5_input)


[docs]    def get_structure(self, iteration_step=-1, wrap_atoms=True):
        """
        Overwrite the get_structure routine from AtomisticGenericJob because we want to avoid
        defining a unit cell when one does not exist
        """
        raise NotImplementedError


[docs]    def log(self):
        with open(posixpath.join(self.working_directory, 'quickff.log')) as f:
            print(f.read())


[docs]    def get_yaff_system(self):
        system = System.from_file(posixpath.join(self.working_directory, self.input['fn_sys']))
        return system


[docs]    def get_yaff_ff(self, rcut=15*angstrom, alpha_scale=3.2, gcut_scale=1.5, smooth_ei=True):
        system = self.get_yaff_system()
        fn_pars = posixpath.join(self.working_directory, self.input['fn_yaff'])
        if not os.path.isfile(fn_pars):
            raise IOError('No pars.txt file find in job working directory. Have you already run the job?')
        ff = ForceField.generate(
            system, fn_pars, rcut=rcut, alpha_scale=alpha_scale,
            gcut_scale=gcut_scale, smooth_ei=smooth_ei
        )
        return ff
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  Source code for pyiron.sphinx.base

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH -Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function, division

import numpy as np
import os
import posixpath
import re
import stat
from shutil import copyfile
import scipy.constants
import warnings
import json
from collections import defaultdict
import spglib

from pyiron.dft.job.generic import GenericDFTJob
from pyiron.dft.waves.electronic import ElectronicStructure
from pyiron.vasp.potential import VaspPotentialFile, \
    strip_xc_from_potential_name, \
    find_potential_file as find_potential_file_vasp, \
    VaspPotentialSetter
from pyiron.sphinx.structure import read_atoms
from pyiron.sphinx.potential import SphinxJTHPotentialFile
from pyiron.sphinx.potential import find_potential_file \
    as find_potential_file_jth
from pyiron.sphinx.volumetric_data import SphinxVolumetricData
from pyiron_base import Settings, InputList, job_status_successful_lst, deprecate

__author__ = "Osamu Waseda, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"

s = Settings()

BOHR_TO_ANGSTROM = (
    scipy.constants.physical_constants["Bohr radius"][0] /
    scipy.constants.angstrom
)
HARTREE_TO_EV = scipy.constants.physical_constants["Hartree energy in eV"][0]
RYDBERG_TO_EV = HARTREE_TO_EV / 2
HARTREE_OVER_BOHR_TO_EV_OVER_ANGSTROM = HARTREE_TO_EV / BOHR_TO_ANGSTROM


[docs]class SphinxBase(GenericDFTJob):
    """
    Class to setup and run Sphinx simulations.

    Inherits pyiron.atomistics.job.generic.GenericJob. The functions in
    these modules are written such that the function names and attributes
    are very Pyiron-generic (get_structure(), molecular_dynamics(),
    version) but internally handle Sphinx specific input and output.

    Alternatively, because SPHInX inputs are built on a group-based
    format, users have the option to set specific groups and parameters
    directly, e.g.

    ```python
    # Modify/add a new parameter via
    job.input.PAWHamiltonian.nEmptyStates = 15
    job.input.PAWHamiltonian.dipoleCorrection = True
    # or
    job.input.PAWHamiltonian.set("nEmptyStates", 15)
    job.input.PAWHamiltonian.set("dipoleCorrection", True)
    # Modify/add a sub-group via
    job.input.initialGuess.rho.charged = {"charge": 2, "z": 25}
    # or
    job.input.initialGuess.rho.set("charged", {"charge": 2, "z": 25})
    ```

    Args:
        project: Project object (defines path where job will be
                 created and stored)
        job_name (str): name of the job (must be unique within
                        this project path)
    """

    """Version of the data format in hdf5"""
    __hdf_version__ = "0.1.0"

    def __init__(self, project, job_name):
        super(SphinxBase, self).__init__(project, job_name)

        # keeps both the generic parameters as well as the sphinx specific
        # input groups
        self.input = Group(table_name = "parameters")
        self.load_default_input()
        self._save_memory = False
        self._output_parser = Output(self)
        self.input_writer = InputWriter()
        self._potential = VaspPotentialSetter([])
        if self.check_vasp_potentials():
            self.input["VaspPot"] = True  # use VASP potentials if available
        self._generic_input["restart_for_band_structure"] = False
        self._generic_input["path_name"] = None
        self._generic_input["n_path"] = None

    @property
    def structure(self):
        """

        Returns:

        """
        return GenericDFTJob.structure.fget(self)

    @structure.setter
    def structure(self, structure):
        """

        Args:
            structure:

        Returns:

        """
        GenericDFTJob.structure.fset(self, structure)
        if structure is not None:
            self._potential = VaspPotentialSetter(
                element_lst=structure.get_species_symbols().tolist()
            )

    @property
    def id_pyi_to_spx(self):
        if self.input_writer.id_pyi_to_spx is None:
            self.input_writer.structure = self.structure
        return self.input_writer.id_pyi_to_spx

    @property
    def id_spx_to_pyi(self):
        if self.input_writer.id_spx_to_pyi is None:
            self.input_writer.structure = self.structure
        return self.input_writer.id_spx_to_pyi

    @property
    def plane_wave_cutoff(self):
        if "eCut" in self.input.sphinx.basis.keys():
            return self.input.sphinx.basis["eCut"] * RYDBERG_TO_EV
        else:
            return self.input["EnCut"]

    @property
    def fix_spin_constraint(self):
        return self._generic_input["fix_spin_constraint"]

    @fix_spin_constraint.setter
    def fix_spin_constraint(self, boolean):
        if not isinstance(boolean, bool):
            raise ValueError("fix_spin_constraint has to be a boolean")
        self._generic_input["fix_spin_constraint"] = boolean
        self.structure.add_tag(spin_constraint=boolean)

    @plane_wave_cutoff.setter
    def plane_wave_cutoff(self, val):
        """
        Function to setup the energy cut-off for the Sphinx job in eV.

        Args:
            val (int): energy cut-off in eV
        """
        if val <= 0:
            raise ValueError("Cutoff radius value not valid")
        elif val < 50:
            warnings.warn(
                "The given cutoff is either very small (probably "
                + "too small) or was accidentally given in Ry. "
                + "Please make sure it is in eV (1eV = 13.606 Ry)."
            )
        self.input["EnCut"] = val
        self.input.sphinx.basis.eCut = self.input["EnCut"] / RYDBERG_TO_EV

    @property
    def exchange_correlation_functional(self):
        return self.input["Xcorr"]

    @exchange_correlation_functional.setter
    def exchange_correlation_functional(self, val):
        """
        Args:
            val:

        Returns:
        """
        if val.upper() in ["PBE", "LDA"]:
            self.input["Xcorr"] = val.upper()
        else:
            warnings.warn(
                "Exchange correlation function not recognized (\
                    recommended: PBE or LDA)",
                SyntaxWarning,
            )
            self.input["Xcorr"] = val
        if "xc" in self.input.sphinx.PAWHamiltonian.keys():
            self.input.sphinx.PAWHamiltonian.xc = self.input["Xcorr"]

    @property
    def potential_view(self):
        if self.structure is None:
            raise ValueError("Can't list potentials unless a structure is set")
        else:
            if self.input["VaspPot"]:
                potentials = VaspPotentialFile(xc=self.input["Xcorr"])
            else:
                potentials = SphinxJTHPotentialFile(xc=self.input["Xcorr"])
            df = potentials.find(self.structure.get_species_symbols().tolist())
            if len(df) > 0:
                df["Name"] = [strip_xc_from_potential_name(n) for n in df["Name"].values]
            return df

    @property
    def potential_list(self):
        return list(self.potential_view["Name"].values)

    @property
    def potential(self):
        return self._potential

[docs]    def get_kpoints(self):
        return self.input.KpointFolding


[docs]    def get_version_float(self):
        version_str = self.executable.version.split("_")[0]
        version_float = float(
            version_str.split(".")[0]
        )
        if len(version_str.split(".")) > 1:
            version_float += float(
                "0." + "".join(version_str.split(".")[1:])
                )
        return version_float


[docs]    def set_input_to_read_only(self):
        """
        This function enforces read-only mode for the input classes,
        but it has to be implemented in the individual classes.
        """
        super(SphinxBase, self).set_input_to_read_only()
        self.input.read_only = True


[docs]    def get_scf_group(
        self, maxSteps=None, keepRhoFixed=False, dEnergy=None,
        algorithm="blockCCG"
    ):
        """
        SCF group setting for SPHInX
        for all args refer to calc_static or calc_minimize
        """

        scf_group = Group()
        if algorithm.upper() == "CCG":
            algorithm = "CCG"
        elif algorithm.upper() != "BLOCKCCG":
            warnings.warn(
                "Algorithm not recognized -> setting to blockCCG. \
                    Alternatively, choose algorithm=CCG",
                SyntaxWarning,
            )
            algorithm = "blockCCG"

        if keepRhoFixed:
            scf_group["keepRhoFixed"] = True
        else:
            scf_group["rhoMixing"] = str(self.input["rhoMixing"])
            scf_group["spinMixing"] = str(self.input["spinMixing"])
            if "nPulaySteps" in self.input:
                scf_group["nPulaySteps"] = str(self.input["nPulaySteps"])
        if dEnergy is None:
            scf_group["dEnergy"] = self.input["Ediff"] / HARTREE_TO_EV
        else:
            scf_group["dEnergy"] = str(dEnergy)
        if maxSteps is None:
            scf_group["maxSteps"] = str(self.input["Estep"])
        else:
            scf_group["maxSteps"] = str(maxSteps)
        if "preconditioner" in self.input:
            scf_group.create_group("preconditioner")["type"] = \
                    self.input["preconditioner"]
        scf_group.create_group(algorithm)
        if "maxStepsCCG" in self.input:
            scf_group[algorithm]["maxStepsCCG"] = self.input["maxStepsCCG"]
        if "blockSize" in self.input and algorithm == "blockCCG":
            scf_group[algorithm]["blockSize"] = self.input["blockSize"]
        if "nSloppy" in self.input and algorithm == "blockCCG":
            scf_group[algorithm]["nSloppy"] = self.input["nSloppy"]
        if self.input["WriteWaves"] is False:
            scf_group["noWavesStorage"] = True
        return scf_group


[docs]    def get_structure_group(self, keep_angstrom=False):
        """
        create a Sphinx Group object based on self.structure

        Args:
            keep_angstrom (bool): Store distances in Angstroms or Bohr
        """
        if keep_angstrom:
            structure_group = Group( {"cell": np.array(self.structure.cell)} )
        else:
            structure_group = Group( {
                    "cell": np.array(self.structure.cell * 1 / BOHR_TO_ANGSTROM),
            })
        if "selective_dynamics" in self.structure._tag_list.keys():
            selective_dynamics_list = \
                self.structure.selective_dynamics.list()
        else:
            selective_dynamics_list = [3 * [False]] * len(
                self.structure.positions)
        species = structure_group.create_group("species")
        for elm_species in self.structure.get_species_objects():
            if elm_species.Parent:
                element = elm_species.Parent
            else:
                element = elm_species.Abbreviation
            species.append(
                Group({"element": '"' + str(element) + '"'})
            )
            elm_list = np.array(
                self.structure.get_chemical_symbols() ==
                elm_species.Abbreviation
            )
            atom_group = species[-1].create_group("atom")
            for elm_pos, elm_magmon, selective in zip(
                self.structure.positions[elm_list],
                np.array(self.structure.get_initial_magnetic_moments())[
                    elm_list],
                np.array(selective_dynamics_list)[elm_list],
            ):
                atom_group.append(Group())
                if self._spin_enabled:
                    atom_group[-1]["label"] \
                        = '"spin_' + str(elm_magmon) + '"'
                if keep_angstrom:
                    atom_group[-1]["coords"] = np.array(elm_pos)
                else:
                    atom_group[-1]["coords"] = \
                        np.array(elm_pos * 1 / BOHR_TO_ANGSTROM)
                if all(selective):
                    atom_group[-1]["movable"] = True
                elif any(selective):
                    for ss, xx in zip(selective, ["X", "Y", "Z"]):
                        if ss:
                            atom_group[-1]["movable" + xx] = True
        if not self.fix_symmetry:
            structure_group.symmetry = Group({
                "operator": {
                    "S": "[[1,0,0],[0,1,0],[0,0,1]]"
            }})
        return structure_group


[docs]    def load_default_input(self):
        """
        Set defaults for generic parameters and create sphinx input groups.
        """

        sph = self.input.create_group('sphinx')
        sph.create_group('pawPot')
        sph.create_group('structure')
        sph.create_group('basis')
        sph.create_group('PAWHamiltonian')
        sph.create_group('initialGuess')
        sph.create_group('main')

        self.input.EnCut = 340
        self.input.KpointCoords = [0.5, 0.5, 0.5]
        self.input.KpointFolding = [4, 4, 4]
        self.input.EmptyStates = "auto"
        self.input.Sigma = 0.2
        self.input.Xcorr = "PBE"
        self.input.VaspPot = False
        self.input.Estep = 100
        self.input.Ediff = 1.0e-4
        self.input.WriteWaves = True
        self.input.KJxc = False
        self.input.SaveMemory = True
        self.input.rhoMixing = 1.0
        self.input.spinMixing = 1.0
        self.input.CheckOverlap = True
        self.input.THREADS = 1


[docs]    def load_structure_group(self, keep_angstrom=False):
        """
        Build + load the structure group based on self.structure

        Args:
            keep_angstrom (bool): Store distances in Angstroms or Bohr
        """
        self.input.sphinx.structure = self.get_structure_group(
            keep_angstrom=keep_angstrom
            )


[docs]    def load_species_group(self, check_overlap=True, potformat='VASP'):
        """
        Build the species Group object based on self.structure

        Args:
            check_overlap (bool): Whether to check overlap
                (see set_check_overlap)
            potformat (str): type of pseudopotentials that will be
                read. Options are JTH or VASP.
        """

        self.input.sphinx.pawPot = Group({"species": []})
        for species_obj in self.structure.get_species_objects():
            if species_obj.Parent is not None:
                elem = species_obj.Parent
            else:
                elem = species_obj.Abbreviation
            if potformat == "JTH":
                self.input.sphinx.pawPot["species"].append({
                            "name": '"' + elem + '"',
                            "potType": '"AtomPAW"',
                            "element": '"' + elem + '"',
                            "potential": f'"{elem}_GGA.atomicdata"',
                })
            elif potformat == "VASP":
                self.input.sphinx.pawPot["species"].append({
                            "name": '"' + elem + '"',
                            "potType": '"VASP"',
                            "element": '"' + elem + '"',
                            "potential": '"' + elem + "_POTCAR" + '"',
                })
            else:
                raise ValueError('Potential must be JTH or VASP')
        if not check_overlap:
            self.input.sphinx.pawPot["species"][-1]["checkOverlap"] = "false"
        if self.input["KJxc"]:
            self.input.sphinx.pawPot["kjxc"] = True


[docs]    def load_main_group(self):
        """
        Load the main Group.

        The group is populated based on the type of calculation and settings in
        the self.input.
        """

        if len(self.restart_file_list) != 0 \
        and not self._generic_input["restart_for_band_structure"]:
            self.input.sphinx.main.get("scfDiag", create = True).append(
                self.get_scf_group(
                    maxSteps=10, keepRhoFixed=True, dEnergy=1.0e-4
                )
            )
        if "Istep" in self.input:
            self.input.sphinx.main["ricQN"] = Group(table_name = "input")
            self.input.sphinx.main["ricQN"]["maxSteps"] = str(self.input["Istep"])
            if "dE" in self.input and "dF" in self.input:
                self.input["dE"] = 1e-3
            if "dE" in self.input:
                self.input.sphinx.main["ricQN"]["dEnergy"] = str(
                    self.input["dE"] / HARTREE_TO_EV
                    )
            if "dF" in self.input:
                self.input.sphinx.main["ricQN"]["dF"] = str(
                    self.input["dF"] / HARTREE_OVER_BOHR_TO_EV_OVER_ANGSTROM
                )
            self.input.sphinx.main.ricQN.create_group("bornOppenheimer")
            self.input.sphinx.main.ricQN.bornOppenheimer["scfDiag"] = \
                self.get_scf_group()
        else:
            scf = self.input.sphinx.main.get("scfDiag", create = True)
            if self._generic_input["restart_for_band_structure"]:
                scf.append(
                    self.get_scf_group(keepRhoFixed=True)
                    )
            else:
                scf.append(self.get_scf_group())
            if self.executable.version is not None:
                # vers_num = [
                #     int(vv)
                #     for vv in self.executable.version.split("_")[0].split(".")
                # ]
                if self.get_version_float() > 2.5:
                    self.input.sphinx.main.create_group("evalForces")["file"] = \
                            '"relaxHist.sx"'
            else:
                warnings.warn("executable version could not be identified")


[docs]    def load_basis_group(self):
        """
        Load the basis Group.

        The group is populated using setdefault to avoid
        overwriting values that were previously (intentionally)
        modified.
        """
        self.input.sphinx.basis.setdefault("eCut", self.input["EnCut"]/RYDBERG_TO_EV)
        self.input.sphinx.basis.get("kPoint", create=True)
        if "KpointCoords" in self.input:
            self.input.sphinx.basis.kPoint.setdefault(
                "coords",
                np.array(self.input["KpointCoords"])
            )
        self.input.sphinx.basis.kPoint.setdefault("weight", 1)
        self.input.sphinx.basis.kPoint.setdefault("relative", True)
        if "KpointFolding" in self.input:
            self.input.sphinx.basis.setdefault(
                "folding",
                np.array(self.input["KpointFolding"])
            )
        self.input.sphinx.basis.setdefault(
            "saveMemory",
            self.input["SaveMemory"]
        )


[docs]    def load_hamilton_group(self):
        """
        Load the PAWHamiltonian Group.

        The group is populated using setdefault to avoid
        overwriting values that were previously (intentionally)
        modified.
        """
        self.input.sphinx.PAWHamiltonian.setdefault(
            "nEmptyStates", self.input["EmptyStates"]
            )
        self.input.sphinx.PAWHamiltonian.setdefault(
            "ekt", self.input["Sigma"]
            )
        self.input.sphinx.PAWHamiltonian.setdefault("xc", self.input["Xcorr"])
        self.input.sphinx.PAWHamiltonian["spinPolarized"] = self._spin_enabled


[docs]    def load_guess_group(self, update_spins=True):
        """
        Load the initialGuess Group.

        The group is populated using setdefault to avoid
        overwriting values that were previously (intentionally)
        modified.

        Args:
            update_spins (bool): whether or not to reload the
                atomicSpin groups based on the latest structure.
                Defaults to True.
        """

        charge_density_file = None
        for ff in self.restart_file_list:
            if "rho.sxb" in ff.split("/")[-1]:
                charge_density_file = ff
        wave_function_file = None
        for ff in self.restart_file_list:
            if "waves.sxb" in ff.split("/")[-1]:
                wave_function_file = ff

        self.input.sphinx.initialGuess.setdefault("waves", Group())
        self.input.sphinx.initialGuess.waves.setdefault("lcao", Group())
        self.input.sphinx.initialGuess.waves.setdefault("pawBasis", True)
        if wave_function_file is not None:
            self.input.sphinx.initialGuess.setdefault("exchange", Group())
            self.input.sphinx.initialGuess.exchange.setdefault(
                "file", '"' + wave_function_file + '"'
            )
        if charge_density_file is None:
            self.input.sphinx.initialGuess.setdefault("rho", Group({"atomicOrbitals": True}))
        else:
            self.input.sphinx.initialGuess.setdefault(
                "rho", Group({"file": '"' + charge_density_file + '"'})
                )
        if self._spin_enabled:
            if any(
                [
                    True
                    if isinstance(spin, list) or isinstance(spin, np.ndarray)
                    else False
                    for spin in self.structure.get_initial_magnetic_moments()
                ]
            ):
                raise ValueError("Sphinx only supports collinear spins.")
            else:
                rho = self.input.sphinx.initialGuess.rho
                rho.get("atomicSpin", create = True)
                if update_spins:
                    rho.atomicSpin.clear()
                if len(rho.atomicSpin) == 0:
                    for spin in self.structure.get_initial_magnetic_moments()[
                        self.id_pyi_to_spx
                    ]:
                        rho["atomicSpin"].append(
                            Group({
                                "label": '"spin_' + str(spin) + '"',
                                "spin": str(spin)
                            })
                        )

        if "noWavesStorage" not in self.input.sphinx.initialGuess:
            self.input.sphinx.initialGuess["noWavesStorage"] = \
                    not self.input["WriteWaves"]


[docs]    def calc_static(
        self,
        electronic_steps=100,
        algorithm=None,
        retain_charge_density=False,
        retain_electrostatic_potential=False,
    ):
        """
        Setup the hamiltonian to perform a static SCF run.

        Loads defaults for all Sphinx input groups, including a static
        main Group.

        Args:
            electronic_steps (float): max # of electronic steps
            retain_electrostatic_potential:
            retain_charge_density:
            algorithm (str): CCG or blockCCG (not implemented)
            electronic_steps (int): maximum number of electronic steps
                which can be used to achieve convergence
        """
        if electronic_steps is not None:
            self.input["Estep"] = electronic_steps
        for arg in ["Istep", "dF", "dE"]:
            if arg in self.input:
                del self.input[arg]
        super(SphinxBase, self).calc_static(
            electronic_steps=electronic_steps,
            algorithm=algorithm,
            retain_charge_density=retain_charge_density,
            retain_electrostatic_potential=retain_electrostatic_potential,
        )
        self.load_default_groups()


[docs]    def calc_minimize(
        self,
        electronic_steps=60,
        ionic_steps=None,
        max_iter=None,
        pressure=None,
        algorithm=None,
        retain_charge_density=False,
        retain_electrostatic_potential=False,
        ionic_energy=None,
        ionic_forces=None,
        ionic_energy_tolerance=0.0,
        ionic_force_tolerance=1.0e-2,
        volume_only=False,
    ):
        """
        Setup the hamiltonian to perform ionic relaxations.

        The convergence goal can be set using either the
        ionic_energy_tolerance as a limit for fluctuations in energy or the
        ionic_force_tolerance.

        Loads defaults for all Sphinx input groups, including a
        ricQN-based main Group.

        Args:
            retain_electrostatic_potential:
            retain_charge_density:
            algorithm:
            pressure:
            max_iter:
            electronic_steps (int): maximum number of electronic steps
                                    per electronic convergence
            ionic_steps (int): maximum number of ionic steps
            ionic_energy (float): convergence goal in terms of
                                  energy (depreciated use ionic_energy_tolerance instead)
            ionic_energy_tolerance (float): convergence goal in terms of
                                  energy (optional)
            ionic_forces (float): convergence goal in terms of
                                  forces (depreciated use ionic_force_tolerance instead)
            ionic_force_tolerance (float): convergence goal in terms of
                                  forces (optional)
            volume_only (bool):
        """
        if pressure is not None:
            raise NotImplementedError(
                "pressure minimization is not implemented in SPHInX"
            )
        if electronic_steps is not None:
            self.input["Estep"] = electronic_steps
        if ionic_steps is not None:
            self.input["Istep"] = ionic_steps
        elif "Istep" not in self.input:
            self.input["Istep"] = 100
        if ionic_force_tolerance is not None:
            if ionic_force_tolerance < 0:
                raise ValueError("ionic_force_tolerance must be a positive integer")
            self.input["dF"] = float(ionic_force_tolerance)
        if ionic_energy_tolerance is not None:
            if ionic_energy_tolerance < 0:
                raise ValueError("ionic_force_tolerance must be a positive integer")
            self.input["dE"] = float(ionic_energy_tolerance)
        super(SphinxBase, self).calc_minimize(
            electronic_steps=electronic_steps,
            ionic_steps=ionic_steps,
            max_iter=max_iter,
            pressure=pressure,
            algorithm=algorithm,
            retain_charge_density=retain_charge_density,
            retain_electrostatic_potential=retain_electrostatic_potential,
            ionic_energy_tolerance=ionic_energy_tolerance,
            ionic_force_tolerance=ionic_force_tolerance,
            volume_only=volume_only,
        )
        self.load_default_groups()


[docs]    def calc_md(
        self,
        temperature=None,
        n_ionic_steps=1000,
        n_print=1,
        time_step=1.0,
        retain_charge_density=False,
        retain_electrostatic_potential=False,
        **kwargs
    ):
        raise NotImplementedError("calc_md() not implemented in SPHInX.")


[docs]    def restart_for_band_structure_calculations(self, job_name=None):
        """
        Restart a new job created from an existing calculation
        by reading the charge density for band structures.

        Args:
            job_name (str/None): Job name

        Returns:
            pyiron.sphinx.sphinx.sphinx: new job instance
        """
        return self.restart_from_charge_density(
            job_name=job_name,
            job_type=None,
            band_structure_calc=True
        )


[docs]    def restart_from_charge_density(
            self,
            job_name=None,
            job_type="Sphinx",
            band_structure_calc=False
    ):
        """
        Restart a new job created from an existing calculation
        by reading the charge density.

        Args:
            job_name (str/None): Job name
            job_type (str/None): Job type. If not specified a Sphinx
                                 job type is assumed (actually this is
                                 all that's currently supported)
            band_structure_calc (bool): has to be True for band
                                        structure calculations.

        Returns:
            pyiron.sphinx.sphinx.sphinx: new job instance
        """
        ham_new = self.restart(
            job_name=job_name,
            job_type=job_type,
            from_wave_functions=False,
            from_charge_density=True
        )
        if band_structure_calc:
            ham_new._generic_input["restart_for_band_structure"] = True
        return ham_new


[docs]    def restart_from_wave_functions(
            self,
            job_name=None,
            job_type="Sphinx",
    ):
        """
        Restart a new job created from an existing calculation
        by reading the wave functions.

        Args:
            job_name (str): Job name
            job_type (str): Job type. If not specified a Sphinx
                            job type is assumed (actually this is
                            all that's currently supported.)

        Returns:
            pyiron.sphinx.sphinx.sphinx: new job instance
        """
        return self.restart(
            job_name=job_name,
            job_type=job_type,
            from_wave_functions=True,
            from_charge_density=False
        )


[docs]    def restart(
        self,
        job_name=None,
        job_type=None,
        from_charge_density=True,
        from_wave_functions=True,
    ):
        if not self.status.finished and not self.is_compressed():
            # self.decompress()
            with warnings.catch_warnings(record=True) as w:
                try:
                    self.collect_output()
                except AssertionError:
                    from_charge_density=False
                    from_wave_functions=False
                if len(w) > 0:
                    self.status.not_converged = True
        new_job = super(SphinxBase, self).restart(
            job_name=job_name, job_type=job_type
        )

        new_job.input = self.input

        if from_charge_density and os.path.isfile(
            posixpath.join(self.working_directory, "rho.sxb")
        ):
            new_job.restart_file_list.append(posixpath.join(self.working_directory, "rho.sxb"))

        elif from_charge_density:
            self._logger.warning(
                msg=f"A charge density from job: {self.job_name} "
                + "is not generated and therefore it can't be read."
            )
        if from_wave_functions and os.path.isfile(
            posixpath.join(self.working_directory, "waves.sxb")
        ):
            new_job.restart_file_list.append(posixpath.join(self.working_directory, "waves.sxb"))
        elif from_wave_functions:
            self._logger.warning(
                msg="No wavefunction file (waves.sxb) was found for "
                + f"job {self.job_name} in {self.working_directory}."
            )
        return new_job


[docs]    def to_hdf(self, hdf=None, group_name=None):
        """
        Stores the instance attributes into the hdf5 file

        Args:
            hdf (str): Path to the hdf5 file
            group_name (str): Name of the group which contains the object
        """
        super(SphinxBase, self).to_hdf(hdf=hdf, group_name=group_name)
        self._structure_to_hdf()
        with self._hdf5.open("input") as hdf:
            self.input.to_hdf(hdf)
        self._output_parser.to_hdf(self._hdf5)


[docs]    def from_hdf(self, hdf=None, group_name=None):
        """
        Recreates instance from the hdf5 file

        Args:
            hdf (str): Path to the hdf5 file
            group_name (str): Name of the group which contains the object
        """
        if "HDF_VERSION" not in self._hdf5.keys():
            from pyiron_base import GenericParameters
            super(SphinxBase, self).from_hdf(hdf=hdf, group_name=group_name)
            self._structure_from_hdf()
            gp = GenericParameters(table_name = "input")
            gp.from_hdf(self._hdf5)
            for k in gp.keys():
                self.input[k] = gp[k]
            if self.status.finished:
                self._output_parser.from_hdf(self._hdf5)
        elif self._hdf5["HDF_VERSION"] == "0.1.0":
            super(SphinxBase, self).from_hdf(hdf=hdf, group_name=group_name)
            self._structure_from_hdf()
            with self._hdf5.open("input") as hdf:
                self.input.from_hdf(hdf, group_name = "parameters")
            if self.status.finished:
                self._output_parser.from_hdf(self._hdf5)


[docs]    def from_directory(self, directory, file_name="structure.sx"):
        try:
            if not self.status.finished:

                file_path = posixpath.join(directory, file_name)
                if os.path.isfile(file_path):
                    self.structure = read_atoms(file_path)
                else:
                    raise ValueError(
                        f"File {file_path} not found. "
                        "Please double check the directory and file name."
                    )

                self._output_parser.collect(directory=directory)
                self.to_hdf(self._hdf5)
            else:
                self._output_parser.from_hdf(self._hdf5)
            self.status.finished = True
        except Exception as err:
            print(err)
            self.status.aborted = True


[docs]    def set_check_overlap(self, check_overlap=True):
        """
        Args:
            check_overlap (bool): Whether to check overlap

        Comments:
            Certain PAW-pseudo-potentials have an intrinsic pathology:
            their PAW overlap operator is not generally positive definite
            (i.e., the PAW-corrected norm of a wavefunction could become
            negative). SPHInX usually refuses to use such problematic
            potentials. This behavior can be overridden by setting
            check_overlap to False.
        """
        if not isinstance(check_overlap, bool):
            raise TypeError("check_overlap has to be a boolean")

        if self.get_version_float() < 2.51 and not check_overlap:
            warnings.warn(
                "SPHInX executable version has to be 2.5.1 or above "
                + "in order for the overlap to be considered. "
                + "Change it via job.executable.version"
            )
        self.input.CheckOverlap = check_overlap


[docs]    def set_mixing_parameters(
        self,
        method=None,
        n_pulay_steps=None,
        density_mixing_parameter=None,
        spin_mixing_parameter=None,
    ):
        """
        args:
            method ('PULAY' or 'LINEAR'): mixing method (default: PULAY)
            n_pulay_steps (int): number of previous densities to use for
                                 the Pulay mixing (default: 7)
            density_mixing_parameter (float): mixing proportion m defined by

                rho^n = (m-1)*rho^(n-1)+m*preconditioner*rho_(opt) (default: 1)

            spin_mixing_parameter (float): linear mixing parameter for
                                           spin densities (default: 1)

        comments:
            A low value of density mixing parameter may lead
            to a more stable convergence, but will slow down
            the calculation if set too low.

            Further information can be found on the website:
            https://sxrepo.mpie.de
        """
        method_list = ["PULAY", "LINEAR"]
        assert (
            method is None or method.upper() in method_list
        ), "Mixing method has to be PULAY or LINEAR"
        assert n_pulay_steps is None or isinstance(
            n_pulay_steps, int
        ), "n_pulay_steps has to be an integer"
        if density_mixing_parameter is not None and (
            density_mixing_parameter > 1.0 or density_mixing_parameter < 0
        ):
            raise ValueError(
                "density_mixing_parameter has to be between 0 and 1 "+
                "(default value is 1)"
            )
        if spin_mixing_parameter is not None and (
            spin_mixing_parameter > 1.0 or spin_mixing_parameter < 0
        ):
            raise ValueError(
                "spin_mixing_parameter has to be between 0 and 1 "+
                "(default value is 1)"
            )

        if method is not None:
            self.input["mixingMethod"] = method.upper()
        if n_pulay_steps is not None:
            self.input["nPulaySteps"] = n_pulay_steps
        if density_mixing_parameter is not None:
            self.input["rhoMixing"] = density_mixing_parameter
        if spin_mixing_parameter is not None:
            self.input["spinMixing"] = spin_mixing_parameter


[docs]    def set_occupancy_smearing(self, smearing=None, width=None):
        """
        Set how the finite temperature smearing is applied in
        determining partial occupancies

        Args:
            smearing (str): Type of smearing (only fermi is
                            implemented anything else will be ignored)
            width (float): Smearing width (eV) (default: 0.2)
        """
        if smearing is not None and not isinstance(smearing, str):
            raise ValueError(
                "Smearing must be a string"
            )
        if width is not None and width < 0:
            raise ValueError("Smearing value must be a float >= 0")
        if width is not None:
            self.input["Sigma"] = width


[docs]    @deprecate(ionic_forces="Use ionic_force_tolerance",
               ionic_energy="use ionic_energy_tolerance")
    def set_convergence_precision(
            self,
            ionic_energy_tolerance=None,
            ionic_force_tolerance=None,
            ionic_energy=None,
            electronic_energy=None,
            ionic_forces=None
    ):
        """
        Sets the electronic and ionic convergence precision.

        For ionic convergence either the energy or the force
        precision is required.

        Args:
            ionic_energy (float): Ionic energy convergence precision
                                  (depreciated use ionic_energy_tolerance instead)
            ionic_energy_tolerance (float): Ionic energy convergence precision
            electronic_energy (float): Electronic energy convergence
                                       precision
            ionic_forces (float): Ionic force convergence precision
                                  (depreciated use ionic_force_tolerance instead)
            ionic_force_tolerance (float): Ionic force convergence precision
        """
        if ionic_forces is not None:
            ionic_force_tolerance = ionic_forces
        if ionic_energy is not None:
            ionic_energy_tolerance =ionic_energy
        assert (
            ionic_energy_tolerance is None or ionic_energy_tolerance > 0
        ), "ionic_energy_tolerance must be a positive float"
        assert (
            ionic_force_tolerance is None or ionic_force_tolerance > 0
        ), "ionic_force_tolerance must be a positive float"
        assert (
            electronic_energy is None or electronic_energy > 0
        ), "electronic_energy must be a positive float"
        if ionic_energy_tolerance is not None or ionic_force_tolerance is not None:
            print("Setting calc_minimize")
            self.calc_minimize(ionic_energy_tolerance=ionic_energy_tolerance,
                               ionic_force_tolerance=ionic_force_tolerance)
        if electronic_energy is not None:
            self.input["Ediff"] = electronic_energy


[docs]    def set_empty_states(self, n_empty_states=None):
        """
        Function to set the number of empty states.

        Args:
            n_empty_states (int/None): Number of empty states.
            If None, sets it to 'auto'.

        Comments:
            If this number is too low, the algorithm will not be
            able to able to swap wave functions near the chemical
            potential. If the number is too high, computation time
            will be wasted for the higher energy states and
            potentially lead to a memory problem.

            In contrast to VASP, this function sets only the number
            of empty states and not the number of total states.

            The default value is 0.5*NIONS+3 for non-magnetic systems
            and 1.5*NIONS+3 for magnetic systems
        """
        if n_empty_states is None:
            # will be converted later; see load_default_groups
            self.input["EmptyStates"] = "auto"
        else:
            if n_empty_states < 0:
                raise ValueError(
                    "Number of empty states must be greater than 0"
                    )
            self.input["EmptyStates"] = n_empty_states
        self.input.sphinx.PAWHamiltonian.nEmptyStates = self.input["EmptyStates"]


    def _set_kpoints(
        self,
        mesh=None,
        scheme="MP",
        center_shift=None,
        symmetry_reduction=True,
        manual_kpoints=None,
        weights=None,
        reciprocal=True,
        n_path=None,
        path_name=None,
    ):
        """
        Function to setup the k-points for the Sphinx job

        Args:
            reciprocal (bool): Tells if the supplied values are in
                               reciprocal (direct) or cartesian coordinates
                               (in reciprocal space) (not implemented)
            weights (list): Manually supplied weights to each k-point in
                            case of the manual mode (not implemented)
            manual_kpoints (list): Manual list of k-points (not implemented)
            symmetry_reduction (bool): Tells if the symmetry reduction is
                                       to be applied to the k-points
            scheme (str): Type of k-point generation scheme ('MP' or 'Line')
            mesh (list): Size of the mesh (in the MP scheme)
            center_shift (list): Shifts the center of the mesh from the
                                 gamma point by the given vector
            n_path (int): Number of points per trace part for line mode
            path_name (str): Name of high symmetry path used for band
                             structure calculations.
        """
        if not isinstance(symmetry_reduction, bool):
            raise ValueError("symmetry_reduction has to be a boolean")
        if manual_kpoints is not None:
            raise ValueError("manual_kpoints is not yet implemented in "
                + "Pyiron for SPHInX")
        if weights is not None:
            raise ValueError(
                "manual weights are not yet implmented in Pyiron for "
                + "SPHInX"
                )

        if scheme == "MP":
            # Remove kPoints and set kPoint
            if "kPoints" in self.input.sphinx.basis:
                del self.input.sphinx.basis.kPoints
            self.input.sphinx.basis.get("kPoint", create=True)
            if mesh is not None:
                self.input["KpointFolding"] = list(mesh)
                self.input.sphinx.basis["folding"] = np.array(self.input["KpointFolding"])
            if center_shift is not None:
                self.input["KpointCoords"] = list(center_shift)
                self.input.sphinx.basis["kPoint"]["coords"] = \
                    np.array(self.input["KpointCoords"])
                self.input.sphinx.basis.kPoint["weight"] = 1
                self.input.sphinx.basis.kPoint["relative"] = True

        elif scheme == "Line":
            # Remove Kpoint and set Kpoints

            if "kPoint" in self.input.sphinx.basis:
                del self.input.sphinx.basis["kPoint"]
                del self.input["KpointFolding"]
                del self.input["KpointCoords"]
                if "folding" in self.input.sphinx.basis:
                    del self.input.sphinx.basis['folding']
            if n_path is None and self._generic_input["n_path"] is None:
                raise ValueError("'n_path' has to be defined")
            if n_path is None:
                n_path = self._generic_input["n_path"]
            else:
                self._generic_input["n_path"] = n_path

            if self.structure.get_high_symmetry_points() is None:
                raise ValueError(
                    "no 'high_symmetry_points' defined for 'structure'."
                )

            if path_name is None and self._generic_input["path_name"] is None:
                raise ValueError("'path_name' has to be defined")
            if path_name is None:
                path_name = self._generic_input["path_name"]
            else:
                self._generic_input["path_name"] = path_name

            try:
                path = self.structure.get_high_symmetry_path()[path_name]
            except KeyError:
                raise AssertionError(
                    "'{}' is not a valid path!".format(path_name)
                    )

            def make_point(point, n_path):
                return Group({
                    "coords": np.array(self.structure.get_high_symmetry_points()[point]),
                    "nPoints": n_path,
                    "label": "\"{}\"".format(point.replace("'", "p"))
                })

            kpoints = Group({"relative": True})
            kpoints["from"] = make_point(path[0][0], None)
            # from nodes are not supposed to have a nPoints attribute
            del kpoints["from/nPoints"]

            kpoints.create_group("to").append(make_point(path[0][1], n_path))

            for segment in path[1:]:
                # if the last node on the so far is not the same as the first
                # node of this path segment, then we need to insert another
                # node into the path to alert sphinx that we want a cut in our
                # band structure (n_path = 0)
                if '"{}"'.format(segment[0]) != kpoints.to[-1].label:
                    kpoints["to"].append(
                            make_point(segment[0], 0)
                    )

                kpoints["to"].append(make_point(segment[1], n_path))

            self.input.sphinx.basis["kPoints"] = kpoints
        else:
            raise ValueError("only Monkhorst-Pack mesh and Line mode\
                are currently implemented in Pyiron for SPHInX")

[docs]    def load_default_groups(self):
        """
        Populates input groups with the default values.

        Nearly every default simply points to a variable stored in
        self.input.

        Does not load job.input.structure or job.input.pawPot.
        These groups should usually be modified via job.structure,
        in which case they will be set at the last minute when
        the job is run. These groups can be synced to job.structure
        at any time using job.load_structure_group() and
        job.load_species_group().
        """

        if self.structure is None:
            raise AssertionError(
                f"{self.job_name} has not been assigned " +\
                "a structure. Please load one first (e.g. " +\
                f"{self.job_name}.structure = ...)")

        if self.input["EmptyStates"] == "auto":
            if self._spin_enabled:
                self.input["EmptyStates"] = int(
                    1.5 * len(self.structure) + 3)
            else:
                self.input["EmptyStates"] = int(len(self.structure) + 3)

        if not self.input.sphinx.basis.read_only:
            self.load_basis_group()
        if not self.input.sphinx.structure.read_only:
            self.load_structure_group()
        if self.input["VaspPot"]:
            potformat = "VASP"
        else:
            potformat = "JTH"
        if not self.input.sphinx.pawPot.read_only:
            self.load_species_group(check_overlap=self.input.CheckOverlap, potformat=potformat)
        if not self.input.sphinx.initialGuess.read_only:
            self.load_guess_group()
        if not self.input.sphinx.PAWHamiltonian.read_only:
            self.load_hamilton_group()
        if not self.input.sphinx.main.read_only:
            self.load_main_group()


[docs]    def list_potentials(self):
        """
        Lists all the possible POTCAR files for the elements in the structure depending on the XC functional

        Returns:
           list: a list of available potentials
        """
        return self.potential_list


[docs]    def write_input(self):
        """
        Generate all the required input files for the Sphinx job.

        Creates:
        structure.sx: structure associated w/ job
        all pseudopotential files
        spins.in (if necessary): constrained spin moments
        input.sx: main input file with all sub-groups

        Automatically called by job.run()
        """

        # If the structure group was not modified directly by the
        # user, via job.input.structure (which is likely True),
        # load it based on job.structure.
        structure_sync = (str(self.input.sphinx.structure)
                          == str(self.get_structure_group()))
        if not structure_sync and not self.input.sphinx.structure.read_only:
            self.load_structure_group()

        # copy potential files to working directory
        if self.input["VaspPot"]:
            potformat = "VASP"
        else:
            potformat = "JTH"
        # If the species group was not modified directly by the user,
        # via job.input.pawPot (which is likely True),
        # load it based on job.structure.
        if not structure_sync and not self.input.sphinx.pawPot.read_only:
            self.load_species_group(check_overlap=self.input.CheckOverlap, potformat=potformat)

        modified_elements = {
            key: value
            for key, value in self._potential.to_dict().items()
            if value is not None
        }

        self.input_writer.structure = self.structure
        self.input_writer.copy_potentials(
            potformat=potformat,
            xc=self.input["Xcorr"],
            cwd=self.working_directory,
            modified_elements=modified_elements
        )

        # Write spin constraints, if set via _generic_input.
        all_groups = [
            self.input.sphinx.pawPot,
            self.input.sphinx.structure,
            self.input.sphinx.basis,
            self.input.sphinx.PAWHamiltonian,
            self.input.sphinx.initialGuess,
            self.input.sphinx.main
        ]

        if self._generic_input["fix_spin_constraint"]:
            self.input.sphinx.spinConstraint = Group()
            all_groups.append(self.input.sphinx.spinConstraint)
            self.input_writer.write_spin_constraints(
                cwd=self.working_directory
                )
            self.input.sphinx.spinConstraint.setdefault("file", '"spins.in"')

        # In case the entire group was
        # set/overwritten as a normal dict.
        for group in all_groups:
            group = Group(group)

        # write input.sx
        file_name = posixpath.join(self.working_directory, "input.sx")
        with open(file_name, "w") as f:
            f.write(f"//{self.job_name}\n")
            f.write("//SPHInX input file generated by pyiron\n\n")
            f.write("format paw;\n")
            f.write("include <parameters.sx>;\n\n")
            f.write(self.input.sphinx.to_sphinx(indent=0))


    @property
    def _spin_enabled(self):
        if np.any(self.structure.get_initial_magnetic_moments().flatten() != None):
            return True
        return False

[docs]    def get_charge_density(self):
        """
        Gets the charge density from the hdf5 file. This value is normalized by the volume

        Returns:
            pyiron.atomistics.volumetric.generic.VolumetricData
        """
        if self.status not in job_status_successful_lst:
            return
        else:
            with self.project_hdf5.open("output") as ho:
                cd_obj = SphinxVolumetricData()
                cd_obj.from_hdf(ho, "charge_density")
            cd_obj.atoms = self.get_structure(-1)
            return cd_obj


[docs]    def get_electrostatic_potential(self):
        """
        Gets the electrostatic potential from the hdf5 file.

        Returns:
            pyiron.atomistics.volumetric.generic.VolumetricData
        """
        if self.status not in job_status_successful_lst:
            return
        else:
            with self.project_hdf5.open("output") as ho:
                es_obj = SphinxVolumetricData()
                es_obj.from_hdf(ho, "electrostatic_potential")
            es_obj.atoms = self.get_structure(-1)
            return es_obj


[docs]    def collect_output(self, force_update=False):
        """
        Collects the outputs and stores them to the hdf file
        """
        self._output_parser.collect(directory=self.working_directory)
        self._output_parser.to_hdf(self._hdf5, force_update=force_update)


[docs]    def convergence_check(self):
        """
        Checks if job has converged according to given cutoffs.
        """
        if (
            self._generic_input["calc_mode"] == "minimize"
            and self._output_parser._parse_dict["scf_convergence"][-1]
        ):
            return True
        elif self._generic_input["calc_mode"] == "static" and np.all(
            self._output_parser._parse_dict["scf_convergence"]
        ):
            return True
        else:
            return False


[docs]    def collect_logfiles(self):
        """
        Collect errors and warnings.
        """
        self.collect_errors()
        self.collect_warnings()


[docs]    def collect_warnings(self):
        """
        Collects warnings from the Sphinx run
        """
        # TODO: implement for Sphinx
        self._logger.info("collect_warnings() is not yet \
            implemented for Sphinx")


[docs]    def collect_errors(self):
        """
        Collects errors from the Sphinx run
        """
        # TODO: implement for Sphinx
        self._logger.info("collect_errors() is not yet implemented for Sphinx")


[docs]    def get_n_ir_reciprocal_points(
        self, is_time_reversal=True, symprec=1e-5, ignore_magmoms=False
    ):
        lattice = self.structure.cell
        positions = self.structure.get_scaled_positions()
        numbers = self.structure.get_atomic_numbers()
        magmoms = self.structure.get_initial_magnetic_moments()
        if np.all(magmoms==None) or ignore_magmoms:
            magmoms = np.zeros(len(magmoms))
        mag_num = np.array(list(zip(magmoms, numbers)))
        satz = np.unique(mag_num, axis=0)
        numbers = []
        for nn in np.all(satz == mag_num[:, np.newaxis], axis=-1):
            numbers.append(np.arange(len(satz))[nn][0])
        mapping, _ = spglib.get_ir_reciprocal_mesh(
            mesh=[int(self.input["KpointFolding"][k]) for k in range(3)],
            cell=(lattice, positions, numbers),
            is_shift=np.dot(
                self.structure.cell,
                np.array(self.input["KpointCoords"])
            ),
            is_time_reversal=is_time_reversal,
            symprec=symprec,
        )
        return len(np.unique(mapping))


[docs]    def check_setup(self):

        with warnings.catch_warnings(record=True) as w:

            # Check for parameters that were not modified but
            # possibly should have (encut, kpoints, smearing, etc.),
            # or were set to nonsensical values.

            if (
                not (
                    isinstance(self.input.sphinx.basis["eCut"], int)
                    or isinstance(self.input.sphinx.basis["eCut"], float)
                )
                or round(self.input.sphinx.basis["eCut"]*RYDBERG_TO_EV, 0) == 340
            ):
                warnings.warn(
                    "Energy cut-off value wrong or not modified from default "+
                    "340 eV; change it via job.set_encut()"
                )
            if not (
                isinstance(self.input.sphinx.basis["kPoint"]["coords"], np.ndarray)
                or len(self.input.sphinx.basis["kPoint"]["coords"]) != 3
            ):
                warnings.warn("K point coordinates seem to be inappropriate")
            if (
                not (
                    isinstance(self.input.sphinx.PAWHamiltonian["ekt"], int)
                    or isinstance(self.input.sphinx.PAWHamiltonian["ekt"], float)
                )
                or round(self.input.sphinx.PAWHamiltonian["ekt"], 1) == 0.2
            ):
                warnings.warn(
                    "Fermi smearing value wrong or not modified from default "+
                    "0.2 eV; change it via job.set_occupancy_smearing()"
                )
            if not (
                isinstance(self.input.sphinx.basis["folding"], np.ndarray)
                or len(self.input.sphinx.basis["folding"]) != 3
            ) or self.input.sphinx.basis["folding"].tolist() == [4,4,4]:
                warnings.warn(
                    "K point folding wrong or not modified from default "+
                    "[4,4,4]; change it via job.set_kpoints()"
                )
            if self.get_n_ir_reciprocal_points() < self.server.cores:
                warnings.warn(
                    "Number of cores exceed number of irreducible "
                    + "reciprocal points: "
                    + str(self.get_n_ir_reciprocal_points())
                )
            if self.input["EmptyStates"] == "auto":
                if any(self.structure.get_initial_magnetic_moments() != None):
                    warnings.warn(
                        "Number of empty states was not specified. Default: "
                        + "3+NIONS*1.5 for magnetic systems. "
                    )
                else:
                    warnings.warn(
                        "Number of empty states was not specified. Default: "
                        + "3+NIONS for non-magnetic systems"
                    )

            if len(w) > 0:
                print("WARNING:")
                for ww in w:
                    print(ww.message)
                return False
            else:
                return True


[docs]    def validate_ready_to_run(self):
        """
        Checks whether parameters are set appropriately. It does not
        mean the simulation won't run if it returns False.
        """

        all_groups = {
            "job.input.pawPot": self.input.sphinx.pawPot,
            "job.input.structure": self.input.sphinx.structure,
            "job.input.basis": self.input.sphinx.basis,
            "job.input.PAWHamiltonian": self.input.sphinx.PAWHamiltonian,
            "job.input.initialGuess": self.input.sphinx.initialGuess,
            "job.input.main": self.input.sphinx.main
        }

        if np.any([len(all_groups[group]) == 0 for group in all_groups]):
            self.load_default_groups()

        if self.structure is None:
            raise AssertionError(
                "Structure not set; set it via job.structure = "
                + "Project().create_structure()"
            )
        if self.input["THREADS"] > self.server.cores:
            raise AssertionError(
                "Number of cores cannot be smaller than the number "
                + "of OpenMP threads"
            )
        with warnings.catch_warnings(record=True) as w:
            # Warn about discrepancies between values in
            # self.input and individual groups, in case
            # a user modified them directly
            if round(self.input["EnCut"], 0) != \
                    round(self.input.sphinx.basis.eCut * RYDBERG_TO_EV, 0):
                warnings.warn(
                    "job.input.basis.eCut was modified directly. "
                    "It is recommended to set it via job.set_encut()"
                )

            if round(self.input["Sigma"], 1) != \
                    round(self.input.sphinx.PAWHamiltonian.ekt, 1):
                warnings.warn(
                    "job.input.PAWHamiltonian.ekt was modified directly. "
                    "It is recommended to set it via "
                    "job.set_occupancy_smearing()"
                )

            if self.input["Xcorr"] != self.input.sphinx.PAWHamiltonian.xc:
                warnings.warn(
                    "job.input.PAWHamiltonian.xc was modified directly. "
                    "It is recommended to set it via "
                    "job.exchange_correlation_functional()"
                )

            if self.input["EmptyStates"] != self.input.sphinx.PAWHamiltonian.nEmptyStates:
                warnings.warn(
                    "job.input.PAWHamiltonian.nEmptyStates was modified "
                    "directly. It is recommended to set it via "
                    "job.set_empty_states()"
                )

            if (
                "KpointCoords" in self.input
                and np.array(self.input.KpointCoords).tolist()
                    != np.array(self.input.sphinx.basis.kPoint.coords).tolist()
                ) \
            or (
                "KpointFolding" in self.input
                and np.array(self.input.KpointFolding).tolist()
                    != np.array(self.input.sphinx.basis.folding).tolist()
                ):

                warnings.warn(
                    "job.input.basis.kPoint was modified directly. "
                    "It is recommended to set all k-point settings via "
                    "job.set_kpoints()"
                )

            structure_sync = (str(self.input.sphinx.structure)
                              == str(self.get_structure_group()))
            if not structure_sync and not self.input.sphinx.structure.read_only:
                warnings.warn(
                    "job.input.structure != job.structure. "
                    "The current job.structure will overwrite "
                    "any changes you may might have made to "
                    "job.input.structure in the meantime. "
                    "To disable this overwrite, "
                    "set job.input.structure.read_only = True. "
                    "To disable this warning, call "
                    "job.load_structure_group() after making changes "
                    "to job.structure."
                )

            if len(w) > 0:
                print("WARNING:")
                for ww in w:
                    print(ww.message)
                return False
            else:
                return True


[docs]    def compress(self, files_to_compress=None):
        """
        Compress the output files of a job object.

        Args:
            files_to_compress (list): A list of files to compress (optional)
        """
        # delete empty files
        if files_to_compress is None:
            files_to_compress = [
                f for f in list(self.list_files())
                if (f not in ["rho.sxb", "waves.sxb"]
                    and not stat.S_ISFIFO(os.stat(os.path.join(
                            self.working_directory,
                            f
                        )).st_mode))
            ]
        for f in list(self.list_files()):
            filename = os.path.join(self.working_directory, f)
            if (
                f not in files_to_compress
                and os.path.exists(filename)
                and os.stat(filename).st_size == 0
            ):
                os.remove(filename)
        super(SphinxBase, self).compress(files_to_compress=files_to_compress)


[docs]    @staticmethod
    def check_vasp_potentials():
        return any(
            [os.path.exists(
                os.path.join(p, 'vasp', 'potentials', 'potpaw', 'Fe', 'POTCAR')
                )
            for p in s.resource_paths]
        )




[docs]class InputWriter(object):
    """
    The Sphinx Input writer is called to write the
    Sphinx specific input files.
    """

    def __init__(self):
        self.structure = None
        self._id_pyi_to_spx = []
        self._id_spx_to_pyi = []
        self.file_dict = {}

[docs]    def copy_potentials(self, potformat="JTH", xc=None, cwd=None,
                        pot_path_dict=None, modified_elements=None):
        """
        Copy potential files

        Args:
            potformat (str):
            xc (str/None):
            cwd (str/None):
            pot_path_dict (dict):
            modified_elements (dict):
        """

        if pot_path_dict is None:
            pot_path_dict = {}

        if potformat == 'JTH':
            potentials = SphinxJTHPotentialFile(xc=xc)
            find_potential_file = find_potential_file_jth
            pot_path_dict.setdefault("PBE", "jth-gga-pbe")
        elif potformat == 'VASP':
            potentials = VaspPotentialFile(xc=xc)
            find_potential_file = find_potential_file_vasp
            pot_path_dict.setdefault("PBE", "paw-gga-pbe")
            pot_path_dict.setdefault("LDA", "paw-lda")
        else:
            raise ValueError('Only JTH and VASP potentials are supported!')

        for species_obj in self.structure.get_species_objects():
            if species_obj.Parent is not None:
                elem = species_obj.Parent
            else:
                elem = species_obj.Abbreviation

            if "pseudo_potcar_file" in species_obj.tags.keys():
                new_element = species_obj.tags["pseudo_potcar_file"]
                potentials.add_new_element(
                    parent_element=elem, new_element=new_element
                )
                potential_path = find_potential_file(
                    path=potentials.find_default(new_element)[
                        "Filename"].values[0][0]
                )
                assert os.path.isfile(
                    potential_path
                ), "such a file does not exist in the pp directory"
            elif elem in modified_elements.keys():
                new_element = modified_elements[elem]
                if os.path.isabs(new_element):
                    potential_path = new_element
                else:
                    potentials.add_new_element(
                        parent_element=elem, new_element=new_element
                    )
                    potential_path = find_potential_file(
                        path=potentials.find_default(new_element)[
                            "Filename"].values[0][0]
                    )
            else:
                potential_path = find_potential_file(
                    path=potentials.find_default(elem)[
                        "Filename"].values[0][0]
                )
            if potformat == "JTH":
                copyfile(potential_path, posixpath.join(
                    cwd, elem + "_GGA.atomicdata"
                ))
            else:
                copyfile(potential_path, posixpath.join(
                    cwd, elem + "_POTCAR"
                ))


    @property
    def id_spx_to_pyi(self):
        if self.structure is None:
            return None
        if len(self._id_spx_to_pyi) == 0:
            self._initialize_order()
        return self._id_spx_to_pyi

    @property
    def id_pyi_to_spx(self):
        if self.structure is None:
            return None
        if len(self._id_pyi_to_spx) == 0:
            self._initialize_order()
        return self._id_pyi_to_spx

    def _initialize_order(self):
        for elm_species in self.structure.get_species_objects():
            self._id_pyi_to_spx.append(
                np.arange(len(self.structure))[
                    self.structure.get_chemical_symbols()
                    == elm_species.Abbreviation
                ]
            )
        self._id_pyi_to_spx = np.array(
            [ooo for oo in self._id_pyi_to_spx for ooo in oo]
        )
        self._id_spx_to_pyi = np.array([0] * len(self._id_pyi_to_spx))
        for i, p in enumerate(self._id_pyi_to_spx):
            self._id_spx_to_pyi[p] = i

[docs]    def write_spin_constraints(
            self, file_name="spins.in", cwd=None, spins_list=None
    ):
        """
        Write a text file containing a list of all spins named spins.in -
        which is used for the external control scripts.

        Args:
            file_name (str): name of the file to be written (optional)
            cwd (str): the current working directory (optinal)
            spins_list (list): the input to write, if no input is
                given the default input will be written. (optional)
        """
        s.logger.debug(f"Writing {file_name}")
        if spins_list is None or len(spins_list) == 0:
            spins_list = []
            s.logger.debug("Getting magnetic moments via \
                get_initial_magnetic_moments")
            if any(self.structure.get_initial_magnetic_moments().flatten() != None):
                if any([
                    True
                    if isinstance(spin, list) or isinstance(spin, np.ndarray)
                    else False
                    for spin in self.structure.get_initial_magnetic_moments()
                ]):
                    raise ValueError(
                        "Sphinx only supports collinear spins at the moment."
                    )
                else:
                    for spin, value in zip(
                        self.structure.spin_constraint[self.id_pyi_to_spx],
                        self.structure.get_initial_magnetic_moments()[
                            self.id_pyi_to_spx
                        ],
                    ):
                        if spin:
                            spins_list.append(str(value))
                        else:
                            spins_list.append("X")
                    spins_str = "\n".join(spins_list)+'\n'
        if spins_str is not None:
            if cwd is not None:
                file_name = posixpath.join(cwd, file_name)
            with open(file_name, "w") as f:
                f.write(spins_str)
        else:
            s.logger.debug("No magnetic moments")




[docs]class Group(InputList):
    """
    Dictionary-like object to store SPHInX inputs.

    Attributes (sub-groups, parameters, & flags) can be set
    and accessed via dot notation, or as standard dictionary
    key/values.

    `to_{job_type}` converts the Group to the format
    expected by the given DFT code in its input files.
    """

[docs]    def set(self, name, content):
        self[name] = content


[docs]    def set_group(self, name, content=None):
        if content is None:
            self.create_group(name)
        else:
            self.set(name, content)


[docs]    def set_flag(self, flag, val=True):
        self.set(flag, val)


[docs]    def set_parameter(self, parameter, val):
        self.set(parameter, val)


[docs]    def remove(self, name):
        if name in self.keys():
            del self[name]


[docs]    def to_sphinx(self, content="__self__", indent=0):

        if content == "__self__":
            content = self

        def format_value(v):
            if isinstance(v, bool):
                if v:
                    return ";"
                else:
                    return " = false;"
            elif isinstance(v, Group):
                if len(v) == 0:
                    return " {}"
                else:
                    return (
                        " {\n"
                        + self.to_sphinx(v, indent+1)
                        + indent * "\t"
                        + "}"
                    )
            else:
                if isinstance(v, np.ndarray):
                    v = v.tolist()
                return " = {!s};".format(v)

        line = ""
        for k, v in content.items():
            if isinstance(v, Group) and len(v) > 0 and not v.has_keys():
                for vv in v.values():
                    line += indent * "\t" + str(k) + format_value(vv) + "\n"
            else:
                line += indent * "\t" + str(k) + format_value(v) + "\n"

        return line




[docs]class Output(object):
    """
    Handles the output from a Sphinx simulation.
    """

    def __init__(self, job):
        self._job = job
        self._parse_dict = defaultdict(list)
        self.charge_density = SphinxVolumetricData()
        self.electrostatic_potential = SphinxVolumetricData()

[docs]    @staticmethod
    def splitter(arr, counter):
        if len(arr) == 0 or len(counter) == 0:
            return []
        arr_new = []
        spl_loc = list(np.where(np.array(counter) == min(counter))[0])
        spl_loc.append(None)
        for ii, ll in enumerate(spl_loc[:-1]):
            arr_new.append(np.array(arr[ll : spl_loc[ii + 1]]).tolist())
        return arr_new


[docs]    def collect_spins_dat(self, file_name="spins.dat", cwd=None):
        """

        Args:
            file_name:
            cwd:

        Returns:

        """
        if not os.path.isfile(posixpath.join(cwd, file_name)):
            return None
        spins = np.loadtxt(posixpath.join(cwd, file_name))
        self._parse_dict["atom_scf_spins"] = self.splitter(
            np.array([ss[self._job.id_spx_to_pyi] for ss in spins[:, 1:]]),
            spins[:, 0]
        )


[docs]    def collect_energy_dat(self, file_name="energy.dat", cwd=None):
        """

        Args:
            file_name:
            cwd:

        Returns:

        """
        if not os.path.isfile(posixpath.join(cwd, file_name)):
            return None
        energies = np.loadtxt(posixpath.join(cwd, file_name))
        self._parse_dict["scf_computation_time"] = self.splitter(
            energies[:, 1], energies[:, 0]
        )
        self._parse_dict["scf_energy_int"] = self.splitter(
            energies[:, 2] * HARTREE_TO_EV, energies[:, 0]
        )
        if len(energies[0]) == 7:
            self._parse_dict["scf_energy_free"] = self.splitter(
                energies[:, 3] * HARTREE_TO_EV, energies[:, 0]
            )
            self._parse_dict["scf_energy_zero"] = self.splitter(
                energies[:, 4] * HARTREE_TO_EV, energies[:, 0]
            )
            self._parse_dict["scf_energy_band"] = self.splitter(
                energies[:, 5] * HARTREE_TO_EV, energies[:, 0]
            )
            self._parse_dict["scf_electronic_entropy"] = self.splitter(
                energies[:, 6] * HARTREE_TO_EV, energies[:, 0]
            )
        else:
            self._parse_dict["scf_energy_band"] = self.splitter(
                energies[:, 3] * HARTREE_TO_EV, energies[:, 0]
            )


[docs]    def collect_residue_dat(self, file_name="residue.dat", cwd=None):
        """

        Args:
            file_name:
            cwd:

        Returns:

        """
        if not os.path.isfile(posixpath.join(cwd, file_name)):
            return None
        residue = np.loadtxt(posixpath.join(cwd, file_name))
        if len(residue) == 0:
            return None
        if len(residue[0]) == 2:
            self._parse_dict["scf_residue"] = self.splitter(
                residue[:, 1] * HARTREE_TO_EV, residue[:, 0]
            )
        else:
            self._parse_dict["scf_residue"] = self.splitter(
                residue[:, 1:] * HARTREE_TO_EV, residue[:, 0]
            )


[docs]    def collect_eps_dat(self, file_name="eps.dat", cwd=None):
        """

        Args:
            file_name:
            cwd:

        Returns:

        """
        file_name = posixpath.join(cwd, file_name)
        if os.path.isfile(file_name):
            try:
                value = np.loadtxt(file_name)[:, 1:]
            except IndexError:
                value = np.loadtxt(file_name)[1:]
        elif os.path.isfile(posixpath.join(
                cwd, "eps.0.dat")) and os.path.isfile(
                posixpath.join(cwd, "eps.1.dat")
        ):
            eps_up = np.loadtxt(posixpath.join(cwd, "eps.0.dat"))
            eps_down = np.loadtxt(posixpath.join(cwd, "eps.1.dat"))
            if len(eps_up.shape) == 2:
                eps_up = eps_up[:, 1:]
                eps_down = eps_down[:, 1:]
            else:
                eps_up = eps_up[1:]
                eps_down = eps_down[1:]
            value = np.vstack((eps_up, eps_down)).reshape((2,)+eps_up.shape)
        else:
            return
        shape = np.asarray(self._parse_dict["bands_eigen_values"]).shape
        if shape[1:] == value.shape:
            self._parse_dict["bands_eigen_values"][-1] = value
        else:
            self._parse_dict["bands_eigen_values"] = value.reshape((-1,)+value.shape)
        return None


[docs]    def collect_energy_struct(self, file_name="energy-structOpt.dat",
                              cwd=None):
        """

        Args:
            file_name:
            cwd:

        Returns:

        """
        energy_free_lst = []
        file_name = posixpath.join(cwd, file_name)
        if os.path.isfile(file_name):
            with open(file_name, "r") as f:
                for line in f.readlines():
                    line = line.split()
                    energy_free_lst.append(float(line[1]) * HARTREE_TO_EV)
        self._energy_free_struct_lst = energy_free_lst


[docs]    def collect_sphinx_log(
        self, file_name="sphinx.log", cwd=None, check_consistency=True
    ):
        """

        Args:
            file_name:
            cwd:
            check_consistency (bool):

        Returns:

        """

        if not os.path.isfile(posixpath.join(cwd, file_name)):
            return None

        def check_conv(line):
            if line.startswith("WARNING: Maximum number of steps exceeded"):
                return False
            elif line.startswith("Convergence reached"):
                return True
            else:
                return None

        with open(posixpath.join(cwd, file_name), "r") as sphinx_log_file:
            log_file = sphinx_log_file.readlines()
            if not np.any(["Enter Main Loop" in line for line in log_file]):
                self._job.status.aborted = True
                raise AssertionError("SPHInX did not enter the main loop; \
                    output not collected")
            if not np.any(["Program exited normally." in line
                           for line in log_file]):
                self._job.status.aborted = True
                warnings.warn("SPHInX parsing failed; most likely \
                    SPHInX crashed.")
            main_start = np.where([
                "Enter Main Loop" in line
                for line in log_file]
            )[0][0]
            log_main = log_file[main_start:]

            self._parse_dict["n_valence"] = {
                log_file[ii-1].split()[1]:int(ll.split('=')[-1])
                for ii, ll in enumerate(log_file)
                if ll.startswith('| Z=')
            }

            def get_partial_log(file_content, start_line, end_line):
                start_line = np.where([
                    line == start_line
                    for line in file_content]
                )[0][0]
                end_line = np.where(
                    [line == end_line for line in file_content[start_line:]]
                )[0][0]
                return file_content[start_line : start_line + end_line]
            k_points = get_partial_log(
                log_file,
                "| Symmetrized k-points:               "
                + "in cartesian coordinates\n",
                "\n",
            )[2:-1]
            self._parse_dict["bands_k_weights"] = np.array([float(kk.split()[6]) for kk in k_points])
            k_points = np.array([[float(kk.split()[i]) for i in range(2, 5)] for kk in k_points])
            rec_cell = np.linalg.inv(self._job.structure.cell.T / BOHR_TO_ANGSTROM) * 2 * np.pi
            self._parse_dict["kpoints_cartesian"] = np.einsum('ni,ij->nj', k_points, np.linalg.inv(rec_cell))
            counter = [
                int(line.replace("F(", "").replace(")", " ").split()[0])
                for line in log_main
                if line.startswith("F(")
            ]
            energy_free = [
                float(line.replace("=", " ").replace(",", " ").split()[1])
                * HARTREE_TO_EV
                for line in log_main
                if line.startswith("F(")
            ]
            energy_int = [
                float(line.replace("=", " ").replace(",", " ").split()[1])
                * HARTREE_TO_EV
                for line in log_main
                if line.startswith("eTot(") and not line.startswith(
                    "eTot(Val)")
            ]
            energy_zero = 0.5 * (np.array(energy_free) + np.array(energy_int))
            energy_band = [
                float(line.split()[2]) * HARTREE_TO_EV
                for line in log_main
                if line.startswith("eBand")
            ]

            forces = [
                float(re.split("{|}", line)[1].split(",")[i])
                * HARTREE_OVER_BOHR_TO_EV_OVER_ANGSTROM
                for line in log_main
                for i in range(3)
                if line.startswith("Species: ")
            ]
            magnetic_forces = [
                HARTREE_TO_EV * float(line.split()[-1])
                for line in log_main
                if line.startswith("nu(")
            ]
            convergence = [
                check_conv(line) for line in log_main
                if check_conv(line) is not None
            ]
            self._parse_dict["bands_e_fermi"] = np.array([float(line.split()[3])
                                                          for line in log_main if line.startswith("| Fermi energy:")])
            line_vol = np.where(["Omega:" in line for line in log_file])[0][0]
            volume = float(log_file[line_vol].split()[2]) \
                * BOHR_TO_ANGSTROM ** 3
            self._parse_dict["bands_occ"] = [
                line.split()[3:]
                for line in log_main
                if line.startswith("| final focc:")
            ]
            self._parse_dict["bands_eigen_values"] = [
                line.split()[4:]
                for line in log_main
                if line.startswith("| final eig [eV]:")
            ]

            def eig_converter(
                arr,
                magnetic=np.any(
                    self._job.structure.get_initial_magnetic_moments() != None
                ),
                len_k_points=len(k_points),
            ):
                if len(arr) == 0:
                    return np.array([])
                elif magnetic:
                    return np.array(
                        [float(ff) for f in arr for ff in f]
                    ).reshape(
                        -1, 2, len_k_points, len(arr[0])
                    )
                else:
                    return np.array(
                        [float(ff) for f in arr for ff in f]
                    ).reshape(
                        -1, len_k_points, len(arr[0])
                    )

            self._parse_dict["bands_occ"] = eig_converter(
                self._parse_dict["bands_occ"])
            self._parse_dict["bands_eigen_values"] = eig_converter(
                self._parse_dict["bands_eigen_values"]
            )
            energy_free_lst = self.splitter(energy_free, counter)
            energy_int_lst = self.splitter(energy_int, counter)
            energy_zero_lst = self.splitter(energy_zero, counter)
            energy_band_lst = self.splitter(energy_band, counter)
            if len(forces) != 0:
                forces = np.array(forces).reshape(
                    -1, len(self._job.structure), 3)
                for ii, ff in enumerate(forces):
                    forces[ii] = ff[self._job.id_spx_to_pyi]
            if len(magnetic_forces) != 0:
                magnetic_forces = np.array(magnetic_forces).reshape(
                    -1, len(self._job.structure)
                )
                for ii, mm in enumerate(magnetic_forces):
                    magnetic_forces[ii] = mm[self._job.id_spx_to_pyi]
                magnetic_forces = self.splitter(magnetic_forces, counter)
        if len(convergence) == len(energy_free_lst) - 1:
            convergence.append(False)
        self._parse_dict["scf_convergence"] = convergence
        self._parse_dict["volume"] = np.array(len(convergence) * [volume])
        if len(self._parse_dict["scf_energy_int"]) == 0 and \
            len(energy_int_lst) != 0:
            self._parse_dict["scf_energy_int"] = energy_int_lst
        if len(self._parse_dict["scf_energy_free"]) == 0 and \
            len(energy_free_lst) != 0:
            self._parse_dict["scf_energy_free"] = energy_free_lst
        if len(self._parse_dict["forces"]) == 0 and len(forces) != 0:
            self._parse_dict["forces"] = forces
        if len(self._parse_dict["scf_magnetic_forces"]) == 0 and \
                len(magnetic_forces) != 0:
            self._parse_dict["scf_magnetic_forces"] = magnetic_forces


[docs]    def collect_relaxed_hist(self, file_name="relaxHist.sx", cwd=None):
        """

        Args:
            file_name:
            cwd:

        Returns:

        """
        file_name = posixpath.join(cwd, file_name)
        if not os.path.isfile(file_name):
            return None
        with open(file_name, "r") as file_content:
            file_content = file_content.readlines()
            natoms = len(self._job.id_spx_to_pyi)
            coords = np.array(
                [
                    json.loads(line.split("=")[1].split(";")[0])
                    for line in file_content
                    if "coords" in line
                ]
            )
            self._parse_dict["positions"] = (
                coords.reshape(-1, natoms, 3) * BOHR_TO_ANGSTROM
            )
            self._parse_dict["positions"] = np.array(
                [ff[self._job.id_spx_to_pyi]
                for ff in self._parse_dict["positions"]]
            )
            force = np.array(
                [
                    json.loads(line.split("=")[1].split(";")[0])
                    for line in file_content
                    if "force" in line
                ]
            )
            self._parse_dict["forces"] = (
                force.reshape(-1, natoms, 3) *
                HARTREE_OVER_BOHR_TO_EV_OVER_ANGSTROM
            )
            self._parse_dict["forces"] = np.array(
                [ff[self._job.id_spx_to_pyi]
                for ff in self._parse_dict["forces"]]
            )
            self._parse_dict["cell"] = (
                np.array(
                    [
                        json.loads(
                            "".join(file_content[i_line : i_line + 3])
                            .split("=")[1]
                            .split(";")[0]
                        )
                        for i_line, line in enumerate(file_content)
                        if "cell" in line
                    ]
                )
                * BOHR_TO_ANGSTROM
            )


[docs]    def collect_charge_density(self, file_name, cwd):
        if (
            file_name in os.listdir(cwd)
            and os.stat(posixpath.join(cwd, file_name)).st_size != 0
        ):
            self.charge_density.from_file(
                filename=posixpath.join(cwd, file_name),
                normalize=True
            )


[docs]    def collect_electrostatic_potential(self, file_name, cwd):
        if (
            file_name in os.listdir(cwd) and
            os.stat(posixpath.join(cwd, file_name)).st_size != 0
        ):
            self.electrostatic_potential.from_file(
                filename=posixpath.join(cwd, file_name),
                normalize=False
            )


    def _get_electronic_structure_object(self):
        es = ElectronicStructure()
        if len(self._parse_dict["bands_eigen_values"]) > 0:
            eig_mat = self._parse_dict["bands_eigen_values"][-1]
            occ_mat = self._parse_dict["bands_occ"][-1]
            if len(eig_mat.shape) == 3:
                es.eigenvalue_matrix = eig_mat
                es.occupancy_matrix = occ_mat
            else:
                es.eigenvalue_matrix = np.array([eig_mat])
                es.occupancy_matrix = np.array([occ_mat])
            es.efermi = self._parse_dict["bands_e_fermi"][-1]
            es.n_spins = len(es.occupancy_matrix)
            es.kpoint_list = self._parse_dict["kpoints_cartesian"]
            es.kpoint_weights = self._parse_dict["bands_k_weights"]
            es.generate_from_matrices()
        return es

[docs]    def collect(self, directory=os.getcwd()):
        """
        The collect function, collects all the output from a Sphinx simulation.

        Args:
            directory (str): the directory to collect the output from.
        """
        self.collect_sphinx_log(file_name="sphinx.log", cwd=directory)
        self.collect_energy_dat(file_name="energy.dat", cwd=directory)
        self.collect_residue_dat(file_name="residue.dat", cwd=directory)
        self.collect_eps_dat(file_name="eps.dat", cwd=directory)
        self.collect_spins_dat(file_name="spins.dat", cwd=directory)
        self.collect_energy_struct(file_name="energy-structOpt.dat",
                                   cwd=directory)
        self.collect_relaxed_hist(file_name="relaxHist.sx", cwd=directory)
        self.collect_electrostatic_potential(file_name="vElStat-eV.sxb",
                                             cwd=directory)
        self.collect_charge_density(file_name="rho.sxb",
                                    cwd=directory)
        self._job.compress()


[docs]    def to_hdf(self, hdf, force_update=False):
        """
        Store output in an HDF5 file

        Args:
            hdf: HDF5 group
            force_update(bool):
        """

        if len(self._parse_dict["scf_energy_zero"]) == 0:
            self._parse_dict["scf_energy_zero"] = [
                (0.5 * (np.array(fr) + np.array(en))).tolist()
                for fr, en in zip(
                    self._parse_dict["scf_energy_free"],
                    self._parse_dict["scf_energy_int"],
                )
            ]
        with hdf.open("input") as hdf5_input:
            with hdf5_input.open("generic") as hdf5_generic:
                if "dft" not in hdf5_generic.list_groups():
                    hdf5_generic.create_group("dft")
                with hdf5_generic.open("dft") as hdf5_dft:
                    if (
                        len(self._parse_dict["atom_spin_constrains"]) > 0
                        and "atom_spin_constraints" not in
                        hdf5_dft.list_nodes()
                    ):
                        hdf5_dft["atom_spin_constraints"] = [
                            self._parse_dict["atom_spin_constrains"]
                        ]

        with hdf.open("output") as hdf5_output:
            if self.electrostatic_potential.total_data is not None:
                self.electrostatic_potential.to_hdf(
                    hdf5_output, group_name="electrostatic_potential"
                )
            if self.charge_density.total_data is not None:
                self.charge_density.to_hdf(
                    hdf5_output, group_name="charge_density"
                )
            if "bands_eigen_values" in self._parse_dict.keys():
                es = self._get_electronic_structure_object()
                if len(es.kpoint_list) > 0:
                    es.to_hdf(hdf5_output)
            with hdf5_output.open("electronic_structure") as hdf5_es:
                if "dos" not in hdf5_es.list_groups():
                    hdf5_es.create_group("dos")
                with hdf5_es.open("dos") as hdf5_dos:
                    warning_message = (
                        ' is not stored in SPHInX; use job.get_density_of_states instead'
                    )
                    for k in ['energies', 'int_densities', 'tot_densities']:
                        hdf5_dos[k] = k+warning_message
            with hdf5_output.open("generic") as hdf5_generic:
                if "dft" not in hdf5_generic.list_groups():
                    hdf5_generic.create_group("dft")
                with hdf5_generic.open("dft") as hdf5_dft:
                    hdf5_dft["scf_convergence"] = \
                        self._parse_dict["scf_convergence"]
                    for k in [
                        "scf_residue",
                        "scf_energy_free",
                        "scf_energy_zero",
                        "scf_energy_int",
                        "scf_electronic_entropy",
                        "scf_energy_band",
                        "scf_magnetic_forces",
                        "scf_computation_time",
                        "bands_occ",
                        "bands_e_fermi",
                        "bands_k_weights",
                        "bands_eigen_values",
                        "atom_scf_spins",
                        "n_valence",
                    ]:
                        if len(self._parse_dict[k]) > 0:
                            hdf5_dft[k] = self._parse_dict[k]
                            if "scf_" in k:
                                hdf5_dft[k.replace("scf_", "")] = np.array(
                                    [vv[-1] for vv in self._parse_dict[k]]
                                )
                if len(self._parse_dict["scf_computation_time"]) > 0:
                    hdf5_generic["computation_time"] = np.array(
                        [tt[-1] for tt in
                         self._parse_dict["scf_computation_time"]]
                    )
                if len([en[-1] for en in
                    self._parse_dict["scf_energy_free"]]) > 0:
                    hdf5_generic["energy_tot"] = np.array(
                        [en[-1] for en in self._parse_dict["scf_energy_free"]]
                    )
                    hdf5_generic["energy_pot"] = np.array(
                        [en[-1] for en in self._parse_dict["scf_energy_free"]]
                    )
                hdf5_generic["volume"] = self._parse_dict["volume"]
                if "positions" not in hdf5_generic.list_nodes() or \
                    force_update:
                    if len(self._parse_dict["positions"]) > 0:
                        hdf5_generic["positions"] = np.array(
                            self._parse_dict["positions"]
                        )
                    elif len(self._parse_dict["scf_convergence"]) == 1:
                        hdf5_generic["positions"] = np.array(
                            [self._job.structure.positions]
                        )
                if ("forces" not in hdf5_generic.list_nodes() or force_update)\
                    and len(
                    self._parse_dict["forces"]
                ) > 0:
                    hdf5_generic["forces"] = \
                        np.array(self._parse_dict["forces"])
                if "cells" not in hdf5_generic.list_nodes() or force_update:
                    if len(self._parse_dict["cell"]) > 0:
                        hdf5_generic["cells"] = np.array(
                            self._parse_dict["cell"])
                    elif len(self._parse_dict["scf_convergence"]) == 1:
                        hdf5_generic["cells"] = np.array(
                            [self._job.structure.cell])


[docs]    def from_hdf(self, hdf):
        """
        Load output from an HDF5 file
        """
        pass
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  Source code for pyiron.sphinx.interactive

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
import os
import scipy.constants
import subprocess
import warnings
import time
from pyiron.sphinx.base import SphinxBase, Group
from pyiron.atomistics.job.interactive import GenericInteractive, GenericInteractiveOutput
from pyiron.vasp.potential import VaspPotentialSetter

BOHR_TO_ANGSTROM = (
    scipy.constants.physical_constants["Bohr radius"][0] / scipy.constants.angstrom
)
HARTREE_TO_EV = scipy.constants.physical_constants["Hartree energy in eV"][0]
HARTREE_OVER_BOHR_TO_EV_OVER_ANGSTROM = HARTREE_TO_EV / BOHR_TO_ANGSTROM

__author__ = "Osamu Waseda, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"


[docs]class SphinxInteractive(SphinxBase, GenericInteractive):
    def __init__(self, project, job_name):
        super(SphinxInteractive, self).__init__(project, job_name)
        self.output = SphinxOutput(job=self)
        self._interactive_write_input_files = True
        self._interactive_library_read = None
        self._interactive_fetch_completed = True
        self.interactive_flush_frequency = 1

    @property
    def structure(self):
        return GenericInteractive.structure.fget(self)

    @structure.setter
    def structure(self, structure):
        GenericInteractive.structure.fset(self, structure)
        if structure is not None:
            self._potential = VaspPotentialSetter(
                element_lst=structure.get_species_symbols().tolist()
            )

[docs]    def get_structure(self, iteration_step=-1, wrap_atoms=True):
        return GenericInteractive.get_structure(
            self, iteration_step=iteration_step, wrap_atoms=wrap_atoms
        )


[docs]    def interactive_energy_tot_getter(self):
        return self.interactive_energy_pot_getter()


[docs]    def interactive_energy_pot_getter(self):
        self._interactive_pipe_write("get energy")
        return float(self._interactive_library_read.readline()) * HARTREE_TO_EV


[docs]    def interactive_forces_getter(self):
        self._interactive_pipe_write("get forces")
        ff = []
        for _ in range(len(self.structure)):
            line = self._interactive_library_read.readline().split()
            ff.append(
                [
                    float(line[i]) * HARTREE_OVER_BOHR_TO_EV_OVER_ANGSTROM
                    for i in range(3)
                ]
            )
        ff = np.array(ff)[self.id_spx_to_pyi]
        return ff


[docs]    def interactive_cells_getter(self):
        self._interactive_pipe_write("get cell")
        cc = []
        for _ in range(3):
            line = self._interactive_library_read.readline().split()
            cc.append([float(line[i]) * BOHR_TO_ANGSTROM for i in range(3)])
        return np.array(cc)


[docs]    def interactive_positions_getter(self):
        self._interactive_pipe_write("get structure")
        xx = []
        for _ in range(len(self.structure)):
            line = self._interactive_library_read.readline().split()
            xx.append([float(line[i]) * BOHR_TO_ANGSTROM for i in range(3)])
        xx = np.array(xx)[self.id_spx_to_pyi]
        return xx


[docs]    def interactive_positions_setter(self, positions):
        self._interactive_pipe_write("set structure")
        positions = positions[self.id_pyi_to_spx]
        positions = np.reshape(positions, 3 * len(self.structure)) / BOHR_TO_ANGSTROM
        self._interactive_pipe_write(positions.tolist())


[docs]    def interactive_spins_getter(self):
        self._logger.debug("get spins - start ...")
        self._interactive_pipe_write("get atomspin")
        mm = []
        for _ in range(len(self.structure)):
            line = self._interactive_library_read.readline().split()
            mm.append(float(line[0]))
        mm = np.array(mm)[self.id_spx_to_pyi]
        # self.interactive_cache['atom_spins'].append(mm)
        self._logger.debug("get spins - done.")
        return mm


[docs]    def interactive_spin_constraints_setter(self, spins):
        if self._generic_input["fix_spin_constraint"]:
            self._logger.debug("set spin constraints - start ...")
            self._spin_constraint_enabled = True
            self._interactive_pipe_write("set spinconstraint")
            spins = np.array(spins)[self.id_pyi_to_spx]
            self._spin_constraints = np.array(spins)
            self._interactive_pipe_write(spins.tolist())
            # self.interactive_cache['atom_spin_constraints'].append(spins)
            self._logger.debug("set spin constraints - done.")
        else:
            warnings.warn("Spin constraint not set -> set fix_spin_constraint = True")


[docs]    def interactive_spin_constraints_getter(self):
        return self._spin_constraints

        # return self.interactive_cache['atom_spin_constraints'][-1]

[docs]    def interactive_magnetic_forces_getter(self):
        if self._generic_input["fix_spin_constraint"]:
            self._interactive_pipe_write("get nu")
            nn = []
            for _ in range(len(self.structure)):
                line = self._interactive_library_read.readline().split()
                nn.append(HARTREE_TO_EV * float(line[0]))
            nn = np.array(nn)[self.id_spx_to_pyi]
            return nn
        else:
            return None


[docs]    def interactive_initialize_interface(self):
        self.server.threads = self.input["THREADS"]
        if self.executable.executable_path == "":
            self.status.aborted = True
            raise ValueError("No executable set!")
        if self.server.cores == 1 or not self.executable.mpi:
            out = subprocess.Popen(
                str(self.executable),
                cwd=self.project_hdf5.working_directory,
                shell=True,
                stderr=subprocess.STDOUT,
                universal_newlines=True,
            )
        else:
            out = subprocess.Popen(
                [
                    self.executable.executable_path,
                    str(self.server.cores),
                    str(self.server.threads),
                ],
                cwd=self.project_hdf5.working_directory,
                shell=False,
                stderr=subprocess.STDOUT,
                universal_newlines=True,
            )
        while not self._interactive_pipes_initialized:
            time.sleep(1)
        self._logger.debug("open interactive interface!")
        self._interactive_library = open(
            os.path.join(self.working_directory, "sxctrl"), "w"
        )
        self._interactive_library_read = open(
            os.path.join(self.working_directory, "sxres"), "r"
        )
        self._logger.debug("interactive interface is opened!")
        if (
            np.all(self.structure.get_initial_magnetic_moments() == None)
            and "atom_spins" in self.interactive_cache.keys()
        ):
            del self.interactive_cache["atom_spins"]
        if self._generic_input["fix_spin_constraint"]:
            self.interactive_spin_constraints_setter(
                self._structure_current.get_initial_magnetic_moments()
            )
        else:
            if "magnetic_forces" in self.interactive_cache.keys():
                del self.interactive_cache["magnetic_forces"]
            if "atom_spin_constraints" in self.interactive_cache.keys():
                del self.interactive_cache["atom_spin_constraints"]
        if len(self.restart_file_list) > 0:
            self._logger.debug("restarting; interactive run - start ...")
            self._interactive_pipe_write("run restart")
            self.interactive_fetch()


    def _output_interactive_to_generic(self):
        with self.project_hdf5.open("output") as h5:
            if "interactive" in h5.list_groups():
                for key in ["positions", "cells", "indices", "cells", "forces"]:
                    h5["generic/" + key] = h5["interactive/" + key]
                with self.project_hdf5.open("input") as hdf5_input:
                    with hdf5_input.open("generic") as hdf5_generic:
                        if "dft" not in hdf5_generic.list_groups():
                            hdf5_generic.create_group("dft")
                        with hdf5_generic.open("dft") as hdf5_dft:
                            if (
                                "atom_spin_constraints"
                                in h5["interactive"].list_nodes()
                            ):
                                hdf5_dft["atom_spin_constraints"] = h5[
                                    "interactive/atom_spin_constraints"
                                ]

[docs]    def collect_output(self, force_update=False):
        super(SphinxInteractive, self).collect_output(force_update=force_update)
        self._output_interactive_to_generic()


[docs]    def interactive_close(self):
        if self.interactive_is_activated():
            self._interactive_pipe_write("end")
            self._interactive_library.close()
            self._interactive_library_read.close()
            self.status.collect = True
            if self["energy.dat"] is not None:
                self.run()
            self._output_interactive_to_generic()
            super(SphinxInteractive, self).interactive_close()


[docs]    def calc_minimize(
        self,
        electronic_steps=None,
        ionic_steps=None,
        max_iter=None,
        pressure=None,
        algorithm=None,
        retain_charge_density=False,
        retain_electrostatic_potential=False,
        ionic_energy_tolerance=0.0,
        ionic_force_tolerance=1.0e-2,
        ionic_energy=None,
        ionic_forces=None,
        volume_only=False,
    ):
        if (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ):
            raise NotImplementedError(
                "calc_minimize() is not implemented for the interactive mode use calc_static()!"
            )
        else:
            super(SphinxInteractive, self).calc_minimize(
                electronic_steps=electronic_steps,
                ionic_steps=ionic_steps,
                max_iter=max_iter,
                pressure=pressure,
                algorithm=algorithm,
                retain_charge_density=retain_charge_density,
                retain_electrostatic_potential=retain_electrostatic_potential,
                ionic_energy_tolerance=ionic_energy_tolerance,
                ionic_force_tolerance=ionic_force_tolerance,
                volume_only=volume_only,
            )


[docs]    def run_if_interactive(self):
        super(SphinxInteractive, self).run_if_interactive()
        self._logger.debug("interactive run - start ...")
        self._interactive_pipe_write("run electronicminimization")
        self.interactive_fetch()


[docs]    def run_if_interactive_non_modal(self):
        if not self._interactive_fetch_completed:
            print("Warning: interactive_fetch being effectuated")
            self.interactive_fetch()
        super(SphinxInteractive, self).run_if_interactive()
        self._logger.debug("interactive run - start ...")
        self._interactive_pipe_write("run electronicminimization")
        self._interactive_fetch_completed = False


[docs]    def interactive_fetch(self):
        if (
            self._interactive_fetch_completed
            and self.server.run_mode.interactive_non_modal
        ):
            print("First run and then fetch")
        else:
            self.interactive_collect()
            self._logger.debug("interactive run - done")


    @property
    def _interactive_pipes_initialized(self):
        return os.path.exists(
            os.path.join(self.working_directory, "sxctrl")
        ) and os.path.exists(os.path.join(self.working_directory, "sxres"))

    def _interactive_pipe_write(self, line):
        if isinstance(line, str) or isinstance(line, int) or isinstance(line, float):
            self._interactive_library.write(str(line) + "\n")
            self._interactive_library.flush()
        elif isinstance(line, list):
            for subline in line:
                self._interactive_pipe_write(subline)
        else:
            raise TypeError("only lists, strings and numbers are supported!")

    def _interactive_pipe_read(self):
        return self._interactive_library_read.readline()

[docs]    def calc_static(
        self,
        electronic_steps=100,
        blockSize=8,
        dSpinMoment=1e-8,
        algorithm=None,
        retain_charge_density=False,
        retain_electrostatic_potential=False,
    ):
        """
        Function to setup the hamiltonian to perform static SCF DFT runs

        Args:
            retain_electrostatic_potential:
            retain_charge_density:
            algorithm:
            electronic_steps (int): maximum number of electronic steps, which can be used to achieve convergence
        """
        super(SphinxInteractive, self).calc_static(
            electronic_steps=electronic_steps,
            algorithm=algorithm,
            retain_charge_density=retain_charge_density,
            retain_electrostatic_potential=retain_electrostatic_potential,
        )


[docs]    def load_main_group(self):
        main_group = Group()
        if (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ):
            commands = Group([
                {
                    "id": '"restart"',
                    "scfDiag":
                        self.get_scf_group(
                            maxSteps=10, keepRhoFixed=True, dEnergy=1.0e-4
                        )
                }, {
                    "id": '"electronicminimization"',
                    "scfDiag": self.get_scf_group(),
                }
            ])
            self.input.sphinx.main.extControl = Group()
            self.input.sphinx.main.extControl.set_group('bornOppenheimer')
            self.input.sphinx.main.extControl.bornOppenheimer = commands
        else:
            super(SphinxInteractive, self).load_main_group()




[docs]class SphinxOutput(GenericInteractiveOutput):
    def __init__(self, job):
        super(SphinxOutput, self).__init__(job)

[docs]    def check_band_occupancy(self, plot=True):
        """
            Check whether there are still empty bands available.

            args:
                plot (bool): plots occupancy of the last step

            returns:
                True if there are still empty bands
        """
        import matplotlib.pylab as plt
        elec_dict = self._job['output/generic/dft']['n_valence']
        if elec_dict is None:
            raise AssertionError('Number of electrons not parsed')
        n_elec = np.sum([elec_dict[k]
                         for k in self._job.structure.get_chemical_symbols()])
        n_elec = int(np.ceil(n_elec/2))
        bands = self._job['output/generic/dft/bands_occ'][-1]
        bands = bands.reshape(-1, bands.shape[-1])
        max_occ = np.sum(bands>0, axis=-1).max()
        n_bands = bands.shape[-1]
        if plot:
            xticks = np.arange(1, n_bands+1)
            plt.xlabel('Electron number')
            plt.ylabel('Occupancy')
            if n_bands<20:
                plt.xticks(xticks)
            plt.axvline(n_elec, label='#electrons: {}'.format(n_elec))
            plt.axvline(max_occ, color='red',
                label='Max occupancy: {}'.format(max_occ))
            plt.axvline(n_bands, color='green',
                label='Number of bands: {}'.format(n_bands))
            plt.plot(xticks, bands.T, 'x', color='black')
            plt.legend()
        if max_occ < n_bands:
            return True
        else:
            return False




[docs]class SphinxInt2(SphinxInteractive):
    def __init__(self, project, job_name):
        warnings.warn("Please use SphinxInt instead of SphinxInt2")
        super(SphinxInt2, self).__init__(project=project, job_name=job_name)
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  Source code for pyiron.sphinx.potential

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import os
import pandas
from pyiron_base import Settings
from pyiron.vasp.potential import VaspPotentialAbstract, find_potential_file_base

__author__ = "Osamu Waseda"
__copyright__ = (
    "Copyright 2019, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Osamu Waseda"
__email__ = "waseda@mpie.de"
__status__ = "development"
__date__ = "Sep 20, 2019"

s = Settings()


[docs]class SphinxJTHPotentialFile(VaspPotentialAbstract):
    """
    The Potential class is derived from the PotentialAbstract class, but instead of loading the potentials from a list,
    the potentials are loaded from a file.

    Args:
        xc (str): Exchange correlation functional ['PBE', 'LDA']
    """
    def __init__(self, xc=None, selected_atoms=None):
        potential_df = self._get_potential_df(
            plugin_name="sphinx",
            file_name_lst={"potentials_sphinx.csv"},
            backward_compatibility_name="sphinxpotentials",
        )
        if xc == "PBE":
            default_df = self._get_potential_default_df(
                plugin_name="sphinx",
                file_name_lst={"potentials_sphinx_jth_default.csv"},
                backward_compatibility_name="defaultsphinxjth",
            )
            potential_df = potential_df[(potential_df["Model"] == "jth-gga-pbe")]
        else:
            raise ValueError(
                'The exchange correlation functional has to be set to "PBE" currently there are no "LDA" potentials.'
            )
        super(SphinxJTHPotentialFile, self).__init__(
            potential_df=potential_df,
            default_df=default_df,
            selected_atoms=selected_atoms,
        )

[docs]    def add_new_element(self, parent_element, new_element):
        """
        Adding a new user defined element with a different POTCAR file. It is assumed that the file exists

        Args:
            parent_element (str): Parent element
            new_element (str): Name of the new element (the name of the folder where the new POTCAR file exists

        """
        ds = self.find_default(element=parent_element)
        ds["Species"].values[0][0] = new_element
        path_list = ds["Filename"].values[0][0].split("/")
        path_list[-2] = new_element
        name_list = ds["Name"].values[0].split("-")
        name_list[0] = new_element
        ds["Name"].values[0] = "-".join(name_list)
        ds["Filename"].values[0][0] = "/".join(path_list)
        self._potential_df = self._potential_df.append(ds)
        ds = pandas.Series()
        ds.name = new_element
        ds["Name"] = "-".join(name_list)
        self._default_df = self._default_df.append(ds)




[docs]def find_potential_file(path):
    env = os.environ
    resource_path_lst = s.resource_paths
    for conda_var in ["CONDA_PREFIX", "CONDA_DIR"]:
        if conda_var in env.keys():  # support sphinx-data package
            resource_path_lst += [os.path.join(os.environ[conda_var], "share", "sphinxdft")]
    return find_potential_file_base(
        path=path,
        resource_path_lst=resource_path_lst,
        rel_path=os.path.join("sphinx", "potentials")
    )
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  Source code for pyiron.sphinx.sphinx

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import warnings
from pyiron.sphinx.interactive import SphinxInteractive

__author__ = "Osamu Waseda, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"


[docs]class Sphinx(SphinxInteractive):
    """
    Class to setup and run Sphinx simulations which is a derivative of pyiron_atomistics.job.generic.GenericJob.
    The functions in these modules are written in such the function names and attributes are very generic
    (get_structure(), molecular_dynamics(), version) but the functions are written to handle Sphinx specific input and
    output.

    Args:
        project: Project object (defines path where job will be created and stored)
        job_name (str): name of the job (must be unique within this project path)
    """

    def __init__(self, project, job_name):
        super(Sphinx, self).__init__(project, job_name)
        self.__name__ = "Sphinx"
        self.__version__ = (
            None
        )  # Reset the version number to the executable is set automatically
        self._executable_activate(enforce=True)
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  Source code for pyiron.sphinx.structure

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from collections import OrderedDict
import numpy as np
import scipy.constants
from pyiron.atomistics.structure.atoms import Atoms
from pyiron.atomistics.structure.periodic_table import PeriodicTable

__author__ = "Sudarsan Surendralal, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Feb 4, 2018"

BOHR_TO_ANGSTROM = (
    scipy.constants.physical_constants["Bohr radius"][0] / scipy.constants.angstrom
)


[docs]def read_atoms(filename="structure.sx"):
    """
    Args:
        filename (str): Filename of the sphinx structure file

    Returns:
        pyiron.objects.structure.atoms.Atoms instance

    """
    file_string = []
    with open(filename) as f:
        for line in f:
            line = line.strip()
            file_string.append(line)
    cell_trigger = "cell"
    cell_string = list()
    species_list = list()
    species_trigger = "element"
    positions_dict = OrderedDict()
    positions = list()
    pse = PeriodicTable()
    for i, line in enumerate(file_string):
        if cell_trigger in line:
            for j in range(len(file_string)):
                line_str = file_string[i + j]
                cell_string.append(line_str)
                if ";" in line_str:
                    break
        if species_trigger in line:
            species = (
                line.strip().split("=")[-1].replace(";", "").replace('"', "").strip()
            )
            species_list.append(pse.element(species))
            positions_dict[species] = 0
            for j in range(len(file_string) - i):
                line_str = file_string[i + j]
                k = 0
                if "atom" in line_str:
                    break_loop = False
                    while not break_loop:
                        position_string = " ".join(
                            file_string[i + j + k].split("=")[-1]
                        )
                        replace_list = ["[", "]", ";", "}",
                            "movable", "X", "Y", "Z"]
                        for rep in replace_list:
                            position_string = (
                                "".join(position_string).replace(rep, " ").split()
                            )
                        positions.append(
                            np.array(position_string[0].split(","), dtype=float)
                        )
                        positions_dict[species] += 1
                        k += 1
                        if (i + j + k) <= len(file_string) - 1:
                            if (
                                "element" in file_string[i + j + k]
                                or "atom" not in file_string[i + j + k]
                            ):
                                break_loop = True
                    break
    indices = list()
    for i, val in enumerate(positions_dict.values()):
        indices.append(np.ones(val, dtype=int) * i)
    indices = np.hstack(indices)
    replace_list = ["cell", "=", "[", "]", ",", ";"]
    for rep in replace_list:
        cell_string = " ".join(cell_string).replace(rep, " ").split()
    cell = np.array(cell_string, dtype=float).reshape((3, 3)) * BOHR_TO_ANGSTROM
    atoms = Atoms(
        species=species_list,
        indices=indices,
        cell=cell,
        positions=np.array(positions) * BOHR_TO_ANGSTROM,
    )
    return atoms
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  Source code for pyiron.sphinx.volumetric_data

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
import scipy
from scipy.io.netcdf import netcdf_file
import os
from pyiron_base import Settings
from pyiron.atomistics.volumetric.generic import VolumetricData

__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


BOHR_TO_ANGSTROM = (
    scipy.constants.physical_constants["Bohr radius"][0] /
    scipy.constants.angstrom
)


[docs]class SphinxVolumetricData(VolumetricData):
    """
    General class for parsing and manipulating volumetric static within Sphinx.

    The basic idea of the Base class is adapted from the pymatgen vasp
    VolumetricData class:

    http://pymatgen.org/_modules/pymatgen/io/vasp/outputs.html#VolumetricData

    """


    def __init__(self):
        super(SphinxVolumetricData, self).__init__()
        self.atoms = None
        self._diff_data = None
        self._total_data = None


[docs]    def from_file(self, filename, normalize=True):
        """
        Parses volumetric data from a sphinx binary (.sxb) file.

        Args:
            filename (str): Path of file to parse
            normalize (boolean): Flag to normalize by the volume of the cell
        """
        try:
            vol_data_list = self._read_vol_data(
                filename=filename,
                normalize=normalize
            )
        except (ValueError, IndexError, TypeError):
            raise ValueError("Unable to parse file: {}".format(filename))
        self._total_data = vol_data_list[0]
        if len(vol_data_list) == 2:
            self._total_data = vol_data_list[0] + vol_data_list[1]
            self._diff_data = vol_data_list[0] - vol_data_list[1]



    @staticmethod
    def _read_vol_data(filename, normalize=True):
        """
        Parses the Sphinx volumetric data files (rho.sxb and vElStat-eV.sxb).

        Args:
            filename (str): File to be parsed
            normalize (bool): Normalize the data with respect to the volume
                (probably sensible for rho)

        Returns:
            list: A list of the volumetric data (length >1 for density
                files with spin)

        """
        if not os.path.getsize(filename) > 0:
            s = Settings()
            s.logger.warning("File:" + filename + "seems to be empty! ")
            return None, None

        with netcdf_file(filename, mmap=False) as f:
            dim = [int(d) for d in f.variables["dim"]]
            volume = 1.0
            if normalize:
                cell = f.variables["cell"].data * BOHR_TO_ANGSTROM
                volume = np.abs(np.linalg.det(cell))
            if "mesh" in f.variables:
                # non-spin polarized
                total_data_list = [
                    np.array(f.variables["mesh"][:]).reshape(dim) / volume
                ]
            elif "mesh-0" in f.variables and "mesh-1" in f.variables:
                # spin-polarized
                total_data_list = [
                    np.array(f.variables["mesh-0"][:]).reshape(dim) / volume,
                    np.array(f.variables["mesh-1"][:]).reshape(dim) / volume
                ]
            else:
                raise ValueError(
                    "Unexpected keys in the netcdf file's variables: neither "
                    f"'mesh' nor 'mesh-0' and 'mesh-1' found in {f.variables}."
                )

        if len(total_data_list) == 0:
            s = Settings()
            s.logger.warning(
                "File:"
                + filename
                + "seems to be corrupted/empty even after parsing!"
            )
            return None

        return total_data_list


    @property
    def total_data(self):
        """
        numpy.ndarray: Total volumtric data (3D)
        """
        return self._total_data


    @total_data.setter
    def total_data(self, val):
        self._total_data = val


    @property
    def diff_data(self):
        """
        numpy.ndarray: Volumtric difference data (3D)
        """
        return self._diff_data


    @diff_data.setter
    def diff_data(self, val):
        self._diff_data = val

[docs]    def to_hdf(self, hdf, group_name="volumetric_data"):
        """
        Writes the data as a group to a HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): The
                HDF file/path to write the data
            group_name (str): The name of the group under which
                the data must be stored

        """
        with hdf.open(group_name) as hdf_vd:
            hdf_vd["TYPE"] = str(type(self))
            hdf_vd["total"] = self.total_data
            if self.diff_data is not None:
                hdf_vd["diff"] = self.diff_data


[docs]    def from_hdf(self, hdf, group_name="volumetric_data"):
        """
        Extract a VolumetricData instance from an HDF5 file.

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): The HDF
                file/path to read the data
            group_name (str): The name of the group under which
                the data have been stored

        Returns:
            pyiron.atomistics.volumetric.generic.VolumetricData: The
                VolumetricData instance

        """
        with hdf.open(group_name) as hdf_vd:
            self._total_data = hdf_vd["total"]
            if len(self._total_data) == 2:
                self.is_spin_polarized = True
            if "diff" in hdf_vd.list_nodes():
                self._diff_data = hdf_vd["diff"]
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  Source code for pyiron.table.datamining

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from pyiron_base import TableJob as BaseTableJob, PyironTable
from pyiron.table.funct import (
    get_incar,
    get_sigma,
    get_total_number_of_atoms,
    get_elements,
    get_convergence_check,
    get_number_of_species,
    get_number_of_ionic_steps,
    get_ismear,
    get_encut,
    get_n_kpts,
    get_n_equ_kpts,
    get_number_of_final_electronic_steps,
    get_majority_species,
    get_job_name,
    get_job_id,
    get_energy_tot,
    get_energy_pot,
    get_energy_free,
    get_energy_int,
    get_energy_tot_per_atom,
    get_energy_pot_per_atom,
    get_energy_free_per_atom,
    get_energy_int_per_atom,
    get_e_conv_level,
    get_f_states,
    get_e_band,
    get_majority_crystal_structure,
    get_equilibrium_parameters,
    get_structure,
    get_forces,
    get_magnetic_structure,
    get_average_waves,
    get_plane_waves,
    get_ekin_error,
    get_volume,
    get_volume_per_atom,
)


__author__ = "Uday Gajera, Jan Janssen, Joerg Neugebauer"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "0.0.1"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2018"


[docs]class TableJob(BaseTableJob):
    def __init__(self, project, job_name):
        super(TableJob, self).__init__(project, job_name)
        self._system_function_lst = [
            get_incar,
            get_sigma,
            get_total_number_of_atoms,
            get_elements,
            get_convergence_check,
            get_number_of_species,
            get_number_of_ionic_steps,
            get_ismear,
            get_encut,
            get_n_kpts,
            get_n_equ_kpts,
            get_number_of_final_electronic_steps,
            get_majority_species,
            get_job_name,
            get_job_id,
            get_energy_tot,
            get_energy_pot,
            get_energy_free,
            get_energy_int,
            get_energy_tot_per_atom,
            get_energy_pot_per_atom,
            get_energy_free_per_atom,
            get_energy_int_per_atom,
            get_e_conv_level,
            get_f_states,
            get_e_band,
            get_majority_crystal_structure,
            get_equilibrium_parameters,
            get_structure,
            get_forces,
            get_magnetic_structure,
            get_average_waves,
            get_plane_waves,
            get_ekin_error,
            get_volume,
            get_volume_per_atom,
        ]
        self._pyiron_table = PyironTable(
            project=None,
            system_function_lst=self._system_function_lst
        )
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  Source code for pyiron.table.funct

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import ast
import json
import numpy as np
import warnings

from pyiron.atomistics.structure.atoms import Atoms, pyiron_to_ase


def _get_value_from_incar(job, key):
    value = job["input/incar/data_dict"]["Value"][
        job["input/incar/data_dict"]["Parameter"].index(key)
    ]   
    if isinstance(value, str):
        return ast.literal_eval(value)
    else:
        return value


[docs]def get_majority(lst, minority=False):
    elements_dict = {name: lst.count(name) for name in set(lst)}
    max_value = np.max(list(elements_dict.values()))
    majority_element = [
        key for key, value in elements_dict.items() if value == max_value
    ][0]
    if minority:
        minority_lst = list(elements_dict.keys())
        del minority_lst[minority_lst.index(majority_element)]
        return majority_element, minority_lst
    else:
        return majority_element



[docs]def get_incar(job):
    data_dict = job["input/incar/data_dict"]
    return {
        key: value for key, value in zip(data_dict["Parameter"], data_dict["Value"])
    }



[docs]def get_sigma(job):
    return {"sigma": _get_value_from_incar(job=job, key="SIGMA")}



[docs]def get_ismear(job):
    return {"ismear": _get_value_from_incar(job=job, key="ISMEAR")}



[docs]def get_encut(job):
    return {"encut": _get_value_from_incar(job=job, key="ENCUT")}



[docs]def get_n_kpts(job):
    return {"n_kpts": eval(job["input/kpoints/data_dict"]["Value"][3].split()[0])}



[docs]def get_n_equ_kpts(job):
    return {"n_equ_kpts": len(job['output/generic/dft/bands/k_points'])}



[docs]def get_total_number_of_atoms(job):
    return {"Number_of_atoms": len(job["input/structure/indices"])}



[docs]def get_average_waves(job):
    _, weights, planewaves = job["output/outcar/irreducible_kpoints"]
    return {"avg. plane waves": sum(weights * planewaves) / sum(weights)}



[docs]def get_plane_waves(job):
    _, weights, planewaves = job["output/outcar/irreducible_kpoints"]
    return {"plane waves": sum(weights * planewaves)}



[docs]def get_ekin_error(job):
    return {"energy_tot_wo_kin_corr": job["output/outcar/kin_energy_error"] + job["output/generic/energy_tot"][-1]}



[docs]def get_volume(job):
    return {"volume": job["output/generic/volume"][-1]}



[docs]def get_volume_per_atom(job):
    return {"volume": job["output/generic/volume"][-1] / get_total_number_of_atoms(job=job)["Number_of_atoms"]}



[docs]def get_elements(job):
    species = job["input/structure/species"]
    indices_lst = job["input/structure/indices"]
    indices_set = set(indices_lst)
    count_lst = [indices_lst.tolist().count(ind) for ind in indices_set]
    main_element = species[count_lst.index(np.max(count_lst))]
    return {species[ind]: count_lst[ind] for ind in indices_set}



[docs]def get_convergence_check(job):
    try:
        conv = job.project.load(job.job_id).convergence_check()
    except:
        conv = None
    return {"Convergence": conv}



[docs]def get_number_of_species(job):
    return {"Number_of_species": len(job["output/structure/species"])}



[docs]def get_number_of_ionic_steps(job):
    return {"Number_of_ionic_steps": len(job["output/generic/energy_tot"])}



[docs]def get_number_of_final_electronic_steps(job):
    el_steps = job["output/generic/scf_energies"]
    if len(el_steps) != 0:
        return {"Number_of_final_electronic_steps": len(el_steps[-1])}
    else:
        return {"Number_of_final_electronic_steps": None}



[docs]def get_majority_species(job):
    indices_lst = job["input/structure/indices"].tolist()
    element_lst = job["input/structure/species"]
    majority_element, minority_lst = get_majority(
        [element_lst[ind] for ind in indices_lst], minority=True
    )
    return {"majority_element": majority_element, "minority_element_list": minority_lst}



[docs]def get_majority_crystal_structure(job):
    basis = Atoms().from_hdf(job["input"])
    majority_element = basis.get_majority_species()["symbol"]
    majority_index = [
        ind for ind, el in enumerate(basis) if el.symbol == majority_element
    ]
    type_list = list(basis[majority_index].analyse.pyscal_cna_adaptive(
        mode="str",
        ovito_compatibility=True
    ))
    return {"crystal_structure": get_majority(type_list, minority=False)}



[docs]def get_job_name(job):
    return {"job_name": job.job_name}



[docs]def get_job_id(job):
    return {"job_id": job.job_id}



[docs]def get_energy_tot_per_atom(job):
    return {"energy_tot": job["output/generic/energy_tot"][-1] / get_total_number_of_atoms(job=job)["Number_of_atoms"]}



[docs]def get_energy_tot(job):
    return {"energy_tot": job["output/generic/energy_tot"][-1]}



[docs]def get_energy_pot_per_atom(job):
    return {"energy_pot": job["output/generic/energy_pot"][-1] / get_total_number_of_atoms(job=job)["Number_of_atoms"]}



[docs]def get_energy_pot(job):
    return {"energy_pot": job["output/generic/energy_pot"][-1]}



[docs]def get_energy_free_per_atom(job):
    return {"energy_free": job["output/generic/dft/energy_free"][-1] / get_total_number_of_atoms(job=job)["Number_of_atoms"]}



[docs]def get_energy_free(job):
    return {"energy_free": job["output/generic/dft/energy_free"][-1]}



[docs]def get_energy_int_per_atom(job):
    return {"energy_int": job["output/generic/dft/energy_int"][-1] / get_total_number_of_atoms(job=job)["Number_of_atoms"]}



[docs]def get_energy_int(job):
    return {"energy_int": job["output/generic/dft/energy_int"][-1]}



[docs]def get_f_states(job):
    if "occ_matrix" in job["output/electronic_structure"].list_nodes():
        return {
            "f_states": job["output/electronic_structure/occ_matrix"].flatten().tolist()
        }
    elif "occupancy_matrix" in job["output/electronic_structure"].list_nodes():
        return {
            "f_states": job["output/electronic_structure/occupancy_matrix"]
            .flatten()
            .tolist()
        }
    else:
        print("get_f_states(): ", job.job_name, job.status)
        return {"f_states": [0.0]}



[docs]def get_e_band(job):
    if "occ_matrix" in job["output/electronic_structure"].list_nodes():
        f_occ = job["output/electronic_structure/occ_matrix"].flatten()
        ev_mat = job["output/electronic_structure/eig_matrix"].flatten()
    elif "occupancy_matrix" in job["output/electronic_structure"].list_nodes():
        f_occ = job["output/electronic_structure/occupancy_matrix"].flatten()
        ev_mat = job["output/electronic_structure/eigenvalue_matrix"].flatten()
    else:
        print("get_e_band(): ", job.job_name, job.status)
        f_occ = np.array([0.0])
        ev_mat = np.array([0.0])
    return {"e_band": np.sum(ev_mat * f_occ)}



[docs]def get_equilibrium_parameters(job):
    return {
        key: job["output/" + key]
        for key in [
            "equilibrium_energy",
            "equilibrium_b_prime",
            "equilibrium_bulk_modulus",
            "equilibrium_volume",
        ]
    }



[docs]def get_structure(job):
    atoms = pyiron_to_ase(job.load_object().get_structure())
    atoms_dict = {
        "symbols": atoms.get_chemical_symbols(),
        "positions": atoms.get_positions().tolist(),
        "cell": atoms.get_cell().tolist(),
        "pbc": atoms.get_pbc().tolist(),
        "celldisp": atoms.get_celldisp().tolist(),
    }
    if atoms.has("tags"):
        atoms_dict["tags"] = atoms.get_tags().tolist()
    if atoms.has("masses"):
        atoms_dict["masses"] = atoms.get_masses().tolist()
    if atoms.has("momenta"):
        atoms_dict["momenta"] = atoms.get_momenta().tolist()
    if atoms.has("initial_magmoms"):
        atoms_dict["magmoms"] = atoms.get_initial_magnetic_moments().tolist()
    if atoms.has("initial_charges"):
        atoms_dict["charges"] = atoms.get_initial_charges().tolist()
    if not atoms.__dict__["_calc"] == None:
        warnings.warn("Found calculator: " + str(atoms.__dict__["_calc"]))
    if not atoms.__dict__["_constraints"] == []:
        warnings.warn("Found constraint: " + str(atoms.__dict__["_constraints"]))
    return {"structure": json.dumps(atoms_dict)}



[docs]def get_forces(job):
    return {"forces": json.dumps(job["output/generic/forces"][-1].tolist())}



[docs]def get_magnetic_structure(job):
    basis = Atoms().from_hdf(job["input"])
    magmons = basis.get_initial_magnetic_moments()
    if all(magmons == None):
        return {"magnetic_structure": "non magnetic"}
    else:
        abs_sum_mag = sum(np.abs(magmons))
        sum_mag = sum(magmons)
        if abs_sum_mag == 0 and sum_mag == 0:
            return {"magnetic_structure": "non magnetic"}
        elif abs_sum_mag == np.abs(sum_mag):
            return {"magnetic_structure": "ferro-magnetic"}
        elif abs_sum_mag > 0 and sum_mag == 0:
            return {"magnetic_structure": "para-magnetic"}
        else:
            return {"magnetic_structure": "unknown"}



[docs]def get_e_conv_level(job):
    return {'el_conv': np.max(np.abs(
        job['output/generic/dft/scf_energy_free'][0] -
        job['output/generic/dft/scf_energy_free'][0][-1]
    )[-10:])}
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  Source code for pyiron.testing.executable

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
import ast
import logging
import numpy as np

"""
Simple python executable that resembles the behavior of a real job
"""

__author__ = "Joerg Neugebauer"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


# Set the logging behaviour of the executable
logging.basicConfig(
    level=logging.DEBUG,
    format="%(asctime)s %(name)-12s %(levelname)-8s %(message)s",
    datefmt="%m-%d %H:%M",
    filename="info.log",
    filemode="w",
)
module_logger = logging.getLogger("exampleExecutable")


[docs]class ExampleExecutable(object):
    """
    Simple python executable that resembles the behavior of a real job, i.e., it processes input files, generates
    output files and can perform restarts. Will be mainly used to test the genericJob class.
    """

    def __init__(self):
        print("Execution started")
        self.logger = logging.getLogger("exampleExecutable.module")
        self.logger.info("creating an instance")

        self.input_file = "input.inp"
        self.output_file = "output.log"
        self._count = 0
        self._alat_0 = None
        self._potential = None
        self._alpha = None
        self._alat = None
        self._count = None

[docs]    def write_restart(self):
        """
        Write a restart file for a continous simulation divided into multiple jobs.
        """
        with open("restart.out", "w") as f:
            f.write("count {0} \n".format(str(self._count)))


[docs]    def read_restart(self):
        """
        Read a restart file for a continous simulation divided into multiple jobs.
        """
        with open("restart.inp", "r") as f:
            line = f.readline()
            _, count = line.split()
            self._count = ast.literal_eval(count)


[docs]    def get_energy(self, alat):
        """
        Based on the lattice constant a random energy is calculated.

        Args:
            alat (float): lattice constant

        Returns:
            (list): list of n random energy values, where n equals self._count
        """
        return (
            self._potential(alat - self._alat_0)
            + np.random.random(self._count) * self._alpha
        )


[docs]    def run_lib(self, input_dict):
        """
        Run lib executes the job directly in Python instead of calling a separate subprocess, this is faster for all
        Python jobs but not available for non Python jobs. No input or output files are generated when running in
        library mode, instead all input is provided as an input dictionary and the output is returned as a list.

        Args:
            input_dict (dict): input consisting of ["alpha", "alat", "count"]

        Returns:
            list: alat(float), count(int), energy(list)
        """
        n_max = 4  # max. order of polynomial describing the potential
        pot_lst = [float(input_dict["a_" + str(i)]) for i in range(n_max, -1, -1)]
        self._alat_0 = pot_lst[n_max]
        pot_lst[4] = 0
        self._potential = np.poly1d(pot_lst)
        self._alpha = float(input_dict["alpha"])
        self._alat = float(input_dict["alat"])
        self._count = int(input_dict["count"])

        # make the executable a bit more real and throw warnings and error messages
        # depending on the input parameters
        self.logger.debug("type: alpha %s", type(input_dict["alpha"]))
        if self._alpha < 0:
            raise ValueError("noise amplitude alpha < 0")
        if self._count < 1:
            raise ValueError("number of energy steps must be larger than 0")

        if self._alat < 1:
            self.logger.warning("lattice constant alat < 1")

        self.logger.info("Execute program")
        energy = self.get_energy(alat=self._alat)
        return self._alat, self._count, energy


[docs]    def run(self):
        """
        Run executes the job as part of a subprocess. The input is written to an input file, then the executable is
        executed and finally the output file is collected and converted to HDF5 format for future processing.
        """
        with open(self.input_file, mode="r") as f:
            input_dict = {}
            for line in f.readlines():
                line = line.strip().split()
                key, value = line[0], line[1]
                # key, value = line.split()
                input_dict[key] = value
                self.logger.info("-> %s %s", key, str(value))

        # parse the input into the correct format
        n_max = 4  # max. order of polynomial describing the potential
        pot_lst = [float(input_dict["a_" + str(i)]) for i in range(n_max, -1, -1)]
        self._alat_0 = pot_lst[n_max]
        pot_lst[4] = 0
        self._potential = np.poly1d(pot_lst)
        self._alpha = float(input_dict["alpha"])
        self._alat = float(input_dict["alat"])
        self._count = int(input_dict["count"])

        # make the executable a bit more real and throw warnings and error messages
        # depending on the input parameters
        self.logger.debug("type: alpha %s", type(input_dict["alpha"]))
        if self._alpha < 0:
            raise ValueError("noise amplitude alpha < 0")
        if self._count < 1:
            raise ValueError("number of energy steps must be larger than 0")

        if self._alat < 1:
            self.logger.warning("lattice constant alat < 1")

        # all values in input_dict are str
        # only the actual code knows which type is needed, i.e., the conversion is done here
        if ast.literal_eval(input_dict["read_restart"]):
            self.logger.info("read restart file")
            self.read_restart()
            self.logger.info("restart file has been successfully read")

        self.logger.info("Execute program")
        energy = self.get_energy(alat=self._alat)

        self.logger.info("Program has been successfully terminated")
        if ast.literal_eval(input_dict["write_restart"]):
            self.logger.info("Write restart file")
            self.write_restart()

        # TODO: use hdf5 output file
        with open(self.output_file, mode="w") as f:
            self.logger.info("Write output file")
            f.write("exampleExecutable logFile \n")
            f.write("alat {0} \n".format(str(self._alat)))
            f.write("count {0} \n".format(str(self._count)))
            for e in energy:
                f.write("energy  {0} \n".format(str(e)))




if __name__ == "__main__":
    ExampleExecutable().run()
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  Source code for pyiron.testing.randomatomistic

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
import numpy as np
import posixpath
from pyiron_base import GenericParameters, GenericJob, Logstatus
from pyiron.atomistics.job.interactive import GenericInteractive
from pyiron.testing.executable import ExampleExecutable
from collections import defaultdict

"""
Example Job class for testing the pyiron classes
"""

__author__ = "Joerg Neugebauer, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]class ExampleJob(GenericJob):
    """
    ExampleJob generating a list of random numbers to simulate energy fluctuations.

    Args:
        project (ProjectHDFio): ProjectHDFio instance which points to the HDF5 file the job is stored in
        job_name (str): name of the job, which has to be unique within the project

    Attributes:

        .. attribute:: job_name

            name of the job, which has to be unique within the project

        .. attribute:: status

            execution status of the job, can be one of the following [initialized, appended, created, submitted, running,
                                                                      aborted, collect, suspended, refresh, busy, finished]

        .. attribute:: job_id

            unique id to identify the job in the pyiron database

        .. attribute:: parent_id

            job id of the predecessor job - the job which was executed before the current one in the current job series

        .. attribute:: master_id

            job id of the master job - a meta job which groups a series of jobs, which are executed either in parallel or in
            serial.

        .. attribute:: child_ids

            list of child job ids - only meta jobs have child jobs - jobs which list the meta job as their master

        .. attribute:: project

            Project instance the jobs is located in

        .. attribute:: project_hdf5

            ProjectHDFio instance which points to the HDF5 file the job is stored in

        .. attribute:: job_info_str

            short string to describe the job by it is job_name and job ID - mainly used for logging

        .. attribute:: working_directory

            working directory of the job is executed in - outside the HDF5 file

        .. attribute:: path

            path to the job as a combination of absolute file system path and path within the HDF5 file.

        .. attribute:: version

            Version of the hamiltonian, which is also the version of the executable unless a custom executable is used.

        .. attribute:: executable

            Executable used to run the job - usually the path to an external executable.

        .. attribute:: library_activated

            For job types which offer a Python library pyiron can use the python library instead of an external executable.

        .. attribute:: server

            Server object to handle the execution environment for the job.

        .. attribute:: queue_id

            the ID returned from the queuing system - it is most likely not the same as the job ID.

        .. attribute:: logger

            logger object to monitor the external execution and internal pyiron warnings.

        .. attribute:: restart_file_list

            list of files which are used to restart the calculation from these files.

        .. attribute:: job_type

            Job type object with all the available job types: ['ExampleJob', 'SerialMaster', 'ParallelMaster', 'ScriptJob',
                                                               'ListMaster']
    """

    def __init__(self, project, job_name):
        super(ExampleJob, self).__init__(project, job_name)
        self.__version__ = "0.3"
        self.__name__ = "ExampleJob"
        self.input = ExampleInput()
        self.executable = "python -m pyiron.testing.executable"
        self.interactive_cache = {"alat": [], "count": [], "energy": []}

[docs]    def set_input_to_read_only(self):
        """
        This function enforces read-only mode for the input classes, but it has to be implement in the individual
        classes.
        """
        self.input.read_only = True


    # define routines that create all necessary input files
[docs]    def write_input(self):
        """
        Call routines that generate the codespecifc input files
        """
        self.input.write_file(file_name="input.inp", cwd=self.working_directory)


    # define routines that collect all output files
[docs]    def collect_output(self):
        """
        Parse the output files of the example job and store the results in the HDF5 File.
        """
        self.collect_output_log()
        self.collect_warnings()
        self.collect_logfiles()


[docs]    def collect_output_log(self, file_name="output.log"):
        """
        general purpose routine to extract output from logfile

        Args:
            file_name (str): output.log - optional
        """
        tag_dict = {
            "alat": {"arg": "0", "rows": 0},
            "count": {"arg": "0", "rows": 0},
            "energy": {"arg": "0", "rows": 0},
        }
        lf = Logstatus()
        file_name = posixpath.join(self.working_directory, file_name)
        lf.extract_file(file_name=file_name, tag_dict=tag_dict)
        with self.project_hdf5.open("output/generic") as h5:
            lf.to_hdf(h5)
            h5["energy_tot"] = np.array(h5["energy"])
            h5["volume"] = np.array(h5["alat"])


[docs]    def collect_warnings(self):
        """
        Collect the warnings if any were written to the info.log file and store them in the HDF5 file
        """
        warnings_lst = []
        with open(posixpath.join(self.working_directory, "info.log"), "r") as f:
            lines = f.readlines()
        for line in lines:
            if "WARNING" in line:
                warnings_lst.append(line.split("WARNING"))
                warnings_lst[-1][-1] = warnings_lst[-1][-1].rstrip()
        if len(warnings_lst) > 0:
            warnings_dict = {
                "Module": [warnings_lst[i][0] for i in range(len(warnings_lst))],
                "Message": [warnings_lst[i][1] for i in range(len(warnings_lst))],
            }
            print("module: ", warnings_lst[:][:])
            with self.project_hdf5.open("output"):
                self._hdf5["WARNINGS"] = warnings_dict


[docs]    def collect_logfiles(self):
        """
        Collect the errors from the info.log file and store them in the HDF5 file
        """
        errors_lst = []
        with open(posixpath.join(self.working_directory, "info.log"), "r") as f:
            lines = f.readlines()
        for line in lines:
            if "ERROR" in line:
                errors_lst.append(line)
        if len(errors_lst) > 0:
            with self.project_hdf5.open("output") as hdf_output:
                hdf_output["ERRORS"] = errors_lst


[docs]    def to_hdf(self, hdf=None, group_name=None):
        """
        Store the ExampleJob object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(ExampleJob, self).to_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.input.to_hdf(hdf5_input)


[docs]    def from_hdf(self, hdf=None, group_name=None):
        """
        Restore the ExampleJob object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(ExampleJob, self).from_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.input.from_hdf(hdf5_input)


[docs]    def run_if_interactive(self):
        """
        Run the job as Python library and store the result in the HDF5 File.

        Returns:
            int: job ID
        """
        self._interactive_library = True
        self.status.running = True
        alat, count, energy = ExampleExecutable().run_lib(self.input)
        self.interactive_cache["alat"].append(alat)
        self.interactive_cache["count"].append(count)
        self.interactive_cache["energy"].append(energy)


[docs]    def interactive_close(self):
        self._interactive_library = False
        self.to_hdf()
        with self.project_hdf5.open("output") as h5:
            for k in self.interactive_cache.keys():
                h5["generic/" + k] = np.array(self.interactive_cache[k])
        self.project.db.item_update(self._runtime(), self._job_id)
        self.status.finished = True




[docs]class ExampleInput(GenericParameters):
    """
    Input class for the ExampleJob based on the GenericParameters class.

    Args:
        input_file_name (str): Name of the input file - optional
    """

    def __init__(self, input_file_name=None):
        super(ExampleInput, self).__init__(
            input_file_name=input_file_name, table_name="input_inp", comment_char="#"
        )

[docs]    def load_default(self):
        """
        Loading the default settings for the input file.
        """
        input_str = """\
alat  3.2     # lattice constant (would be in a more realistic example in the structure file)
alpha 0.1     # noise amplitude
a_0   3       # equilibrium lattice constant
a_1   0
a_2   1.0     # 2nd order in energy (corresponds to bulk modulus)
a_3   0.0     # 3rd order
a_4   0.0     # 4th order
count 10      # number of calls (dummy)
write_restart True
read_restart False
"""
        self.load_string(input_str)




[docs]class AtomisticExampleJob(ExampleJob, GenericInteractive):
    """
    ExampleJob generating a list of random numbers to simulate energy fluctuations.

    Args:
        project (ProjectHDFio): ProjectHDFio instance which points to the HDF5 file the job is stored in
        job_name (str): name of the job, which has to be unique within the project

    Attributes:

        .. attribute:: job_name

            name of the job, which has to be unique within the project

        .. attribute:: status

            execution status of the job, can be one of the following [initialized, appended, created, submitted, running,
                                                                      aborted, collect, suspended, refresh, busy, finished]

        .. attribute:: job_id

            unique id to identify the job in the pyiron database

        .. attribute:: parent_id

            job id of the predecessor job - the job which was executed before the current one in the current job series

        .. attribute:: master_id

            job id of the master job - a meta job which groups a series of jobs, which are executed either in parallel or in
            serial.

        .. attribute:: child_ids

            list of child job ids - only meta jobs have child jobs - jobs which list the meta job as their master

        .. attribute:: project

            Project instance the jobs is located in

        .. attribute:: project_hdf5

            ProjectHDFio instance which points to the HDF5 file the job is stored in

        .. attribute:: job_info_str

            short string to describe the job by it is job_name and job ID - mainly used for logging

        .. attribute:: working_directory

            working directory of the job is executed in - outside the HDF5 file

        .. attribute:: path

            path to the job as a combination of absolute file system path and path within the HDF5 file.

        .. attribute:: version

            Version of the hamiltonian, which is also the version of the executable unless a custom executable is used.

        .. attribute:: executable

            Executable used to run the job - usually the path to an external executable.

        .. attribute:: library_activated

            For job types which offer a Python library pyiron can use the python library instead of an external executable.

        .. attribute:: server

            Server object to handle the execution environment for the job.

        .. attribute:: queue_id

            the ID returned from the queuing system - it is most likely not the same as the job ID.

        .. attribute:: logger

            logger object to monitor the external execution and internal pyiron warnings.

        .. attribute:: restart_file_list

            list of files which are used to restart the calculation from these files.

        .. attribute:: job_type

            Job type object with all the available job types: ['ExampleJob', 'SerialMaster', 'ParallelMaster', 'ScriptJob',
                                                               'ListMaster']
    """

    def __init__(self, project, job_name):
        super(AtomisticExampleJob, self).__init__(project, job_name)
        self.__version__ = "0.3"
        self.__name__ = "AtomisticExampleJob"
        self.input = ExampleInput()
        self.executable = "python -m pyiron.testing.executable"
        self._internal_energy = None
        self.interactive_cache = defaultdict(list)

    @property
    def structure(self):
        """

        Returns:

        """
        return self._structure

[docs]    def get_structure(self, iteration_step=-1, wrap_atoms=True):
        try:
            return super(AtomisticExampleJob, self).get_structure(
                iteration_step=iteration_step, wrap_atoms=wrap_atoms
            )
        except IndexError:
            return self.structure


    @structure.setter
    def structure(self, structure):
        """

        Args:
            structure:

        Returns:

        """
        self._structure = structure
        if structure is not None:
            self.input["alat"] = self._structure.cell[0, 0]
            # print("set alat: {}".format(self.input["alat"]))

[docs]    def set_input_to_read_only(self):
        """
        This function enforces read-only mode for the input classes, but it has to be implement in the individual
        classes.
        """
        super(AtomisticExampleJob, self).set_input_to_read_only()
        self.input.read_only = True


[docs]    def to_hdf(self, hdf=None, group_name=None):
        """
        Store the ExampleJob object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(AtomisticExampleJob, self).to_hdf(hdf=hdf, group_name=group_name)
        self._structure_to_hdf()


[docs]    def from_hdf(self, hdf=None, group_name=None):
        """
        Restore the ExampleJob object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(AtomisticExampleJob, self).from_hdf(hdf=hdf, group_name=group_name)
        self._structure_from_hdf()


[docs]    def interactive_cells_getter(self):
        return self._structure.cell.copy()


[docs]    def interactive_energy_pot_getter(self):
        return self._internal_energy


[docs]    def interactive_energy_tot_getter(self):
        return self._internal_energy


[docs]    def interactive_forces_getter(self):
        return np.random.random((len(self._structure), 3))


[docs]    def interactive_positions_getter(self):
        return self._structure.positions


[docs]    def interactive_pressures_getter(self):
        return np.random.random((3, 3))


[docs]    def interactive_stress_getter(self):
        return np.random.random((len(self._structure), 3, 3))


[docs]    def interactive_steps_getter(self):
        return len(self.interactive_cache["steps"])


[docs]    def interactive_temperatures_getter(self):
        return np.random.random()


[docs]    def interactive_indices_getter(self):
        return self._structure.indices


[docs]    def interactive_computation_time_getter(self):
        return np.random.random()


[docs]    def interactive_unwrapped_positions_getter(self):
        return self._structure.positions


[docs]    def interactive_volume_getter(self):
        return self._structure.get_volume()


[docs]    def interactive_execute(self):
        _, _, self._internal_energy = ExampleExecutable().run_lib(self.input)


[docs]    def interactive_initialize_interface(self):
        self._interactive_library = True


[docs]    def run_if_interactive(self):
        """
        Run the job as Python library and store the result in the HDF5 File.

        Returns:
            int: job ID
        """
        GenericInteractive.run_if_interactive(self)
        self.interactive_execute()
        self.interactive_collect()
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  Source code for pyiron.thermodynamics.hessian

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from pyiron.atomistics.structure.atoms import Atoms
from pyiron.atomistics.job.interactive import GenericInteractive

__author__ = "Jan Janssen"
__copyright__ = "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH " \
                "- Computational Materials Design (CM) Department"
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Feb 20, 2020"


[docs]class HessianJob(GenericInteractive):
    def __init__(self, project, job_name):
        super(HessianJob, self).__init__(project, job_name)
        self.__version__ = "0.0.1"
        self.__name__ = "HessianJob"
        self._python_only_job = True
        self._force_constants = None
        self._reference_structure = None
        self._energy_pot = 0
        self._forces = np.zeros(3)
        self._pressure = np.zeros((3, 3))
        self._stiffness_tensor = np.zeros((6, 6))
        self._pressure_times_volume = 0
        self._displacements = np.zeros(3)

    @property
    def structure(self):
        return GenericInteractive.structure.fget(self)

    @structure.setter
    def structure(self, structure):
        if self._reference_structure is None:
            self.set_reference_structure(structure)
        GenericInteractive.structure.fset(self, structure)

[docs]    def run_static(self):
        run_mode = self.server.run_mode.mode
        self.interactive_open()
        self.run_if_interactive()
        self.interactive_close()
        self.server.run_mode = run_mode


[docs]    def set_elastic_moduli(self, bulk_modulus=0, shear_modulus=0):
        self._stiffness_tensor = np.zeros((6, 6))
        self._stiffness_tensor[:3, :3] = bulk_modulus-2*shear_modulus/3
        self._stiffness_tensor[:3, :3] += np.eye(3)*2*shear_modulus
        self._stiffness_tensor[3:, 3:] = np.eye(3)*shear_modulus


[docs]    def set_force_constants(self, force_constants):
        if self.structure is None:
            raise ValueError('Set reference structure via set_reference_structure() first')
        n_atom = len(self.structure.positions)
        if len(np.array([force_constants]).flatten()) == 1:
            self._force_constants = force_constants*np.eye(3*n_atom)
        elif np.array(force_constants).shape == (3*n_atom, 3*n_atom):
            self._force_constants = force_constants
        elif np.array(force_constants).shape == (n_atom, n_atom):
            na = np.newaxis
            self._force_constants = (np.array(force_constants)[:, na, :, na]*np.eye(3)[na, :, na, :]).flatten()
        elif len(np.shape(force_constants)) == 4:
            force_shape = np.shape(force_constants)
            if force_shape[2] == 3 and force_shape[3] == 3:
                force_reshape = force_shape[0] * force_shape[2]
                self._force_constants = np.transpose(
                    force_constants,
                    (0, 2, 1, 3)
                ).reshape((force_reshape, force_reshape))
            elif force_shape[1] == 3 and force_shape[3] == 3:
                self._force_constants = np.array(force_constants).reshape(3*n_atom, 3*n_atom)
            else:
                raise AssertionError('force constant shape not recognized')
        else:
            raise AssertionError('force constant shape not recognized')


[docs]    def set_reference_structure(self, structure):
        self._reference_structure = structure.copy()
        if self.structure is None:
            self.structure = structure.copy()


[docs]    def validate_ready_to_run(self):
        super(HessianJob, self).validate_ready_to_run()
        if self._force_constants is None:
            raise AssertionError('set force constants by set_force_constants before run')
        if self._reference_structure is None:
            raise AssertionError('set reference structure by set_reference_structure before run')


[docs]    def interactive_forces_getter(self):
        return self._forces


[docs]    def interactive_energy_pot_getter(self):
        return self._energy_pot


[docs]    def interactive_energy_tot_getter(self):
        return self.interactive_energy_pot_getter()


[docs]    def interactive_positions_getter(self):
        return self.structure.positions.copy()


[docs]    def interactive_cells_getter(self):
        return self.structure.cell.copy()


[docs]    def interactive_volume_getter(self):
        return self.structure.get_volume()


[docs]    def interactive_pressures_getter(self):
        return self._pressure


[docs]    def interactive_cells_setter(self, cell):
        if np.sum(self._stiffness_tensor) != 0:
            epsilon = np.einsum(
                'ij,jk->ik',
                self.structure.cell,
                np.linalg.inv(self._reference_structure.cell)
            )-np.eye(3)
            epsilon = (epsilon+epsilon.T)*0.5
            epsilon = np.append(
                epsilon.diagonal(),
                np.roll(epsilon, -1, axis=0).diagonal()
            )
            pressure = -np.einsum('ij,j->i', self._stiffness_tensor, epsilon)
            self._pressure = pressure[3:]*np.roll(np.eye(3), -1, axis=1)
            self._pressure += self._pressure.T+np.eye(3)*pressure[:3]
            self._pressure_times_volume = -np.sum(epsilon*pressure)*self.structure.get_volume()


[docs]    def interactive_positions_setter(self, positions):
        displacements = self.structure.get_scaled_positions()
        displacements -= self._reference_structure.get_scaled_positions()
        displacements -= np.rint(displacements)
        self._displacements = np.einsum('ji,ni->nj', self.structure.cell, displacements)


[docs]    def calculate_forces(self):
        position_transformed = self._displacements.reshape(
            self._displacements.shape[0] * self._displacements.shape[1])
        forces_transformed = -np.dot(self._force_constants, position_transformed)
        self._forces = forces_transformed.reshape(self._displacements.shape)
        self._energy_pot = -1 / 2 * np.dot(position_transformed, forces_transformed)
        self._energy_pot += self._pressure_times_volume


[docs]    def interactive_collect(self):
        super(HessianJob, self).interactive_collect()
        self.interactive_cache["displacements"].append(self._displacements)


[docs]    def interactive_initialize_interface(self):
        self.interactive_positions_setter(self.structure.positions)
        self.interactive_cells_setter(self.structure.cell)
        self._interactive_library = True


[docs]    def run_if_interactive(self):
        """
        Run the job as Python library and store the result in the HDF5 File.

        Returns:
            int: job ID
        """
        super(HessianJob, self).run_if_interactive()
        self.calculate_forces()
        self.interactive_collect()


[docs]    def to_hdf(self, hdf=None, group_name=None):
        """
        Store the ExampleJob object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(HessianJob, self).to_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            if self._force_constants is not None:
                hdf5_input["force_constants"] = self._force_constants
            if self._reference_structure is not None:
                self._reference_structure.to_hdf(hdf5_input)


[docs]    def from_hdf(self, hdf=None, group_name=None):
        """
        Restore the ExampleJob object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(HessianJob, self).from_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            if "structure" in hdf5_input.list_groups():
                self._reference_structure = Atoms().from_hdf(hdf5_input)
                self._structure = self._reference_structure.copy()
            if "force_constants" in hdf5_input.list_nodes():
                self._force_constants = hdf5_input["force_constants"]


[docs]    def interactive_close(self):
        if self.interactive_is_activated():
            super(HessianJob, self).interactive_close()
            with self.project_hdf5.open("output") as h5:
                if "interactive" in h5.list_groups():
                    for key in h5["interactive"].list_nodes():
                        h5["generic/" + key] = h5["interactive/" + key]
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  Source code for pyiron.thermodynamics.interfacemethod

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

"""
pyiron based implementation of the coexistence method. Currently this functionality is primarly used as part
of the melting point simulation protocol which is available at:
https://github.com/pyiron/pyiron_meltingpoint
"""

import json
import numpy as np
import operator
import os
import matplotlib.pylab as plt
import random
from sklearn.neighbors import KernelDensity

__author__ = "Lifang Zhu, Jan Janssen"
__copyright__ = "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH " \
                "- Computational Materials Design (CM) Department"
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Apr 24, 2020"


[docs]def freeze_one_half(basis):
    """
    Split the structure into two parts along the z-axis and then freeze the position of the atoms
    of the upper part (z>0.5) by setting selective dynamics to False.

    Args:
        basis (pyiron.structure.atoms.Atoms): Atomistic structure object

    Returns:
        pyiron.structure.atoms.Atoms: Atomistic structure object with half of the atoms fixed
    """
    basis.add_tag(selective_dynamics=None)
    _, _, z = basis.scaled_pos_xyz()
    for selector, ind in zip(z < 0.5, range(len(basis))):
        if selector:
            basis.selective_dynamics[ind] = [True, True, True]
        else:
            basis.selective_dynamics[ind] = [False, False, False]
    return basis



[docs]def remove_selective_dynamics(basis):
    """
    If the selective dyanmics tag is set, allow all atoms to move by setting selective dynamics to True

    Args:
        basis (pyiron.structure.atoms.Atoms): Atomistic structure object

    Returns:
        Atoms: Atomistic structure object with selective dynamics set to True
    """
    if 'selective_dynamics' in basis._tag_list.keys():
        for ind in range(len(basis)):
            basis.selective_dynamics[ind] = [True, True, True]
    return basis



[docs]def set_server(job, project_parameter):
    """
    Set the potential, queue and cpu_cores defined in the project_parameter dictionary to the job object.

    Args:
        job (GenericJob): Job object
        project_parameter (dict): Dictionary with the keys potential and cpu_cores and optionally queue

    Returns:
        GenericJob: Updated job object
    """
    job.potential = project_parameter['potential']
    if 'queue' in project_parameter.keys():
        job.server.queue = project_parameter['queue']
    job.server.cores = project_parameter['cpu_cores']
    return job



[docs]def create_job_template(job_name, structure, project_parameter):
    """
    Create a job template using the project_parameter dictionary. The dictionary has to contain the following keys:
    - job_type: Type of Simulation code to be used
    - project: Project object used to create the job
    - potential: Interatomic Potential
    - queue (optional): HPC Job queue to be used

    Args:
        job_name (str): Name of the job object
        structure (pyiron.structure.atoms.Atoms): Atomistic Structure object to be set to the job as input sturcture
        project_parameter (dict): Dictionary with the project parameters

    Returns:
        GenericJob: New job object
    """
    pr = project_parameter['project']
    job = pr.create_job(project_parameter['job_type'], job_name)
    job.structure = structure
    return set_server(job=job, project_parameter=project_parameter)



[docs]def fix_iso(job):
    """
    Add couple xyz to the fix_ensemble inside LAMMPS

    Args:
        job (LAMMPS): Lammps job object

    Returns:
        LAMMPS: Return updated job object
    """
    job.input.control['fix___ensemble'] = job.input.control['fix___ensemble'] + ' couple xyz'
    return job



[docs]def fix_z_dir(job):
    """
    Rather than fixing all directions only fix the z-direction during an NPT simulation

    Args:
        job (LAMMPS): Lammps job object

    Returns:
        LAMMPS: Return updated job object
    """
    job.input.control['fix___ensemble'] = \
        job.input.control['fix___ensemble'].replace('x 0.0 0.0 1.0 y 0.0 0.0 1.0 z 0.0 0.0 1.0', 'z 0.0 0.0 1.0')
    return job



[docs]def half_velocity(job, temperature):
    """
    Rather than setting twice the kinetic energy at the beginning of a molecular dynamics simulation reduce the
    velocity to half the initial velocity. This is required to continue MD claculation.

    Args:
        job (LAMMPS): Lammps job object
        temperature (float): Temperature of the molecular dynamics calculation in K

    Returns:
        LAMMPS: Return updated job object
    """
    job.input.control['velocity'] = job.input.control['velocity'].replace(str(temperature * 2), str(temperature))
    return job



[docs]def minimize_pos(structure, project_parameter, max_iter=1000):
    """
    Minimize the positions in a given structure using the job type defined in the project_parameters, which
    contains the following keys:
    - job_type: Type of Simulation code to be used
    - project: Project object used to create the job
    - potential: Interatomic Potential
    - queue (optional): HPC Job queue to be used

    Args:
        structure (pyiron.structure.atoms.Atoms): Atomistic Structure object to be set to the job as input sturcture
        project_parameter (dict): Dictionary wtih the project parameters
        max_iter (int): Maximum number of steps during minimization

    Returns:
        job object used to execute the calculation
    """
    ham_minimize_pos = create_job_template(
        job_name='minimize_pos',
        structure=structure,
        project_parameter=project_parameter
    )
    ham_minimize_pos.calc_minimize(
        max_iter=max_iter,
        e_tol=1.0e-9,
        f_tol=1.0e-8,
        n_print=max_iter
    )
    ham_minimize_pos.run()
    ham_minimize_pos.project.wait_for_job(
        ham_minimize_pos,
        interval_in_s=100,
        max_iterations=100000
    )
    return ham_minimize_pos



[docs]def minimize_vol(structure, project_parameter, max_iter=1000):
    """
    Minimize the volume for a given structure using the job type defined in the project_parameters, which
    contains the following keys:
    - job_type: Type of Simulation code to be used
    - project: Project object used to create the job
    - potential: Interatomic Potential
    - queue (optional): HPC Job queue to be used

    Args:
        structure (pyiron.structure.atoms.Atoms): Atomistic Structure object to be set to the job as input sturcture
        project_parameter (dict): Dictionary with the project parameters
        max_iter (int): Maximum number of steps during minimization

    Returns:
        job object used to execute the calculation
    """
    ham_minimize_vol = create_job_template(
        job_name='minimize_vol',
        structure=structure,
        project_parameter=project_parameter
    )
    ham_minimize_vol.calc_minimize(
        max_iter=max_iter,
        e_tol=1.0e-9,
        f_tol=1.0e-8,
        pressure=0.0,
        n_print=max_iter
    )
    ham_minimize_vol.input.control['fix___ensemble'] += ' vmax 0.001'
    ham_minimize_vol.run()
    ham_minimize_vol.project.wait_for_job(
        ham_minimize_vol,
        interval_in_s=100,
        max_iterations=100000
    )
    return ham_minimize_vol



[docs]def next_calc(structure, temperature, project_parameter, run_time_steps=10000):
    """
    Calculate NPT ensemble at a given temperature using the job defined in the project parameters:
    - job_type: Type of Simulation code to be used
    - project: Project object used to create the job
    - potential: Interatomic Potential
    - queue (optional): HPC Job queue to be used

    Args:
        structure (pyiron.structure.atoms.Atoms): Atomistic Structure object to be set to the job as input sturcture
        temperature (float): Temperature of the Molecular dynamics calculation
        project_parameter (dict): Dictionary with the project parameters
        run_time_steps (int): Number of Molecular dynamics steps

    Returns:
        Final Atomistic Structure object
    """
    ham_temp = create_job_template(
        job_name='temp_heating_' + str(temperature).replace('.', '_'),
        structure=structure,
        project_parameter=project_parameter
    )
    ham_temp.calc_md(
        temperature=temperature,
        temperature_damping_timescale=100.0,
        pressure=0.0,
        pressure_damping_timescale=1000.0,
        n_print=run_time_steps,
        n_ionic_steps=run_time_steps,
        seed=project_parameter['seed'],
    )
    ham_temp = fix_iso(job=ham_temp)
    ham_temp = half_velocity(
        job=ham_temp,
        temperature=temperature
    )
    ham_temp.run()
    ham_temp.project.wait_for_job(
        ham_temp,
        interval_in_s=100,
        max_iterations=100000
    )
    return ham_temp.get_structure()



[docs]def npt_solid(temperature, basis, project_parameter, timestep=1.0):
    """
    Calculate NPT ensemble at a given temperature using the job defined in the project parameters:
    - job_type: Type of Simulation code to be used
    - project: Project object used to create the job
    - potential: Interatomic Potential
    - queue (optional): HPC Job queue to be used

    Args:
        temperature (float): Temperature of the Molecular dynamics calculation
        basis (pyiron.structure.atoms.Atoms): Atomistic Structure object to be set to the job as input sturcture
        project_parameter (dict): Dictionary with the project parameters
        timestep (float): Molecular dynamics time step

    Returns:
        job object used to execute the calculation
    """
    ham_npt_solid = create_job_template(
        job_name='ham_npt_solid_' + str(temperature).replace('.', '_'),
        structure=basis,
        project_parameter=project_parameter
    )
    ham_npt_solid.calc_md(
        temperature=temperature,
        temperature_damping_timescale=100.0,
        time_step=timestep,
        pressure=0.0,
        pressure_damping_timescale=1000.0,
        n_print=project_parameter['run_time_steps'],
        n_ionic_steps=project_parameter['run_time_steps'],
        seed=project_parameter['seed'],
    )
    ham_npt_solid = half_velocity(
        job=ham_npt_solid,
        temperature=temperature
    )
    ham_npt_solid = fix_iso(job=ham_npt_solid)
    ham_npt_solid.run()
    ham_npt_solid.project.wait_for_job(
        ham_npt_solid,
        interval_in_s=100,
        max_iterations=100000
    )
    return ham_npt_solid



[docs]def setup_liquid_job(job_name, basis, temperature, project_parameter, timestep=1.0):
    """
    Calculate NPT ensemble at a given temperature while freezing the position of the atoms
    of the upper part (z>0.5) amd the using the job defined in the project parameters:
    - job_type: Type of Simulation code to be used
    - project: Project object used to create the job
    - potential: Interatomic Potential
    - queue (optional): HPC Job queue to be used

    Args:
        job_name (str): Job name for the liquid calculation
        basis (pyiron.structure.atoms.Atoms): Atomistic Structure object to be set to the job as input sturcture
        temperature (float): Temperature of the Molecular dynamics calculation
        project_parameter (dict): Dictionary with the project parameters
        timestep (float): Molecular dynamics time step

    Returns:
        job object used to execute the calculation
    """
    ham_npt_liquid_high = create_job_template(
        job_name=job_name,
        structure=freeze_one_half(basis),
        project_parameter=project_parameter
    )
    ham_npt_liquid_high.calc_md(
        temperature=temperature,
        temperature_damping_timescale=100.0,
        time_step=timestep,
        pressure=[0.0, 0.0, 0.0],
        pressure_damping_timescale=1000.0,
        n_print=project_parameter['run_time_steps'],
        n_ionic_steps=project_parameter['run_time_steps'],
        seed=project_parameter['seed'],
    )
    ham_npt_liquid_high = half_velocity(
        job=ham_npt_liquid_high,
        temperature=temperature
    )
    ham_npt_liquid_high = fix_z_dir(
        job=ham_npt_liquid_high
    )
    ham_npt_liquid_high.run()
    ham_npt_liquid_high.project.wait_for_job(
        ham_npt_liquid_high,
        interval_in_s=100,
        max_iterations=100000
    )
    return ham_npt_liquid_high



[docs]def npt_liquid(temperature_solid, temperature_liquid, basis, project_parameter, timestep=1.0):
    """
    Calculate NPT ensemble at a given temperature while initally freezing the position of the atoms
    of the upper part (z>0.5) and afterwards calculating the full sample at a lower temperature.
    These steps are used to construct the solid liquid interface as part of the coexistence approach.
    For the calculations the job object is defined in the project parameters:
    - job_type: Type of Simulation code to be used
    - project: Project object used to create the job
    - potential: Interatomic Potential
    - queue (optional): HPC Job queue to be used

    Args:
        temperature_solid (flaot): Temperature to simulate the whole structure
        temperature_liquid (float): Temperature to simulate the upper half of the structure
        basis (pyiron.structure.atoms.Atoms): Atomistic Structure object to be set to the job as input sturcture
        project_parameter (dict): Dictionary with the project parameters
        timestep (float): Molecular dynamics time step

    Returns:
        job object used to execute the calculation
    """
    ham_npt_liquid_high = setup_liquid_job(
        job_name='ham_npt_liquid_high_' + str(temperature_liquid).replace('.', '_'),
        basis=basis,
        temperature=temperature_liquid,
        project_parameter=project_parameter,
        timestep=timestep
    )
    ham_npt_liquid_low = setup_liquid_job(
        job_name='ham_npt_liquid_low_' + str(temperature_solid).replace('.', '_'),
        basis=ham_npt_liquid_high.get_structure(iteration_step=-1),
        temperature=temperature_solid,
        project_parameter=project_parameter,
        timestep=timestep
    )
    return ham_npt_liquid_low



[docs]def check_diamond(structure):
    """
    Utility function to check if the structure is fcc, bcc, hcp or diamond

    Args:
        structure (pyiron.structure.atoms.Atoms): Atomistic Structure object to check

    Returns:
        bool: true if diamond else false
    """
    cna_dict = structure.analyse.pyscal_cna_adaptive(
        mode="total",
        ovito_compatibility=True
    )
    dia_dict = structure.analyse.pyscal_diamond_structure(
        mode="total",
        ovito_compatibility=True
    )
    return cna_dict['CommonNeighborAnalysis.counts.OTHER'] > dia_dict['IdentifyDiamond.counts.OTHER']



[docs]def analyse_structure(structure, mode="total", diamond=False):
    """
    Use either common neighbor analysis or the diamond structure detector

    Args:
        structure (pyiron.structure.atoms.Atoms): The structure to analyze.
        mode ("total"/"numeric"/"str"): Controls the style and level
            of detail of the output.
            - total : return number of atoms belonging to each structure
            - numeric : return a per atom list of numbers- 0 for unknown,
                1 fcc, 2 hcp, 3 bcc and 4 icosa
            - str : return a per atom string of sructures
        diamond (bool): Flag to either use the diamond structure detector or
            the common neighbor analysis.

    Returns:
        (depends on `mode`)
    """
    if not diamond:
        return structure.analyse.pyscal_cna_adaptive(
            mode=mode,
            ovito_compatibility=True
        )
    else:
        return structure.analyse.pyscal_diamond_structure(
            mode=mode,
            ovito_compatibility=True
        )



[docs]def next_step_funct(number_of_atoms,
                    key_max,
                    structure_left,
                    structure_right,
                    temperature_left,
                    temperature_right,
                    distribution_initial_half,
                    structure_after_minimization,
                    run_time_steps,
                    project_parameter):
    """

    Args:
        number_of_atoms:
        key_max:
        structure_left:
        structure_right:
        temperature_left:
        temperature_right:
        distribution_initial_half:
        structure_after_minimization:
        run_time_steps:
        project_parameter:

    Returns:

    """
    structure_left_dict = analyse_structure(
        structure=structure_left,
        mode="total",
        diamond=project_parameter['crystalstructure'].lower() == 'diamond'
    )
    structure_right_dict = analyse_structure(
        structure=structure_right,
        mode="total",
        diamond=project_parameter['crystalstructure'].lower() == 'diamond'
    )
    temperature_diff = temperature_right - temperature_left
    if structure_left_dict[key_max] / number_of_atoms > distribution_initial_half and \
            structure_right_dict[key_max] / number_of_atoms > distribution_initial_half:
        structure_left = structure_right.copy()
        temperature_left = temperature_right
        temperature_right += temperature_diff
        structure_right = next_calc(
            structure=structure_after_minimization,
            temperature=temperature_right,
            project_parameter=project_parameter,
            run_time_steps=run_time_steps
        )
    elif structure_left_dict[key_max] / number_of_atoms > distribution_initial_half > \
            structure_right_dict[key_max] / number_of_atoms:
        temperature_diff /= 2
        temperature_left += temperature_diff
        structure_left = next_calc(
            structure=structure_after_minimization,
            temperature=temperature_left,
            project_parameter=project_parameter,
            run_time_steps=run_time_steps
        )
    elif structure_left_dict[key_max] / number_of_atoms < distribution_initial_half and \
            structure_right_dict[key_max] / number_of_atoms < distribution_initial_half:
        temperature_diff /= 2
        temperature_right = temperature_left
        temperature_left -= temperature_diff
        structure_right = structure_left.copy()
        structure_left = next_calc(
            structure=structure_after_minimization,
            temperature=temperature_left,
            project_parameter=project_parameter,
            run_time_steps=run_time_steps
        )
    else:
        raise ValueError('We should never reach this point!')
    return structure_left, structure_right, temperature_left, temperature_right



[docs]def round_temperature_next(temperature_next):
    """
    Round temperature to the last two dicits

    Args:
        temperature_next (float): Temperature

    Returns:
        float: rounded temperature
    """
    return np.round(temperature_next, 2)



[docs]def strain_circle(basis_relative, temperature_next, nve_run_time_steps, project_parameter, timestep=1.0,
                  strain_result_lst=None, pressure_result_lst=None, center=None, fit_range=0.02):
    """

    Args:
        basis_relative:
        temperature_next:
        nve_run_time_steps:
        project_parameter:
        timestep:
        strain_result_lst:
        pressure_result_lst:
        center:
        fit_range:

    Returns:

    """
    strain_lst, pressure_lst, temperature_lst, pressure_std_lst, temperature_std_lst = [], [], [], [], []
    ovito_dict_lst, ham_nvt_lst, ham_nve_lst = [], [], []
    strain_value_lst = get_strain_lst(
        fit_range=fit_range,
        points=project_parameter['points'],
        strain_result_lst=strain_result_lst,
        pressure_result_lst=pressure_result_lst,
        center=center
    )
    temperature_next = round_temperature_next(temperature_next)
    for strain in strain_value_lst:
        job_name = get_nve_job_name(
            temperature_next=temperature_next,
            strain=strain,
            steps_lst=project_parameter['nve_run_time_steps_lst'],
            nve_run_time_steps=nve_run_time_steps
        )
        ham_nve = project_parameter['project'].load(job_name)
        if ham_nve is None:
            basis_strain = basis_relative.copy()
            cell = basis_strain.cell.copy()
            cell[2, 2] *= strain
            basis_strain.set_cell(cell=cell, scale_atoms=True)
            ham_nvt = create_job_template(job_name=job_name.replace('nve', 'nvt'),
                                          structure=basis_strain,
                                          project_parameter=project_parameter)
            ham_nvt.calc_md(
                temperature=temperature_next,
                time_step=timestep,
                temperature_damping_timescale=100.0,
                n_print=project_parameter['nvt_run_time_steps'],
                n_ionic_steps=project_parameter['nvt_run_time_steps'],
                seed=project_parameter['seed'],
            )
            ham_nvt.input.control['fix___ensemble'] += ' drag 1'
            ham_nvt = half_velocity(
                job=ham_nvt,
                temperature=temperature_next
            )
            ham_nvt.write_restart_file()
            ham_nvt.run()
            ham_nvt_lst.append(ham_nvt)
    for ham_nvt in ham_nvt_lst:
        ham_nvt.project.wait_for_job(
            ham_nvt,
            interval_in_s=100,
            max_iterations=100000
        )
        ham_nve = ham_nvt.restart()
        ham_nve.job_name = ham_nvt.job_name.replace('nvt', 'nve')
        ham_nve.calc_md(
            n_ionic_steps=nve_run_time_steps,
            time_step=timestep,
            n_print=nve_run_time_steps / 100,
            seed=project_parameter['seed'],
        )
        ham_nve = set_server(
            job=ham_nve,
            project_parameter=project_parameter
        )
        ham_nve.input.control['dump___1'] = \
            ham_nve.input.control['dump___1'].replace('${dumptime}', str(nve_run_time_steps))
        ham_nve.run()
        ham_nve_lst.append(ham_nve)
    for ham_nve in ham_nve_lst:
        ham_nve.project.wait_for_job(
            ham_nve,
            interval_in_s=100,
            max_iterations=100000
        )
    for strain in strain_value_lst:
        job_name = get_nve_job_name(
            temperature_next=temperature_next,
            strain=strain,
            steps_lst=project_parameter['nve_run_time_steps_lst'],
            nve_run_time_steps=nve_run_time_steps
        )
        ham_nve = project_parameter['project'].load(job_name)
        press, temperature, press_std, temperature_std, ovito_dict = [
            np.mean(get_press(ham=ham_nve, step=-20)),
            np.mean(ham_nve['output/generic/temperature'][-20:]),
            np.std(get_press(ham=ham_nve, step=-20)),
            np.std(ham_nve['output/generic/temperature'][-20:]),
            analyse_structure(
                structure=ham_nve.get_structure(iteration_step=-1),
                mode="total",
                diamond=project_parameter['crystalstructure'].lower() == 'diamond'
            )
        ]
        strain_lst.append(strain)
        pressure_lst.append(press)
        temperature_lst.append(temperature)
        pressure_std_lst.append(press_std)
        temperature_std_lst.append(temperature_std)
        ovito_dict_lst.append(ovito_dict)
    return strain_lst, pressure_lst, temperature_lst, pressure_std_lst, temperature_std_lst, ovito_dict_lst



[docs]def analyse_minimized_structure(ham):
    """

    Args:
        ham (GenericJob):

    Returns:

    """
    final_structure = ham.get_structure(
        iteration_step=-1
    )
    diamond_flag = check_diamond(structure=final_structure)
    final_structure_dict = analyse_structure(
        structure=final_structure,
        mode="total",
        diamond=diamond_flag
    )
    key_max = max(final_structure_dict.items(), key=operator.itemgetter(1))[0]
    number_of_atoms = len(final_structure)
    distribution_initial = final_structure_dict[key_max] / number_of_atoms
    distribution_initial_half = distribution_initial / 2
    return final_structure, key_max, number_of_atoms, distribution_initial_half, final_structure_dict



[docs]def get_press(ham, step=20):
    """

    Args:
        ham:
        step:

    Returns:

    """
    return np.mean(ham['output/generic/pressures'][step:, :, :].diagonal(0, 2), axis=1)



[docs]def get_center_point(strain_result_lst=None, pressure_result_lst=None, center=None):
    """

    Args:
        strain_result_lst:
        pressure_result_lst:
        center:

    Returns:

    """
    if strain_result_lst is not None and len(strain_result_lst) != 0 and \
            pressure_result_lst is not None and len(pressure_result_lst) != 0:
        center_point = np.round(np.roots(np.polyfit(strain_result_lst, pressure_result_lst, 1))[0], 2)
    elif center is not None:
        center_point = center
    else:
        center_point = 1.0
    return center_point



[docs]def get_strain_lst(fit_range=0.02, points=21, strain_result_lst=None, pressure_result_lst=None, center=None):
    """

    Args:
        fit_range:
        points:
        strain_result_lst:
        pressure_result_lst:
        center:

    Returns:

    """
    center_point = get_center_point(
        strain_result_lst=strain_result_lst,
        pressure_result_lst=pressure_result_lst,
        center=center
    )
    return [np.round(s, 3) for s in np.linspace(center_point-fit_range, center_point+fit_range, points)]



[docs]def get_nve_job_name(temperature_next, strain, steps_lst, nve_run_time_steps):
    """

    Args:
        temperature_next:
        strain:
        steps_lst:
        nve_run_time_steps:

    Returns:

    """
    temperature_next = round_temperature_next(temperature_next)
    temp_str = str(temperature_next).replace('.', '_')
    strain_str = str(strain).replace('.', '_')
    steps_str = str(steps_lst.index(nve_run_time_steps))
    return 'ham_nve_' + strain_str + '_' + temp_str + '_' + steps_str



[docs]def plot_solid_liquid_ratio(temperature_next, strain_lst, nve_run_time_steps, project_parameter, debug_plot=True):
    """

    Args:
        temperature_next:
        strain_lst:
        nve_run_time_steps:
        project_parameter:
        debug_plot:

    Returns:

    """
    cna_str = project_parameter['crystalstructure'].upper()
    ratio_lst = []
    for strain in strain_lst:
        job_name = get_nve_job_name(
            temperature_next=temperature_next,
            strain=strain,
            steps_lst=project_parameter['nve_run_time_steps_lst'],
            nve_run_time_steps=nve_run_time_steps
        )
        ham_nve = project_parameter['project'].load(job_name)
        struct = ham_nve.get_structure().center_coordinates_in_unit_cell()
        cna = analyse_structure(
            structure=struct,
            mode="str",
            diamond=project_parameter['crystalstructure'].lower() == 'diamond'
        )
        if not project_parameter['crystalstructure'].lower() == 'diamond':
            bcc_count = sum(cna == 'BCC')
            fcc_count = sum(cna == 'FCC')
            hcp_count = sum(cna == 'HCP')
            cond = (cna_str == 'BCC' and bcc_count > fcc_count and bcc_count > hcp_count) or \
                (cna_str == 'FCC' and fcc_count > bcc_count and fcc_count > hcp_count) or \
                (cna_str == 'HCP' and hcp_count > bcc_count and hcp_count > fcc_count)
        else:
            cna_str = 'Cubic diamond'
            cond = sum(cna == cna_str) > 0.05 * len(struct)
        if cond:
            # plt.figure(figsize=(16,12))
            bandwidth = (struct.get_volume()/len(struct))**(1.0/3.0)
            kde = KernelDensity(kernel='gaussian',
                                bandwidth=bandwidth).fit(struct.positions[:, 2][cna == cna_str].reshape(-1, 1))
            z_range = np.linspace(struct.positions[:, 2].min(), struct.positions[:, 2].max(), 1000)
            sample = kde.score_samples(z_range.reshape(-1, 1))
            gaussian_funct = np.exp(sample)/np.exp(sample).max()
            z_range_above_limit = z_range[np.where(gaussian_funct > 0.1)]
            z_range_below_limit = z_range[np.where(gaussian_funct < 0.1)]
            if len(z_range_above_limit) != 0:
                ratio_above = (np.max(z_range_above_limit)-np.min(z_range_above_limit)) / \
                              (np.max(z_range)-np.min(z_range))
            else:
                ratio_above = 1.0
            if len(z_range_below_limit) != 0:
                ratio_below = 1 - (np.max(z_range_below_limit)-np.min(z_range_below_limit)) / \
                              (np.max(z_range)-np.min(z_range))
            else:
                ratio_below = 0.0
            if ratio_below == 0.0:
                ratio = ratio_above
            elif ratio_above == 1.0:
                ratio = ratio_below
            else:
                ratio = np.min([ratio_below, ratio_above])
            ratio_lst.append(ratio)
        else:
            z_range = None
            gaussian_funct = None
            z_range_above_limit = None
            ratio = None
            ratio_lst.append(0.0)
        if debug_plot:
            plt.title('strain: ' + str(strain))
            plt.xlabel('position z')
            plt.ylabel('position x')
            plt.plot(struct.positions[:, 2], struct.positions[:, 0], 'o', label='all')
            if not project_parameter['crystalstructure'].lower() == 'diamond':
                plt.plot(struct.positions[:, 2][cna == 'BCC'], struct.positions[:, 0][cna == 'BCC'], 'x', label='BCC')
                plt.plot(struct.positions[:, 2][cna == 'FCC'], struct.positions[:, 0][cna == 'FCC'], 'x', label='FCC')
                plt.plot(struct.positions[:, 2][cna == 'HCP'], struct.positions[:, 0][cna == 'HCP'], 'x', label='HCP')
            else:
                plt.plot(
                    struct.positions[:, 2][cna == 'Cubic diamond'],
                    struct.positions[:, 0][cna == 'Cubic diamond'],
                    'x',
                    label='Cubic diamond'
                )
                plt.plot(
                    struct.positions[:, 2][cna == 'Cubic diamond (1st neighbor)'],
                    struct.positions[:, 0][cna == 'Cubic diamond (1st neighbor)'],
                    'x',
                    label='Cubic diamond (1st neighbor)'
                )
                plt.plot(
                    struct.positions[:, 2][cna == 'Cubic diamond (2nd neighbor)'],
                    struct.positions[:, 0][cna == 'Cubic diamond (2nd neighbor)'],
                    'x',
                    label='Cubic diamond (2nd neighbor)'
                )
                plt.plot(
                    struct.positions[:, 2][cna == 'Hexagonal diamond'],
                    struct.positions[:, 0][cna == 'Hexagonal diamond'],
                    'x',
                    label='Hexagonal diamond'
                )
                plt.plot(
                    struct.positions[:, 2][cna == 'Hexagonal diamond (1st neighbor)'],
                    struct.positions[:, 0][cna == 'Hexagonal diamond (1st neighbor)'],
                    'x',
                    label='Hexagonal diamond (1st neighbor)'
                )
                plt.plot(
                    struct.positions[:, 2][cna == 'Hexagonal diamond (2nd neighbor)'],
                    struct.positions[:, 0][cna == 'Hexagonal diamond (2nd neighbor)'],
                    'x',
                    label='Hexagonal diamond (2nd neighbor)'
                )
            cna_str_lst = struct.positions[:, 2][cna == cna_str]
            if len(cna_str_lst) != 0:
                plt.axvline(cna_str_lst.max(), color='red')
                plt.axvline(cna_str_lst.min(), color='red')
            plt.legend()
            plt.show()
            plt.xlabel('Position in z')
            plt.ylabel('kernel density score')
            plt.title('strain: ' + str(strain))
            if z_range is not None:
                plt.plot(z_range, gaussian_funct, label=cna_str)
                plt.axvline(np.min(z_range_above_limit), color='black', linestyle='--', label='ratio: ' + str(ratio))
                plt.axvline(np.max(z_range_above_limit), color='black', linestyle='--')
            plt.axhline(0.1, color='red')
            plt.legend()
            plt.show()
    return ratio_lst



[docs]def ratio_selection(strain_lst, ratio_lst, pressure_lst, temperature_lst, ratio_boundary, debug_plot=True):
    """

    Args:
        strain_lst:
        ratio_lst:
        pressure_lst:
        temperature_lst:
        ratio_boundary:
        debug_plot:

    Returns:

    """
    if debug_plot:
        plt.plot(strain_lst, ratio_lst)
        plt.axhline(0.5 + ratio_boundary, color='red', linestyle='--')
        plt.axhline(0.5, color='black', linestyle='--')
        plt.axhline(0.5 - ratio_boundary, color='red', linestyle='--')
        plt.xlabel('Strain')
        plt.ylabel('ratio solid vs. liquid')
    rat_lst, rat_col_lst = [], []
    for rat in ratio_lst:
        if (0.5 - ratio_boundary) < rat < (0.5 + ratio_boundary):
            rat_lst.append(rat)
        elif len(rat_lst) != 0:
            rat_col_lst.append(rat_lst)
            rat_lst = []
    if len(rat_lst) != 0:
        rat_col_lst.append(rat_lst)
    if len(rat_col_lst) != 0:
        rat_max_ind = np.argmax([len(lst) for lst in rat_col_lst])
        ratio_ind = [r in rat_col_lst[rat_max_ind] for r in ratio_lst]
        strain_value_lst = np.array(strain_lst)[ratio_ind]
        ratio_value_lst = np.array(ratio_lst)[ratio_ind]
        pressure_value_lst = np.array(pressure_lst)[ratio_ind]
        temperature_value_lst = np.array(temperature_lst)[ratio_ind]
        if debug_plot:
            plt.axvline(np.min(strain_value_lst), color='blue', linestyle='--')
            plt.axvline(np.max(strain_value_lst), color='blue', linestyle='--')
            plt.show()
        if np.mean(ratio_value_lst) > 0.5:
            return strain_value_lst, ratio_value_lst, pressure_value_lst, temperature_value_lst, 1
        else:
            return strain_value_lst, ratio_value_lst, pressure_value_lst, temperature_value_lst, -1
    else:
        if np.mean(ratio_lst) > 0.5:
            return [], [], [], [], 1
        else:
            return [], [], [], [], -1



[docs]def plot_equilibration(temperature_next, strain_lst, nve_run_time_steps, project_parameter, debug_plot=True):
    """

    Args:
        temperature_next:
        strain_lst:
        nve_run_time_steps:
        project_parameter:
        debug_plot:

    Returns:

    """
    if debug_plot:
        for strain in strain_lst:
            job_name = get_nve_job_name(
                temperature_next=temperature_next,
                strain=strain,
                steps_lst=project_parameter['nve_run_time_steps_lst'],
                nve_run_time_steps=nve_run_time_steps
            )
            ham_nve = project_parameter['project'].load(job_name)
            plt.plot(ham_nve['output/generic/temperature'], label='strain: ' + str(strain))
            plt.axhline(np.mean(ham_nve['output/generic/temperature'][-20:]), linestyle='--', color='red')
            plt.axvline(range(len(ham_nve['output/generic/temperature']))[-20], linestyle='--', color='black')
            plt.legend()
            plt.xlabel('timestep')
            plt.ylabel('Temperature K')
            plt.legend()
            plt.show()



[docs]def plot_melting_point_prediction(strain_value_lst, pressure_value_lst, temperature_value_lst, boundary_value=0.25,
                                  debug_plot=True):
    """

    Args:
        strain_value_lst:
        pressure_value_lst:
        temperature_value_lst:
        boundary_value:
        debug_plot:

    Returns:

    """
    fit_press = np.poly1d(np.polyfit(strain_value_lst, pressure_value_lst, 1))
    fit_temp = np.poly1d(np.polyfit(strain_value_lst, temperature_value_lst, 1))
    fit_temp_from_press = np.poly1d(np.polyfit(pressure_value_lst, temperature_value_lst, 1))
    fit_combined = np.poly1d(np.polyfit(fit_press(strain_value_lst), fit_temp(strain_value_lst), 1))
    if debug_plot:
        plt.plot(strain_value_lst, pressure_value_lst, 'o', label='pressure (strain)')
        plt.plot(strain_value_lst, fit_press(strain_value_lst), label='fit')
        plt.xlabel('Strain')
        plt.ylabel('Pressure GPa')
        plt.legend()
        plt.show()
        plt.plot(strain_value_lst, temperature_value_lst, 'o', label='temperature (strain)')
        plt.plot(strain_value_lst, fit_temp(strain_value_lst), label='fit')
        plt.xlabel('Strain')
        plt.ylabel('Temperature K')
        plt.legend()
        plt.show()
        plt.plot(pressure_value_lst, temperature_value_lst, 'o', label='temperature (pressure)')
        plt.plot(pressure_value_lst, fit_temp_from_press(pressure_value_lst), label='fit direct')
        plt.plot(fit_press(strain_value_lst), fit_temp(strain_value_lst), label='combined fits')
        plt.xlabel('Pressure GPa')
        plt.ylabel('Temperature K')
        plt.legend()
        plt.show()
    print(fit_temp_from_press(0.0), fit_combined(0.0))
    temperature_mean = np.min(temperature_value_lst) + \
        (np.max(temperature_value_lst) - np.min(temperature_value_lst)) * 1 / 2
    temperature_left = np.min(temperature_value_lst) + \
        (np.max(temperature_value_lst) - np.min(temperature_value_lst)) * (1 / 2 - boundary_value)
    temperature_right = np.min(temperature_value_lst) + \
        (np.max(temperature_value_lst) - np.min(temperature_value_lst)) * (1 / 2 + boundary_value)
    temperature_next = fit_temp_from_press(0.0)
    return temperature_next, temperature_mean, temperature_left, temperature_right



[docs]def calc_temp_iteration(basis, temperature_next, project_parameter, timestep, nve_run_time_steps, fit_range, center,
                        debug_plot=True):
    """

    Args:
        basis:
        temperature_next:
        project_parameter:
        timestep:
        nve_run_time_steps:
        fit_range:
        center:
        debug_plot:

    Returns:

    """
    temperature_next = round_temperature_next(temperature_next)
    ham_npt_solid = npt_solid(
        temperature=temperature_next,
        basis=basis,
        project_parameter=project_parameter,
        timestep=timestep
    )
    ham_npt_liquid_low = npt_liquid(
        temperature_solid=temperature_next,
        temperature_liquid=temperature_next + 1000,
        basis=ham_npt_solid.get_structure(),
        project_parameter=project_parameter,
        timestep=timestep
    )
    basis = ham_npt_liquid_low.get_structure()
    basis_no_selective = remove_selective_dynamics(basis)
    basis_relative = basis_no_selective.copy()
    strain_lst, pressure_lst, temperature_lst, _, _, _ = strain_circle(
        basis_relative=basis_relative,
        temperature_next=temperature_next,
        nve_run_time_steps=nve_run_time_steps,
        project_parameter=project_parameter,
        timestep=timestep,
        strain_result_lst=None,
        pressure_result_lst=None,
        center=center,
        fit_range=fit_range
    )
    ratio_lst = plot_solid_liquid_ratio(
        temperature_next=temperature_next,
        strain_lst=strain_lst,
        nve_run_time_steps=nve_run_time_steps,
        project_parameter=project_parameter,
        debug_plot=debug_plot
    )
    strain_value_lst, _, pressure_value_lst, temperature_value_lst, sl_flag = ratio_selection(
        strain_lst=strain_lst,
        ratio_lst=ratio_lst,
        pressure_lst=pressure_lst,
        temperature_lst=temperature_lst,
        ratio_boundary=project_parameter['ratio_boundary'],
        debug_plot=debug_plot
    )
    if len(strain_value_lst) > 2:
        plot_equilibration(
            temperature_next=temperature_next,
            strain_lst=strain_lst,
            nve_run_time_steps=nve_run_time_steps,
            project_parameter=project_parameter,
            debug_plot=debug_plot
        )
        ind = check_for_holes(
            temperature_next=temperature_next,
            strain_value_lst=strain_value_lst,
            nve_run_time_steps=nve_run_time_steps,
            project_parameter=project_parameter
        )
        strain_value_lst = np.array(strain_value_lst)[ind].tolist()
        pressure_value_lst = np.array(pressure_value_lst)[ind].tolist()
        temperature_value_lst = np.array(temperature_value_lst)[ind].tolist()
        temperature_next, temperature_mean, temperature_left, temperature_right = plot_melting_point_prediction(
            strain_value_lst=strain_value_lst,
            pressure_value_lst=pressure_value_lst,
            temperature_value_lst=temperature_value_lst,
            boundary_value=project_parameter['boundary_value'],
            debug_plot=True
        )
    else:
        if sl_flag < 0:
            temperature_next, temperature_mean, temperature_left, temperature_right = \
                temperature_next * 0.90, 0.0, 0.0, 0.0
        else:
            temperature_next, temperature_mean, temperature_left, temperature_right = \
                temperature_next * 1.10, 0.0, 0.0, 0.0
    return temperature_next, temperature_mean, temperature_left, temperature_right, strain_value_lst, pressure_value_lst



[docs]def get_initial_melting_temperature_guess(project_parameter, ham_minimize_vol, temperature_next=None):
    """

    Args:
        project_parameter:
        ham_minimize_vol:
        temperature_next:

    Returns:

    """
    structure_after_minimization, key_max, number_of_atoms, distribution_initial_half, _ = analyse_minimized_structure(
        ham_minimize_vol
    )
    temperature_left = project_parameter['temperature_left']
    temperature_right = project_parameter['temperature_right']
    if temperature_next is None:
        structure_left = structure_after_minimization
        structure_right = next_calc(
            structure=structure_after_minimization,
            temperature=temperature_right,
            project_parameter=project_parameter,
            run_time_steps=project_parameter['strain_run_time_steps']
        )
        temperature_step = temperature_right - temperature_left
        while temperature_step > 10:
            structure_left, structure_right, temperature_left, temperature_right = next_step_funct(
                number_of_atoms=number_of_atoms,
                key_max=key_max,
                structure_left=structure_left,
                structure_right=structure_right,
                temperature_left=temperature_left,
                temperature_right=temperature_right,
                distribution_initial_half=distribution_initial_half,
                structure_after_minimization=structure_after_minimization,
                run_time_steps=project_parameter['strain_run_time_steps'],
                project_parameter=project_parameter)
            temperature_step = temperature_right - temperature_left
        temperature_next = int(round(temperature_left))
        return temperature_next, structure_left
    else:
        return temperature_next, ham_minimize_vol.get_structure()



[docs]def validate_convergence(pr, temperature_left, temperature_next, temperature_right, enable_iteration,
                         timestep_iter, timestep_lst, timestep, fit_range_iter, fit_range_lst, fit_range,
                         nve_run_time_steps_iter, nve_run_time_steps_lst, nve_run_time_steps,
                         strain_result_lst, pressure_result_lst, step_count, step_dict, boundary_value, ratio_boundary,
                         convergence_goal, output_file='melting.json'):
    """

    Args:
        pr:
        temperature_left:
        temperature_next:
        temperature_right:
        enable_iteration:
        timestep_iter:
        timestep_lst:
        timestep:
        fit_range_iter:
        fit_range_lst:
        fit_range:
        nve_run_time_steps_iter:
        nve_run_time_steps_lst:
        nve_run_time_steps:
        strain_result_lst:
        pressure_result_lst:
        step_count:
        step_dict:
        boundary_value:
        ratio_boundary:
        convergence_goal:
        output_file:

    Returns:

    """
    if temperature_left < temperature_next < temperature_right and enable_iteration:
        timestep = next(timestep_iter)
        fit_range = next(fit_range_iter)
        nve_run_time_steps = next(nve_run_time_steps_iter)
    if timestep == timestep_lst[-1] and fit_range == fit_range_lst[-1] and nve_run_time_steps == nve_run_time_steps_lst[-1]:
        enable_iteration = False
    center = np.abs(get_center_point(
        strain_result_lst=strain_result_lst,
        pressure_result_lst=pressure_result_lst
    ))
    step_count += 1
    if step_count not in step_dict.keys():
        step_dict[step_count] = {'timestep': timestep,
                                 'fit_range': fit_range,
                                 'nve_run_time_steps': nve_run_time_steps,
                                 'boundary_value': boundary_value,
                                 'ratio_boundary': ratio_boundary,
                                 'temperature_next': temperature_next,
                                 'center': center}
        with open(output_file, 'w') as f:
            json.dump(step_dict, f)
    else:
        timestep = step_dict[step_count]['timestep']
        fit_range = step_dict[step_count]['fit_range']
        nve_run_time_steps = step_dict[step_count]['nve_run_time_steps']
        boundary_value = step_dict[step_count]['boundary_value']
        ratio_boundary = step_dict[step_count]['ratio_boundary']
        temperature_next = step_dict[step_count]['temperature_next']
        center = step_dict[step_count]['center']
    if np.abs(step_dict[step_count]['temperature_next'] - step_dict[step_count - 1][
            'temperature_next']) <= convergence_goal:
        convergence_goal_achieved = True
    else:
        convergence_goal_achieved = False
    return convergence_goal_achieved, enable_iteration, step_count, step_dict, timestep, \
        fit_range, nve_run_time_steps, boundary_value, ratio_boundary, temperature_next, center



[docs]def initialise_iterators(project_parameter):
    """

    Args:
        project_parameter:

    Returns:

    """
    return iter(project_parameter['timestep_lst']), iter(project_parameter['fit_range_lst']), iter(project_parameter['nve_run_time_steps_lst'])



[docs]def get_voronoi_volume(temperature_next, strain_lst, nve_run_time_steps, project_parameter):
    """

    Args:
        temperature_next:
        strain_lst:
        nve_run_time_steps:
        project_parameter:

    Returns:

    """
    max_lst, mean_lst = [], []
    for strain in strain_lst:
        job_name = get_nve_job_name(
            temperature_next=temperature_next,
            strain=strain,
            steps_lst=project_parameter['nve_run_time_steps_lst'],
            nve_run_time_steps=nve_run_time_steps
        )
        ham_nve = project_parameter['project'].load(job_name)
        structure_voronoi_lst = ham_nve.get_structure().analyse.pyscal_voronoi_volume()
        max_lst.append(np.max(structure_voronoi_lst))
        mean_lst.append(np.mean(structure_voronoi_lst))
    return max_lst, mean_lst



[docs]def check_for_holes(temperature_next, strain_value_lst, nve_run_time_steps, project_parameter, debug_plot=True):
    """

    Args:
        temperature_next:
        strain_value_lst:
        nve_run_time_steps:
        project_parameter:
        debug_plot:

    Returns:

    """
    max_lst, mean_lst = get_voronoi_volume(
        temperature_next=temperature_next,
        strain_lst=strain_value_lst,
        nve_run_time_steps=nve_run_time_steps,
        project_parameter=project_parameter
    )
    if debug_plot:
        plt.plot(strain_value_lst, mean_lst, label='mean')
        plt.plot(strain_value_lst, max_lst, label='max')
        plt.axhline(np.mean(mean_lst) * 2, color='black', linestyle='--')
        plt.legend()
        plt.xlabel('Strain')
        plt.ylabel('Voronoi Volume')
        plt.show()
    return np.array(max_lst) < np.mean(mean_lst) * 2



[docs]def generate_structure(project_parameter):
    """

    Args:
        project_parameter:

    Returns:

    """
    if 'lattice_constant' in project_parameter.keys():
        basis = project_parameter['project'].create_structure(
            project_parameter['element'],
            project_parameter['crystalstructure'].lower(),
            project_parameter['lattice_constant']
        )
    else:
        basis = project_parameter['project'].create_ase_bulk(
            project_parameter['element'],
            project_parameter['crystalstructure'].lower(),
            cubic=True
        )
    basis_lst = [basis.repeat([i, i, i]) for i in range(5, 30)]
    basis = basis_lst[np.argmin([
        np.abs(len(b) - project_parameter['number_of_atoms'] / 2)
        for b in basis_lst
    ])]
    return basis



[docs]def generate_random_seed(project_parameter):
    """
    Generate random seed for project parameters

    Args:
        project_parameter (dict):

    Returns:
        dict: The project parameters dictionary including the key 'seed'
    """
    if 'seed' not in project_parameter.keys():
        project_parameter['seed'] = random.randint(0, 99999)
    return project_parameter
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  Source code for pyiron.thermodynamics.sxphonons

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
import os
import numpy as np
import scipy.constants
from pyiron.atomistics.structure.atoms import Atoms
from pyiron.sphinx.base import InputWriter, Output
from pyiron_base import GenericJob, GenericParameters, JobGenerator
from pyiron.atomistics.job.atomistic import AtomisticGenericJob
from pyiron.atomistics.master.parallel import AtomisticParallelMaster

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2018"


BOHR_TO_ANGSTROM = (
    scipy.constants.physical_constants["Bohr radius"][0] / scipy.constants.angstrom
)
HARTREE_TO_EV = scipy.constants.physical_constants["Hartree energy in eV"][0]
HARTREE_OVER_BOHR_TO_EV_OVER_ANGSTROM = HARTREE_TO_EV / BOHR_TO_ANGSTROM


[docs]class SxUniqDispl(AtomisticGenericJob):
    def __init__(self, project, job_name):
        super(SxUniqDispl, self).__init__(project, job_name)
        self.__version__ = "0.1"
        self.__name__ = "SxUniqDispl"
        self.input = GenericParameters(table_name="displacement")
        self.input["displacement"] = 0.01
        self.structure_lst = []
        self._id_pyi_to_spx = []
        self._id_spx_to_pyi = []

    @property
    def id_spx_to_pyi(self):
        if self.structure is None:
            return None
        if len(self._id_spx_to_pyi) == 0:
            self._initialize_order()
        return self._id_spx_to_pyi

    @property
    def id_pyi_to_spx(self):
        if self.structure is None:
            return None
        if len(self._id_pyi_to_spx) == 0:
            self._initialize_order()
        return self._id_pyi_to_spx

    def _initialize_order(self):
        for elm_species in self.structure.get_species_objects():
            self._id_pyi_to_spx.append(
                np.arange(len(self.structure))[
                    self.structure.get_chemical_symbols() == elm_species.Abbreviation
                ]
            )
        self._id_pyi_to_spx = np.array(
            [ooo for oo in self._id_pyi_to_spx for ooo in oo]
        )
        self._id_spx_to_pyi = np.array([0] * len(self._id_pyi_to_spx))
        for i, p in enumerate(self._id_pyi_to_spx):
            self._id_spx_to_pyi[p] = i

[docs]    def set_input_to_read_only(self):
        """
        This function enforces read-only mode for the input classes, but it has to be implement in the individual
        classes.
        """
        super(SxUniqDispl, self).set_input_to_read_only()
        self.input.read_only = True


[docs]    def list_structures(self):
        if self.status.finished:
            return self.structure_lst
        else:
            return []


[docs]    def write_structure(self, cwd, file_name="structure_wrapper.sx"):
        structure_file_name = "structure.sx"
        iw = InputWriter()
        iw.structure = self.structure
        iw.write_structure(file_name=structure_file_name, cwd=cwd)
        with open(os.path.join(cwd, file_name), "w") as f:
            f.writelines(["structure { include <" + structure_file_name + ">; }"])


[docs]    def extract_structure(self, working_directory):
        structure_lst = [self.structure]
        parser = Output(self)
        for f in os.listdir(working_directory):
            if "input-disp" in f:
                structure_template = self.structure.copy()
                parser.collect_relaxed_hist(file_name=f, cwd=working_directory)
                structure_template.cell = parser._parse_dict["cell"][0]
                structure_template.positions = parser._parse_dict["positions"][0]
                structure_lst.append(structure_template)
        return structure_lst


[docs]    def write_input(self):
        self.write_structure(
            cwd=self.working_directory, file_name="structure_wrapper.sx"
        )
        lines = [
            "#!/bin/bash\n",
            "sxuniqdispl --log -d "
            + str(float(self.input["displacement"]) / BOHR_TO_ANGSTROM)
            + " -i structure_wrapper.sx\n",
        ]
        with open(os.path.join(self.working_directory, "sxuniqdispl.sh"), "w") as f:
            f.writelines(lines)


[docs]    def collect_output(self):
        self.structure_lst = self.extract_structure(
            working_directory=self.working_directory
        )
        with self.project_hdf5.open("output") as hdf_out:
            for ind, struct in enumerate(self.structure_lst):
                struct.to_hdf(hdf=hdf_out, group_name="structure_" + str(ind))


[docs]    def to_hdf(self, hdf=None, group_name=None):
        """
        Store the ExampleJob object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(SxUniqDispl, self).to_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.input.to_hdf(hdf5_input)


[docs]    def from_hdf(self, hdf=None, group_name=None):
        """
        Restore the ExampleJob object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(SxUniqDispl, self).from_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.input.from_hdf(hdf5_input)
        if "output" in self.project_hdf5.list_groups():
            with self.project_hdf5.open("output") as hdf5_output:
                self.structure_lst = [
                    Atoms().from_hdf(hdf5_output, group_name)
                    for group_name in hdf5_output.list_groups()
                ]




[docs]class SxDynMat(GenericJob):
    def __init__(self, project, job_name):
        super(SxDynMat, self).__init__(project, job_name)
        self.__version__ = "0.1"
        self.__name__ = "SxDynMat"
        self._child_lst = []
        self._child_id_lst = []

    @property
    def child_id_lst(self):
        return self._child_id_lst

    @child_id_lst.setter
    def child_id_lst(self, child_id_lst):
        self._child_id_lst = child_id_lst

    @property
    def child_lst(self):
        if len(self._child_lst) != len(self._child_id_lst):
            self._child_lst = [
                self.project.load(job_id) for job_id in self._child_id_lst
            ]
            forces_of_first_child = self._child_lst[0].output.forces[-1]
            self._forces_lst = [
                job.output.forces[-1] - forces_of_first_child for job in self._child_lst
            ]
            self._structure_lst = [job.get_structure() for job in self._child_lst]
        return self._child_lst

[docs]    @staticmethod
    def matrix_to_str(matrix):
        """
        Function to convert an numpy matrix to an Sphinx input compatible matrix.

        Args:
            matrix (numpy.d2type): the matrix to be converted

        Returns:
            str: the matrix representation in the Sphinx input.
        """
        output_str = "["
        for i in matrix:
            output_str += "["
            for j in i:
                output_str += str(j) + ", "
            output_str = output_str[:-2] + "], "
        output_str = output_str[:-2] + "]"
        return output_str


[docs]    @staticmethod
    def vector_to_str(vector):
        """
        Function to convert an numpy vector to an Sphinx input compatible vector.

        Args:
            vector (numpy.d2type): the vector to be converted

        Returns:
            str: the vector representation in the Sphinx input.
        """
        output_str = "["
        for i in vector:
            output_str += str(i) + ", "
        output_str = output_str[:-2] + "]"
        return output_str


[docs]    def write_sxdynmat(self, file_name="sxdynmat.sx", cwd=None):
        forces_lst = [job.output.forces[-1] for job in self.child_lst]
        structure_lst = [job.get_structure() for job in self.child_lst]
        phono_dat_str = "format phononDat;\n\n"

        initial_structure = structure_lst[0]
        phono_dat_str += "pseudoPot  {\n"
        for species_obj in initial_structure.get_species_objects():
            phono_dat_str += (
                "  species { reciprocalMass=1/" + str(species_obj.AtomicMass) + "; }\n"
            )
        phono_dat_str += "}\n\n"

        first_structure = True
        for structure, force_mat in zip(structure_lst, forces_lst):
            phono_dat_str += "structure  {\n"
            if first_structure:
                phono_dat_str += (
                    "   cell = "
                    + self.matrix_to_str(structure.cell * 1 / BOHR_TO_ANGSTROM)
                    + ";\n"
                )
                first_structure = False

            for species_obj in structure.get_species_objects():
                if species_obj.Parent:
                    species = species_obj.Parent
                else:
                    species = species_obj.Abbreviation
                phono_dat_str += "species {\n"
                for elm_pos, elm_species, elm_forces in zip(
                    structure.positions, structure.get_chemical_elements(), force_mat
                ):
                    if elm_species.Parent:
                        element = elm_species.Parent
                    else:
                        element = elm_species.Abbreviation
                    if element == species:
                        phono_dat_str += (
                            "    atom { coords = "
                            + self.vector_to_str(elm_pos * 1 / BOHR_TO_ANGSTROM)
                            + "; force = "
                            + self.vector_to_str(
                                elm_forces * 1 / HARTREE_OVER_BOHR_TO_EV_OVER_ANGSTROM
                            )
                            + "; }\n"
                        )
                phono_dat_str += "}\n"
            phono_dat_str += "}\n"
        if cwd is not None:
            file_name = os.path.join(cwd, file_name)
        with open(file_name, "w") as f:
            f.write(phono_dat_str)


[docs]    def write_input(self):
        self.write_sxdynmat(cwd=self.working_directory, file_name="sxdynmat.sx")
        lines = ["#!/bin/bash\n", "sxdynmat --log -i sxdynmat.sx -H\n"]
        with open(os.path.join(self.working_directory, "sxuniqdispl.sh"), "w") as f:
            f.writelines(lines)


[docs]    def get_hesse_matrix(self):
        if "output" in self.project_hdf5.list_groups():
            return self.project_hdf5["output/hesse"]


[docs]    def collect_output(self):
        with self.project_hdf5.open("output") as hdf_out:
            hdf_out["hesse"] = np.loadtxt(
                os.path.join(self.working_directory, "HesseMatrix_sphinx")
            )


[docs]    def collect_logfiles(self):
        pass




[docs]class SxPhononsJobGenerator(JobGenerator):
    @property
    def parameter_list(self):
        """

        Returns:
            (list)
        """
        return [
            ["supercell_phonon_%d" % ind, sc]
            for ind, sc in enumerate(self._master._displacement_job.structure_lst)
        ]

[docs]    @staticmethod
    def job_name(parameter):
        return parameter[0]


[docs]    def modify_job(self, job, parameter):
        job.structure = parameter[1]
        return job




[docs]class SxPhonons(AtomisticParallelMaster):
    def __init__(self, project, job_name):
        super(SxPhonons, self).__init__(project, job_name)
        self.__version__ = "0.1"
        self.__name__ = "SxPhonons"
        self.input["displacement"] = (0.01, "atoms displacement, Ang")
        self._displacement_job = None
        self._dynmat_job = None
        self._job_generator = SxPhononsJobGenerator(self)

[docs]    def run_static(self):
        if self._displacement_job is None:
            self._displacement_job = self.project.create_job(
                self.project.job_type.SxUniqDispl, self.job_name + "_dis"
            )
            self._displacement_job.input["displacement"] = self.input["displacement"]
            self._displacement_job.structure = self.structure
            self._displacement_job.run()
        super(SxPhonons, self).run_static()


[docs]    def collect_output(self):
        """

        Returns:

        """
        self._dynmat_job = self.project.create_job(
            self.project.job_type.SxDynMat, self.job_name + "_dyn"
        )
        self._dynmat_job.child_id_lst = self.child_ids
        self._dynmat_job.run()
        with self.project_hdf5.open("output") as hdf_out:
            hdf_out["hesse"] = self._dynmat_job.get_hesse_matrix()


[docs]    def get_hesse_matrix(self):
        if "output" in self.project_hdf5.list_groups():
            return self.project_hdf5["output/hesse"]




[docs]class SxHarmPotTst(AtomisticGenericJob):
    def __init__(self, project, job_name):
        super(SxHarmPotTst, self).__init__(project, job_name)
        self.__version__ = "0.1"
        self.__name__ = "SxHarmPotTst"
        self.input = GenericParameters(table_name="interaction")
        self.input["interaction_radius"] = 4.0
        self.input["maximum_noise"] = 0.26
        self._positions_lst = []
        self._forces_lst = []
        self._md_job_id = None
        self._md_job = None

    @property
    def md_job(self):
        if self._md_job is None and self._md_job_id is not None:
            self._md_job = self.project.load(self._md_job_id)
        return self._md_job

    @md_job.setter
    def md_job(self, job):
        if job.status == "finished":
            self._md_job_id = job.job_id
            self._md_job = job
            self._positions_lst = job["output/generic/positions"]
            self._forces_lst = job["output/generic/forces"]
        else:
            raise ValueError("Job not finished!")

[docs]    def set_input_to_read_only(self):
        """
        This function enforces read-only mode for the input classes, but it has to be implement in the individual
        classes.
        """
        super(SxHarmPotTst, self).set_input_to_read_only()
        self.input.read_only = True


[docs]    def write_harmpot(self, cwd, file_name="harmpot.sx"):
        harm_pot_str = (
            "format harmpot;\n\n"
            + "valenceCharge=0;\n"
            + "harmonicPotential {\n"
            + '   //include "refSym.sx";\n'
            + '   //include "equivalence.sx";\n'
            + "   maxDist="
            + str(float(self.input["maximum_noise"]) / BOHR_TO_ANGSTROM)
            + ";\n"
            + '   include "shells.sx";\n'
            + "}\n"
            + 'include "structure_wrapper.sx";'
        )
        if cwd is not None:
            file_name = os.path.join(cwd, file_name)
        with open(file_name, "w") as f:
            f.write(harm_pot_str)


[docs]    def write_structure(self, cwd, file_name="structure_wrapper.sx"):
        structure_file_name = "structure.sx"
        iw = InputWriter()
        iw.structure = self._md_job.structure
        iw.write_structure(file_name=structure_file_name, cwd=cwd)
        with open(os.path.join(cwd, file_name), "w") as f:
            f.writelines(["structure { include <" + structure_file_name + ">; }"])


[docs]    def validate_ready_to_run(self):
        if len(self._positions_lst) == 0 or len(self._forces_lst) == 0:
            raise ValueError()


[docs]    def write_input(self):
        self.write_structure(
            cwd=self.working_directory, file_name="structure_wrapper.sx"
        )
        self.write_harmpot(cwd=self.working_directory, file_name="harmpot.sx")
        pos_force_mat = np.concatenate((self._positions_lst, self._forces_lst), axis=2)
        cont_pos_force_mat = pos_force_mat.reshape(-1, pos_force_mat.shape[-1])
        np.savetxt(
            os.path.join(self.working_directory, "POSITIONs"), cont_pos_force_mat
        )
        lines = [
            "#!/bin/bash\n",
            "sxstructparam -i structure_wrapper.sx -c "
            + str(float(self.input["interaction_radius"]) / BOHR_TO_ANGSTROM)
            + " --printReduced=shells.sx --log\n",
            "sxharmpottst --param=POSITIONs --vasp --printHesse HesseMatrix_sphinx -i harmpot.sx --log --svd\n",
        ]
        with open(os.path.join(self.working_directory, "sxharmpottst.sh"), "w") as f:
            f.writelines(lines)


[docs]    def get_hesse_matrix(self):
        if "output" in self.project_hdf5.list_groups():
            return self.project_hdf5["output/hesse"]


[docs]    def collect_output(self):
        with self.project_hdf5.open("output") as hdf_out:
            hdf_out["hesse"] = np.loadtxt(
                os.path.join(self.working_directory, "HesseMatrix_sphinx")
            )


[docs]    def to_hdf(self, hdf=None, group_name=None):
        """
        Store the ExampleJob object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(SxHarmPotTst, self).to_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.input.to_hdf(hdf5_input)
            if len(self._positions_lst) != 0:
                hdf5_input["positions"] = self._positions_lst
            if len(self._forces_lst) != 0:
                hdf5_input["forces"] = self._forces_lst
            if self._md_job_id is not None:
                hdf5_input["md_job_id"] = self._md_job_id


[docs]    def from_hdf(self, hdf=None, group_name=None):
        """
        Restore the ExampleJob object in the HDF5 File

        Args:
            hdf (ProjectHDFio): HDF5 group object - optional
            group_name (str): HDF5 subgroup name - optional
        """
        super(SxHarmPotTst, self).from_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.input.from_hdf(hdf5_input)
            if "positions" in hdf5_input.list_nodes():
                self._positions_lst = hdf5_input["positions"]
            if "forces" in hdf5_input.list_nodes():
                self._forces_lst = hdf5_input["forces"]
            if "md_job_id" in hdf5_input.list_nodes():
                self._md_job_id = hdf5_input["md_job_id"]
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  Source code for pyiron.vasp.base

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from __future__ import print_function
import os
import posixpath
import subprocess
import numpy as np

from pyiron.dft.job.generic import GenericDFTJob
from pyiron.vasp.potential import VaspPotential, VaspPotentialFile, VaspPotentialSetter, Potcar, \
    strip_xc_from_potential_name
from pyiron.atomistics.structure.atoms import Atoms, CrystalStructure
from pyiron_base import Settings, GenericParameters, deprecate
from pyiron.vasp.outcar import Outcar
from pyiron.vasp.oszicar import Oszicar
from pyiron.vasp.procar import Procar
from pyiron.vasp.structure import read_atoms, write_poscar, vasp_sorter
from pyiron.vasp.vasprun import Vasprun as Vr
from pyiron.vasp.vasprun import VasprunError, VasprunWarning
from pyiron.vasp.volumetric_data import VaspVolumetricData
from pyiron.vasp.potential import get_enmax_among_potentials
from pyiron.dft.waves.electronic import ElectronicStructure
from pyiron.dft.waves.bandstructure import Bandstructure
import warnings

__author__ = "Sudarsan Surendralal, Felix Lochner"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"

s = Settings()


[docs]class VaspBase(GenericDFTJob):
    """
    Class to setup and run and analyze VASP simulations which is a derivative of pyiron.objects.job.generic.GenericJob.
    The functions in these modules are written in such the function names and attributes are very generic
    (get_structure(), molecular_dynamics(), version) but the functions are written to handle VASP specific input/output.

    Args:
        project (pyiron.project.Project instance):  Specifies the project path among other attributes
        job_name (str): Name of the job

    Attributes:
        input (pyiron.vasp.vasp.Input): Instance which handles the input

    Examples:
        Let's say you need to run a vasp simulation where you would like to control the input parameters manually. To
        set up a static dft run with Gaussian smearing and a k-point MP mesh of [6, 6, 6]. You would have to set it up
        as shown below:

        >>> ham = VaspBase(job_name="trial_job")
        >>> ham.input.incar[IBRION] = -1
        >>> ham.input.incar[ISMEAR] = 0
        >>> ham.input.kpoints.set_kpoints_file(size_of_mesh=[6, 6, 6])

        However, the according to pyiron's philosophy, it is recommended to avoid using code specific tags like IBRION,
        ISMEAR etc. Therefore the recommended way to set this calculation is as follows:

        >>> ham = VaspBase(job_name="trial_job")
        >>> ham.calc_static()
        >>> ham.set_occupancy_smearing(smearing="gaussian")
        >>> ham.set_kpoints(mesh=[6, 6, 6])
        The exact same tags as in the first examples are set automatically.

    """

    def __init__(self, project, job_name):
        super(VaspBase, self).__init__(project, job_name)
        self._sorted_indices = None
        self.input = Input()
        self.input.incar["SYSTEM"] = self.job_name
        self._output_parser = Output()
        self._potential = VaspPotentialSetter([])
        self._compress_by_default = True
        self.get_enmax_among_species = get_enmax_among_potentials
        s.publication_add(self.publication)

    @property
    def structure(self):
        """

        Returns:

        """
        return GenericDFTJob.structure.fget(self)

    @structure.setter
    def structure(self, structure):
        """

        Args:
            structure:

        Returns:

        """
        GenericDFTJob.structure.fset(self, structure)
        if structure is not None:
            self._potential = VaspPotentialSetter(
                element_lst=structure.get_species_symbols().tolist()
            )

    @property
    def potential(self):
        return self._potential

    @property
    def plane_wave_cutoff(self):
        """
        Plane wave energy cutoff in eV
        """
        return self.input.incar["ENCUT"]

    @plane_wave_cutoff.setter
    def plane_wave_cutoff(self, val):
        self.input.incar["ENCUT"] = val

    @property
    def exchange_correlation_functional(self):
        """
        The exchange correlation functional used (LDA or GGA)
        """
        return self.input.potcar["xc"]

    @exchange_correlation_functional.setter
    def exchange_correlation_functional(self, val):
        if val in ["PBE", "pbe", "GGA", "gga"]:
            self.input.potcar["xc"] = "PBE"
        elif val in ["LDA", "lda"]:
            self.input.potcar["xc"] = "LDA"
        else:
            self.input.potcar["xc"] = val

    @property
    def spin_constraints(self):
        """
        Returns True if the calculation is spin constrained
        """
        if "I_CONSTRAINED_M" in self.input.incar._dataset["Parameter"]:
            return (self.input.incar["I_CONSTRAINED_M"] >= 1)
        else:
            return False

    @spin_constraints.setter
    def spin_constraints(self, val):
        self.input.incar["I_CONSTRAINED_M"] = val

    @property
    def write_electrostatic_potential(self):
        """
        True if the local potential or electrostatic potential LOCPOT file is/should be written
        """
        return bool(self.input.incar["LVTOT"])

    @write_electrostatic_potential.setter
    def write_electrostatic_potential(self, val):
        self.input.incar["LVTOT"] = bool(val)
        if bool(val):
            self.input.incar["LVHAR"] = True

    @property
    def write_charge_density(self):
        """
        True if the charge density file CHGCAR file is/should be written
        """
        return bool(self.input.incar["LCHARG"])

    @write_charge_density.setter
    def write_charge_density(self, val):
        self.input.incar["LCHARG"] = bool(val)

    @property
    def write_wave_funct(self):
        """
        True if the wave function file WAVECAR file is/should be written
        """
        return self.input.incar["LWAVE"]

    @write_wave_funct.setter
    def write_wave_funct(self, write_wave):
        if not isinstance(write_wave, bool):
            raise ValueError("write_wave_funct, can either be True or False.")
        self.input.incar["LWAVE"] = write_wave

    @property
    def write_resolved_dos(self):
        """
        True if the resolved DOS should be written (in the vasprun.xml file)
        """
        return self.input.incar["LORBIT"]

    @write_resolved_dos.setter
    def write_resolved_dos(self, resolved_dos):
        if not isinstance(resolved_dos, bool) and not isinstance(resolved_dos, int):
            raise ValueError(
                "write_resolved_dos, can either be True, False or 0, 1, 2, 5, 10, 11, 12."
            )
        self.input.incar["LORBIT"] = resolved_dos

    @property
    def sorted_indices(self):
        """
        How the original atom indices are ordered in the vasp format (species by species)
        """
        if self._sorted_indices is None:
            self._sorted_indices = vasp_sorter(self.structure)
        return self._sorted_indices

    @sorted_indices.setter
    def sorted_indices(self, val):
        """
        Setter for the sorted indices
        """
        self._sorted_indices = val

    @property
    def fix_spin_constraint(self):
        """
        bool: Tells if the type of constraints the spins have for this calculation
        """
        return self.spin_constraints

    @fix_spin_constraint.setter
    def fix_spin_constraint(self, boolean):
        raise NotImplementedError(
            "The fix_spin_constraint property is not implemented for this code. "
            "Instead use ham.spin_constraints - I_CONSTRAINED_M."
        )

    @property
    def fix_symmetry(self):
        if "ISYM" in self.input.incar._dataset["Parameter"]:
            return (
                self.input.incar["ISYM"] == 1
                or self.input.incar["ISYM"] == 2
                or self.input.incar["ISYM"] == 3
            )
        else:
            return True

    @fix_symmetry.setter
    def fix_symmetry(self, boolean):
        raise NotImplementedError(
            "The fix_symmetry property is not implemented for this code. "
            "Instead use ham.input.incar['ISYM']."
        )

    @property
    def potential_available(self):
        if self.structure is not None:
            return VaspPotential(
                selected_atoms=self.structure.get_species_symbols().tolist()
            )
        else:
            return VaspPotential()

    @property
    def potential_view(self):
        if self.structure is None:
            raise ValueError("Can't list potentials unless a structure is set")
        else:
            df = VaspPotentialFile(xc=self.input.potcar["xc"]).find(
                self.structure.get_species_symbols().tolist()
            )
            if len(df) > 0:
                df["Name"] = [strip_xc_from_potential_name(n) for n in df["Name"].values]
            return df

    @property
    def potential_list(self):
        return list(self.potential_view["Name"].values)

    @property
    def publication(self):
        return {
            "vasp": {
                "Kresse1993": {
                    "title": "Ab initio molecular dynamics for liquid metals",
                    "author": ["Kresse, G.", "Hafner, J."],
                    "journal": "Phys. Rev. B",
                    "volume": "47",
                    "issue": "1",
                    "pages": "558--561",
                    "numpages": "0",
                    "month": "jan",
                    "publisher": "American Physical Society",
                    "doi": "10.1103/PhysRevB.47.558",
                    "url": "https://link.aps.org/doi/10.1103/PhysRevB.47.558",
                },
                "Kresse1996a": {
                    "title": "Efficiency of ab-initio total energy calculations for metals and "
                    "semiconductors using a plane-wave basis set",
                    "journal": "Computational Materials Science",
                    "volume": "6",
                    "number": "1",
                    "pages": "15-50",
                    "year": "1996",
                    "issn": "0927-0256",
                    "doi": "10.1016/0927-0256(96)00008-0",
                    "url": "http://www.sciencedirect.com/science/article/pii/0927025696000080",
                    "author": ["Kresse, G.", "Furthmüller, J."],
                },
                "Kresse1996b": {
                    "title": "Efficient iterative schemes for ab initio total-energy calculations "
                    "using a plane-wave basis set",
                    "author": ["Kresse, G.", "Furthmüller, J."],
                    "journal": "Phys. Rev. B",
                    "volume": "54",
                    "issue": "16",
                    "pages": "11169--11186",
                    "numpages": "0",
                    "year": "1996",
                    "month": "oct",
                    "publisher": "American Physical Society",
                    "doi": "10.1103/PhysRevB.54.11169",
                    "url": "https://link.aps.org/doi/10.1103/PhysRevB.54.11169",
                },
            }
        }

[docs]    def get_kpoints(self):
        return [int(v) for v in self.input.kpoints[3].split()]


[docs]    def set_input_to_read_only(self):
        """
        This function enforces read-only mode for the input classes, but it has to be implement in the individual
        classes.
        """
        super(VaspBase, self).set_input_to_read_only()
        self.input.incar.read_only = True
        self.input.kpoints.read_only = True
        self.input.potcar.read_only = True


    # Compatibility functions
[docs]    def write_input(self):
        """
        Call routines that generate the INCAR, POTCAR, KPOINTS and POSCAR input files
        """
        if self.input.incar["SYSTEM"] == "pyiron_jobname":
            self.input.incar["SYSTEM"] = self.job_name
        modified_elements = {
            key: value
            for key, value in self._potential.to_dict().items()
            if value is not None
        }
        self.write_magmoms()
        self.set_coulomb_interactions()
        if "CONTCAR" in self.restart_file_dict.keys():
            if self.restart_file_dict["CONTCAR"] == "POSCAR":
                if self.server.run_mode.modal:
                    warnings.warn(
                        "The POSCAR file will be overwritten by the CONTCAR file specified in restart_file_list."
                    )
                else:
                    self.logger.info(
                        "The POSCAR file will be overwritten by the CONTCAR file specified in restart_file_list."
                    )
        self.input.write(
            structure=self.structure,
            directory=self.working_directory,
            modified_elements=modified_elements,
        )


    # define routines that collect all output files
[docs]    def collect_output(self):
        """
        Collects the outputs and stores them to the hdf file
        """
        if self.structure is None or len(self.structure) == 0:
            try:
                self.structure = self.get_final_structure_from_file(filename="CONTCAR")
            except IOError:
                self.structure = self.get_final_structure_from_file(filename="POSCAR")
            self._sorted_indices = np.array(range(len(self.structure)))
        self._output_parser.structure = self.structure.copy()
        try:
            self._output_parser.collect(
                directory=self.working_directory, sorted_indices=self.sorted_indices
            )
        except VaspCollectError:
            self.status.aborted = True
            return
        # Try getting high precision positions from CONTCAR
        try:
            self._output_parser.structure = self.get_final_structure_from_file(filename="CONTCAR")
        except (IOError, ValueError, FileNotFoundError):
            pass

        self._output_parser.to_hdf(self._hdf5)
        if len(self._exclude_groups_hdf) > 0 or len(self._exclude_nodes_hdf) > 0:
            self.project_hdf5.rewrite_hdf5(
                job_name=self.job_name,
                exclude_groups=self._exclude_groups_hdf,
                exclude_nodes=self._exclude_nodes_hdf,
            )


[docs]    def convergence_check(self):
        if "IBRION" in self["input/incar/data_dict"]["Parameter"]:
            ind = self["input/incar/data_dict"]["Parameter"].index("IBRION")
            ibrion = int(self["input/incar/data_dict"]["Value"][ind])
        else:
            ibrion = 0
        if "NELM" in self["input/incar/data_dict"]["Parameter"]:
            ind = self["input/incar/data_dict"]["Parameter"].index("NELM")
            max_e_steps = int(self["input/incar/data_dict"]["Value"][ind])
        else:
            max_e_steps = 60
        if "NSW" in self["input/incar/data_dict"]["Parameter"]:
            ind = self["input/incar/data_dict"]["Parameter"].index("NSW")
            max_i_steps = int(self["input/incar/data_dict"]["Value"][ind])
        else:
            max_i_steps = 0
        if "ALGO" in self["input/incar/data_dict"]["Parameter"]:
            ind = self["input/incar/data_dict"]["Parameter"].index("ALGO")
            algo = str(self["input/incar/data_dict"]["Value"][ind])
            if algo.upper() in ["EIGENVAL", "EXACT"]:
                if max_e_steps == 1:
                    return True
        scf_energies = self["output/generic/dft/scf_energy_free"]
        if scf_energies is None:
            scf_energies = self["output/outcar/scf_energies"]
        e_steps_converged = [len(step) < max_e_steps for step in scf_energies]
        # For calc_md() we do not care about convergence.
        if ibrion == 0 and max_i_steps != 0:
            return True
        # For calc_static only the electronic convergence matters.
        elif max_i_steps == 0 and np.all(e_steps_converged):
            return True
        # For calc_minimize only the last ionic step has to be converged!
        elif (
            0 < max_i_steps
            and len(scf_energies) < max_i_steps
            and e_steps_converged[-1]
        ):
            return True
        else:
            return False


[docs]    def cleanup(self, files_to_remove=("WAVECAR", "CHGCAR", "CHG", "vasprun.xml")):
        """
        Removes excess files (by default: WAVECAR, CHGCAR, CHG)
        """
        list_files = self.list_files()
        for file in list_files:
            if file in files_to_remove:
                abs_file_path = os.path.join(self.working_directory, file)
                os.remove(abs_file_path)


[docs]    def collect_logfiles(self):
        """
        Collect errors and warnings.
        """
        self.collect_errors()
        self.collect_warnings()


[docs]    def collect_warnings(self):
        """
        Collects warnings from the VASP run
        """
        # TODO: implement for VASP
        self._logger.info("collect_warnings() is not yet implemented for VASP")


[docs]    def collect_errors(self):
        """
        Collects errors from the VASP run
        """

        # error messages by VASP
        eddrmm_error_str = "WARNING in EDDRMM: call to ZHEGV failed, returncode ="
        zbrent_error_str = "ZBRENT: fatal error in bracketing"

        # warning messages for pyiron
        eddrmm_warning_str = "EDDRMM warnings occured {} times, first in ionic step {}."
        zbrent_warning_str = "'ZBRENT: fatal error in bracketing' occured. Please check VASP manual for details."
        warning_status_str = "Status is switched to 'warning'."
        aborted_status_str = "Status is switched to 'aborted'."

        # collecting errors
        num_eddrmm = 0
        snap_eddrmm = None

        zbrent_status = False

        file_name = os.path.join(self.working_directory, "error.out")
        if os.path.exists(file_name):
            with open(file_name, "r") as f:
                lines = f.readlines()

            # EDDRMM
            # If the wrong convergence algorithm is chosen, we get the following error.
            # https://cms.mpi.univie.ac.at/vasp-forum/viewtopic.php?f=4&t=17071
            lines_where_eddrmm = np.argwhere([eddrmm_error_str in l for l in lines]).flatten()
            num_eddrmm = len(lines_where_eddrmm)
            if num_eddrmm > 0:
                snap_eddrmm = len(np.argwhere(["E0=" in l for l in lines[:lines_where_eddrmm[0]]]).flatten())

            # ZBRENT
            for l in lines:
                if zbrent_error_str in l:
                    zbrent_status = True
                    break

        # handling and logging
        if zbrent_status is True:
            self.status.aborted = True
            self._logger.warning(zbrent_warning_str + aborted_status_str)
        elif snap_eddrmm is not None:
            if self.get_eddrmm_handling() == "ignore":
                self._logger.warning(eddrmm_warning_str.format(num_eddrmm, snap_eddrmm))
            elif self.get_eddrmm_handling() == "warn":
                self.status.warning = True
                self._logger.warning(eddrmm_warning_str.format(num_eddrmm, snap_eddrmm) + warning_status_str)
            elif self.get_eddrmm_handling() == "restart":
                self.status.warning = True
                self._logger.warning(eddrmm_warning_str.format(num_eddrmm, snap_eddrmm) + warning_status_str)
                if not self.input.incar["ALGO"].lower() == "normal":
                    ham_new = self.copy_hamiltonian(self.name + "_normal")
                    ham_new.input.incar["ALGO"] = "Normal"
                    ham_new.set_eddrmm_handling()
                    ham_new.run()
                    self._logger.info("Job was restarted with 'ALGO' = 'Normal' to avoid EDDRMM warning.")


[docs]    def copy_hamiltonian(self, job_name):
        """
        Copies a job to new one with a different name.

        Args:
            job_name (str): Job name

        Returns:
            pyiron.vasp.vasp.Vasp: New job
        """
        ham_new = self.restart(job_name=job_name)
        ham_new.structure = self.structure
        return ham_new


    @staticmethod
    def _decompress_files_in_directory(directory):
        files = os.listdir(directory)
        for file_compressed, file, mode in [
            ["OUTCAR.gz", "OUTCAR", "gzip"],
            ["vasprun.xml.bz2", "vasprun.xml", "bzip2"],
            ["vasprun.xml.gz", "vasprun.xml", "gzip"],
        ]:
            if file_compressed in files and file not in files:
                _ = subprocess.check_output(
                    [mode, "-d", file_compressed],
                    cwd=directory,
                    shell=False,
                    universal_newlines=True,
                )
                files = os.listdir(directory)
        return files

[docs]    def from_directory(self, directory):
        """
        The Vasp instance is created by parsing the input and output from the specified directory

        Args:
            directory (str): Path to the directory
        """
        if not self.status.finished:
            # _ = s.top_path(directory)
            files = self._decompress_files_in_directory(directory)
            vp_new = Vr()
            try:
                if not ("OUTCAR" in files or "vasprun.xml" in files):
                    raise IOError("This file isn't present")
                    # raise AssertionError("OUTCAR/vasprun.xml should be present in order to import from directory")
                if "vasprun.xml" in files:
                    vp_new.from_file(filename=posixpath.join(directory, "vasprun.xml"))
                    self.structure = vp_new.get_initial_structure()
            except (IOError, VasprunError):  # except AssertionError:
                pass
                # raise AssertionError("OUTCAR/vasprun.xml should be present in order to import from directory")
            if "INCAR" in files:
                try:
                    self.input.incar.read_input(
                        posixpath.join(directory, "INCAR"), ignore_trigger="!"
                    )
                except (IndexError, TypeError, ValueError):
                    pass
            if "KPOINTS" in files:
                try:
                    self.input.kpoints.read_input(
                        posixpath.join(directory, "KPOINTS"), ignore_trigger="!"
                    )
                except (IndexError, TypeError, ValueError):
                    pass
            if "POSCAR" in files:
                if "POTCAR" in files:
                    structure = read_atoms(posixpath.join(directory, "POSCAR"),
                                           species_from_potcar=True)
                else:
                    structure = read_atoms(posixpath.join(directory, "POSCAR"))
            elif "CONTCAR" in files:
                structure = read_atoms(posixpath.join(directory, "CONTCAR"))
            elif "vasprun.xml" in files:
                structure = vp_new.get_initial_structure()
            else:
                raise ValueError("Unable to import job because structure not present")
            self.structure = structure
            # Always set the sorted_indices to the original order when importing from jobs
            self.sorted_indices = np.arange(len(self.structure), dtype=int)
            # Read initial magnetic moments from the INCAR file and set it to the structure
            magmom_loc = np.array(self.input.incar._dataset["Parameter"]) == "MAGMOM"
            if any(magmom_loc):
                init_moments = list()
                try:
                    value = np.array(self.input.incar._dataset["Value"])[magmom_loc][0]
                    if "*" not in value:
                        init_moments = np.array([float(val) for val in value.split()])
                    else:
                        # Values given in "number_of_atoms*value" format
                        init_moments = np.hstack(
                            (
                                [
                                    int(val.split("*")[0]) * [float(val.split("*")[1])]
                                    for val in value.split()
                                ]
                            )
                        )
                except (ValueError, IndexError, TypeError):
                    self.logger.warning(
                        "Unable to parse initial magnetic moments from the INCAR file"
                    )
                if len(init_moments) == len(self.structure):
                    self.structure.set_initial_magnetic_moments(init_moments)
                else:
                    self.logger.warning(
                        "Inconsistency during parsing initial magnetic moments from the INCAR file"
                    )

            self._write_chemical_formular_to_database()
            self._import_directory = directory
            self.status.collect = True
            # self.to_hdf()
            self.collect_output()
            self.to_hdf()
            self.status.finished = True
        else:
            return


[docs]    def stop_calculation(self, next_electronic_step=False):
        """
        Call to stop the VASP calculation

        Args:
            next_electronic_step (bool): True if the next electronic step should be calculated

        """
        filename = os.path.join(self.working_directory, "STOPCAR")
        with open(filename, "w") as f:
            if not next_electronic_step:
                f.write("LSTOP = .TRUE.\n")
            else:
                f.write("LABORT =.TRUE.\n")


[docs]    def to_hdf(self, hdf=None, group_name=None):
        """
        Stores the instance attributes into the hdf5 file

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): The HDF file/path to write the data to
            group_name (str): The name of the group under which the data must be stored as

        """
        super(VaspBase, self).to_hdf(hdf=hdf, group_name=group_name)
        self._structure_to_hdf()
        self.input.to_hdf(self._hdf5)
        self._output_parser.to_hdf(self._hdf5)


[docs]    def from_hdf(self, hdf=None, group_name=None):
        """
        Recreates instance from the hdf5 file

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): The HDF file/path to read the data from
            group_name (str): The name of the group under which the data must be stored as

        """
        super(VaspBase, self).from_hdf(hdf=hdf, group_name=group_name)
        self._structure_from_hdf()
        self.input.from_hdf(self._hdf5)
        if (
            "output" in self.project_hdf5.list_groups()
            and "structure" in self["output"].list_groups()
        ):
            self._output_parser.from_hdf(self._hdf5)


[docs]    def reset_output(self):
        """
        Resets the output instance
        """
        self._output_parser = Output()


[docs]    def get_final_structure_from_file(self, filename="CONTCAR"):
        """
        Get the final structure of the simulation usually from the CONTCAR file

        Args:
            filename (str): Path to the CONTCAR file in VASP

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: The final structure
        """
        filename = posixpath.join(self.working_directory, filename)
        if self.structure is None:
            try:
                output_structure = read_atoms(filename=filename)
                input_structure = output_structure.copy()
            except (IndexError, ValueError, IOError):
                raise IOError("Unable to read output structure")
        else:
            input_structure = self.structure.copy()
            try:
                output_structure = read_atoms(
                    filename=filename,
                    species_list=input_structure.get_parent_symbols(),
                )
                input_structure.cell = output_structure.cell.copy()
                input_structure.positions[
                    self.sorted_indices
                ] = output_structure.positions
            except (IndexError, ValueError, IOError):
                raise IOError("Unable to read output structure")
        return input_structure


[docs]    def write_magmoms(self):
        """
        Write the magnetic moments in INCAR from that assigned to the species
        """
        if any(self.structure.get_initial_magnetic_moments().flatten()):
            if "ISPIN" not in self.input.incar._dataset["Parameter"]:
                self.input.incar["ISPIN"] = 2
            if self.input.incar["ISPIN"] != 1:
                final_cmd = "   ".join(
                    [
                        " ".join([str(spinmom) for spinmom in spin])
                        if isinstance(spin, (list, np.ndarray))
                        else str(spin)
                        for spin in self.structure.get_initial_magnetic_moments()[
                            self.sorted_indices
                        ]
                    ]
                )
                s.logger.debug("Magnetic Moments are: {0}".format(final_cmd))
                if "MAGMOM" not in self.input.incar._dataset["Parameter"]:
                    self.input.incar["MAGMOM"] = final_cmd
                if any(
                    [
                        isinstance(spin, (list, np.ndarray)) for spin in self.structure.get_initial_magnetic_moments()
                    ]
                ):
                    self.input.incar["LNONCOLLINEAR"] = True
                    if (
                        self.spin_constraints
                        and "M_CONSTR" not in self.input.incar._dataset["Parameter"]
                    ):
                        self.input.incar["M_CONSTR"] = final_cmd
                    if (
                        self.spin_constraints
                        or "M_CONSTR" in self.input.incar._dataset["Parameter"]
                    ):
                        if "ISYM" not in self.input.incar._dataset["Parameter"]:
                            self.input.incar["ISYM"] = 0
                    if (
                        self.spin_constraints
                        and "LAMBDA" not in self.input.incar._dataset["Parameter"]
                    ):
                        raise ValueError(
                            "LAMBDA is not specified but it is necessary for non collinear calculations."
                        )
                    if (
                        self.spin_constraints
                        and "RWIGS" not in self.input.incar._dataset["Parameter"]
                    ):
                        raise ValueError(
                            "Parameter RWIGS has to be set for spin constraint calculations"
                        )
                if self.spin_constraints and not self.input.incar["LNONCOLLINEAR"]:
                    raise ValueError(
                        "Spin constraints are only avilable for non collinear calculations."
                    )
            else:
                s.logger.debug(
                    "Spin polarized calculation is switched off by the user. No magnetic moments are written."
                )
        else:
            s.logger.debug("No magnetic moments")


[docs]    def set_eddrmm_handling(self, status="warn"):
        """
        Sets the way, how EDDRMM warning is handled.

        Args:
            status (str): new status of EDDRMM handling (can be 'warn', 'ignore', or 'restart')
        """
        if status == "warn" or status == "ignore" or status == "restart":
            self.input._eddrmm = status
        else:
            raise ValueError


[docs]    def get_eddrmm_handling(self):
        """
        Returns:
            str: status of EDDRMM handling
        """
        return self.input._eddrmm


[docs]    def set_coulomb_interactions(self, interaction_type=2, ldau_print=True):
        """
        Write the on-site Coulomb interactions in the INCAR file

        Args:
            interaction_type (int): Type of Coulombic interaction
                1 - Asimov method
                2 - Dudarev method
            ldau_print (boolean): True/False
        """
        obj_lst = self.structure.get_species_objects()
        ldaul = []
        ldauu = []
        ldauj = []
        needed = False
        for el_obj in obj_lst:
            conditions = []
            if isinstance(el_obj.tags, dict):
                for tag in ["ldauu", "ldaul", "ldauj"]:
                    conditions.append(tag in el_obj.tags.keys())
                if not any(conditions):
                    ldaul.append("-1")
                    ldauu.append("0")
                    ldauj.append("0")
                if any(conditions) and not all(conditions):
                    raise ValueError(
                        "All three tags ldauu,ldauj and ldaul have to be specified"
                    )
                if all(conditions):
                    needed = True
                    ldaul.append(str(el_obj.tags["ldaul"]))
                    ldauu.append(str(el_obj.tags["ldauu"]))
                    ldauj.append(str(el_obj.tags["ldauj"]))
        if needed:
            self.input.incar["LDAU"] = True
            self.input.incar["LDAUTYPE"] = interaction_type
            self.input.incar["LDAUL"] = " ".join(ldaul)
            self.input.incar["LDAUU"] = " ".join(ldauu)
            self.input.incar["LDAUJ"] = " ".join(ldauj)
            if ldau_print:
                self.input.incar["LDAUPRINT"] = 2
        else:
            s.logger.debug("No on site coulomb interactions")


[docs]    def set_algorithm(self, algorithm="Fast", ialgo=None):
        """
        Sets the type of electronic minimization algorithm

        Args:
            algorithm (str): Algorithm defined by VASP (Fast, Normal etc.)
            ialgo (int): Sets the IALGO tag in VASP. If not none, this overwrites algorithm
        """
        algorithm_list = ["Fast", "Accurate", "Normal", "Very Fast"]
        if ialgo is not None:
            self.input.incar["IALGO"] = int(ialgo)
        else:
            self.input.incar["ALGO"] = str(algorithm)
            if algorithm not in algorithm_list:
                s.logger.warning(
                    msg="Algorithm {} is unusual for VASP. "
                    "I hope you know what you are up to".format(algorithm)
                )


[docs]    def calc_minimize(
        self,
        electronic_steps=60,
        ionic_steps=100,
        max_iter=None,
        pressure=None,
        algorithm=None,
        retain_charge_density=False,
        retain_electrostatic_potential=False,
        ionic_energy=None,
        ionic_forces=None,
        ionic_energy_tolerance=None,
        ionic_force_tolerance=None,
        volume_only=False,
    ):
        """
        Function to setup the hamiltonian to perform ionic relaxations using DFT. The ISIF tag has to be supplied
        separately.

        Args:
            electronic_steps (int): Maximum number of electronic steps
            ionic_steps (int): Maximum number of ionic
            max_iter (int): Maximum number of iterations
            pressure (float): External pressure to be applied
            algorithm (str): Type of VASP algorithm to be used "Fast"/"Accurate"
            retain_charge_density (bool): True if the charge density should be written
            retain_electrostatic_potential (boolean): True if the electrostatic potential should be written
            ionic_energy_tolerance (float): Ionic energy convergence criteria (eV)
            ionic_force_tolerance (float): Ionic forces convergence criteria (overwrites ionic energy) (ev/A)
            ionic_energy (float): Same as ionic_energy_tolerance (deprecated)
            ionic_forces (float): Same as ionic_force_tolerance (deprecated)
            volume_only (bool): Option to relax only the volume (keeping the relative coordinates fixed
        """
        super(VaspBase, self).calc_minimize(
            electronic_steps=electronic_steps,
            ionic_steps=ionic_steps,
            max_iter=max_iter,
            pressure=pressure,
            algorithm=algorithm,
            retain_charge_density=retain_charge_density,
            retain_electrostatic_potential=retain_electrostatic_potential,
            ionic_energy_tolerance=ionic_energy_tolerance,
            ionic_force_tolerance=ionic_force_tolerance,
            volume_only=volume_only,
        )
        if volume_only:
            self.input.incar["ISIF"] = 7
        else:
            if pressure == 0.0:
                self.input.incar["ISIF"] = 3
            else:
                self.input.incar["ISIF"] = 2

        if max_iter:
            electronic_steps = max_iter
            ionic_steps = max_iter

        self.input.incar["IBRION"] = 2
        self.input.incar["NELM"] = electronic_steps
        self.input.incar["NSW"] = ionic_steps
        if algorithm is not None:
            self.set_algorithm(algorithm=algorithm)
        if retain_charge_density:
            self.write_charge_density = retain_charge_density
        if retain_electrostatic_potential:
            self.write_electrostatic_potential = retain_electrostatic_potential
        self.set_convergence_precision(ionic_force_tolerance=ionic_force_tolerance,
                                       ionic_energy_tolerance=ionic_energy_tolerance,
                                       ionic_energy=ionic_energy, ionic_forces=ionic_forces,
                                       electronic_energy=None)


[docs]    def calc_static(
        self,
        electronic_steps=100,
        algorithm=None,
        retain_charge_density=False,
        retain_electrostatic_potential=False,
    ):
        """
        Function to setup the hamiltonian to perform static SCF DFT runs.

        Args:
            electronic_steps (int): Maximum number of electronic steps
            algorithm (str): Type of VASP algorithm to be used "Fast"/"Accurate"
            retain_charge_density (bool): True if
            retain_electrostatic_potential (bool): True/False
        """
        super(VaspBase, self).calc_static(
            electronic_steps=electronic_steps,
            algorithm=algorithm,
            retain_charge_density=retain_charge_density,
            retain_electrostatic_potential=retain_electrostatic_potential,
        )
        self.input.incar["IBRION"] = -1
        self.input.incar["NELM"] = electronic_steps
        # Make sure vasp runs only 1 ionic step
        self.input.incar["NSW"] = 0
        if algorithm is not None:
            if algorithm is not None:
                self.set_algorithm(algorithm=algorithm)
        if retain_charge_density:
            self.write_charge_density = retain_charge_density
        if retain_electrostatic_potential:
            self.write_electrostatic_potential = retain_electrostatic_potential


[docs]    def calc_md(
        self,
        temperature=None,
        n_ionic_steps=1000,
        n_print=1,
        time_step=1.0,
        retain_charge_density=False,
        retain_electrostatic_potential=False,
        **kwargs
    ):
        """
        Sets appropriate tags for molecular dynamics in VASP

        Args:
            temperature (int/float/list): Temperature/ range of temperatures in Kelvin
            n_ionic_steps (int): Maximum number of ionic steps
            n_print (int): Prints outputs every n_print steps
            time_step (float): time step (fs)
            retain_charge_density (bool): True id the charge density should be written
            retain_electrostatic_potential (bool): True if the electrostatic potential should be written
        """
        super(VaspBase, self).calc_md(
            temperature=temperature,
            n_ionic_steps=n_ionic_steps,
            n_print=n_print,
            time_step=time_step,
            retain_charge_density=retain_charge_density,
            retain_electrostatic_potential=retain_electrostatic_potential,
            **kwargs
        )
        if temperature is not None:
            # NVT ensemble
            self.input.incar["SMASS"] = 3
            if isinstance(temperature, (int, float)):
                self.input.incar["TEBEG"] = temperature
            else:
                self.input.incar["TEBEG"] = temperature[0]
                self.input.incar["TEEND"] = temperature[-1]
        else:
            # NVE ensemble
            self.input.incar["SMASS"] = -3
        self.input.incar["NSW"] = n_ionic_steps
        self.input.incar["NBLOCK"] = int(n_print)
        self.input.incar["POTIM"] = time_step
        if "ISYM" not in self.input.incar.keys():
            self.input.incar["ISYM"] = 0
        if retain_charge_density:
            self.write_charge_density = retain_charge_density
        if retain_electrostatic_potential:
            self.write_electrostatic_potential = retain_electrostatic_potential
        for key in kwargs.keys():
            self.logger.warning("Tag {} not relevant for vasp".format(key))


    def _set_kpoints(
        self,
        mesh=None,
        scheme="MP",
        center_shift=None,
        symmetry_reduction=True,
        manual_kpoints=None,
        weights=None,
        reciprocal=True,
        n_path=None,
        path_name=None,
    ):
        """
        Function to setup the k-points for the VASP job

        Args:
            mesh (list): Size of the mesh (in the MP scheme)
            scheme (str): Type of k-point generation scheme (MP/GC(gamma centered)/GP(gamma point)/Manual/Line)
            center_shift (list): Shifts the center of the mesh from the gamma point by the given vector
            symmetry_reduction (boolean): Tells if the symmetry reduction is to be applied to the k-points
            manual_kpoints (list/numpy.ndarray): Manual list of k-points
            weights(list/numpy.ndarray): Manually supplied weights to each k-point in case of the manual mode
            reciprocal (bool): Tells if the supplied values are in reciprocal (direct) or cartesian coordinates (in
            reciprocal space)
            n_path (int): Number of points per trace part for line mode
            path_name (str): Name of high symmetry path used for band structure calculations.
        """
        if not symmetry_reduction:
            self.input.incar["ISYM"] = -1
        scheme_list = ["MP", "GC", "GP", "Line", "Manual"]
        if not (scheme in scheme_list):
            raise AssertionError()
        if scheme == "MP":
            if mesh is None:
                mesh = [int(val) for val in self.input.kpoints[3].split()]
            self.input.kpoints.set_kpoints_file(size_of_mesh=mesh, shift=center_shift)
        if scheme == "GC":
            if mesh is None:
                mesh = [int(val) for val in self.input.kpoints[3].split()]
            self.input.kpoints.set_kpoints_file(size_of_mesh=mesh, shift=center_shift, method="Gamma centered")
        if scheme == "GP":
            self.input.kpoints.set_kpoints_file(size_of_mesh=[1, 1, 1], method="Gamma Point")
        if scheme == "Line":
            if n_path is None and self.input.kpoints._n_path is None:
                raise ValueError("n_path has to be defined")
            high_symmetry_points = self.structure.get_high_symmetry_points()
            if high_symmetry_points is None:
                raise ValueError("high_symmetry_points has to be defined")

            if path_name is None and self.input.kpoints._path_name is None:
                raise ValueError("path_name has to be defined")
            if path_name not in self.structure.get_high_symmetry_path().keys():
                raise ValueError("path_name is not a valid key of high_symmetry_path")

            if path_name is not None:
                self.input.kpoints._path_name = path_name
            if n_path is not None:
                self.input.kpoints._n_path = n_path

            self.input.kpoints.set_kpoints_file(
                method="Line",
                n_path=self.input.kpoints._n_path,
                path=self._get_path_for_kpoints(self.input.kpoints._path_name)
            )
        if scheme == "Manual":
            if manual_kpoints is None:
                raise ValueError(
                    "For the manual mode, the kpoints list should be specified"
                )
            else:
                if weights is not None:
                    if not (len(manual_kpoints) == len(weights)):
                        raise AssertionError()
                self.input.kpoints.set_value(line=1, val=str(len(manual_kpoints)))
                if reciprocal:
                    self.input.kpoints.set_value(line=2, val="Reciprocal")
                else:
                    self.input.kpoints.set_value(line=2, val="Cartesian")
                for i, kpt in enumerate(manual_kpoints):
                    if weights is not None:
                        wt = weights[i]
                    else:
                        wt = 1.0
                    self.input.kpoints.set_value(
                        line=3 + i,
                        val=" ".join([str(kpt[0]), str(kpt[1]), str(kpt[2]), str(wt)]),
                    )

    def _get_path_for_kpoints(self, path_name):
        """
        gets the trace for k-points line mode in a VASP readable form.

        Args:
            path_name (str): Name of the path used for band structure calculation from structure instance.

        Returns:
            list: list of tuples of position and path name
        """
        path = self.structure.get_high_symmetry_path()[path_name]

        k_trace = []
        for t in path:
            k_trace.append((self.structure.get_high_symmetry_points()[t[0]], t[0]))
            k_trace.append((self.structure.get_high_symmetry_points()[t[1]], t[1]))

        return k_trace

[docs]    def set_for_band_structure_calc(
        self, num_points, structure=None, read_charge_density=True
    ):
        """
        Sets up the input for a non self-consistent bandstructure calculation

        Args:
            num_points (int): Number of k-points along the total BZ path
            structure (atomistics.structure.atoms.Atoms instance): Structure for which the bandstructure is to be
                                                                       generated. (default is the input structure)
            read_charge_density (boolean): If True, a charge density from a previous SCF run is used (recommended)
        """
        if read_charge_density:
            self.input.incar["ICHARG"] = 11
        if structure is None:
            if not (self._output_parser.structure is not None):
                raise AssertionError()
            structure = self._output_parser.structure
        bs_obj = Bandstructure(structure)
        _, q_point_list, [_, _] = bs_obj.get_path(
            num_points=num_points, path_type="full"
        )
        q_point_list = np.array(q_point_list)
        self._set_kpoints(
            scheme="Manual",
            symmetry_reduction=False,
            manual_kpoints=q_point_list,
            weights=None,
            reciprocal=False,
        )


[docs]    @deprecate(ionic_forces="Use ionic_force_tolerance",
               ionic_energy="use ionic_energy_tolerance")
    def set_convergence_precision(
        self, ionic_energy_tolerance=1.0e-3, electronic_energy=1.0e-7, ionic_force_tolerance=1.0e-2,
        ionic_energy=None, ionic_forces=None
    ):
        """
        Sets the electronic and ionic convergence precision. For ionic convergence either the energy or the force
        precision is required

        Args:
            ionic_energy_tolerance (float): Ionic energy convergence precision (eV)
            electronic_energy (float/NoneType): Electronic energy convergence precision (eV)
            ionic_force_tolerance (float): Ionic force convergence precision (eV/A)
            ionic_energy (float/NoneType): Same as ionic_energy_tolerance (deprecated)
            ionic_forces (float/NoneType): Same as ionic_force_tolerance (deprecated)
        """
        if ionic_forces is not None:
            if ionic_force_tolerance is None:
                ionic_force_tolerance = ionic_forces
        if ionic_energy is not None:
            if ionic_energy_tolerance is None:
                ionic_energy_tolerance = ionic_energy
        if ionic_force_tolerance is not None:
            self.input.incar["EDIFFG"] = -1.0 * abs(ionic_force_tolerance)
        elif ionic_energy_tolerance is not None:
            self.input.incar["EDIFFG"] = abs(ionic_energy_tolerance)
        else:
            # Using default convergence criterion
            self.input.incar["EDIFFG"] = -0.01
        if electronic_energy is not None:
            self.input.incar["EDIFF"] = electronic_energy


[docs]    def set_dipole_correction(self, direction=2, dipole_center=None):
        """
        Apply a dipole correction using the dipole layer method proposed by `Neugebauer & Scheffler`_

        Args:
            direction (int): Direction along which the field has to be applied (0, 1, or 2)
            dipole_center (list/numpy.ndarray): Position of the center of the dipole (not the center of the vacuum) in
                                                relative coordinates

        .. _Neugebauer & Scheffler: https://doi.org/10.1103/PhysRevB.46.16067
        """
        self.set_electric_field(
            e_field=0, direction=direction, dipole_center=dipole_center
        )


[docs]    def set_electric_field(self, e_field=0.1, direction=2, dipole_center=None):
        """
        Set an external electric field using the dipole layer method proposed by `Neugebauer & Scheffler`_

        Args:
            e_field (float): Magnitude of the external electric field (eV/A)
            direction (int): Direction along which the field has to be applied (0, 1, or 2)
            dipole_center (list/numpy.ndarray): Position of the center of the dipole (not the center of the vacuum) in
                                                relative coordinates

        .. _Neugebauer & Scheffler: https://doi.org/10.1103/PhysRevB.46.16067

        """
        if not (direction in range(3)):
            raise AssertionError()
        self.input.incar["ISYM"] = 0
        self.input.incar["LORBIT"] = 11
        self.input.incar["IDIPOL"] = direction + 1
        self.input.incar["LDIPOL"] = True
        self.input.incar["EFIELD"] = e_field
        if dipole_center is not None:
            self.input.incar["DIPOL"] = " ".join(str(val) for val in dipole_center)


[docs]    def set_occupancy_smearing(self, smearing="fermi", width=0.2, ismear=None):
        """
        Set how the finite temperature smearing is applied in determining partial occupancies

        Args:
            smearing (str): Type of smearing (fermi/gaussian etc.)
            width (float): Smearing width (eV)
            ismear (int): Directly sets the ISMEAR tag. Overwrites the smearing tag
        """
        ismear_dict = {"fermi": -1, "gaussian": 0, "MP": 1}
        if ismear is not None:
            self.input.incar["ISMEAR"] = int(ismear)
        else:
            self.input.incar["ISMEAR"] = ismear_dict[smearing]
        self.input.incar["SIGMA"] = width


[docs]    def set_fft_mesh(self, nx=None, ny=None, nz=None):
        """
        Set the number of points in the respective directions for the 3D FFT mesh used for computing the charge density
        or electrostatic potentials. In VASP, using PAW potentials, this refers to the "finer fft mesh". If no values
        are set, the default settings from Vasp are used to set the number of grid points.

        Args:
            nx (int): Number of points on the x-grid
            ny (int): Number of points on the y-grid
            nz (int): Number of points on the z-grid
        """
        if nx is not None:
            self.input.incar["NGXF"] = int(nx)
        if ny is not None:
            self.input.incar["NGYF"] = int(ny)
        if nz is not None:
            self.input.incar["NGZF"] = int(nz)


[docs]    def set_mixing_parameters(
        self,
        method=None,
        n_pulay_steps=None,
        density_mixing_parameter=None,
        spin_mixing_parameter=None,
    ):
        """

        Args:
            method (str):
            n_pulay_steps (int):
            density_mixing_parameter (float):
            spin_mixing_parameter (float):

        """
        if method.upper() == "PULAY":
            self.input.incar["IMIX"] = 4
        if method.upper() == "KERKER":
            self.input.incar["IMIX"] = 1
        if n_pulay_steps is not None:
            self.input.incar["MAXMIX"] = n_pulay_steps
        if density_mixing_parameter is not None:
            self.input.incar["AMIX"] = density_mixing_parameter


[docs]    def set_empty_states(self, n_empty_states=None):
        """
        Sets the number of empty states in the calculation
        Args:
            n_empty_states (int): Required number of empty states

        """
        n_elect = self.get_nelect()
        if n_empty_states is not None:
            self.input.incar["NBANDS"] = int(round(n_elect / 2)) + int(n_empty_states)


[docs]    def get_nelect(self):
        """
        Returns the number of electrons in the systems

        Returns:
            float: Number of electrons in the system

        """
        if not self.status.finished and self.structure is not None:
            potential = VaspPotentialFile(xc=self.input.potcar["xc"])
            return sum(
                [
                    potential.find_default(el).n_elect.values[-1] * n_atoms
                    for el, n_atoms in self.structure.get_parent_basis()
                    .get_number_species_atoms()
                    .items()
                ]
            )
        else:
            return self["output/generic/dft/n_elect"]


[docs]    def get_magnetic_moments(self, iteration_step=-1):
        """
        Gives the magnetic moments of a calculation for each iteration step.

        Args:
            iteration_step (int): Step for which the structure is requested

        Returns:
            numpy.ndarray/None: array of final magmetic moments or None if no magnetic moment is given
        """
        spins = self["output/generic/dft/final_magmoms"]
        if spins is not None and len(spins) > 0:
            return spins[iteration_step]
        else:
            return None


[docs]    def get_charge_density(self):
        """
        Gets the charge density from the hdf5 file. This value is normalized by the volume

        Returns:
                atomistics.volumetric.generic.VolumetricData instance
        """
        if not self.status.finished:
            return
        else:
            with self.project_hdf5.open("output") as ho:
                cd_obj = VaspVolumetricData()
                cd_obj.from_hdf(ho, "charge_density")
            return cd_obj


[docs]    def get_electrostatic_potential(self):
        """
        Gets the electrostatic potential from the hdf5 file.

        Returns:
                atomistics.volumetric.generic.VolumetricData instance
        """
        if not self.status.finished:
            return
        else:
            with self.project_hdf5.open("output") as ho:
                es_obj = VaspVolumetricData()
                es_obj.from_hdf(ho, "electrostatic_potential")
            return es_obj


[docs]    def restart(self, job_name=None, job_type=None):
        """
        Restart a new job created from an existing Vasp calculation.

        Args:
            job_name (str): Job name
            job_type (str): Job type. If not specified a Vasp job type is assumed

        Returns:
            new_ham (vasp.vasp.Vasp instance): New job
        """
        new_ham = super(VaspBase, self).restart(
            job_name=job_name, job_type=job_type
        )
        if new_ham.__name__ == self.__name__:
            new_ham.input.potcar["xc"] = self.input.potcar["xc"]
        if new_ham.input.incar["MAGMOM"] is not None:
            del new_ham.input.incar["MAGMOM"]
        if new_ham.input.incar["M_CONSTR"] is not None:
            del new_ham.input.incar["M_CONSTR"]
        if new_ham.input.incar["LNONCOLLINEAR"] is not None:
            del new_ham.input.incar["LNONCOLLINEAR"]
        return new_ham


[docs]    def restart_for_band_structure_calculations(self, job_name=None):
        """
        Restart a new job created from an existing Vasp calculation by reading the charge density
        for band structure calculations.

        Args:
            job_name (str/None): Job name

        Returns:
            new_ham (vasp.vasp.Vasp instance): New job
        """
        return self.restart_from_charge_density(
            job_name=job_name,
            job_type=None,
            icharg=11,
            self_consistent_calc=None
        )


[docs]    def get_icharg_value(self, icharg=None, self_consistent_calc=None):
        """
        Gives the correct ICHARG value for the restart calculation.

        Args:
            icharg (int/None): If given, this value will be checked for validity and returned.
            self_consistent_calc (bool/None): If 'True' returns 1, if 'False' returns 11,
                if 'None' returns based on the job either 1 or 11.

        Returns:
            int: the icharg tag

        """
        if icharg is None:
            if self_consistent_calc is True:
                return 1
            if self_consistent_calc is False:
                return 11
            if ("ICHARG" in self.input.incar.keys() and int(self.input.incar["ICHARG"]) > 9):
                return 11
            return 1
        if icharg not in [0, 1, 2, 4, 10, 11, 12]:
            raise ValueError(
                "The value '{}' is not a proper input for 'icharg'. Look at VASP manual.".format(icharg)
            )
        return icharg


[docs]    def restart_from_charge_density(
        self,
        job_name=None,
        job_type=None,
        icharg=None,
        self_consistent_calc=None,
    ):
        """
        Restart a new job created from an existing Vasp calculation by reading the charge density.

        Args:
            job_name (str/None): Job name
            job_type (str/None): Job type. If not specified a Vasp job type is assumed
            icharg (int/None): If given, this value will be checked for validity and returned.
            self_consistent_calc (bool/None): If 'True' returns 1, if 'False' returns 11,
                if 'None' returns based on the job either 1 or 11.

        Returns:
            new_ham (vasp.vasp.Vasp instance): New job
        """
        new_ham = self.restart(job_name=job_name, job_type=job_type)
        if new_ham.__name__ == self.__name__:
            try:
                new_ham.restart_file_list.append(
                    posixpath.join(self.working_directory, "CHGCAR")
                )
            except IOError:
                self.logger.warning(
                    msg="A CHGCAR from job: {} is not generated and therefore it can't be read.".format(
                        self.job_name
                    )
                )
            new_ham.input.incar["ICHARG"] = self.get_icharg_value(
                icharg=icharg,
                self_consistent_calc=self_consistent_calc,
            )
        return new_ham


[docs]    def append_charge_density(self, job_specifier=None, path=None):
        """
        Append charge density file (CHGCAR)

        Args:
            job_specifier (str/int): name of the job or job ID
            path (str): path to CHGCAR file
        """
        if job_specifier is None and path is None:
            raise ValueError("Either 'job_specifier' or 'path' has to be given!")
        elif job_specifier is not None:
            path = self.project.inspect(job_specifier=job_specifier).working_directory
        if os.path.basename(path) == "CHGCAR":
            self.restart_file_list.append(path)
        else:
            self.restart_file_list.append(posixpath.join(path, "CHGCAR"))


[docs]    def restart_from_wave_and_charge(
        self,
        job_name=None,
        job_type=None,
        icharg=None,
        self_consistent_calc=None,
        istart=1,
    ):
        """
        Restart a new job created from an existing Vasp calculation by reading the charge density and the wave
        function.

        Args:
            job_name (str/None): Job name
            job_type (str/None): Job type. If not specified a Vasp job type is assumed
            icharg (int/None): If given, this value will be checked for validity and returned.
            self_consistent_calc (bool/None): If 'True' returns 1, if 'False' returns 11,
                if 'None' returns based on the job either 1 or 11.
            istart (int): Vasp ISTART tag

        Returns:
            new_ham (vasp.vasp.Vasp instance): New job
        """
        new_ham = self.restart(job_name=job_name, job_type=job_type)
        if new_ham.__name__ == self.__name__:
            try:
                new_ham.restart_file_list.append(
                    posixpath.join(self.working_directory, "CHGCAR")
                )
            except IOError:
                self.logger.warning(
                    msg="A CHGCAR from job: {} is not generated and therefore it can't be read.".format(
                        self.job_name
                    )
                )
            try:
                new_ham.restart_file_list.append(
                    posixpath.join(self.working_directory, "WAVECAR")
                )
            except IOError:
                self.logger.warning(
                    msg="A WAVECAR from job: {} is not generated and therefore it can't be read.".format(
                        self.job_name
                    )
                )
            new_ham.input.incar["ISTART"] = istart

            new_ham.input.incar["ICHARG"] = self.get_icharg_value(
                icharg=icharg,
                self_consistent_calc=self_consistent_calc,
            )
        return new_ham


[docs]    def compress(self, files_to_compress=None):
        """
        Compress the output files of a job object.

        Args:
            files_to_compress (list): A list of files to compress (optional)
        """
        if files_to_compress is None:
            files_to_compress = [
                f
                for f in list(self.list_files())
                if f not in ["CHGCAR", "CONTCAR", "WAVECAR", "STOPCAR"]
            ]
        # delete empty files
        for f in list(self.list_files()):
            filename = os.path.join(self.working_directory, f)
            if (
                f not in files_to_compress
                and os.path.exists(filename)
                and os.stat(filename).st_size == 0
            ):
                os.remove(filename)
        super(VaspBase, self).compress(files_to_compress=files_to_compress)


[docs]    def restart_from_wave_functions(
        self, job_name=None, job_type=None, istart=1
    ):

        """
        Restart a new job created from an existing Vasp calculation by reading the wave functions.

        Args:
            job_name (str/None): Job name
            job_type (str/None): Job type. If not specified a Vasp job type is assumed
            istart (int): Vasp ISTART tag

        Returns:
            new_ham (vasp.vasp.Vasp instance): New job
        """
        new_ham = self.restart(job_name=job_name, job_type=job_type)
        if new_ham.__name__ == self.__name__:
            try:
                new_ham.restart_file_list.append(
                    posixpath.join(self.working_directory, "WAVECAR")
                )
            except IOError:
                self.logger.warning(
                    msg="A WAVECAR from job: {} is not generated and therefore it can't be read.".format(
                        self.job_name
                    )
                )
            new_ham.input.incar["ISTART"] = istart
        return new_ham


[docs]    def append_wave_function(self, job_specifier=None, path=None):
        """
        Append wave function file (WAVECAR)

        Args:
            job_specifier (str/int): name of the job or job ID
            path (str): path to WAVECAR file
        """
        if job_specifier is None and path is None:
            raise ValueError("Either 'job_specifier' or 'path' has to be given!")
        elif job_specifier is not None:
            path = self.project.inspect(job_specifier=job_specifier).working_directory
        if os.path.basename(path) == "WAVECAR":
            self.restart_file_list.append(path)
        else:
            self.restart_file_list.append(posixpath.join(path, "WAVECAR"))


[docs]    def set_rwigs(self, rwigs_dict):
        """
        Sets the radii of Wigner-Seitz cell. (RWIGS tag)

        Args:
            rwigs_dict (dict): Dictionary of species and corresponding radii.
                (structure has to be defined before)
        """
        if not isinstance(rwigs_dict, dict):
            raise AssertionError("'rwigs_dict' has to be a dict!")
        if not all([isinstance(val, (int, float)) for val in rwigs_dict.values()]):
            raise ValueError("The values of 'rwigs_dict' has to be floats!")
        species_keys = self.structure.get_number_species_atoms().keys()
        rwigs_keys = rwigs_dict.keys()
        for k in species_keys:
            if k not in list(rwigs_keys):
                raise ValueError("'{}' is not in rwigs_dict!".format(k))

        rwigs = [rwigs_dict[i] for i in species_keys]
        self.input.incar["RWIGS"] = " ".join(map(str, rwigs))


[docs]    def get_rwigs(self):
        """
        Gets the radii of Wigner-Seitz cell. (RWIGS tag)

        Returns:
            dict: dictionary of radii
        """
        if "RWIGS" in self.input.incar._dataset["Parameter"]:
            species_keys = self.structure.get_number_species_atoms().keys()
            rwigs = [float(i) for i in self.input.incar["RWIGS"].split()]
            rwigs_dict = dict()
            for i, k in enumerate(species_keys):
                rwigs_dict.update({k: rwigs[i]})
            return rwigs_dict
        else:
            return None


[docs]    def set_spin_constraint(self, lamb, rwigs_dict, direction=False, norm=False):
        """
        Sets spin constrains including 'LAMBDA' and 'RWIGS'.

        Args:
            lamb (float): LAMBDA tag
            rwigs_dict (dict): Dictionary of species and corresponding radii.
                (structure has to be defined before)
            direction (bool): (True/False) constrain spin direction.
            norm (bool): (True/False) constrain spin norm (magnitude).
        """
        if not isinstance(direction, bool):
            raise AssertionError("'direction' has to be a bool!")
        if not isinstance(norm, bool):
            raise AssertionError("'lamb' has to be a bool!")
        if not isinstance(lamb, float):
            raise AssertionError("'lamb' has to be a float!")
        if direction and norm:
            self.input.incar["I_CONSTRAINED_M"] = 2
        elif direction:
            self.input.incar["I_CONSTRAINED_M"] = 1
        elif norm:
            raise ValueError("Constraining norm only is not possible.")
        else:
            raise ValueError("You have to constrain either direction or norm and direction.")

        self.input.incar["LAMBDA"] = lamb
        self.set_rwigs(rwigs_dict)


[docs]    def validate_ready_to_run(self):
        super(VaspBase, self).validate_ready_to_run()
        if "spin_constraint" in self.structure._tag_list.keys():
            raise NotImplementedError(
                "The spin_constraint tag is not supported by VASP."
            )


[docs]    def list_potentials(self):
        """
        Lists all the possible POTCAR files for the elements in the structure depending on the XC functional

        Returns:
           list: a list of available potentials
        """
        return self.potential_list


    def __del__(self):
        pass



[docs]class Input:
    """
    Handles setting the input parameters for a VASP job.

    Attributes:
        incar: .vasp.vasp.Incar instance to handle the INCAR file inputs in VASP
        kpoints: vasp.vasp.Kpoints instance to handle the KPOINTS file inputs in VASP
        potcar: vasp.vasp.Potcar instance to set the appropriate POTCAR files for the simulation

    Ideally, the user would not have to access the Input instance unless the user wants to set an extremely specific
    VASP tag which can't se set using functions in Vasp().

    Examples:

        >>> atoms =  CrystalStructure("Pt", BravaisBasis="fcc", a=3.98)
        >>> ham = VaspBase("trial")
        >>> ham.structure = atoms
        >>> ham.calc_static()
        >>> assert(atoms==ham.structure)
        >>> assert(ham.input.incar["ISIF"]==-1)
    """

    def __init__(self):
        self.incar = Incar(table_name="incar")
        self.kpoints = Kpoints(table_name="kpoints")
        self.potcar = Potcar(table_name="potcar")

        self._eddrmm = "warn"

[docs]    def write(self, structure, modified_elements, directory=None):
        """
        Writes all the input files to a specified directory

        Args:
            structure (atomistics.structure.atoms.Atoms instance): Structure to be written
            directory (str): The working directory for the VASP run
        """
        self.incar.write_file(file_name="INCAR", cwd=directory)
        self.kpoints.write_file(file_name="KPOINTS", cwd=directory)
        self.potcar.potcar_set_structure(structure, modified_elements)
        self.potcar.write_file(file_name="POTCAR", cwd=directory)
        # Write the species info in the POSCAR file only if there are no user defined species
        is_user_defined = list()
        for species in structure.get_species_objects():
            is_user_defined.append(species.Parent is not None)
        do_not_write_species = any(is_user_defined)
        write_poscar(
            structure,
            filename=posixpath.join(directory, "POSCAR"),
            write_species=not do_not_write_species,
        )


[docs]    def to_hdf(self, hdf):
        """
        Save the object in a HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): HDF path to which the object is to be saved

        """

        with hdf.open("input") as hdf5_input:
            self.incar.to_hdf(hdf5_input)
            self.kpoints.to_hdf(hdf5_input)
            self.potcar.to_hdf(hdf5_input)

            if "vasp_dict" in hdf5_input.list_nodes():
                vasp_dict = hdf5_input["vasp_dict"]
                vasp_dict.update({"eddrmm_handling": self._eddrmm})
                hdf5_input["vasp_dict"] = vasp_dict
            else:
                vasp_dict = {"eddrmm_handling": self._eddrmm}
                hdf5_input["vasp_dict"] = vasp_dict


[docs]    def from_hdf(self, hdf):
        """
        Reads the attributes and reconstructs the object from a hdf file

        Args:
            hdf: The hdf5 instance
        """
        with hdf.open("input") as hdf5_input:
            self.incar.from_hdf(hdf5_input)
            self.kpoints.from_hdf(hdf5_input)
            self.potcar.from_hdf(hdf5_input)

            self._eddrmm = "ignore"
            if "vasp_dict" in hdf5_input.list_nodes():
                vasp_dict = hdf5_input["vasp_dict"]
                if "eddrmm_handling" in vasp_dict.keys():
                    self._eddrmm = self._eddrmm_backwards_compatibility(vasp_dict["eddrmm_handling"])


    @staticmethod
    def _eddrmm_backwards_compatibility(eddrmm_value):
        """On 9-03-2020, the EDDRMM flag 'not_converged' was switched to 'warn'."""
        if eddrmm_value == 'not_converged':
            return 'warn'
        else:
            return eddrmm_value



[docs]class Output:
    """
    Handles the output from a VASP simulation.

    Attributes:
        electronic_structure: Gives the electronic structure of the system
        electrostatic_potential: Gives the electrostatic/local potential of the system
        charge_density: Gives the charge density of the system
    """

    def __init__(self):
        self._structure = None
        self.outcar = Outcar()
        self.oszicar = Oszicar()
        self.generic_output = GenericOutput()
        self.description = (
            "This contains all the output static from this particular vasp run"
        )
        self.charge_density = VaspVolumetricData()
        self.electrostatic_potential = VaspVolumetricData()
        self.procar = Procar()
        self.electronic_structure = ElectronicStructure()
        self.vp_new = Vr()

    @property
    def structure(self):
        """
        Getter for the output structure
        """
        return self._structure

    @structure.setter
    def structure(self, atoms):
        """
        Setter for the output structure
        """
        self._structure = atoms

[docs]    def collect(self, directory=os.getcwd(), sorted_indices=None):
        """
        Collects output from the working directory

        Args:
            directory (str): Path to the directory
            sorted_indices (np.array/None):
        """
        if sorted_indices is None:
            sorted_indices = vasp_sorter(self.structure)
        files_present = os.listdir(directory)
        log_dict = dict()
        vasprun_working, outcar_working = False, False
        if not ("OUTCAR" in files_present or "vasprun.xml" in files_present):
            raise IOError("Either the OUTCAR or vasprun.xml files need to be present")
        if "OSZICAR" in files_present:
            self.oszicar.from_file(filename=posixpath.join(directory, "OSZICAR"))
        if "OUTCAR" in files_present:
            self.outcar.from_file(filename=posixpath.join(directory, "OUTCAR"))
            outcar_working = True
        if "vasprun.xml" in files_present:
            try:
                with warnings.catch_warnings(record=True) as w:
                    warnings.simplefilter("always")
                    self.vp_new.from_file(filename=posixpath.join(directory, "vasprun.xml"))
                    if any([isinstance(warn.category, VasprunWarning) for warn in w]):
                        s.logger.warning("vasprun.xml parsed but with some inconsistencies. "
                                         "Check vasp output to be sure")
                        warnings.warn("vasprun.xml parsed but with some inconsistencies. "
                                      "Check vasp output to be sure", VasprunWarning)
            except VasprunError:
                s.logger.warning("Unable to parse the vasprun.xml file. Will attempt to get data from OUTCAR")
            else:
                # If parsing the vasprun file does not throw an error, then set to True
                vasprun_working = True
        if outcar_working:
            log_dict["temperature"] = self.outcar.parse_dict["temperatures"]
            log_dict["pressures"] = self.outcar.parse_dict["pressures"]
            log_dict["elastic_constants"] = self.outcar.parse_dict["elastic_constants"]
            self.generic_output.dft_log_dict["n_elect"] = self.outcar.parse_dict[
                "n_elect"
            ]
            if len(self.outcar.parse_dict["magnetization"]) > 0:
                magnetization = np.array(self.outcar.parse_dict["magnetization"]).copy()
                final_magmoms = np.array(self.outcar.parse_dict["final_magmoms"]).copy()
                # magnetization[sorted_indices] = magnetization.copy()
                if len(final_magmoms) != 0:
                    if len(final_magmoms.shape) == 3:
                        final_magmoms[:, sorted_indices, :] = final_magmoms.copy()
                    else:
                        final_magmoms[:, sorted_indices] = final_magmoms.copy()
                self.generic_output.dft_log_dict[
                    "magnetization"
                ] = magnetization.tolist()
                self.generic_output.dft_log_dict[
                    "final_magmoms"
                ] = final_magmoms.tolist()
            self.generic_output.dft_log_dict["e_fermi_list"] = self.outcar.parse_dict["e_fermi_list"]
            self.generic_output.dft_log_dict["vbm_list"] = self.outcar.parse_dict["vbm_list"]
            self.generic_output.dft_log_dict["cbm_list"] = self.outcar.parse_dict["cbm_list"]

        if vasprun_working:
            log_dict["forces"] = self.vp_new.vasprun_dict["forces"]
            log_dict["cells"] = self.vp_new.vasprun_dict["cells"]
            log_dict["volume"] = [
                np.linalg.det(cell) for cell in self.vp_new.vasprun_dict["cells"]
            ]
            # log_dict["total_energies"] = self.vp_new.vasprun_dict["total_energies"]
            log_dict["energy_tot"] = self.vp_new.vasprun_dict["total_energies"]
            if "kinetic_energies" in self.vp_new.vasprun_dict.keys():
                log_dict["energy_pot"] = (
                    log_dict["energy_tot"]
                    - self.vp_new.vasprun_dict["kinetic_energies"]
                )
            else:
                log_dict["energy_pot"] = log_dict["energy_tot"]
            log_dict["steps"] = np.arange(len(log_dict["energy_tot"]))
            log_dict["positions"] = self.vp_new.vasprun_dict["positions"]
            log_dict["forces"][:, sorted_indices] = log_dict["forces"].copy()
            log_dict["positions"][:, sorted_indices] = log_dict["positions"].copy()
            log_dict["positions"] = np.einsum('nij,njk->nik',
                                              log_dict["positions"],
                                              log_dict["cells"])
            # log_dict["scf_energies"] = self.vp_new.vasprun_dict["scf_energies"]
            # log_dict["scf_dipole_moments"] = self.vp_new.vasprun_dict["scf_dipole_moments"]
            self.electronic_structure = self.vp_new.get_electronic_structure()
            if self.electronic_structure.grand_dos_matrix is not None:
                self.electronic_structure.grand_dos_matrix[
                    :, :, :, sorted_indices, :
                ] = self.electronic_structure.grand_dos_matrix[:, :, :, :, :].copy()
            if self.electronic_structure.resolved_densities is not None:
                self.electronic_structure.resolved_densities[
                    :, sorted_indices, :, :
                ] = self.electronic_structure.resolved_densities[:, :, :, :].copy()
            self.structure.positions = log_dict["positions"][-1]
            self.structure.set_cell(log_dict["cells"][-1])

        elif outcar_working:
            # log_dict = self.outcar.parse_dict.copy()
            if len(self.outcar.parse_dict["energies"]) == 0:
                raise VaspCollectError("Error in parsing OUTCAR")
            log_dict["energy_tot"] = self.outcar.parse_dict["energies"]
            log_dict["temperature"] = self.outcar.parse_dict["temperatures"]
            log_dict["pressures"] = self.outcar.parse_dict["pressures"]
            log_dict["forces"] = self.outcar.parse_dict["forces"]
            log_dict["positions"] = self.outcar.parse_dict["positions"]
            log_dict["forces"][:, sorted_indices] = log_dict["forces"].copy()
            log_dict["positions"][:, sorted_indices] = log_dict["positions"].copy()
            if len(log_dict["positions"].shape) != 3:
                raise VaspCollectError("Improper OUTCAR parsing")
            elif log_dict["positions"].shape[1] != len(sorted_indices):
                raise VaspCollectError("Improper OUTCAR parsing")
            if len(log_dict["forces"].shape) != 3:
                raise VaspCollectError("Improper OUTCAR parsing")
            elif log_dict["forces"].shape[1] != len(sorted_indices):
                raise VaspCollectError("Improper OUTCAR parsing")
            log_dict["time"] = self.outcar.parse_dict["time"]
            log_dict["steps"] = self.outcar.parse_dict["steps"]
            log_dict["cells"] = self.outcar.parse_dict["cells"]
            log_dict["volume"] = np.array(
                [np.linalg.det(cell) for cell in self.outcar.parse_dict["cells"]]
            )
            self.generic_output.dft_log_dict[
                "scf_energy_free"
            ] = self.outcar.parse_dict["scf_energies"]
            self.generic_output.dft_log_dict["scf_dipole_mom"] = self.outcar.parse_dict[
                "scf_dipole_moments"
            ]
            self.generic_output.dft_log_dict["n_elect"] = self.outcar.parse_dict[
                "n_elect"
            ]
            self.generic_output.dft_log_dict["energy_int"] = self.outcar.parse_dict[
                "energies_int"
            ]
            self.generic_output.dft_log_dict["energy_free"] = self.outcar.parse_dict[
                "energies"
            ]
            self.generic_output.dft_log_dict["energy_zero"] = self.outcar.parse_dict[
                "energies_zero"
            ]
            self.generic_output.dft_log_dict["energy_int"] = self.outcar.parse_dict[
                "energies_int"
            ]
            if "PROCAR" in files_present:
                try:
                    self.electronic_structure = self.procar.from_file(
                        filename=posixpath.join(directory, "PROCAR")
                    )
                    #  Even the atom resolved values have to be sorted from the vasp atoms order to the Atoms order
                    self.electronic_structure.grand_dos_matrix[
                        :, :, :, sorted_indices, :
                    ] = self.electronic_structure.grand_dos_matrix[:, :, :, :, :].copy()
                    try:
                        self.electronic_structure.efermi = self.outcar.parse_dict[
                            "fermi_level"
                        ]
                    except KeyError:
                        self.electronic_structure.efermi = self.vp_new.vasprun_dict[
                            "efermi"
                        ]
                except ValueError:
                    pass
        # important that we "reverse sort" the atoms in the vasp format into the atoms in the atoms class
        self.generic_output.log_dict = log_dict
        if vasprun_working:
            # self.dft_output.log_dict["parameters"] = self.vp_new.vasprun_dict["parameters"]
            self.generic_output.dft_log_dict[
                "scf_dipole_mom"
            ] = self.vp_new.vasprun_dict["scf_dipole_moments"]
            if len(self.generic_output.dft_log_dict["scf_dipole_mom"][0]) > 0:
                total_dipole_moments = np.array(
                    [
                        dip[-1]
                        for dip in self.generic_output.dft_log_dict["scf_dipole_mom"]
                    ]
                )
                self.generic_output.dft_log_dict["dipole_mom"] = total_dipole_moments
            self.generic_output.dft_log_dict[
                "scf_energy_int"
            ] = self.vp_new.vasprun_dict["scf_energies"]
            self.generic_output.dft_log_dict[
                "scf_energy_free"
            ] = self.vp_new.vasprun_dict["scf_fr_energies"]
            self.generic_output.dft_log_dict[
                "scf_energy_zero"
            ] = self.vp_new.vasprun_dict["scf_0_energies"]
            self.generic_output.dft_log_dict["energy_int"] = np.array(
                [
                    e_int[-1]
                    for e_int in self.generic_output.dft_log_dict["scf_energy_int"]
                ]
            )
            self.generic_output.dft_log_dict["energy_free"] = np.array(
                [
                    e_free[-1]
                    for e_free in self.generic_output.dft_log_dict["scf_energy_free"]
                ]
            )
            # Overwrite energy_free with much better precision from the OSZICAR file
            if "energy_pot" in self.oszicar.parse_dict.keys():
                if np.array_equal(self.generic_output.dft_log_dict["energy_free"],
                                  np.round(self.oszicar.parse_dict["energy_pot"], 8)):
                    self.generic_output.dft_log_dict["energy_free"] = self.oszicar.parse_dict["energy_pot"]
            self.generic_output.dft_log_dict["energy_zero"] = np.array(
                [
                    e_zero[-1]
                    for e_zero in self.generic_output.dft_log_dict["scf_energy_zero"]
                ]
            )
            self.generic_output.dft_log_dict["n_elect"] = float(
                self.vp_new.vasprun_dict["parameters"]["electronic"]["NELECT"]
            )
            if "kinetic_energies" in self.vp_new.vasprun_dict.keys():
                self.generic_output.dft_log_dict[
                    "scf_energy_kin"
                ] = self.vp_new.vasprun_dict["kinetic_energies"]

        if (
            "LOCPOT" in files_present
            and os.stat(posixpath.join(directory, "LOCPOT")).st_size != 0
        ):
            self.electrostatic_potential.from_file(
                filename=posixpath.join(directory, "LOCPOT"), normalize=False
            )
        if (
            "CHGCAR" in files_present
            and os.stat(posixpath.join(directory, "CHGCAR")).st_size != 0
        ):
            self.charge_density.from_file(
                filename=posixpath.join(directory, "CHGCAR"), normalize=True
            )
        self.generic_output.bands = self.electronic_structure


[docs]    def to_hdf(self, hdf):
        """
        Save the object in a HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): HDF path to which the object is to be saved

        """
        with hdf.open("output") as hdf5_output:
            hdf5_output["description"] = self.description
            self.generic_output.to_hdf(hdf5_output)
            try:
                self.structure.to_hdf(hdf5_output)
            except AttributeError:
                pass

            # with hdf5_output.open("vasprun") as hvr:
            #  if self.vasprun.dict_vasprun is not None:
            #     for key, val in self.vasprun.dict_vasprun.items():
            #        hvr[key] = val

            if self.electrostatic_potential.total_data is not None:
                self.electrostatic_potential.to_hdf(
                    hdf5_output, group_name="electrostatic_potential"
                )

            if self.charge_density.total_data is not None:
                self.charge_density.to_hdf(hdf5_output, group_name="charge_density")

            if len(self.electronic_structure.kpoint_list) > 0:
                self.electronic_structure.to_hdf(
                    hdf=hdf5_output, group_name="electronic_structure"
                )

            if self.outcar.parse_dict:
                self.outcar.to_hdf_minimal(hdf=hdf5_output, group_name="outcar")


[docs]    def from_hdf(self, hdf):
        """
        Reads the attributes and reconstructs the object from a hdf file
        Args:
            hdf: The hdf5 instance
        """
        with hdf.open("output") as hdf5_output:
            # self.description = hdf5_output["description"]
            if self.structure is None:
                self.structure = Atoms()
            self.structure.from_hdf(hdf5_output)
            self.generic_output.from_hdf(hdf5_output)
            try:
                if "electrostatic_potential" in hdf5_output.list_groups():
                    self.electrostatic_potential.from_hdf(
                        hdf5_output, group_name="electrostatic_potential"
                    )
                if "charge_density" in hdf5_output.list_groups():
                    self.charge_density.from_hdf(
                        hdf5_output, group_name="charge_density"
                    )
                if "electronic_structure" in hdf5_output.list_groups():
                    self.electronic_structure.from_hdf(hdf=hdf5_output)
                if "outcar" in hdf5_output.list_groups():
                    self.outcar.from_hdf(hdf=hdf5_output, group_name="outcar")
            except (TypeError, IOError, ValueError):
                s.logger.warning("Routine from_hdf() not completely successful")




[docs]class GenericOutput:
    """

    This class stores the generic output like different structures, energies and forces from a simulation in a highly
    generic format. Usually the user does not have to access this class.

    Attributes:
        log_dict (dict): A dictionary of all tags and values of generic data (positions, forces, etc)
    """

    def __init__(self):
        self.log_dict = dict()
        self.dft_log_dict = dict()
        self.description = "generic_output contains generic output static"
        self._bands = ElectronicStructure()

    @property
    def bands(self):
        return self._bands

    @bands.setter
    def bands(self, val):
        self._bands = val

[docs]    def to_hdf(self, hdf):
        """
        Save the object in a HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): HDF path to which the object is to be saved

        """
        with hdf.open("generic") as hdf_go:
            # hdf_go["description"] = self.description
            for key, val in self.log_dict.items():
                hdf_go[key] = val
            with hdf_go.open("dft") as hdf_dft:
                for key, val in self.dft_log_dict.items():
                    hdf_dft[key] = val
                if self.bands.eigenvalue_matrix is not None:
                    self.bands.to_hdf(hdf_dft, "bands")


[docs]    def from_hdf(self, hdf):
        """
        Reads the attributes and reconstructs the object from a hdf file
        Args:
            hdf: The hdf5 instance
        """
        with hdf.open("generic") as hdf_go:
            for node in hdf_go.list_nodes():
                if node == "description":
                    # self.description = hdf_go[node]
                    pass
                else:
                    self.log_dict[node] = hdf_go[node]
            if "dft" in hdf_go.list_groups():
                with hdf_go.open("dft") as hdf_dft:
                    for node in hdf_dft.list_nodes():
                        self.dft_log_dict[node] = hdf_dft[node]
                    if "bands" in hdf_dft.list_groups():
                        self.bands.from_hdf(hdf_dft, "bands")




[docs]class DFTOutput:
    """
    This class stores the DFT specific output

    Attributes:
        log_dict (dict): A dictionary of all tags and values of DFT data
    """

    def __init__(self):
        self.log_dict = dict()
        self.description = "contains DFT specific output"

[docs]    def to_hdf(self, hdf):
        """
        Save the object in a HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): HDF path to which the object is to be saved

        """
        with hdf.open("dft") as hdf_dft:
            # hdf_go["description"] = self.description
            for key, val in self.log_dict.items():
                hdf_dft[key] = val


[docs]    def from_hdf(self, hdf):
        """
        Reads the attributes and reconstructs the object from a hdf file
        Args:
            hdf: The hdf5 instance
        """
        with hdf.open("dft") as hdf_dft:
            for node in hdf_dft.list_nodes():
                if node == "description":
                    # self.description = hdf_go[node]
                    pass
                else:
                    self.log_dict[node] = hdf_dft[node]




[docs]class Incar(GenericParameters):
    """
    Class to control the INCAR file of a vasp simulation
    """

    def __init__(self, input_file_name=None, table_name="incar"):
        super(Incar, self).__init__(
            input_file_name=input_file_name,
            table_name=table_name,
            comment_char="#",
            separator_char="=",
        )
        self._bool_dict = {True: ".TRUE.", False: ".FALSE."}

[docs]    def load_default(self):
        """
        Loads the default file content
        """
        file_content = """\
SYSTEM =  ToDo  # jobname
PREC = Accurate
ALGO = Fast
LREAL = False
LWAVE = False
LORBIT = 0
"""
        self.load_string(file_content)


    def _bool_str_to_bool(self, val):
        val = super(Incar, self)._bool_str_to_bool(val)
        extra_bool = {True: "T", False: "F"}
        for key, value in extra_bool.items():
            if val == value:
                return key
        extra_bool = {True: ".True.", False: ".False."}
        for key, value in extra_bool.items():
            if val == value:
                return key
        return val



[docs]class Kpoints(GenericParameters):
    """
    Class to control the KPOINTS file of a vasp simulation
    """

    def __init__(self, input_file_name=None, table_name="kpoints"):
        super(Kpoints, self).__init__(
            input_file_name=input_file_name,
            table_name=table_name,
            val_only=True,
            comment_char="!",
        )
        self._path_name = None
        self._n_path = None

[docs]    def set_kpoints_file(self, method=None, size_of_mesh=None, shift=None, n_path=None, path=None):
        """
        Sets appropriate tags and values in the KPOINTS file
        Args:
            method (str): Type of meshing scheme (Gamma, MP, Manual or Line)
            size_of_mesh (list/numpy.ndarray): List of size 1x3 specifying the required mesh size
            shift (list): List of size 1x3 specifying the user defined shift from the Gamma point
            n_path (int): Number of points per trace for line mode
            path (list): List of tuples including path coorinate and name.
        """
        if n_path is not None:
            if path is None:
                raise ValueError("trace have to be defined")

            self.set_value(line=1, val=n_path)
            self.set_value(line=3, val="rec")

            for i, t in enumerate(path):
                val = " ".join([str(ii) for ii in t[0]])
                val = val + " !" + t[1]
                self.set_value(line=i + 4, val=val)
        if method is not None:
            self.set_value(line=2, val=method)
        if size_of_mesh is not None:
            val = " ".join([str(i) for i in size_of_mesh])
            self.set_value(line=3, val=val)
        if shift is not None:
            val = " ".join([str(i) for i in shift])
            self.set_value(line=4, val=val)


[docs]    def load_default(self):
        """
        Loads the default file content
        """
        file_content = """\
Kpoints file generated with pyiron
0
Monkhorst_Pack
4 4 4
0 0 0
"""
        self.load_string(file_content)


[docs]    def set_kmesh_by_density(self, structure):
        if (
            "density_of_mesh" in self._dataset
            and self._dataset["density_of_mesh"] is not None
        ):
            if self._dataset["density_of_mesh"] != 0.0:
                k_mesh = get_k_mesh_by_cell(
                    structure.get_cell(),
                    kspace_per_in_ang=self._dataset["density_of_mesh"],
                )
                self.set_kpoints_file(size_of_mesh=k_mesh)


[docs]    def to_hdf(self, hdf, group_name=None):
        """
        Store the GenericParameters in an HDF5 file

        Args:
            hdf (ProjectHDFio): HDF5 group object
            group_name (str): HDF5 subgroup name - optional
        """
        super(Kpoints, self).to_hdf(
            hdf=hdf,
            group_name=group_name
        )
        if self._path_name is not None:
            line_dict = {"path_name": self._path_name,
                         "n_path": self._n_path}
            with hdf.open("kpoints") as hdf_kpoints:
                hdf_kpoints["line_dict"] = line_dict


[docs]    def from_hdf(self, hdf, group_name=None):
        """
        Restore the GenericParameters from an HDF5 file

        Args:
            hdf (ProjectHDFio): HDF5 group object
            group_name (str): HDF5 subgroup name - optional
        """
        super(Kpoints, self).from_hdf(
            hdf=hdf,
            group_name=group_name
        )
        self._path_name = None
        self._n_path = None
        with hdf.open("kpoints") as hdf_kpoints:
            if "line_dict" in hdf_kpoints.list_nodes():
                self._path_name = hdf_kpoints["line_dict"]["path_name"]
                self._n_path = hdf_kpoints["line_dict"]["n_path"]




[docs]def get_k_mesh_by_cell(cell, kspace_per_in_ang=0.10):
    """
    Args:
        cell:
        kspace_per_in_ang:
    Returns:
    """
    latlens = [np.linalg.norm(lat) for lat in cell]
    kmesh = np.ceil(np.array([2 * np.pi / ll for ll in latlens]) / kspace_per_in_ang)
    kmesh[kmesh < 1] = 1
    return kmesh



[docs]class VaspCollectError(ValueError):
    pass
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  Source code for pyiron.vasp.interactive

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
import os
from subprocess import Popen, PIPE

from pyiron.vasp.outcar import Outcar
from pyiron.vasp.base import VaspBase
from pyiron.vasp.structure import vasp_sorter
from pyiron.vasp.potential import VaspPotentialSetter
from pyiron.vasp.base import GenericOutput as GenericOutputBase
from pyiron.vasp.base import DFTOutput as DFTOutputBase
from pyiron.vasp.base import Output as OutputBase
from pyiron.atomistics.job.interactive import GenericInteractive


__author__ = "Osamu Waseda, Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2018"


[docs]class VaspInteractive(VaspBase, GenericInteractive):
    def __init__(self, project, job_name):
        super(VaspInteractive, self).__init__(project, job_name)
        self._interactive_write_input_files = True
        self._interactive_vasprun = None
        self.interactive_flush_frequency = 1

    @property
    def structure(self):
        return GenericInteractive.structure.fget(self)

    @structure.setter
    def structure(self, structure):
        GenericInteractive.structure.fset(self, structure)
        if structure is not None:
            self._potential = VaspPotentialSetter(
                element_lst=structure.get_species_symbols().tolist()
            )

    @property
    def interactive_enforce_structure_reset(self):
        return self._interactive_enforce_structure_reset

    @interactive_enforce_structure_reset.setter
    def interactive_enforce_structure_reset(self, reset):
        raise NotImplementedError(
            "interactive_enforce_structure_reset() is not implemented!"
        )

[docs]    def get_structure(self, iteration_step=-1, wrap_atoms=True):
        """
        Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
        there is only one ionic iteration step
        Args:
            iteration_step (int): Step for which the structure is requested
            wrap_atoms (bool): True if the atoms are to be wrapped back into the unit cell

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: The required structure
        """
        if (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ):
            structure = GenericInteractive.get_structure(self, iteration_step=iteration_step, wrap_atoms=wrap_atoms)
        else:
            structure = VaspBase.get_structure(self, iteration_step=iteration_step, wrap_atoms=wrap_atoms)

        return structure


[docs]    def interactive_close(self):
        if self.interactive_is_activated():
            with open(os.path.join(self.working_directory, "STOPCAR"), "w") as stopcar:
                stopcar.write("LABORT = .TRUE.")  # stopcar.write('LSTOP = .TRUE.')
            try:
                self.run_if_interactive_non_modal()
                self.run_if_interactive_non_modal()
                for atom in self.current_structure.get_scaled_positions():
                    text = " ".join(map("{:19.16f}".format, atom))
                    self._interactive_library.stdin.write(text + "\n")
            except BrokenPipeError:
                self._logger.warning(
                    "VASP calculation exited before interactive_close() - already converged?"
                )
            for key in self.interactive_cache.keys():
                if isinstance(self.interactive_cache[key], list):
                    self.interactive_cache[key] = self.interactive_cache[key]
            super(VaspInteractive, self).interactive_close()
            self.status.collect = True
            self._output_parser = Output()
            if self["vasprun.xml"] is not None:
                self.run()


[docs]    def interactive_energy_tot_getter(self):
        return self.interactive_energy_pot_getter()


[docs]    def interactive_energy_pot_getter(self):
        if self._interactive_vasprun is not None:
            file_name = os.path.join(self.working_directory, "OUTCAR")
            return self._interactive_vasprun.get_energy_sigma_0(filename=file_name)[-1]
        else:
            return None


[docs]    def validate_ready_to_run(self):
        if (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ) and "EDIFFG" in self.input.incar._dataset["Parameter"]:
            raise ValueError(
                "If EDIFFG is defined VASP interrupts the interactive run_mode."
            )
        super(VaspInteractive, self).validate_ready_to_run()


[docs]    def interactive_forces_getter(self):
        if self._interactive_vasprun is not None:
            file_name = os.path.join(self.working_directory, "OUTCAR")
            forces = self._interactive_vasprun.get_forces(filename=file_name)[-1]
            forces[vasp_sorter(self.structure)] = forces.copy()
            return forces
        else:
            return None


[docs]    def interactive_initialize_interface(self):
        if self.executable.executable_path == "":
            self.status.aborted = True
            raise ValueError("No executable set!")
        if self.executable.mpi:
            self._interactive_library = Popen(
                [self.executable.executable_path, str(self.server.cores)],
                stdout=PIPE,
                stdin=PIPE,
                stderr=PIPE,
                cwd=self.working_directory,
                universal_newlines=True,
            )
        else:
            self._interactive_library = Popen(
                self.executable.executable_path,
                stdout=PIPE,
                stdin=PIPE,
                stderr=PIPE,
                cwd=self.working_directory,
                universal_newlines=True,
            )


[docs]    def calc_minimize(
        self,
        electronic_steps=400,
        ionic_steps=100,
        max_iter=None,
        pressure=None,
        algorithm=None,
        retain_charge_density=False,
        retain_electrostatic_potential=False,
        ionic_energy=None,
        ionic_forces=None,
        ionic_energy_tolerance=None,
        ionic_force_tolerance=None,
        volume_only=False,
    ):
        """
        Function to setup the hamiltonian to perform ionic relaxations using DFT. The ISIF tag has to be supplied
        separately.

        Args:
            electronic_steps (int): Maximum number of electronic steps
            ionic_steps (int): Maximum number of ionic
            max_iter (int): Maximum number of iterations
            pressure (float): External pressure to be applied
            algorithm (str): Type of VASP algorithm to be used "Fast"/"Accurate"
            retain_charge_density (bool): True if the charge density should be written
            retain_electrostatic_potential (boolean): True if the electrostatic potential should be written
            ionic_energy_tolerance (float): Ionic energy convergence criteria (eV)
            ionic_force_tolerance (float): Ionic forces convergence criteria (overwrites ionic energy) (ev/A)
            ionic_energy (float): Same as ionic_energy_tolerance (deprecated)
            ionic_forces (float): Same as ionic_force_tolerance (deprecated)
            volume_only (bool): Option to relax only the volume (keeping the relative coordinates fixed
        """
        if (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ):
            raise NotImplementedError(
                "calc_minimize() is not implemented for the interactive mode use calc_static()!"
            )
        else:
            super(VaspInteractive, self).calc_minimize(
                electronic_steps=electronic_steps,
                ionic_steps=ionic_steps,
                max_iter=max_iter,
                pressure=pressure,
                algorithm=algorithm,
                retain_charge_density=retain_charge_density,
                retain_electrostatic_potential=retain_electrostatic_potential,
                ionic_energy=ionic_energy,
                ionic_forces=ionic_forces,
                volume_only=volume_only,
            )


[docs]    def calc_md(
        self,
        temperature=None,
        n_ionic_steps=1000,
        n_print=1,
        time_step=1.0,
        retain_charge_density=False,
        retain_electrostatic_potential=False,
        **kwargs
    ):
        """
        Sets appropriate tags for molecular dynamics in VASP

        Args:
            temperature (int/float/list): Temperature/ range of temperatures in Kelvin
            n_ionic_steps (int): Maximum number of ionic steps
            n_print (int): Prints outputs every n_print steps
            time_step (float): time step (fs)
            retain_charge_density (bool): True id the charge density should be written
            retain_electrostatic_potential (bool): True if the electrostatic potential should be written
        """
        if (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ):
            raise NotImplementedError(
                "calc_md() is not implemented for the interactive mode use calc_static()!"
            )
        else:
            super(VaspInteractive, self).calc_md(
                temperature=temperature,
                n_ionic_steps=n_ionic_steps,
                time_step=time_step,
                n_print=n_print,
                retain_charge_density=retain_charge_density,
                retain_electrostatic_potential=retain_electrostatic_potential,
                **kwargs
            )


[docs]    def run_if_interactive_non_modal(self):
        initial_run = self.interactive_is_activated()
        super(VaspInteractive, self).run_if_interactive()
        if initial_run:
            atom_numbers = self.current_structure.get_number_species_atoms()
            for species in atom_numbers.keys():
                indices = self.current_structure.select_index(species)
                for i in indices:
                    text = " ".join(
                        map(
                            "{:19.16f}".format,
                            self.current_structure.get_scaled_positions()[i],
                        )
                    )
                    self._logger.debug("Vasp library: " + text)
                    self._interactive_library.stdin.write(text + "\n")
            self._interactive_library.stdin.flush()
        self._interactive_fetch_completed = False


[docs]    def run_if_interactive(self):
        self.run_if_interactive_non_modal()
        self._interactive_check_output()
        self._interactive_vasprun = Outcar()
        self.interactive_collect()


[docs]    def interactive_fetch(self):
        if (
            self._interactive_fetch_completed
            and self.server.run_mode.interactive_non_modal
        ):
            print("First run and then fetch")
        else:
            self._interactive_check_output()
            self._interactive_vasprun = Outcar()
            super(VaspInteractive, self).interactive_collect()
            self._logger.debug("interactive run - done")


[docs]    def interactive_positions_setter(self, positions):
        pass


    def _check_incar_parameter(self, parameter, value):
        if parameter not in self.input.incar._dataset["Parameter"]:
            self.input.incar[parameter] = value

    def _interactive_check_output(self):
        while self._interactive_library.poll() is None:
            text = self._interactive_library.stdout.readline()
            if "POSITIONS: reading from stdin" in text:
                return

    def _run_if_new(self, debug=False):
        if (
            self.server.run_mode.interactive
            or self.server.run_mode.interactive_non_modal
        ):
            self._check_incar_parameter(parameter="INTERACTIVE", value=True)
            self._check_incar_parameter(parameter="IBRION", value=-1)
            self._check_incar_parameter(parameter="POTIM", value=0.0)
            self._check_incar_parameter(parameter="NSW", value=1000)
            self._check_incar_parameter(parameter="ISYM", value=0)
        super(VaspInteractive, self)._run_if_new(debug=debug)



[docs]class Output(OutputBase):
    """
    Handles the output from a VASP simulation.

    Attributes:
        electronic_structure: Gives the electronic structure of the system
        electrostatic_potential: Gives the electrostatic/local potential of the system
        charge_density: Gives the charge density of the system
    """

    def __init__(self):
        super(Output, self).__init__()
        self.generic_output = GenericOutput()
        self.dft_output = DFTOutput()



[docs]class GenericOutput(GenericOutputBase):
    """

    This class stores the generic output like different structures, energies and forces from a simulation in a highly
    generic format. Usually the user does not have to access this class.

    Attributes:
        log_dict (dict): A dictionary of all tags and values of generic data (positions, forces, etc)
    """

    def __init__(self):
        super(GenericOutput, self).__init__()

[docs]    def to_hdf(self, hdf):
        """
        Save the object in a HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): HDF path to which the object is to be saved

        """
        with hdf.open("generic") as hdf_go:
            # hdf_go["description"] = self.description
            for key, val in self.log_dict.items():
                hdf_go[key] = val
            with hdf_go.open("dft") as hdf_dft:
                for key, val in self.dft_log_dict.items():
                    hdf_dft[key] = val
                if self.bands.eigenvalue_matrix is not None:
                    self.bands.to_hdf(hdf_dft, "bands")




[docs]class DFTOutput(DFTOutputBase):
    """
    This class stores the DFT specific output

    Attributes:
        log_dict (dict): A dictionary of all tags and values of DFT data
    """

    def __init__(self):
        super(DFTOutput, self).__init__()

[docs]    def to_hdf(self, hdf):
        """
        Save the object in a HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): HDF path to which the object is to be saved

        """
        with hdf.open("dft") as hdf_dft:
            for key, val in self.log_dict.items():
                hdf_dft[key] = val
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  Source code for pyiron.vasp.metadyn

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from pyiron_base import GenericParameters
from pyiron.vasp.vasp import Vasp
from pyiron.vasp.base import Input, Output
from pyiron.vasp.report import Report
import os
import posixpath

__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "testing"
__date__ = "March 1, 2020"


[docs]class VaspMetadyn(Vasp):
    """
    Class to setup and run and analyze VASP and VASP metadynamics simulations. For more details see the appropriate `VASP
    documentation`_

    This class is a derivative of pyiron.objects.job.generic.GenericJob. The functions in these modules are written in
    such the function names and attributes are very generic (get_structure(), molecular_dynamics(), version) but the
    functions are written to handle VASP specific input/output.

    Args:
        project (pyiron.project.Project instance):  Specifies the project path among other attributes
        job_name (str): Name of the job

    Examples:
        Let's say you need to run a vasp simulation where you would like to control the input parameters manually. To
        set up a static dft run with Gaussian smearing and a k-point MP mesh of [6, 6, 6]. You would have to set it up
        as shown below:

        >>> ham = Vasp(job_name="trial_job")
        >>> ham.input.incar[IBRION] = -1
        >>> ham.input.incar[ISMEAR] = 0
        >>> ham.input.kpoints.set(size_of_mesh=[6, 6, 6])

        However, the according to pyiron's philosophy, it is recommended to avoid using code specific tags like IBRION,
        ISMEAR etc. Therefore the recommended way to set this calculation is as follows:

        >>> ham = Vasp(job_name="trial_job")
        >>> ham.calc_static()
        >>> ham.set_occupancy_smearing(smearing="gaussian")
        >>> ham.set_kpoints(mesh=[6, 6, 6])
        The exact same tags as in the first examples are set automatically.

    .. _VASP documentation: https://cms.mpi.univie.ac.at/vasp/vasp/Advanced_MD_techniques.html
    """

    def __init__(self, project, job_name):
        super(VaspMetadyn, self).__init__(project, job_name)
        self.__name__ = "VaspMetadyn"
        self.input = MetadynInput()
        self._output_parser = MetadynOutput()
        self.supported_primitive_constraints = ["bond", "angle", "torsion", "x_pos", "y_pos", "z_pos"]
        self.supported_complex_constraints = ["linear_combination", "norm", "coordination_number"]
        self._constraint_dict = dict()
        self._complex_constraints = dict()
        # This is necessary to write the constrained dynamics output to the REPORT file
        self.input.incar["LBLUEOUT"] = True

[docs]    def set_primitive_constraint(self, name, constraint_type, atom_indices, biased=False, increment=0.0):
        """
        Function to set primitive geometric constraints  in VASP.

        Args:
            name (str): Name of the constraint
            constraint_type (str): Type of the constraint  (has to be part of `supported_primitive_constraints`
            atom_indices (int/list/numpy.ndarray): Indices of the atoms for which the constraint should be applied
            biased (bool): True if potential bias is to be applied (biased MD and metadynamics calculations)
            increment (float): Increment in the constraint variable at every time step

        """
        if self.structure is None:
            raise ValueError("The structure has to be set before a dynamic constraint is assigned")
        self._constraint_dict[name] = dict()
        if constraint_type in self.supported_primitive_constraints:
            self._constraint_dict[name]["constraint_type"] = constraint_type
        else:
            raise ValueError("The constraint type '{}' is not supported".format(constraint_type))
        self._constraint_dict[name]["atom_indices"] = atom_indices
        self._constraint_dict[name]["biased"] = biased
        self._constraint_dict[name]["increment"] = increment


    def _set_primitive_constraint_iconst(self, constraint_type, atom_indices, biased=False):
        if self.structure is None:
            raise ValueError("The structure has to be set before a dynamic constraint is assigned")
        constraint_dict = {"bond": "R", "angle": "A", "torsion": "T",
                           "x_pos": "X", "y_pos": "Y", "z_pos": "Z"}
        if constraint_type not in list(constraint_dict.keys()):
            raise ValueError("Use a compatible constraint type")
        line = len(self.input.iconst._dataset["Value"])
        status = 0
        if biased:
            status = 7
        if constraint_type in ["x_pos", "y_pos", "z_pos"]:
            if isinstance(atom_indices, (list, np.ndarray)):
                a_ind = str(self.sorted_indices[atom_indices[0]] + 1)
            else:
                a_ind = str(self.sorted_indices[atom_indices] + 1)
        elif constraint_type in ["bond"]:
            if len(atom_indices) != 2:
                raise ValueError("For this constraint the atom_indices must be a list or numpy array with 2 values")
            a_ind = ' '.join(map(str, self.sorted_indices[atom_indices] + 1))
        elif constraint_type in ["angle"]:
            if len(atom_indices) != 3:
                raise ValueError("For this constraint the atom_indices must be a list or numpy array with 3 values")
            a_ind = ' '.join(map(str, self.sorted_indices[atom_indices] + 1))
        else:
            raise ValueError("The constraint {} is not implemented!".format(constraint_type))
        constraint_string = "{} {} {}".format(constraint_dict[constraint_type], a_ind, status)
        self.input.iconst.set_value(line, constraint_string)

[docs]    def set_complex_constraint(self, name, constraint_type, coefficient_dict, biased=False, increment=0.0):
        """
        Set complex constraints based on defined primitive constraints.

        Args:
            name (str): Name of the complex constraint
            constraint_type (str): Type of the constraint  (has to be part of `supported_complex_constraints`
            coefficient_dict (dict): Dictionary containing the primitive constraint name as the key and the
                                     constraint coefficient as the values
            biased (bool): True if potential bias is to be applied (biased MD and metadynamics calculations)
            increment (float): Increment in the constraint variable at every time step

        """
        if self.structure is None:
            raise ValueError("The structure has to be set before a dynamic constraint is assigned")
        if constraint_type not in self.supported_complex_constraints:
            raise ValueError("Use a compatible complex constraint type")
        self._complex_constraints[name] = dict()
        self._complex_constraints[name]["constraint_type"] = constraint_type
        if len(list(coefficient_dict.keys())) != len(list(self._constraint_dict.keys())):
            raise ValueError("The number of coefficients should match the number of primitive contstraints")
        self._complex_constraints[name]["coefficient_dict"] = coefficient_dict
        self._complex_constraints[name]["biased"] = biased
        self._complex_constraints[name]["increment"] = increment


    def _set_complex_constraint(self, constraint_type, coefficients, biased=False):
        constraint_dict = {"linear_combination": "S", "norm": "C", "coordination_number": "D"}
        if constraint_type not in list(constraint_dict.keys()):
            raise ValueError("Use a compatible constraint type")
        status = 0
        if biased:
            status = 5
        coeffs = " ".join(map(str, coefficients))
        constraint_string = "{} {} {}".format(constraint_dict[constraint_type], coeffs, status)
        line = len(self.input.iconst._dataset["Value"])
        self.input.iconst.set_value(line, constraint_string)

[docs]    def write_constraints(self):
        """
        Function to write constraint parameters in the INCAR and ICONST files
        """
        increment_list = list()
        linear_constraint_order = list()
        # Clear the existing ICONST file
        self.input.iconst.clear_all()
        for key, constraint in self._constraint_dict.items():
            linear_constraint_order.append(key)
            self._set_primitive_constraint_iconst(constraint_type=constraint["constraint_type"],
                                                  atom_indices=constraint["atom_indices"], biased=constraint["biased"])
            increment_list.append(constraint["increment"])

        for constraint in self._complex_constraints.values():
            coefficients = [constraint["coefficient_dict"][val] for val in linear_constraint_order]
            self._set_complex_constraint(constraint_type=constraint["constraint_type"],
                                         coefficients=coefficients, biased=constraint["biased"])
            increment_list.append(constraint["increment"])
        self.input.incar["INCREM"] = " ".join(map(str, increment_list))


[docs]    def write_input(self):
        """
        Call routines that generate the INCAR, POTCAR, KPOINTS and POSCAR input files
        """
        self.write_constraints()
        self.to_hdf()
        super(VaspMetadyn, self).write_input()


[docs]    def to_hdf(self, hdf=None, group_name=None):
        self.input._constraint_dict = self._constraint_dict
        self.input._complex_constraints = self._complex_constraints
        super(VaspMetadyn, self).to_hdf(hdf=hdf, group_name=group_name)


[docs]    def from_hdf(self, hdf=None, group_name=None):
        super(VaspMetadyn, self).from_hdf(hdf=hdf, group_name=group_name)
        self._constraint_dict = self.input._constraint_dict
        self._complex_constraints = self.input._complex_constraints




[docs]class MetadynInput(Input):

    def __init__(self):
        super(MetadynInput, self).__init__()
        self.iconst = GenericParameters(input_file_name=None, table_name="iconst", val_only=True, comment_char="!")
        self.penaltypot = GenericParameters(input_file_name=None, table_name="penaltypot", val_only=True,
                                            comment_char="!")
        self._constraint_dict = dict()
        self._complex_constraints = dict()

[docs]    def write(self, structure, modified_elements, directory=None):
        """
        Writes all the input files to a specified directory

        Args:
            structure (atomistics.structure.atoms.Atoms instance): Structure to be written
            directory (str): The working directory for the VASP run
        """
        # Writing the constraints, increments, and penalty potentials
        super(MetadynInput, self).write(structure, modified_elements, directory)
        self.iconst.write_file(file_name="ICONST", cwd=directory)
        self.penaltypot.write_file(file_name="PENALTYPOT", cwd=directory)


[docs]    def to_hdf(self, hdf):
        super(MetadynInput, self).to_hdf(hdf)
        with hdf.open("input") as hdf5_input:
            self.iconst.to_hdf(hdf5_input)
            self.penaltypot.to_hdf(hdf5_input)
            hdf5_input["constraint_dict"] = self._constraint_dict
            hdf5_input["complex_constraint_dict"] = self._complex_constraints


[docs]    def from_hdf(self, hdf):
        super(MetadynInput, self).from_hdf(hdf)
        with hdf.open("input") as hdf5_input:
            self.iconst.from_hdf(hdf5_input)
            self.penaltypot.from_hdf(hdf5_input)
            if "constraint_dict" in hdf5_input.list_nodes():
                self._constraint_dict = hdf5_input["constraint_dict"]
            if "complex_constraint_dict" in hdf5_input.list_nodes():
                self._complex_constraints = hdf5_input["complex_constraint_dict"]




[docs]class MetadynOutput(Output):

    def __init__(self):
        super(MetadynOutput, self).__init__()
        self.report_file = Report()

[docs]    def collect(self, directory=os.getcwd(), sorted_indices=None):
        super(MetadynOutput, self).collect(directory=directory, sorted_indices=sorted_indices)
        files_present = os.listdir(directory)
        if "REPORT" in files_present:
            self.report_file.from_file(filename=posixpath.join(directory, "REPORT"))


[docs]    def to_hdf(self, hdf):
        """
        Save the object in a HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): HDF path to which the object is to be saved

        """
        super(MetadynOutput, self).to_hdf(hdf)
        with hdf.open("output") as hdf5_output:
            with hdf5_output.open("constrained_md") as hdf5_const:
                for key, value in self.report_file.parse_dict.items():
                    hdf5_const[key] = value
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  Source code for pyiron.vasp.oszicar

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np

__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2020"


[docs]class Oszicar(object):
    """
    This module is used to parse VASP OSZICAR files.

    Attributes:

        parse_dict (dict): A dictionary with all the useful quantities parsed from an OSZICAR file after from_file() is
                           executed

    """

    def __init__(self):
        self.parse_dict = dict()

[docs]    def from_file(self, filename="OSZICAR"):
        with open(filename, "r") as f:
            lines = f.readlines()
        self.parse_dict["energy_pot"] = self.get_energy_pot(lines)


[docs]    @staticmethod
    def get_energy_pot(lines):
        trigger = "F="
        energy_list = list()
        for i, line in enumerate(lines):
            line = line.strip()
            if trigger in line:
                energy_list.append(float(lines[i-1].strip().split()[2]))
        return np.array(energy_list)
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  Source code for pyiron.vasp.outcar

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from collections import OrderedDict
import numpy as np
import warnings
import scipy.constants
import re

__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"

KBAR_TO_EVA = (
    scipy.constants.physical_constants["joule-electron volt relationship"][0] / 1e22
)


[docs]class Outcar(object):
    """
    This module is used to parse VASP OUTCAR files.

    Attributes:

        parse_dict (dict): A dictionary with all the useful quantities parsed from an OUTCAR file after from_file() is
                           executed

    """

    def __init__(self):
        self.parse_dict = dict()

[docs]    def from_file(self, filename="OUTCAR"):
        """
        Parse and store relevant quantities from the OUTCAR file into parse_dict.

        Args:
            filename (str): Filename of the OUTCAR file to parse

        """
        with open(filename, "r") as f:
            lines = f.readlines()
        energies = self.get_total_energies(filename=filename, lines=lines)
        energies_int = self.get_energy_without_entropy(filename=filename, lines=lines)
        energies_zero = self.get_energy_sigma_0(filename=filename, lines=lines)
        scf_energies = self.get_all_total_energies(filename=filename, lines=lines)
        n_atoms = self.get_number_of_atoms(filename=filename, lines=lines)
        forces = self.get_forces(filename=filename, lines=lines, n_atoms=n_atoms)
        positions = self.get_positions(filename=filename, lines=lines, n_atoms=n_atoms)
        cells = self.get_cells(filename=filename, lines=lines)
        steps = self.get_steps(filename=filename, lines=lines)
        temperatures = self.get_temperatures(filename=filename, lines=lines)
        time = self.get_time(filename=filename, lines=lines)
        fermi_level = self.get_fermi_level(filename=filename, lines=lines)
        scf_moments = self.get_dipole_moments(filename=filename, lines=lines)
        kin_energy_error = self.get_kinetic_energy_error(filename=filename, lines=lines)
        stresses = self.get_stresses(filename=filename, si_unit=False, lines=lines)
        n_elect = self.get_nelect(filename=filename, lines=lines)
        e_fermi_list, vbm_list, cbm_list = self.get_band_properties(filename=filename, lines=lines)
        elastic_constants = self.get_elastic_constants(filename=filename, lines=lines)
        try:
            irreducible_kpoints = self.get_irreducible_kpoints(
                filename=filename, lines=lines
            )
        except ValueError:
            print("irreducible kpoints not parsed !")
            irreducible_kpoints = None
        magnetization, final_magmom_lst = self.get_magnetization(
            filename=filename, lines=lines
        )
        broyden_mixing = self.get_broyden_mixing_mesh(filename=filename, lines=lines)

        self.parse_dict["energies"] = energies
        self.parse_dict["energies_int"] = energies_int
        self.parse_dict["energies_zero"] = energies_zero
        self.parse_dict["scf_energies"] = scf_energies
        self.parse_dict["forces"] = forces
        self.parse_dict["positions"] = positions
        self.parse_dict["cells"] = cells
        self.parse_dict["steps"] = steps
        self.parse_dict["temperatures"] = temperatures
        self.parse_dict["time"] = time
        self.parse_dict["fermi_level"] = fermi_level
        self.parse_dict["scf_dipole_moments"] = scf_moments
        self.parse_dict["kin_energy_error"] = kin_energy_error
        self.parse_dict["stresses"] = stresses
        self.parse_dict["irreducible_kpoints"] = irreducible_kpoints
        self.parse_dict["magnetization"] = magnetization
        self.parse_dict["final_magmoms"] = final_magmom_lst
        self.parse_dict["broyden_mixing"] = broyden_mixing
        self.parse_dict["n_elect"] = n_elect
        self.parse_dict["e_fermi_list"] = e_fermi_list
        self.parse_dict["vbm_list"] = vbm_list
        self.parse_dict["cbm_list"] = cbm_list
        self.parse_dict["elastic_constants"] = elastic_constants
        try:
            self.parse_dict["pressures"] = (
                np.average(stresses[:, 0:3], axis=1) * KBAR_TO_EVA
            )
        except IndexError:
            self.parse_dict["pressures"] = np.zeros(len(steps))


[docs]    def to_hdf(self, hdf, group_name="outcar"):
        """
        Store output in an HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.FileHDFio): HDF5 group or file
            group_name (str): Name of the HDF5 group
        """
        with hdf.open(group_name) as hdf5_output:
            for key in self.parse_dict.keys():
                hdf5_output[key] = self.parse_dict[key]


[docs]    def to_hdf_minimal(self, hdf, group_name="outcar"):
        """
        Store minimal output in an HDF5 file (output unique to OUTCAR)

        Args:
            hdf (pyiron_base.generic.hdfio.FileHDFio): HDF5 group or file
            group_name (str): Name of the HDF5 group
        """
        unique_quantities = [
            "kin_energy_error",
            "broyden_mixing",
            "stresses",
            "irreducible_kpoints",
        ]
        with hdf.open(group_name) as hdf5_output:
            for key in self.parse_dict.keys():
                if key in unique_quantities:
                    hdf5_output[key] = self.parse_dict[key]


[docs]    def from_hdf(self, hdf, group_name="outcar"):
        """
        Load output from an HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.FileHDFio): HDF5 group or file
            group_name (str): Name of the HDF5 group
        """
        with hdf.open(group_name) as hdf5_output:
            for key in hdf5_output.list_nodes():
                self.parse_dict[key] = hdf5_output[key]


[docs]    def get_positions_and_forces(self, filename="OUTCAR", lines=None, n_atoms=None):
        """
        Gets the forces and positions for every ionic step from the OUTCAR file

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file
            n_atoms (int/None): number of ions in OUTCAR

        Returns:
            [positions, forces] (sequence)
            numpy.ndarray: A Nx3xM array of positions in $\AA$
            numpy.ndarray: A Nx3xM array of forces in $eV / \AA$

            where N is the number of atoms and M is the number of time steps
        """
        if n_atoms is None:
            n_atoms = self.get_number_of_atoms(filename=filename, lines=lines)
        trigger_indices, lines = _get_trigger(
            lines=lines, filename=filename, trigger="TOTAL-FORCE (eV/Angst)"
        )
        return self._get_positions_and_forces_parser(
            lines=lines,
            trigger_indices=trigger_indices,
            n_atoms=n_atoms,
            pos_flag=True,
            force_flag=True,
        )


[docs]    def get_positions(self, filename="OUTCAR", lines=None, n_atoms=None):

        """
        Gets the positions for every ionic step from the OUTCAR file

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file
            n_atoms (int/None): number of ions in OUTCAR

        Returns:
            numpy.ndarray: A Nx3xM array of positions in $\AA$

            where N is the number of atoms and M is the number of time steps
        """
        if n_atoms is None:
            n_atoms = self.get_number_of_atoms(filename=filename, lines=lines)
        trigger_indices, lines = _get_trigger(
            lines=lines, filename=filename, trigger="TOTAL-FORCE (eV/Angst)"
        )
        return self._get_positions_and_forces_parser(
            lines=lines,
            trigger_indices=trigger_indices,
            n_atoms=n_atoms,
            pos_flag=True,
            force_flag=False,
        )


[docs]    def get_forces(self, filename="OUTCAR", lines=None, n_atoms=None):
        """
        Gets the forces for every ionic step from the OUTCAR file

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file
            n_atoms (int/None): number of ions in OUTCAR

        Returns:

            numpy.ndarray: A Nx3xM array of forces in $eV / \AA$

            where N is the number of atoms and M is the number of time steps
        """
        if n_atoms is None:
            n_atoms = self.get_number_of_atoms(filename=filename, lines=lines)
        trigger_indices, lines = _get_trigger(
            lines=lines, filename=filename, trigger="TOTAL-FORCE (eV/Angst)"
        )
        return self._get_positions_and_forces_parser(
            lines=lines,
            trigger_indices=trigger_indices,
            n_atoms=n_atoms,
            pos_flag=False,
            force_flag=True,
        )


[docs]    def get_cells(self, filename="OUTCAR", lines=None):
        """
        Gets the cell size and shape for every ionic step from the OUTCAR file

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file

        Returns:
            numpy.ndarray: A 3x3xM array of the cell shape in $\AA$

            where M is the number of time steps
        """
        trigger_indices, lines = _get_trigger(
            lines=lines, filename=filename, trigger="VOLUME and BASIS-vectors are now :"
        )
        return self._get_cells_praser(lines=lines, trigger_indices=trigger_indices)


[docs]    @staticmethod
    def get_stresses(filename="OUTCAR", lines=None, si_unit=True):
        """

        Args:
            filename (str): Input filename
            lines (list/None): lines read from the file
            si_unit (bool): True SI units are used

        Returns:
            numpy.ndarray: An array of stress values

        """
        trigger_indices, lines = _get_trigger(
            lines=lines,
            filename=filename,
            trigger="FORCE on cell =-STRESS in cart. coord.  units (eV):",
        )
        pullay_stress_lst = []
        for j in trigger_indices:
            try:
                if si_unit:
                    pullay_stress_lst.append(
                        [float(l) for l in lines[j + 13].split()[1:7]]
                    )
                else:
                    pullay_stress_lst.append(
                        [float(l) for l in lines[j + 14].split()[2:8]]
                    )
            except ValueError:
                if si_unit:
                    pullay_stress_lst.append([float("NaN")] * 6)
                else:
                    pullay_stress_lst.append([float("NaN")] * 6)
        return np.array(pullay_stress_lst)


[docs]    @staticmethod
    def get_irreducible_kpoints(
        filename="OUTCAR", reciprocal=True, weight=True, planewaves=True, lines=None
    ):
        """
        Function to extract the irreducible kpoints from the OUTCAR file

        Args:
            filename (str): Filename of the OUTCAR file to parse
            reciprocal (bool): Get either the reciprocal or the cartesian coordinates
            weight (bool): Get the weight assigned to the irreducible kpoints
            planewaves (bool): Get the planewaves assigned to the irreducible kpoints
            lines (list/None): lines read from the file

        Returns:
            numpy.ndarray: An array of k-points
        """
        kpoint_lst = []
        weight_lst = []
        planewaves_lst = []
        trigger_number_str = "Subroutine IBZKPT returns following result:"
        trigger_plane_waves_str = "k-point  1 :"
        trigger_number = 0
        trigger_plane_waves = 0
        lines = _get_lines_from_file(filename=filename, lines=lines)
        for i, line in enumerate(lines):
            line = line.strip()
            if trigger_number_str in line:
                trigger_number = int(i)
            elif planewaves:
                if trigger_plane_waves_str in line:
                    trigger_plane_waves = int(i)
        number_irr_kpoints = int(lines[trigger_number + 3].split()[1])
        if reciprocal:
            trigger_start = trigger_number + 7
        else:
            trigger_start = trigger_number + 10 + number_irr_kpoints
        for line in lines[trigger_start : trigger_start + number_irr_kpoints]:
            line = line.strip()
            line = _clean_line(line)
            kpoint_lst.append([float(l) for l in line.split()[0:3]])
            if weight:
                weight_lst.append(float(line.split()[3]))
        if planewaves and trigger_plane_waves != 0:
            for line in lines[
                trigger_plane_waves : trigger_plane_waves + number_irr_kpoints
            ]:
                line = line.strip()
                line = _clean_line(line)
                planewaves_lst.append(float(line.split()[-1]))
        if weight and planewaves:
            return np.array(kpoint_lst), np.array(weight_lst), np.array(planewaves_lst)
        elif weight:
            return np.array(kpoint_lst), np.array(weight_lst)
        elif planewaves:
            return np.array(kpoint_lst), np.array(planewaves_lst)
        else:
            return np.array(kpoint_lst)


[docs]    @staticmethod
    def get_total_energies(filename="OUTCAR", lines=None):
        """
        Gets the total energy for every ionic step from the OUTCAR file

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file

        Returns:
            numpy.ndarray: A 1xM array of the total energies in $eV$

            where M is the number of time steps
        """

        def get_total_energies_from_line(line):
            return float(_clean_line(line.strip()).split()[-2])

        trigger_indices, lines = _get_trigger(
            lines=lines,
            filename=filename,
            trigger="FREE ENERGIE OF THE ION-ELECTRON SYSTEM (eV)",
        )
        return np.array(
            [get_total_energies_from_line(lines[j + 2]) for j in trigger_indices]
        )


[docs]    @staticmethod
    def get_energy_without_entropy(filename="OUTCAR", lines=None):
        """
        Gets the total energy for every ionic step from the OUTCAR file

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file

        Returns:
            numpy.ndarray: A 1xM array of the total energies in $eV$

            where M is the number of time steps
        """

        def get_energy_without_entropy_from_line(line):
            return float(_clean_line(line.strip()).split()[3])

        trigger_indices, lines = _get_trigger(
            lines=lines,
            filename=filename,
            trigger="FREE ENERGIE OF THE ION-ELECTRON SYSTEM (eV)",
        )
        return np.array(
            [
                get_energy_without_entropy_from_line(lines[j + 4])
                for j in trigger_indices
            ]
        )


[docs]    @staticmethod
    def get_energy_sigma_0(filename="OUTCAR", lines=None):
        """
        Gets the total energy for every ionic step from the OUTCAR file

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file

        Returns:
            numpy.ndarray: A 1xM array of the total energies in $eV$

            where M is the number of time steps
        """

        def get_energy_sigma_0_from_line(line):
            return float(_clean_line(line.strip()).split()[-1])

        trigger_indices, lines = _get_trigger(
            lines=lines,
            filename=filename,
            trigger="FREE ENERGIE OF THE ION-ELECTRON SYSTEM (eV)",
        )
        return np.array(
            [get_energy_sigma_0_from_line(lines[j + 4]) for j in trigger_indices]
        )


[docs]    @staticmethod
    def get_all_total_energies(filename="OUTCAR", lines=None):
        """
        Gets the energy at every electronic step

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file

        Returns:
            list: A list of energie for every electronic step at every ionic step
        """
        ionic_trigger = "FREE ENERGIE OF THE ION-ELECTRON SYSTEM (eV)"
        electronic_trigger = "free energy    TOTEN  ="
        scf_energies = list()
        lines = _get_lines_from_file(filename=filename, lines=lines)
        istep_energies = list()
        for i, line in enumerate(lines):
            line = line.strip()
            if ionic_trigger in line:
                scf_energies.append(np.array(istep_energies))
                istep_energies = list()
            if electronic_trigger in line:
                line = _clean_line(line)
                ene = float(line.split()[-2])
                istep_energies.append(ene)
        return scf_energies


[docs]    @staticmethod
    def get_magnetization(filename="OUTCAR", lines=None):
        """
        Gets the magnetization

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file

        Returns:
            list: A list with the mgnetization values
        """
        ionic_trigger = "FREE ENERGIE OF THE ION-ELECTRON SYSTEM (eV)"
        electronic_trigger = "eigenvalue-minimisations"
        nion_trigger = "NIONS ="
        mag_lst = list()
        local_spin_trigger = False
        n_atoms = None
        mag_dict = dict()
        mag_dict["x"] = list()
        mag_dict["y"] = list()
        mag_dict["z"] = list()
        lines = _get_lines_from_file(filename=filename, lines=lines)
        istep_energies = list()
        final_magmom_lst = list()
        for i, line in enumerate(lines):
            line = line.strip()
            if ionic_trigger in line:
                mag_lst.append(np.array(istep_energies))
                istep_energies = list()
            if "Atomic Wigner-Seitz radii" in line:
                local_spin_trigger = True

            if electronic_trigger in line:
                try:
                    line = lines[i + 2].split("magnetization")[-1]
                    if line != " \n":
                        spin_str_lst = line.split()
                        spin_str_len = len(spin_str_lst)
                        if spin_str_len == 1:
                            ene = float(line)
                        elif spin_str_len == 3:
                            ene = [
                                float(spin_str_lst[0]),
                                float(spin_str_lst[1]),
                                float(spin_str_lst[2]),
                            ]
                        else:
                            warnings.warn("Unrecognized spin configuration.")
                            return mag_lst, final_magmom_lst
                        istep_energies.append(ene)
                except ValueError:
                    warnings.warn("Something went wrong in parsing the magnetization")
            if n_atoms is None:
                if nion_trigger in line:
                    n_atoms = int(line.split(nion_trigger)[-1])
            if local_spin_trigger:
                try:
                    for ind_dir, direc in enumerate(["x", "y", "z"]):
                        if "magnetization ({})".format(direc) in line:
                            mag_dict[direc].append(
                                [
                                    float(lines[i + 4 + atom_index].split()[-1])
                                    for atom_index in range(n_atoms)
                                ]
                            )
                except ValueError:
                    warnings.warn(
                        "Something went wrong in parsing the magnetic moments"
                    )
        if len(mag_dict["x"]) > 0:
            if len(mag_dict["y"]) == 0:
                final_mag = np.array(mag_dict["x"])
            else:
                n_ionic_steps = np.array(mag_dict["x"]).shape[0]
                final_mag = np.abs(np.zeros((n_ionic_steps, n_atoms, 3)))
                final_mag[:, :, 0] = np.array(mag_dict["x"])
                final_mag[:, :, 1] = np.array(mag_dict["y"])
                final_mag[:, :, 2] = np.array(mag_dict["z"])
            final_magmom_lst = final_mag.tolist()
        return mag_lst, final_magmom_lst


[docs]    @staticmethod
    def get_broyden_mixing_mesh(filename="OUTCAR", lines=None):
        """
        Gets the Broyden mixing mesh size

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file

        Returns:
            int: Mesh size
        """
        trigger_indices, lines = _get_trigger(
            lines=lines, filename=filename, trigger="gives a total of "
        )
        if len(trigger_indices) > 0:
            line_ngx = lines[trigger_indices[0] - 2]
        else:
            warnings.warn(
                "Unable to parse the Broyden mixing mesh. Returning 0 instead"
            )
            return 0
        # Exclude all alphabets, and spaces. Then split based on '='
        str_list = re.sub(
            r"[a-zA-Z]", r"", line_ngx.replace(" ", "").replace("\n", "")
        ).split("=")
        return np.prod([int(val) for val in str_list[1:]])


[docs]    @staticmethod
    def get_temperatures(filename="OUTCAR", lines=None):
        """
        Gets the temperature at each ionic step (applicable for MD)

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file

        Returns:
            numpy.ndarray: An array of temperatures in Kelvin
        """
        trigger_indices, lines = _get_trigger(
            lines=lines, filename=filename, trigger="kin. lattice  EKIN_LAT= "
        )
        temperatures = []
        if len(trigger_indices) > 0:
            for j in trigger_indices:
                line = lines[j].strip()
                line = _clean_line(line)
                temperatures.append(float(line.split()[-2]))
        else:
            temperatures = np.zeros(
                len(
                    _get_trigger(
                        lines=lines,
                        trigger="FREE ENERGIE OF THE ION-ELECTRON SYSTEM (eV)",
                        return_lines=False,
                    )
                )
            )
        return np.array(temperatures)


[docs]    @staticmethod
    def get_steps(filename="OUTCAR", lines=None):
        """

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file

        Returns:
            numpy.ndarray: Steps during the simulation
        """
        nblock_trigger = "NBLOCK ="
        trigger = "FREE ENERGIE OF THE ION-ELECTRON SYSTEM (eV)"
        trigger_indices = list()
        read_nblock = True
        n_block = 1
        lines = _get_lines_from_file(filename=filename, lines=lines)
        for i, line in enumerate(lines):
            line = line.strip()
            if trigger in line:
                trigger_indices.append(i)
            if read_nblock is None:
                if nblock_trigger in line:
                    line = _clean_line(line)
                    n_block = int(line.split(nblock_trigger)[-1])
        return n_block * np.linspace(0, len(trigger_indices))


[docs]    def get_time(self, filename="OUTCAR", lines=None):
        """
        Time after each simulation step (for MD)

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file

        Returns:
            numpy.ndarray: An array of time values in fs

        """
        potim_trigger = "POTIM  ="
        read_potim = True
        potim = 1.0
        lines = _get_lines_from_file(filename=filename, lines=lines)
        for i, line in enumerate(lines):
            line = line.strip()
            if read_potim is None:
                if potim_trigger in line:
                    line = _clean_line(line)
                    potim = float(line.split(potim_trigger)[0])
        return potim * self.get_steps(filename)


[docs]    @staticmethod
    def get_kinetic_energy_error(filename="OUTCAR", lines=None):
        """
        Get the kinetic energy error

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file

        Returns:
            float: The kinetic energy error in eV
        """
        trigger = "kinetic energy error for atom="
        e_kin_err = list()
        n_species_list = list()
        nion_trigger = "ions per type ="
        tot_kin_error = 0.0
        lines = _get_lines_from_file(filename=filename, lines=lines)
        for i, line in enumerate(lines):
            line = line.strip()
            if trigger in line:
                e_kin_err.append(float(line.split()[5]))
            if nion_trigger in line:
                n_species_list = [
                    float(val) for val in line.split(nion_trigger)[-1].strip().split()
                ]
        if len(n_species_list) > 0 and len(n_species_list) == len(e_kin_err):
            tot_kin_error = np.sum(np.array(n_species_list) * np.array(e_kin_err))
        return tot_kin_error


[docs]    @staticmethod
    def get_fermi_level(filename="OUTCAR", lines=None):
        """
        Getting the Fermi-level (Kohn_Sham) from the OUTCAR file

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file

        Returns:
            float: The Kohn-Sham Fermi level in eV
        """
        trigger = "E-fermi :"
        trigger_indices, lines = _get_trigger(
            lines=lines, filename=filename, trigger=trigger
        )
        if len(trigger_indices) != 0:
            try:
                return float(lines[trigger_indices[-1]].split(trigger)[-1].split()[0])
            except ValueError:
                return
        else:
            return


[docs]    @staticmethod
    def get_dipole_moments(filename="OUTCAR", lines=None):
        """
        Get the electric dipole moment at every electronic step

        Args:
            filename (str): Filename of the OUTCAR file to parse
            lines (list/None): lines read from the file

        Returns:
            list: A list of dipole moments in (eA) for each electronic step

        """
        moment_trigger = "dipolmoment"
        istep_trigger = "FREE ENERGIE OF THE ION-ELECTRON SYSTEM (eV)"
        dip_moms = list()
        lines = _get_lines_from_file(filename=filename, lines=lines)
        istep_mom = list()
        for i, line in enumerate(lines):
            line = line.strip()
            if istep_trigger in line:
                dip_moms.append(np.array(istep_mom))
                istep_mom = list()
            if moment_trigger in line:
                line = _clean_line(line)
                mom = np.array([float(val) for val in line.split()[1:4]])
                istep_mom.append(mom)
        return dip_moms


[docs]    @staticmethod
    def get_nelect(filename="OUTCAR", lines=None):
        """
        Returns the number of electrons in the simulation

        Args:
            filename (str): OUTCAR filename
            lines (list/None): lines read from the file

        Returns:
            float: The number of electrons in the simulation

        """
        nelect_trigger = "NELECT"
        lines = _get_lines_from_file(filename=filename, lines=lines)
        for i, line in enumerate(lines):
            line = line.strip()
            if nelect_trigger in line:
                return float(line.split()[2])


[docs]    @staticmethod
    def get_number_of_atoms(filename="OUTCAR", lines=None):
        """
        Returns the number of ions in the simulation

        Args:
            filename (str): OUTCAR filename
            lines (list/None): lines read from the file

        Returns:
            int: The number of ions in the simulation

        """
        ions_trigger = "NIONS ="
        trigger_indices, lines = _get_trigger(
            lines=lines, filename=filename, trigger=ions_trigger
        )
        if len(trigger_indices) != 0:
            return int(lines[trigger_indices[0]].split(ions_trigger)[-1])
        else:
            raise ValueError()


[docs]    @staticmethod
    def get_band_properties(filename="OUTCAR", lines=None):
        fermi_trigger = "E-fermi"
        fermi_trigger_indices, lines = _get_trigger(
            lines=lines, filename=filename, trigger=fermi_trigger
        )
        fermi_level_list = list()
        vbm_level_dict = OrderedDict()
        cbm_level_dict = OrderedDict()
        for ind in fermi_trigger_indices:
            fermi_level_list.append(float(lines[ind].strip().split()[2]))
        band_trigger = "band No.  band energies     occupation"
        is_spin_polarized = False
        for n, ind in enumerate(fermi_trigger_indices):
            if n == len(fermi_trigger_indices) - 1:
                trigger_indices, lines_new = _get_trigger(
                    lines=lines[ind:-1], filename=filename, trigger=band_trigger
                )
            else:
                trigger_indices, lines_new = _get_trigger(
                    lines=lines[ind:fermi_trigger_indices[n+1]], filename=filename, trigger=band_trigger
                )
            band_data = list()
            for ind in trigger_indices:
                if "spin component" in lines_new[ind-3]:
                    is_spin_polarized = True
                for line in lines_new[ind+1:]:
                    data = line.strip().split()
                    if len(data) != 3:
                        break
                    band_data.append([float(d) for d in data[1:]])
            if is_spin_polarized:
                band_data_per_spin = [np.array(band_data[0:int(len(band_data)/2)]).tolist(),
                                      np.array(band_data[int(len(band_data)/2):]).tolist()]
            else:
                band_data_per_spin = [band_data]
            for spin, band_data in enumerate(band_data_per_spin):
                if spin in cbm_level_dict.keys():
                    pass
                else:
                    cbm_level_dict[spin] = list()
                if spin in vbm_level_dict.keys():
                    pass
                else:
                    vbm_level_dict[spin] = list()
                if len(band_data) > 0:
                    band_energy, band_occ = [np.array(band_data)[:, i] for i in range(2)]
                    args = np.argsort(band_energy)
                    band_occ = band_occ[args]
                    band_energy = band_energy[args]
                    cbm_bool = np.abs(band_occ) < 1e-6
                    if any(cbm_bool):
                        cbm_level_dict[spin].append(band_energy[np.abs(band_occ) < 1e-6][0])
                    else:
                        cbm_level_dict[spin].append(band_energy[-1])
                    vbm_level_dict[spin].append(band_energy[np.abs(band_occ) >= 1e-6][-1])
        return np.array(fermi_level_list), np.array([val for val
                                                     in vbm_level_dict.values()]), np.array([val
                                                                                             for val in
                                                                                             cbm_level_dict.values()])


[docs]    @staticmethod
    def get_elastic_constants(filename="OUTCAR", lines=None):
        lines = _get_lines_from_file(filename=filename, lines=lines)
        trigger_indices = _get_trigger(lines=lines, filename=filename, trigger="TOTAL ELASTIC MODULI (kBar)", return_lines=False)
        if len(trigger_indices) != 1:
            return None
        else:
            start_index = trigger_indices[0] + 3
            end_index = start_index + 6
            elastic_constants = []
            for line in lines[start_index:end_index]:
                elastic_constants.append(line.split()[1:])
            elastic_GPa = np.array(elastic_constants, dtype=float) / 10
            return elastic_GPa


    @staticmethod
    def _get_positions_and_forces_parser(
        lines, trigger_indices, n_atoms, pos_flag=True, force_flag=True
    ):
        """
        Parser to get the forces and or positions for every ionic step from the OUTCAR file

        Args:
            lines (list): lines read from the file
            trigger_indices (list): list of line indices where the trigger was found.
            n_atoms (int): number of atoms
            pos_flag (bool): parse position
            force_flag (bool): parse forces

        Returns:
            [positions, forces] (sequence)
            numpy.ndarray: A Nx3xM array of positions in $\AA$
            numpy.ndarray: A Nx3xM array of forces in $eV / \AA$

            where N is the number of atoms and M is the number of time steps

        """
        positions = []
        forces = []
        for j in trigger_indices:
            pos = []
            force = []
            for line in lines[j + 2 : j + n_atoms + 2]:
                line = line.strip()
                line = _clean_line(line)
                if pos_flag:
                    pos.append([float(l) for l in line.split()[0:3]])
                if force_flag:
                    force.append([float(l) for l in line.split()[3:]])
            forces.append(force)
            positions.append(pos)
        if pos_flag and force_flag:
            return np.array(positions), np.array(forces)
        elif pos_flag:
            return np.array(positions)
        elif force_flag:
            return np.array(forces)

    @staticmethod
    def _get_cells_praser(lines, trigger_indices):
        """
        Parser to get the cell size and shape for every ionic step from the OUTCAR file

        Args:
            lines (list): lines read from the file
            trigger_indices (list): list of line indices where the trigger was found.
            n_atoms (int): number of atoms

        Returns:
            numpy.ndarray: A 3x3xM array of the cell shape in $\AA$

            where M is the number of time steps

        """
        cells = []
        try:
            for j in trigger_indices:
                cell = []
                for line in lines[j + 5: j + 8]:
                    line = line.strip()
                    line = _clean_line(line)
                    cell.append([float(l) for l in line.split()[0:3]])
                cells.append(cell)
            return np.array(cells)
        except ValueError:
            warnings.warn("Unable to parse the cells from the OUTCAR file")
            return



def _clean_line(line):
    return line.replace("-", " -")


def _get_trigger(trigger, filename=None, lines=None, return_lines=True):
    """
    Find the lines where a specific trigger appears.

    Args:
        trigger (str): string pattern to search for
        lines (list/None): list of lines
        filename (str/None): file to read lines from

    Returns:
        list: indicies of the lines where the trigger string was found and list of lines
    """
    lines = _get_lines_from_file(filename=filename, lines=lines)
    trigger_indicies = [i for i, line in enumerate(lines) if trigger in line.strip()]
    if return_lines:
        return trigger_indicies, lines
    else:
        return trigger_indicies


def _get_lines_from_file(filename, lines=None):
    """
    If lines is None read the lines from the file with the filename filename.

    Args:
        filename (str): file to read lines from
        lines (list/ None): list of lines

    Returns:
        list: list of lines
    """
    if lines is None:
        with open(filename, "r") as f:
            lines = f.readlines()
    return lines
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  Source code for pyiron.vasp.potential

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import os
import posixpath

import numpy as np
import pandas
import tables
import warnings
from pyiron_base import GenericParameters, Settings, deprecate
from pyiron.atomistics.job.potentials import PotentialAbstract, find_potential_file_base

__author__ = "Jan Janssen"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2017"

s = Settings()


[docs]class VaspPotentialAbstract(PotentialAbstract):
    """

    Args:
        potential_df:
        default_df:
        selected_atoms:
    """

    def __init__(self, potential_df=None, default_df=None, selected_atoms=None):
        if potential_df is None:
            potential_df = self._get_potential_df(
                plugin_name="vasp",
                file_name_lst={"potentials_vasp.csv"},
                backward_compatibility_name="vasppotentials",
            )
        super(VaspPotentialAbstract, self).__init__(
            potential_df=potential_df,
            default_df=default_df,
            selected_atoms=selected_atoms,
        )

[docs]    def default(self):
        if self._default_df is not None:
            return pandas.concat(
                [
                    self._potential_df[
                        (
                            self._potential_df["Name"]
                            == self._default_df.loc[atom].values[0]
                        )
                    ]
                    for atom in self._selected_atoms
                ]
            )
        return None


[docs]    def find_default(self, element):
        if isinstance(element, set):
            element = element
        elif isinstance(element, list):
            element = set(element)
        elif isinstance(element, str):
            element = set([element])
        else:
            raise TypeError("Only, str, list and set supported!")
        element_lst = list(element)
        if self._default_df is not None:
            merged_lst = list(set(self._selected_atoms + element_lst))
            return pandas.concat(
                [
                    self._potential_df[
                        (
                            self._potential_df["Name"]
                            == self._default_df.loc[atom].values[0]
                        )
                    ]
                    for atom in merged_lst
                ]
            )
        return None


[docs]    def find(self, element):
        if isinstance(element, set):
            element = element
        elif isinstance(element, list):
            element = set(element)
        elif isinstance(element, str):
            element = set([element])
        else:
            raise TypeError("Only, str, list and set supported!")
        element_lst = list(element)
        merged_lst = list(set(self._selected_atoms + element_lst))
        return pandas.concat(
            [super(VaspPotentialAbstract, self).find({atom}) for atom in merged_lst]
        )


[docs]    def list(self):
        if len(self._selected_atoms) != 0:
            return pandas.concat(
                [
                    super(VaspPotentialAbstract, self).find({atom})
                    for atom in self._selected_atoms
                ]
            )
        else:
            return pandas.DataFrame({})


[docs]    def list_potential_names(self):
        df = self.list()
        if len(df) != 0:
            return list(self.list()["Name"])
        else:
            return []


    @staticmethod
    def _return_potential_file(file_name):
        for resource_path in s.resource_paths:
            resource_path_potcar = os.path.join(
                resource_path, "vasp", "potentials", file_name
            )
            if os.path.exists(resource_path_potcar):
                return resource_path_potcar
        return None

    def __dir__(self):
        return [val.replace("-", "_") for val in self.list_potential_names()]

    def __getitem__(self, item):
        item_replace = item.replace("_gga_pbe", "-gga-pbe").replace("_lda", "-lda")
        if item_replace in self.list_potential_names():
            df = self.list()
            return self._return_potential_file(
                file_name=list(df[df["Name"] == item_replace]["Filename"])[0][0]
            )
        selected_atoms = self._selected_atoms + [item]
        return VaspPotentialAbstract(
            potential_df=self._potential_df,
            default_df=self._default_df,
            selected_atoms=selected_atoms,
        )



[docs]class VaspPotentialFile(VaspPotentialAbstract):
    """
    The Potential class is derived from the PotentialAbstract class, but instead of loading the potentials from a list,
    the potentials are loaded from a file.

    Args:
        xc (str): Exchange correlation functional ['PBE', 'LDA']
    """

    def __init__(self, xc=None, selected_atoms=None):
        potential_df = self._get_potential_df(
            plugin_name="vasp",
            file_name_lst={"potentials_vasp.csv"},
            backward_compatibility_name="vasppotentials",
        )
        if xc == "PBE":
            default_df = self._get_potential_default_df(
                plugin_name="vasp",
                file_name_lst={"potentials_vasp_pbe_default.csv"},
                backward_compatibility_name="defaultvasppbe",
            )
            potential_df = potential_df[(potential_df["Model"] == "gga-pbe")]
        elif xc == "GGA":
            default_df = self._get_potential_default_df(
                plugin_name="vasp",
                file_name_lst={"potentials_vasp_pbe_default.csv"},
                backward_compatibility_name="defaultvasppbe",
            )
            potential_df = potential_df[(potential_df["Model"] == "gga-pbe")]
        elif xc == "LDA":
            default_df = self._get_potential_default_df(
                plugin_name="vasp",
                file_name_lst={"potentials_vasp_lda_default.csv"},
                backward_compatibility_name="defaultvasplda",
            )
            potential_df = potential_df[(potential_df["Model"] == "lda")]
        else:
            raise ValueError(
                'The exchange correlation functional has to be set and it can either be "LDA" or "PBE"'
            )
        super(VaspPotentialFile, self).__init__(
            potential_df=potential_df,
            default_df=default_df,
            selected_atoms=selected_atoms,
        )

[docs]    def add_new_element(self, parent_element, new_element):
        """
        Adding a new user defined element with a different POTCAR file. It is assumed that the file exists

        Args:
            parent_element (str): Parent element
            new_element (str): Name of the new element (the name of the folder where the new POTCAR file exists

        """
        ds = self.find_default(element=parent_element)
        ds["Species"].values[0][0] = new_element
        path_list = ds["Filename"].values[0][0].split("/")
        path_list[-2] = new_element
        name_list = ds["Name"].values[0].split("-")
        name_list[0] = new_element
        ds["Name"].values[0] = "-".join(name_list)
        ds["Filename"].values[0][0] = "/".join(path_list)
        self._potential_df = self._potential_df.append(ds)
        if new_element not in self._default_df.index.values:
            ds = pandas.Series()
            ds.name = new_element
            ds["Name"] = "-".join(name_list)
            self._default_df = self._default_df.append(ds)
        else:
            self._default_df.loc[new_element] = "-".join(name_list)




[docs]class VaspPotential(object):
    """
    The Potential class is derived from the PotentialAbstract class, but instead of loading the potentials from a list,
    the potentials are loaded from a file.

    Args:
        path (str): path to the potential list
    """

    def __init__(self, selected_atoms=None):
        self.pbe = VaspPotentialFile(xc="PBE", selected_atoms=selected_atoms)
        self.lda = VaspPotentialFile(xc="LDA", selected_atoms=selected_atoms)



[docs]class VaspPotentialSetter(object):
    def __init__(self, element_lst):
        super(VaspPotentialSetter, self).__setattr__("_element_lst", element_lst)
        super(VaspPotentialSetter, self).__setattr__(
            "_potential_dict", {el: None for el in element_lst}
        )

    def __getattr__(self, item):
        if item in self._element_lst:
            return item
        else:
            raise AttributeError

    def __setitem__(self, key, value):
        self.__setattr__(key=key, value=value)

    def __setattr__(self, key, value):
        if key in self._element_lst:
            self._potential_dict[key] = value
        else:
            raise AttributeError

[docs]    def to_dict(self):
        return self._potential_dict


    def __repr__(self):
        return self._potential_dict.__repr__()



[docs]def find_potential_file(path):
    return find_potential_file_base(
        path=path,
        resource_path_lst=s.resource_paths,
        rel_path=os.path.join("vasp", "potentials")
    )



[docs]@deprecate("use get_enmax_among_potentials and note the adjustment to the signature (*args instead of list)")
def get_enmax_among_species(symbol_lst, return_list=False, xc="PBE"):
    """
    DEPRECATED: Please use `get_enmax_among_potentials`.

    Given a list of species symbols, finds the largest applicable encut.

    Args:
        symbol_lst (list): The list of species symbols.
        return_list (bool): Whether to return the list of all ENMAX values (in the same order as `species_lst` along with
            the largest value). (Default is False.)
        xc ("GGA"/"PBE"/"LDA"): The exchange correlation functional for which the POTCARs were generated. (Default is "PBE".)

    Returns:
        (float): The largest ENMAX among the POTCAR files for all the species.
        [optional](list): The ENMAX value corresponding to each species.
    """
    return get_enmax_among_potentials(*symbol_lst, return_list=return_list, xc=xc)



[docs]def get_enmax_among_potentials(*names, return_list=False, xc="PBE"):
    """
    Given potential names without XC information or elemental symbols, look over all the corresponding POTCAR files and
    find the largest ENMAX value.

    e.g. `get_enmax_among_potentials('Mg', 'Al_GW', 'Ca_pv', 'Ca_sv', xc='LDA')`

    Args:
        *names (str): Names of potentials or elemental symbols
        return_list (bool): Whether to return the list of all ENMAX values (in the same order as `names` as a second
            return value after providing the largest value). (Default is False.)
        xc ("GGA"/"PBE"/"LDA"): The exchange correlation functional for which the POTCARs were generated.
            (Default is "PBE".)

    Returns:
        (float): The largest ENMAX among the POTCAR files for all the requested names.
        [optional](list): The ENMAX value corresponding to each species.
    """
    def _get_just_element_from_name(name):
        return name.split('_')[0]

    def _get_index_of_exact_match(name, potential_names):
        try:
            return np.argwhere([name == strip_xc_from_potential_name(pn) for pn in potential_names])[0, 0]
        except IndexError:
            raise ValueError("Couldn't find {} among potential names for {}".format(name,
                                                                                    _get_just_element_from_name(name)))

    def _get_potcar_filename(name, exch_corr):
        potcar_table = VaspPotentialFile(xc=exch_corr).find(_get_just_element_from_name(name))
        return potcar_table['Filename'].values[
            _get_index_of_exact_match(name, potcar_table['Name'].values)
        ][0]

    enmax_lst = []
    for n in names:
        with open(find_potential_file(path=_get_potcar_filename(n, xc))) as pf:
            for i, line in enumerate(pf):
                if i == 14:
                    encut_str = line.split()[2][:-1]
                    enmax_lst.append(float(encut_str))
                    break

    if return_list:
        return max(enmax_lst), enmax_lst
    else:
        return max(enmax_lst)



[docs]def strip_xc_from_potential_name(name):
    return name.split('-')[0]



[docs]class Potcar(GenericParameters):
    pot_path_dict = {"GGA": "paw-gga-pbe", "PBE": "paw-gga-pbe", "LDA": "paw-lda"}

    def __init__(self, input_file_name=None, table_name="potcar"):
        GenericParameters.__init__(
            self,
            input_file_name=input_file_name,
            table_name=table_name,
            val_only=False,
            comment_char="#",
        )
        self._structure = None
        self.electrons_per_atom_lst = list()
        self.max_cutoff_lst = list()
        self.el_path_lst = list()
        self.el_path_dict = dict()
        self.modified_elements = dict()

[docs]    def potcar_set_structure(self, structure, modified_elements):
        self._structure = structure
        self._set_default_path_dict()
        self._set_potential_paths()
        self.modified_elements = modified_elements


[docs]    def modify(self, **modify):
        if "xc" in modify:
            xc_type = modify["xc"]
            self._set_default_path_dict()
            if xc_type not in self.pot_path_dict:
                raise ValueError("xc type not implemented: " + xc_type)
        GenericParameters.modify(self, **modify)
        if self._structure is not None:
            self._set_potential_paths()


    def _set_default_path_dict(self):
        if self._structure is None:
            return
        vasp_potentials = VaspPotentialFile(xc=self.get("xc"))
        for i, el_obj in enumerate(self._structure.get_species_objects()):
            if isinstance(el_obj.Parent, str):
                el = el_obj.Parent
            else:
                el = el_obj.Abbreviation
            if isinstance(el_obj.tags, dict):
                if "pseudo_potcar_file" in el_obj.tags.keys():
                    new_element = el_obj.tags["pseudo_potcar_file"]
                    vasp_potentials.add_new_element(
                        parent_element=el, new_element=new_element
                    )
            key = vasp_potentials.find_default(el).Species.values[0][0]
            val = vasp_potentials.find_default(el).Name.values[0]
            self[key] = val

    def _set_potential_paths(self):
        element_list = (
            self._structure.get_species_symbols()
        )  # .ElementList.getSpecies()
        object_list = self._structure.get_species_objects()
        s.logger.debug("element list: {0}".format(element_list))
        self.el_path_lst = list()
        try:
            xc = self.get("xc")
        except tables.exceptions.NoSuchNodeError:
            xc = self.get("xc")
        s.logger.debug("XC: {0}".format(xc))
        vasp_potentials = VaspPotentialFile(xc=xc)
        for i, el_obj in enumerate(object_list):
            if isinstance(el_obj.Parent, str):
                el = el_obj.Parent
            else:
                el = el_obj.Abbreviation
            if (
                isinstance(el_obj.tags, dict)
                and "pseudo_potcar_file" in el_obj.tags.keys()
            ):
                new_element = el_obj.tags["pseudo_potcar_file"]
                vasp_potentials.add_new_element(
                    parent_element=el, new_element=new_element
                )
                el_path = find_potential_file(
                    path=vasp_potentials.find_default(new_element)["Filename"].values[
                        0
                    ][0]
                )
                if not (os.path.isfile(el_path)):
                    raise ValueError("such a file does not exist in the pp directory")
            elif el in self.modified_elements.keys():
                new_element = self.modified_elements[el]
                if os.path.isabs(new_element):
                    el_path = new_element
                else:
                    vasp_potentials.add_new_element(
                        parent_element=el, new_element=new_element
                    )
                    el_path = find_potential_file(
                        path=vasp_potentials.find_default(new_element)["Filename"].values[
                            0
                        ][0]
                    )
            else:
                el_path = find_potential_file(
                    path=vasp_potentials.find_default(el)["Filename"].values[0][0]
                )

            if not (os.path.isfile(el_path)):
                raise AssertionError()
            pot_name = "pot_" + str(i)

            if pot_name in self._dataset["Parameter"]:
                try:
                    ind = self._dataset["Parameter"].index(pot_name)
                except (ValueError, IndexError):
                    indices = np.core.defchararray.find(
                        self._dataset["Parameter"], pot_name
                    )
                    ind = np.where(indices == 0)[0][0]
                self._dataset["Value"][ind] = el_path
                self._dataset["Comment"][ind] = ""
            else:
                self._dataset["Parameter"].append("pot_" + str(i))
                self._dataset["Value"].append(el_path)
                self._dataset["Comment"].append("")
            self.el_path_lst.append(el_path)

[docs]    def write_file(self, file_name, cwd=None):
        """
        Args:
            file_name:
            cwd:
        Returns:
        """
        self.electrons_per_atom_lst = list()
        self.max_cutoff_lst = list()
        self._set_potential_paths()
        if cwd is not None:
            file_name = posixpath.join(cwd, file_name)
        f = open(file_name, "w")
        for el_file in self.el_path_lst:
            with open(el_file) as pot_file:
                for i, line in enumerate(pot_file):
                    f.write(line)
                    if i == 1:
                        self.electrons_per_atom_lst.append(int(float(line)))
                    elif i == 14:
                        mystr = line.split()[2][:-1]
                        self.max_cutoff_lst.append(float(mystr))
        f.close()


[docs]    def load_default(self):
        file_content = """\
xc  GGA  # LDA, GGA
"""
        self.load_string(file_content)
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  Source code for pyiron.vasp.procar

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from collections import OrderedDict

import numpy as np

from pyiron.dft.waves.electronic import ElectronicStructure

__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]class Procar(object):
    """
    This module contains routines to parse VASP PROCAR files.
    """

    def __init__(self):
        self._is_spin_polarized = False
        self.dos_dict = OrderedDict()

[docs]    def from_file(self, filename):
        with open(filename, "r") as f:
            es_obj = ElectronicStructure()
            lines = f.readlines()
            details_trigger = "# of k-points:"
            details_ready = False
            kpoint_trigger = "k-point"
            band_trigger = "band"
            num_atoms = 0
            for i, line in enumerate(lines):
                line = line.strip()
                if details_trigger in line:
                    num_kpts, num_bands, num_atoms = self._get_details(line)
                    details_ready = True
                if details_ready:
                    if kpoint_trigger in line.split():
                        kpt, weight = self._get_kpoint_details(line)
                        es_obj.add_kpoint(value=kpt, weight=weight)

                    if band_trigger in line.split():
                        eigenvalue, occupancy = self._get_band_details(line)
                        es_obj.kpoints[-1].add_band(
                            eigenvalue=eigenvalue, occupancy=occupancy
                        )
                        band_obj = es_obj.kpoints[-1].bands[-1]
                        band_obj.resolved_dos_matrix, band_obj.orbital_resolved_dos, band_obj.atom_resolved_dos = self._get_dos_matrix(
                            lines[i + 2 : i + num_atoms + 4]
                        )
        return es_obj


    @staticmethod
    def _check_if_spin_polarized(line):
        pass

    @staticmethod
    def _get_details(line):
        lst = line.split()
        num_kpts = int(lst[3])
        num_bands = int(lst[7])
        num_atoms = int(lst[11])
        return num_kpts, num_bands, num_atoms

    @staticmethod
    def _get_kpoint_details(line):
        line = line.replace("-", " -")
        lst = line.split()
        kpt = [float(lst[i]) for i in range(4, 7)]
        weight = float(lst[9])
        return kpt, weight

    @staticmethod
    def _get_band_details(line):
        lst = line.split()
        eigval = float(lst[4])
        occ = float(lst[7])
        return eigval, occ

    @staticmethod
    def _get_dos_matrix(lines):
        num_orbitals = len((lines[0].strip()).split()) - 2
        num_atoms = len(lines) - 2
        dos_matrix = np.zeros((num_atoms, num_orbitals))
        orbital_resolved_dos = list()
        atom_resolved_dos = list()
        count = 0
        for i, line in enumerate(lines):
            line = line.strip()
            lst = line.split()

            if i not in [0, len(lines) - 1]:
                dos_matrix[count, :] = np.array(
                    [float(val) for val in lst[1 : len(lst) - 1]]
                )
                count += 1
                atom_resolved_dos.append(float(lst[-1]))
            if i == len(lines) - 1:
                orbital_resolved_dos = [float(val) for val in lst[1 : len(lst) - 1]]

        atom_resolved_dos = np.array(atom_resolved_dos)
        orbital_resolved_dos = np.array(orbital_resolved_dos)
        return dos_matrix, orbital_resolved_dos, atom_resolved_dos
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  Source code for pyiron.vasp.report

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import numpy as np
from scipy.integrate import cumtrapz

__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Mar 1, 2020"


[docs]class Report(object):
    """
    This module is used to parse VASP REPORT files
    """

    def __init__(self):
        self.parse_dict = dict()

[docs]    def from_file(self, filename="REPORT"):
        """
        Reads values from files and stores it in the `parse_dict` attribute

        Args:
            filename (str): Path to the file that needs to be parsed
        """
        with open(filename, "r") as f:
            lines = f.readlines()
        rel_lines = [lines[i + 2] for i, line in enumerate(lines) if "Blue_moon" in line]
        if len(rel_lines) > 0:
            [lam, _, _, _] = [val for val in np.genfromtxt(rel_lines, usecols=[1, 2, 3, 4]).T]
            rel_lines = [lines[i] for i, line in enumerate(lines) if "cc>" in line]
            cv = np.genfromtxt(rel_lines, usecols=[2])
            fe = cumtrapz(lam, cv)
            self.parse_dict["cv_full"] = cv
            self.parse_dict["derivative"] = lam
            self.parse_dict["cv"] = cv[:-1]
            self.parse_dict["free_energy"] = fe
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  Source code for pyiron.vasp.structure

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from collections import OrderedDict
import numpy as np
from pyiron.atomistics.structure.atoms import Atoms
import warnings

__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]def read_atoms(
    filename="CONTCAR",
    return_velocities=False,
    species_list=None,
    species_from_potcar=False,
):
    """
    Routine to read structural static from a POSCAR type file

    Args:
        filename (str): Input filename
        return_velocities (bool): True if the predictor corrector velocities are read (only from MD output)
        species_list (list/numpy.ndarray): A list of the species (if not present in the POSCAR file or a POTCAR in the
        same directory)
        species_from_potcar (bool): True if the species list should be read from the POTCAR file in the same directory

    Returns:
        pyiron.atomistics.structure.atoms.Atoms: The generated structure object

    """
    directory = "/".join(filename.split("/")[0:-1])
    potcar_file = "/".join([directory, "POTCAR"])
    if (species_list is None) and species_from_potcar:
        species_list = get_species_list_from_potcar(potcar_file)
    file_string = list()
    with open(filename) as f:
        for line in f:
            line = line.strip()
            file_string.append(line)
    return atoms_from_string(
        file_string, read_velocities=return_velocities, species_list=species_list
    )



[docs]def get_species_list_from_potcar(filename="POTCAR"):
    """
    Generates the species list from a POTCAR type file

    Args:
        filename (str): Input filename

    Returns:
        list: A list of species symbols

    """
    trigger = "VRHFIN ="
    species_list = list()
    with open(filename) as potcar_file:
        lines = potcar_file.readlines()
        for line in lines:
            line = line.strip()
            if trigger in line:
                str_1 = line.split(trigger)
                str_2 = str_1[-1].split(":")
                species_list.append(str_2[0].replace(" ", ""))
    return species_list



[docs]def write_poscar(structure, filename="POSCAR", write_species=True, cartesian=True):
    """
    Writes a POSCAR type file from a structure object

    Args:
        structure (pyiron.atomistics.structure.atoms.Atoms): The structure instance to be written to the POSCAR format
        filename (str): Output filename
        write_species (bool): True if the species should be written to the file
        cartesian (bool): True if the positions are written in Cartesian coordinates

    """
    endline = "\n"
    with open(filename, "w") as f:
        selec_dyn = False
        f.write("Poscar file generated with pyiron" + endline)
        f.write("1.0" + endline)
        for a_i in structure.get_cell():
            x, y, z = a_i
            f.write("{0:.15f} {1:.15f} {2:.15f}".format(x, y, z) + endline)
        atom_numbers = structure.get_number_species_atoms()
        if write_species:
            f.write(" ".join(atom_numbers.keys()) + endline)
        num_str = [str(val) for val in atom_numbers.values()]
        f.write(" ".join(num_str))
        f.write(endline)
        if "selective_dynamics" in structure.get_tags():
            selec_dyn = True
            f.write("Selective dynamics" + endline)
        sorted_coords = list()
        selec_dyn_lst = list()
        for species in atom_numbers.keys():
            indices = structure.select_index(species)
            for i in indices:
                if cartesian:
                    sorted_coords.append(structure.positions[i])
                else:
                    sorted_coords.append(structure.get_scaled_positions()[i])
                if selec_dyn:
                    selec_dyn_lst.append(structure.selective_dynamics[i])
        if cartesian:
            f.write("Cartesian" + endline)
        else:
            f.write("Direct" + endline)
        if selec_dyn:
            for i, vec in enumerate(sorted_coords):
                x, y, z = vec
                sd_string = " ".join(["T" if sd else "F" for sd in selec_dyn_lst[i]])
                f.write(
                    "{0:.15f} {1:.15f} {2:.15f}".format(x, y, z)
                    + " "
                    + sd_string
                    + endline
                )
        else:
            for i, vec in enumerate(sorted_coords):
                x, y, z = vec
                f.write("{0:.15f} {1:.15f} {2:.15f}".format(x, y, z) + endline)



[docs]def atoms_from_string(string, read_velocities=False, species_list=None):
    """
    Routine to convert a string list read from a input/output structure file and convert into Atoms instance

    Args:
        string (list): A list of strings (lines) read from the POSCAR/CONTCAR/CHGCAR/LOCPOT file
        read_velocities (bool): True if the velocities from a CONTCAR file should be read (predictor corrector)
        species_list (list/numpy.ndarray): A list of species of the atoms

    Returns:
        pyiron.atomistics.structure.atoms.Atoms: The required structure object

    """
    string = [s.strip() for s in string]
    string_lower = [s.lower() for s in string]
    atoms_dict = dict()
    atoms_dict["first_line"] = string[0]
    # del string[0]
    atoms_dict["selective_dynamics"] = False
    atoms_dict["relative"] = False
    if "direct" in string_lower or "d" in string_lower:
        atoms_dict["relative"] = True
    atoms_dict["scaling_factor"] = float(string[1])
    unscaled_cell = list()
    for i in [2, 3, 4]:
        vec = list()
        for j in range(3):
            vec.append(float(string[i].split()[j]))
        unscaled_cell.append(vec)
    if atoms_dict["scaling_factor"] > 0.0:
        atoms_dict["cell"] = np.array(unscaled_cell) * atoms_dict["scaling_factor"]
    else:
        atoms_dict["cell"] = np.array(unscaled_cell) * (
            (-atoms_dict["scaling_factor"]) ** (1.0 / 3.0)
        )
    if "selective dynamics" in string_lower:
        atoms_dict["selective_dynamics"] = True
    no_of_species = len(string[5].split())
    species_dict = OrderedDict()
    position_index = 7
    if atoms_dict["selective_dynamics"]:
        position_index += 1
    for i in range(no_of_species):
        species_dict["species_" + str(i)] = dict()
        try:
            species_dict["species_" + str(i)]["count"] = int(string[5].split()[i])
        except ValueError:
            species_dict["species_" + str(i)]["species"] = string[5].split()[i]
            species_dict["species_" + str(i)]["count"] = int(string[6].split()[i])
    atoms_dict["species_dict"] = species_dict
    if "species" in atoms_dict["species_dict"]["species_0"].keys():
        position_index += 1
    positions = list()
    selective_dynamics = list()
    n_atoms = sum(
        [
            atoms_dict["species_dict"][key]["count"]
            for key in atoms_dict["species_dict"].keys()
        ]
    )
    try:
        for i in range(position_index, position_index + n_atoms):
            string_list = np.array(string[i].split())
            positions.append([float(val) for val in string_list[0:3]])
            if atoms_dict["selective_dynamics"]:
                selective_dynamics.append(["T" in val for val in string_list[3:6]])
    except (ValueError, IndexError):
        raise AssertionError(
            "The number of positions given does not match the number of atoms"
        )
    atoms_dict["positions"] = np.array(positions)
    if not atoms_dict["relative"]:
        if atoms_dict["scaling_factor"] > 0.0:
            atoms_dict["positions"] *= atoms_dict["scaling_factor"]
        else:
            atoms_dict["positions"] *= (-atoms_dict["scaling_factor"]) ** (1.0 / 3.0)
    velocities = list()
    try:
        atoms = _dict_to_atoms(atoms_dict, species_list=species_list)
    except ValueError:
        atoms = _dict_to_atoms(atoms_dict, read_from_first_line=True)
    if atoms_dict["selective_dynamics"]:
        selective_dynamics = np.array(selective_dynamics)
        unique_sel_dyn, inverse, counts = np.unique(
            selective_dynamics, axis=0, return_counts=True, return_inverse=True
        )
        count_index = np.argmax(counts)
        atoms.add_tag(selective_dynamics=unique_sel_dyn.tolist()[count_index])
        is_not_majority = np.arange(len(unique_sel_dyn), dtype=int) != count_index
        for i, val in enumerate(unique_sel_dyn):
            if is_not_majority[i]:
                for key in np.argwhere(inverse == i).flatten():
                    atoms.selective_dynamics[int(key)] = val.tolist()
    if read_velocities:
        velocity_index = position_index + n_atoms + 1
        for i in range(velocity_index, velocity_index + n_atoms):
            try:
                velocities.append([float(val) for val in string[i].split()[0:3]])
            except IndexError:
                break
        if not (len(velocities) == n_atoms):
            warnings.warn(
                "The velocities are either not available or they are incomplete/corrupted. Returning empty "
                "list instead",
                UserWarning,
            )
            return atoms, list()
        return atoms, velocities
    else:
        return atoms



def _dict_to_atoms(atoms_dict, species_list=None, read_from_first_line=False):
    """
    Function to convert a generated dict into an structure object

    Args:
        atoms_dict (dict): Dictionary with the details (from string_to_atom)
        species_list (list/numpy.ndarray): List of species
        read_from_first_line (bool): True if we are to read the species information from the first line in the file

    Returns:
        pyiron.atomistics.structure.atoms.Atoms: The required structure object
    """
    is_absolute = not (atoms_dict["relative"])
    positions = atoms_dict["positions"]
    cell = atoms_dict["cell"]
    symbol = str()
    elements = list()
    el_list = list()
    for i, sp_key in enumerate(atoms_dict["species_dict"].keys()):
        if species_list is not None:
            try:
                el_list = np.array([species_list[i]])
                el_list = np.tile(el_list, atoms_dict["species_dict"][sp_key]["count"])
                if isinstance(species_list[i], str):
                    symbol += species_list[i] + str(
                        atoms_dict["species_dict"][sp_key]["count"]
                    )
                else:
                    symbol += species_list[i].Abbreviation + str(
                        atoms_dict["species_dict"][sp_key]["count"]
                    )
            except IndexError:
                raise ValueError(
                    "Number of species in the specified species list does not match that in the file"
                )
        elif "species" in atoms_dict["species_dict"][sp_key].keys():
            el_list = np.array([atoms_dict["species_dict"][sp_key]["species"]])
            el_list = np.tile(el_list, atoms_dict["species_dict"][sp_key]["count"])
            symbol += atoms_dict["species_dict"][sp_key]["species"]
            symbol += str(atoms_dict["species_dict"][sp_key]["count"])
        elif read_from_first_line:
            if not (
                len(atoms_dict["first_line"].split())
                == len(atoms_dict["species_dict"].keys())
            ):
                raise AssertionError()
            el_list = np.array(atoms_dict["first_line"].split()[i])
            el_list = np.tile(el_list, atoms_dict["species_dict"][sp_key]["count"])
            symbol += atoms_dict["first_line"].split()[i]
            symbol += str(atoms_dict["species_dict"][sp_key]["count"])
        elif species_list is None:
            raise ValueError(
                "Species list should be provided since pyiron can't detect species information"
            )
        elements.append(el_list)
    elements_new = list()
    for ele in elements:
        for e in ele:
            elements_new.append(e)
    elements = elements_new
    if is_absolute:
        atoms = Atoms(elements, positions=positions, cell=cell, pbc=True)
    else:
        atoms = Atoms(elements, scaled_positions=positions, cell=cell, pbc=True)
    return atoms


[docs]def vasp_sorter(structure):
    """
    Routine to sort the indices of a structure as it would be when written to a POSCAR file

    Args:
        structure (pyiron.atomistics.structure.atoms.Atoms): The structure whose indices need to be sorted

    Returns:
        list: A list of indices which is sorted by the corresponding species for writing to POSCAR

    """
    atom_numbers = structure.get_number_species_atoms()
    sorted_indices = list()
    for species in atom_numbers.keys():
        indices = structure.select_index(species)
        for i in indices:
            sorted_indices.append(i)
    return np.array(sorted_indices)



[docs]def manip_contcar(filename, new_filename, add_pos):
    """
    Manipulate a CONTCAR/POSCAR file by adding something to the positions

    Args:
        filename (str):  Filename/path of the input file
        new_filename (str): Filename/path of the output file
        add_pos (list/numpy.ndarray): Array of values to be added to the positions of the input

    """
    actual_struct = read_atoms(filename)
    n = 0
    direct = True
    with open(filename, "r") as f:
        lines = f.readlines()
        for line in lines:
            if "Direct" in line or "Cartesian" in line:
                direct = "Direct" in line
                break
            n += 1
    pos_list = list()
    sd_list = list()
    if len(lines[n + 1].split()) == 6:
        for line in lines[n + 1 : n + 1 + len(actual_struct)]:
            pos_list.append([float(val) for val in line.split()[0:3]])
            sd_list.append(["T" in val for val in line.split()[3:]])
    else:
        for line in lines[n + 1 : n + 1 + len(actual_struct)]:
            pos_list.append([float(val) for val in line.split()[0:3]])
    old_pos = np.array(pos_list)
    if direct:
        add_pos_rel = np.dot(add_pos, np.linalg.inv(actual_struct.cell))
        new_pos = old_pos + add_pos_rel
    else:
        new_pos = old_pos + add_pos
    new_lines = lines
    new_pos_str = np.array(new_pos, dtype=str)
    if len(sd_list) > 0:
        bool_list = np.zeros_like(old_pos, dtype=str)
        bool_list[:] = "F"
        bool_list[np.array(sd_list)] = "T"
        for i, pos in enumerate(new_pos_str):
            linestr = np.append(pos, bool_list[i])
            new_lines[n + 1 + i] = " ".join([str(val) for val in linestr]) + "\n"
    else:
        for i, pos in enumerate(new_pos_str):
            linestr = pos
            new_lines[n + 1 + i] = " ".join([str(val) for val in linestr]) + "\n"

    # Exclude predictor corrector positions
    if len(new_lines[n + len(new_pos_str) :]) >= 2 * len(new_pos_str):
        new_lines = new_lines[: n + 2 * (len(new_pos_str)) + 2]

    with open(new_filename, "w") as f:
        for new_line in new_lines:
            f.write(new_line)
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  Source code for pyiron.vasp.vasp

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from pyiron.vasp.interactive import VaspInteractive

__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]class Vasp(VaspInteractive):
    """
    Class to setup and run and analyze VASP simulations which is a derivative of pyiron.objects.job.generic.GenericJob.
    The functions in these modules are written in such the function names and attributes are very generic
    (get_structure(), molecular_dynamics(), version) but the functions are written to handle VASP specific input/output.

    Args:
        project (pyiron.project.Project instance):  Specifies the project path among other attributes
        job_name (str): Name of the job

    Examples:
        Let's say you need to run a vasp simulation where you would like to control the input parameters manually. To
        set up a static dft run with Gaussian smearing and a k-point MP mesh of [6, 6, 6]. You would have to set it up
        as shown below:

        >>> ham = Vasp(job_name="trial_job")
        >>> ham.input.incar[IBRION] = -1
        >>> ham.input.incar[ISMEAR] = 0
        >>> ham.input.kpoints.set_kpoints_file(size_of_mesh=[6, 6, 6])

        However, the according to pyiron's philosophy, it is recommended to avoid using code specific tags like IBRION,
        ISMEAR etc. Therefore the recommended way to set this calculation is as follows:

        >>> ham = Vasp(job_name="trial_job")
        >>> ham.calc_static()
        >>> ham.set_occupancy_smearing(smearing="gaussian")
        >>> ham.set_kpoints(mesh=[6, 6, 6])
        The exact same tags as in the first examples are set automatically.

    """

    def __init__(self, project, job_name):
        super(Vasp, self).__init__(project, job_name)
        self.__name__ = "Vasp"
        self.__version__ = (
            None
        )  # Reset the version number to the executable is set automatically
        self._executable_activate(enforce=True)





            

          

      

      

    

  

  
    
    
    pyiron.vasp.vasprun
    

    
 
  

    
      
          
            
  Source code for pyiron.vasp.vasprun

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import os

# import xml.etree.cElementTree as ETree
import numpy as np
from collections import OrderedDict
from pyiron.atomistics.structure.atoms import Atoms
from pyiron.atomistics.structure.periodic_table import PeriodicTable
from pyiron_base import Settings
from pyiron.dft.waves.electronic import ElectronicStructure
import defusedxml.cElementTree as ETree
from defusedxml.ElementTree import ParseError
import warnings


__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]class Vasprun(object):

    """
    This module is used to parse vasprun.xml files and store the data consistent with the pyiron input/output storage
    formats.

    Attributes:

        vasprun_dict (dict): Dictionary containing all information from the calculation parsed from the vasprun.xml
                            file. If you consider a simulation with N atoms and M ionic steps

                'positions' (numpy.ndarray): MxNx3 array containing all the relative positions
                'cell' (numpy.ndarray): Mx3x3 array containing all the size and shape of cells at every iteration point
                'forces' (numpy.ndarray): MxNx3 array containing all the forces in eV/A
                'total_energies' (numpy.ndarray): 1xM array containing all the total energies in eV
    """

    def __init__(self):
        self.vasprun_dict = dict()
        self.root = None

[docs]    def from_file(self, filename="vasprun.xml"):
        """
        Parsing vasprun.xml from the working directory

        Args:
            filename (str): Path to the vasprun file
        """
        if not (os.path.isfile(filename)):
            raise AssertionError()
        try:
            self.root = ETree.parse(filename).getroot()
        except ParseError:
            raise VasprunError(
                "The vasprun.xml file is either corrupted or the simulation has failed"
            )

        self.parse_root_to_dict()


[docs]    def parse_root_to_dict(self):
        """
        Parses from the main xml root.
        """
        node = self.root
        d = self.vasprun_dict
        d["scf_energies"] = list()
        d["scf_fr_energies"] = list()
        d["scf_0_energies"] = list()
        d["scf_dipole_moments"] = list()
        d["positions"] = list()
        d["cells"] = list()
        d["forces"] = list()
        d["total_energies"] = list()
        d["total_fr_energies"] = list()
        d["total_0_energies"] = list()
        d["stress_tensors"] = list()
        for leaf in node:
            if leaf.tag in ["generator", "incar"]:
                d[leaf.tag] = dict()
                for items in leaf:
                    d[leaf.tag] = self.parse_item_to_dict(items, d[leaf.tag])
            if leaf.tag in ["kpoints"]:
                d[leaf.tag] = dict()
                self.parse_kpoints_to_dict(leaf, d[leaf.tag])
            if leaf.tag in ["atominfo"]:
                d[leaf.tag] = dict()
                self.parse_atom_information_to_dict(leaf, d[leaf.tag])
            if leaf.tag in ["structure"] and leaf.attrib["name"] == "initialpos":
                d["init_structure"] = dict()
                self.parse_structure_to_dict(leaf, d["init_structure"])
            if leaf.tag in ["structure"] and leaf.attrib["name"] == "finalpos":
                d["final_structure"] = dict()
                self.parse_structure_to_dict(leaf, d["final_structure"])
            if leaf.tag in ["calculation"]:
                self.parse_calc_to_dict(leaf, d)
            if leaf.tag in ["parameters"]:
                pass
                self.parse_parameters(leaf, d)
        d["cells"] = np.array(d["cells"])
        d["positions"] = np.array(d["positions"])
        # Check if the parsed coordinates are in absolute/relative coordinates. If absolute, convert to relative
        total_positions = d["positions"].flatten()
        if len(np.argwhere(total_positions > 1)) / len(total_positions) > 0.2:
            pos_new = d["positions"].copy()
            for i, pos in enumerate(pos_new):
                d["positions"][i] = np.dot(pos, np.linalg.inv(d["cells"][i]))
        d["forces"] = np.array(d["forces"])
        d["total_energies"] = np.array(d["total_energies"])
        d["total_fr_energies"] = np.array(d["total_fr_energies"])
        d["total_0_energies"] = np.array(d["total_0_energies"])
        d["scf_energies"] = d["scf_energies"]
        d["scf_dipole_moments"] = d["scf_dipole_moments"]
        d["scf_fr_energies"] = d["scf_fr_energies"]
        d["scf_0_energies"] = d["scf_0_energies"]
        d["stress_tensors"] = d["stress_tensors"]


[docs]    def parse_kpoints_to_dict(self, node, d):
        """
        Parses k-points data from a node to a dictionary

        Args:
            node (xml.etree.Element instance): The node to parse
            d (dict): The dictionary to which data is to be parsed
        """
        if not (node.tag == "kpoints"):
            raise AssertionError()
        for leaf in node:
            if leaf.tag == "generation":
                d[leaf.tag] = dict()
                d[leaf.tag]["scheme"] = leaf.attrib["param"]
                if d[leaf.tag]["scheme"] == "listgenerated":
                    line_mode_kpoints = list()
                    for item in leaf:
                        if item.tag == "v":
                            line_mode_kpoints.append(
                                self._parse_vector(item, vec_type=float)
                            )
                    d["line_mode_kpoints"] = np.array(line_mode_kpoints)
                else:
                    gen_vec = np.zeros((3, 3))
                    for item in leaf:
                        if item.tag == "v":
                            if item.attrib["name"] in ["divisions"]:
                                d[leaf.tag]["divisions"] = self._parse_vector(
                                    item, vec_type=int
                                )
                            if item.attrib["name"] in [
                                "genvec{}".format(i) for i in range(1, 4)
                            ]:
                                if item.attrib["name"] == "genvec1":
                                    gen_vec[0, :] = self._parse_vector(
                                        item, vec_type=float
                                    )
                                if item.attrib["name"] == "genvec2":
                                    gen_vec[1, :] = self._parse_vector(
                                        item, vec_type=float
                                    )
                                if item.attrib["name"] == "genvec3":
                                    gen_vec[2, :] = self._parse_vector(
                                        item, vec_type=float
                                    )
                            if item.attrib["name"] in ["shift", "usershift"]:
                                d[leaf.tag][item.attrib["name"]] = self._parse_vector(
                                    item, vec_type=float
                                )
                    d[leaf.tag]["genvec"] = np.array(gen_vec)
            if leaf.tag == "varray":
                if leaf.attrib["name"] == "kpointlist":
                    d["kpoint_list"] = self._parse_2d_matrix(leaf, vec_type=float)
                if leaf.attrib["name"] == "weights":
                    d["kpoint_weights"] = self._parse_2d_matrix(
                        leaf, vec_type=float
                    ).flatten()


[docs]    def parse_atom_information_to_dict(self, node, d):
        """
        Parses atom information from a node to a dictionary

        Args:
            node (xml.etree.Element instance): The node to parse
            d (dict): The dictionary to which data is to be parsed
        """
        if not (node.tag == "atominfo"):
            raise AssertionError()
        species_dict = OrderedDict()
        for leaf in node:
            if leaf.tag == "atoms":
                d["n_atoms"] = self._parse_vector(leaf)[0]
            if leaf.tag == "types":
                d["n_species"] = self._parse_vector(leaf)[0]
            if leaf.tag == "array":
                if leaf.attrib["name"] == "atomtypes":
                    for item in leaf:
                        if item.tag == "set":
                            for sp in item:
                                elements = sp
                                if elements[1].text in species_dict.keys():
                                    pse = PeriodicTable()
                                    count = 1
                                    not_unique = True
                                    species_key = None
                                    while not_unique:
                                        species_key = "_".join(
                                            [elements[1].text, str(count)]
                                        )
                                        if species_key not in species_dict.keys():
                                            not_unique = False
                                        else:
                                            count += 1
                                    if species_key is not None:
                                        pse.add_element(clean_character(elements[1].text), species_key)
                                        special_element = pse.element(species_key)
                                        species_dict[special_element] = dict()
                                        species_dict[special_element]["n_atoms"] = int(elements[0].text)
                                        species_dict[special_element]["valence"] = float(elements[3].text)
                                else:
                                    species_key = elements[1].text
                                    species_dict[species_key] = dict()
                                    species_dict[species_key]["n_atoms"] = int(elements[0].text)
                                    species_dict[species_key]["valence"] = float(elements[3].text)
        d["species_dict"] = species_dict
        species_list = list()
        for key, val in species_dict.items():
            for sp in np.tile([key], species_dict[key]["n_atoms"]):
                species_list.append(clean_character(sp))
        d["species_list"] = species_list


[docs]    def parse_fermi_level_to_dict(self, node, d):
        """
        Parses fermi level from a node to a dictionary

        Args:
            node (xml.etree.Element instance): The node to parse
            d (dict): The dictionary to which data is to be parsed
        """
        if not (node.tag == "dos"):
            raise AssertionError()
        for item in node:
            if item.tag == "i":
                self.parse_item_to_dict(item, d)


[docs]    def parse_total_dos_to_dict(self, node, d):
        """
        Parses total dos data from a node to a dictionary

        Args:
            node (xml.etree.Element instance): The node to parse
            d (dict): The dictionary to which data is to be parsed
        """
        if not (node.tag == "total"):
            raise AssertionError()
        for item in node:
            if item.tag == "array":
                for ii in item:
                    if ii.tag == "set":
                        spin_dos_energies = list()
                        spin_dos_density = list()
                        spin_dos_idensity = list()
                        for sp in ii:
                            if sp.tag == "set" and "spin" in sp.attrib["comment"]:
                                try:
                                    values = self._parse_2d_matrix(sp, vec_type=float)
                                    dos_energies = values[:, 0]
                                    dos_density = values[:, 1]
                                    dos_idensity = values[:, 2]
                                    spin_dos_energies.append(dos_energies)
                                    spin_dos_density.append(dos_density)
                                    spin_dos_idensity.append(dos_idensity)
                                except ValueError:
                                    pass
                        d["spin_dos_energies"] = np.array(spin_dos_energies)
                        d["spin_dos_density"] = np.array(spin_dos_density)
                        d["spin_dos_idensity"] = np.array(spin_dos_idensity)


[docs]    def parse_partial_dos_to_dict(self, node, d):
        """
        Parses partial dos data from a node to a dictionary

        Args:
            node (xml.etree.Element instance): The node to parse
            d (dict): The dictionary to which data is to be parsed
        """
        if not (node.tag == "partial"):
            raise AssertionError()
        orbital_dict = dict()
        orbital_index = 0
        for item in node:
            if item.tag == "array":
                for ii in item:
                    if ii.tag == "field":
                        if "energy" not in ii.text:
                            orbital_dict[ii.text.replace(" ", "")] = orbital_index
                        orbital_index += 1
                    if ii.tag == "set":
                        atom_resolved_dos = list()
                        for ion in ii:
                            spin_resolved_dos = list()
                            if ion.tag == "set" and "ion" in ion.attrib["comment"]:
                                for sp in ion:
                                    if (
                                        sp.tag == "set"
                                        and "spin" in sp.attrib["comment"]
                                    ):
                                        values = self._parse_2d_matrix(
                                            sp, vec_type=float
                                        )
                                        spin_resolved_dos.append(values[:, 1:])
                            atom_resolved_dos.append(spin_resolved_dos)
                        atom_resolved_dos = np.array(atom_resolved_dos)
                        n_atoms, n_spin, n_densities, n_orbitals = np.shape(
                            atom_resolved_dos
                        )
                        new_grand_dos_matrix = np.zeros(
                            (n_spin, n_atoms, n_orbitals, n_densities)
                        )
                        for i_spin in range(n_spin):
                            for i_atom in range(n_atoms):
                                for i_orbitals in range(n_orbitals):
                                    new_grand_dos_matrix[
                                        i_spin, i_atom, i_orbitals, :
                                    ] = atom_resolved_dos[i_atom, i_spin, :, i_orbitals]
                        d["resolved_dos_matrix"] = new_grand_dos_matrix


[docs]    def parse_projected_dos_to_dict(self, node, d):
        """
        Parses partial dos data from a node to a dictionary

        Args:
            node (xml.etree.Element instance): The node to parse
            d (dict): The dictionary to which data is to be parsed
        """
        if not (node.tag == "projected"):
            raise AssertionError()
        orbital_dict = dict()
        orbital_index = 0
        for item in node:
            if item.tag == "array":
                for ii in item:
                    if ii.tag == "field":
                        orbital_dict[ii.text] = orbital_index
                        orbital_index += 1
                    if ii.tag == "set":
                        spin_dos_mat = list()
                        for sp in ii:
                            if sp.tag == "set" and "spin" in sp.attrib["comment"]:
                                kpt_dos_mat = list()
                                for kpt in sp:
                                    band_dos_mat = list()
                                    for band in kpt:
                                        dos_matrix = self._parse_2d_matrix(
                                            band, vec_type=float
                                        )
                                        band_dos_mat.append(dos_matrix)
                                    kpt_dos_mat.append(band_dos_mat)
                                spin_dos_mat.append(kpt_dos_mat)
                        grand_dos_matrix = np.array(spin_dos_mat)
                        d["grand_dos_matrix"] = grand_dos_matrix
                        d["orbital_dict"] = orbital_dict


[docs]    def parse_scf(self, node):
        """
        Parses the total energy and dipole moments for a VASP calculation

        Args:
            node: (xml.etree.Element instance): The node to parse

        Returns:
            d (dict): Dictionary to containing parsed data
        """
        d = dict()
        if not (node.tag == "scstep"):
            raise AssertionError()
        for item in node:
            if item.tag == "energy":
                for i in item:
                    if i.attrib["name"] == "e_wo_entrp":
                        d["scf_energy"] = get_float_with_exception(i.text)
                    if i.attrib["name"] == "e_fr_energy":
                        d["scf_fr_energy"] = get_float_with_exception(i.text)
                    if i.attrib["name"] == "e_0_energy":
                        d["scf_0_energy"] = get_float_with_exception(i.text)
            if item.tag == "dipole":
                for i in item:
                    if i.attrib["name"] == "dipole":
                        d["scf_dipole_moment"] = self._parse_vector(i, vec_type=float)
        return d


[docs]    def parse_calc_to_dict(self, node, d):
        """
        Parses ionic step data from a node to a dictionary

        Args:
            node (xml.etree.Element instance): The node to parse
            d (dict): The dictionary to which data is to be parsed
        """
        scf_energies = list()
        scf_fr_energies = list()
        scf_0_energies = list()
        scf_moments = list()
        for item in node:
            if item.tag in ["scstep"]:
                scf_dict = self.parse_scf(item)
                scf_energies.append(scf_dict["scf_energy"])
                scf_fr_energies.append(scf_dict["scf_fr_energy"])
                scf_0_energies.append(scf_dict["scf_0_energy"])
                if "scf_dipole_moment" in scf_dict.keys():
                    scf_moments.append(scf_dict["scf_dipole_moment"])
            if item.tag in ["structure"]:
                struct_dict = dict()
                self.parse_structure_to_dict(item, struct_dict)
                d["positions"].append(struct_dict["positions"])
                d["cells"].append(struct_dict["cell"])
            if item.tag in ["varray"] and item.attrib["name"] == "forces":
                d["forces"].append(self._parse_2d_matrix(item, vec_type=float))
            if item.tag in ["stress"]:
                d["stress_tensors"].append(self._parse_2d_matrix(item, vec_type=float))
            if item.tag == "energy":
                for i in item:
                    if i.attrib["name"] == "e_wo_entrp":
                        d["total_energies"].append(float(i.text))
                    if i.attrib["name"] == "e_fr_energy":
                        d["total_fr_energies"].append(float(i.text))
                    if i.attrib["name"] == "e_0_energy":
                        d["total_0_energies"].append(float(i.text))
                    if i.attrib["name"] == "kinetic":
                        d["kinetic_energies"] = float(i.text)
            if item.tag == "eigenvalues":
                self.parse_eigenvalues_to_dict(item, d)

            if item.tag == "dos":
                self.parse_fermi_level_to_dict(item, d)
                d["efermi"] = float(d["efermi"])
                for i in item:
                    if i.tag == "total":
                        try:
                            self.parse_total_dos_to_dict(i, d)
                        except ValueError:
                            pass
                    if i.tag == "partial":
                        try:
                            self.parse_partial_dos_to_dict(i, d)
                        except ValueError:
                            pass

            if item.tag == "projected":
                self.parse_projected_dos_to_dict(item, d)

        d["scf_energies"].append(scf_energies)
        d["scf_fr_energies"].append(scf_fr_energies)
        d["scf_0_energies"].append(scf_0_energies)
        d["scf_dipole_moments"].append(scf_moments)


[docs]    def parse_eigenvalues_to_dict(self, node, d):
        """
        Parses eigenvalue and occupancy data from a node to a dictionary

        Args:
            node (xml.etree.Element instance): The node to parse
            d (dict): The dictionary to which data is to be parsed
        """
        if not (node.tag == "eigenvalues"):
            raise AssertionError()
        grand_eigenvalue_matrix = list()
        grand_occupancy_matrix = list()
        for item in node:
            if item.tag == "array":
                for ii in item:
                    if ii.tag == "set":
                        spin_occ_mat = list()
                        spin_eig_mat = list()
                        for sp in ii:
                            if sp.tag == "set" and "spin" in sp.attrib["comment"]:
                                kpt_eig_mat = list()
                                kpt_occ_mat = list()
                                for kpt in sp:
                                    values = self._parse_2d_matrix(kpt, vec_type=float)
                                    eig_vec = values[:, 0].flatten()
                                    occ_vec = values[:, 1].flatten()
                                    kpt_eig_mat.append(eig_vec)
                                    kpt_occ_mat.append(occ_vec)
                                spin_eig_mat.append(kpt_eig_mat)
                                spin_occ_mat.append(kpt_occ_mat)
                        grand_eigenvalue_matrix = np.array(spin_eig_mat)
                        grand_occupancy_matrix = np.array(spin_occ_mat)
        d["grand_eigenvalue_matrix"] = grand_eigenvalue_matrix
        d["grand_occupancy_matrix"] = grand_occupancy_matrix


[docs]    def parse_structure_to_dict(self, node, d):
        """
        Parses structure from a node to a dictionary

        Args:
            node (xml.etree.Element instance): The node to parse
            d (dict): The dictionary to which data is to be parsed
        """
        if not (node.tag == "structure"):
            raise AssertionError()
        for leaf in node:
            if leaf.tag == "crystal":
                for item in leaf:
                    if item.tag == "varray" and item.attrib["name"] == "basis":
                        d["cell"] = self._parse_2d_matrix(item)
            if leaf.tag == "varray" and leaf.attrib["name"] == "positions":
                d["positions"] = self._parse_2d_matrix(leaf)

            if leaf.tag == "varray" and leaf.attrib["name"] == "selective":
                d["selective_dynamics"] = self._parse_2d_matrix(leaf, vec_type=bool)


[docs]    @staticmethod
    def parse_item_to_dict(node, d):
        """
        Parses values from an item to a dictionary

        Args:
            node (etree.Element instance): Node to be parsed
            d (dict): The dictionary to which data is to be parsed

        Returns:
            d (dictionary)
        """
        type_dict = {"string": str, "float": float, "int": int, "logical": bool}
        logical_dict = {"T": True, "F": False}
        try:
            if node.attrib["type"] == "logical":
                d[node.attrib["name"]] = logical_dict[node.text.strip()]
            else:
                d[node.attrib["name"]] = type_dict[node.attrib["type"]](node.text)
        except (KeyError, IndexError, ValueError):
            d[node.attrib["name"]] = node.text
        return d


[docs]    def parse_parameters(self, node, d):
        """
        Parses parameter data from a node to a dictionary

        Args:
            node (xml.etree.Element instance): The node to parse
            d (dict): The dictionary to which data is to be parsed
        """
        if not (node.tag == "parameters"):
            raise AssertionError()
        self.parse_recursively(node, d, key_name="parameters")


[docs]    def parse_recursively(self, node, d, key_name=None):
        """
        Parses recursively from a node to a dictionary

        Args:
            node (xml.etree.Element instance): The node to parse
            d (dict): The dictionary to which data is to be parsed
            key_name (str): Forcefully assign a key name in case it is not present in the xml file
        """
        if not len(node) > 0:
            d[clean_key(node.attrib["name"])] = clean_character(node.text)
            return
        else:
            try:
                if key_name is not None:
                    dict_key = clean_key(key_name)
                else:
                    dict_key = clean_key(node.attrib["name"])
                d[dict_key] = dict()
                for item in node:
                    try:
                        self.parse_item_to_dict(item, d[dict_key][item.attrib["name"]])
                    except (KeyError, ValueError, IndexError):
                        try:
                            self.parse_recursively(
                                item, d[dict_key], item.attrib["name"]
                            )
                        except (KeyError, ValueError, IndexError):
                            pass
            except KeyError:
                pass


    def _parse_2d_matrix(self, node, vec_type=float):
        """
        Parses a 2D vector from a node

        Args:
            node (xml.etree.Element instance): The node to parse
            vec_type (type): The type of the vector to be parsed

        Returns:
            numpy.ndarray: The required 2D array/vector
        """
        arr = list()
        for item in node:
            arr.append(self._parse_vector(item, vec_type=vec_type))
        return np.array(arr)

    @staticmethod
    def _parse_vector(node, vec_type=float):
        """
        Parses a 1D vector from a node

        Args:
            node (xml.etree.Element instance): The node to parse
            vec_type (type): The type of the vector to be parsed

        Returns:
            numpy.ndarray: The required 1D array/vector
        """
        txt = node.text
        lst = txt.split()
        logical_dict = {"T": True, "F": False}
        if "type" in node.attrib.keys():
            if node.attrib["type"] == "logical":
                return np.array([logical_dict[l.strip()] for l in lst])
            else:
                return np.array([vec_type(l) for l in lst])
        else:
            return np.array([vec_type(l) for l in lst])

[docs]    def get_initial_structure(self):
        """
        Gets the initial structure from the simulation

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: The initial structure

        """
        try:
            el_list = self.vasprun_dict["atominfo"]["species_list"]
            cell = self.vasprun_dict["init_structure"]["cell"]
            positions = self.vasprun_dict["init_structure"]["positions"]
            if len(positions[positions > 1.01]) > 0:
                basis = Atoms(el_list, positions=positions, cell=cell, pbc=True)
            else:
                basis = Atoms(el_list, scaled_positions=positions, cell=cell, pbc=True)
            if "selective_dynamics" in self.vasprun_dict["init_structure"].keys():
                basis.add_tag(selective_dynamics=[True, True, True])
                for i, val in enumerate(
                    self.vasprun_dict["init_structure"]["selective_dynamics"]
                ):
                    basis[i].selective_dynamics = val
            return basis
        except KeyError:
            s = Settings()
            s.logger.warning(
                "The initial structure could not be extracted from vasprun properly"
            )
            return


[docs]    def get_final_structure(self):
        """
        Gets the final structure from the simulation

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: The final structure

        """
        try:
            basis = self.get_initial_structure()
            basis.set_cell(self.vasprun_dict["final_structure"]["cell"])
            positions = self.vasprun_dict["final_structure"]["positions"]
            if len(positions[positions > 1.01]) > 0:
                basis.positions = positions
            else:
                basis.set_scaled_positions(positions)
            return basis
        except (KeyError, AttributeError, ValueError):
            return


[docs]    def get_electronic_structure(self):
        """
        Get's the electronic structure from the VASP calculation

        Returns:
            pyiron.atomistics.waves.electronic.ElectronicStructure: The electronic structure object

        """
        es_obj = ElectronicStructure()
        es_obj.kpoint_list = self.vasprun_dict["kpoints"]["kpoint_list"]
        es_obj.kpoint_weights = self.vasprun_dict["kpoints"]["kpoint_weights"]
        es_obj.eigenvalue_matrix = self.vasprun_dict["grand_eigenvalue_matrix"]
        es_obj.occupancy_matrix = self.vasprun_dict["grand_occupancy_matrix"]
        es_obj.n_spins = len(es_obj.occupancy_matrix)
        if "grand_dos_matrix" in self.vasprun_dict.keys():
            es_obj.grand_dos_matrix = self.vasprun_dict["grand_dos_matrix"]
        if "efermi" in self.vasprun_dict.keys():
            es_obj.efermi = self.vasprun_dict["efermi"]
        if "spin_dos_energies" in self.vasprun_dict.keys():
            es_obj.dos_energies = self.vasprun_dict["spin_dos_energies"][0]
            es_obj.dos_densities = self.vasprun_dict["spin_dos_density"]
            es_obj.dos_idensities = self.vasprun_dict["spin_dos_idensity"]
        if "resolved_dos_matrix" in self.vasprun_dict.keys():
            es_obj.resolved_densities = self.vasprun_dict["resolved_dos_matrix"]
            es_obj.orbital_dict = self.vasprun_dict["orbital_dict"]
        es_obj.generate_from_matrices()
        return es_obj




[docs]def clean_character(a, remove_char=" "):
    """
    Args:
        a (str): String to be cleaned
        remove_char (str): Character to be replaced

    Returns:
        str: The clean string
    """
    if isinstance(a, (str, np.str, np.str_)):
        return a.replace(remove_char, "")
    else:
        return a



[docs]def clean_key(a, remove_char=" "):
    """
    Replaces blanck spaces from a string for a dictionary key with "_"

    Args:
        a (str): String to be cleaned
        remove_char (str): Character to be replaced

    Returns:
        str: The clean string
    """
    if isinstance(a, (str, np.str, np.str_)):
        return a.replace(remove_char, "_")
    else:
        return a



[docs]def get_float_with_exception(text, exception_value=0.0):
    """
    Converts a text into a corresponding float or returns `exception_value` if it can't do this

    Args:
        text (str/numpy.str_): String to convert to float
        exception_value (float/None): Value to be returned if you can't text to a float

    Returns:
        float/None: Exception value

    """
    try:
        return float(text)
    except ValueError:
        warnings.warn(message=" ", category=VasprunWarning)
        return exception_value



[docs]class VasprunError(ValueError):
    pass



[docs]class VasprunWarning(UserWarning):
    pass
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  Source code for pyiron.vasp.vaspsol

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

from pyiron.vasp.vasp import Vasp

__author__ = "Jan Janssen"
__copyright__ = "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - " \
                "Computational Materials Design (CM) Department"
__version__ = "1.0"
__maintainer__ = "Jan Janssen"
__email__ = "janssen@mpie.de"
__status__ = "development"
__date__ = "Sep 1, 2018"


[docs]class VaspSol(Vasp):
    def __init__(self, project, job_name):
        super(VaspSol, self).__init__(project, job_name)
        self.__name__ = "VaspSol"
        self.__version__ = None  # Reset the version number to the executable is set automatically
        self._executable = None
        self._executable_activate()





            

          

      

      

    

  

  
    
    
    pyiron.vasp.volumetric_data
    

    
 
  

    
      
          
            
  Source code for pyiron.vasp.volumetric_data

# coding: utf-8
# Copyright (c) Max-Planck-Institut für Eisenforschung GmbH - Computational Materials Design (CM) Department
# Distributed under the terms of "New BSD License", see the LICENSE file.

import math

import numpy as np
import os
from pyiron_base import Settings
from pyiron.vasp.structure import atoms_from_string, get_species_list_from_potcar
from pyiron.atomistics.volumetric.generic import VolumetricData

__author__ = "Sudarsan Surendralal"
__copyright__ = (
    "Copyright 2020, Max-Planck-Institut für Eisenforschung GmbH - "
    "Computational Materials Design (CM) Department"
)
__version__ = "1.0"
__maintainer__ = "Sudarsan Surendralal"
__email__ = "surendralal@mpie.de"
__status__ = "production"
__date__ = "Sep 1, 2017"


[docs]class VaspVolumetricData(VolumetricData):
    """
    General class for parsing and manipulating volumetric static within VASP. The basic idea of the Base class is
    adapted from the pymatgen vasp VolumtricData class

    http://pymatgen.org/_modules/pymatgen/io/vasp/outputs.html#VolumetricData

    """

    def __init__(self):
        super(VaspVolumetricData, self).__init__()
        self.atoms = None
        self._diff_data = None
        self._total_data = None

[docs]    def from_file(self, filename, normalize=True):
        """
        Parsing the contents of from a file

        Args:
            filename (str): Path of file to parse
            normalize (boolean): Flag to normalize by the volume of the cell
        """
        try:
            self.atoms, vol_data_list = self._read_vol_data(
                filename=filename, normalize=normalize
            )
        except (ValueError, IndexError, TypeError):
            try:
                self.atoms, vol_data_list = self._read_vol_data_old(
                    filename=filename, normalize=normalize
                )
            except (ValueError, IndexError, TypeError):
                raise ValueError("Unable to parse file: {}".format(filename))
        if self.atoms is not None:
            self._total_data = vol_data_list[0]
            if len(vol_data_list) > 1:
                self._diff_data = vol_data_list[1]


    @staticmethod
    def _read_vol_data_old(filename, normalize=True):
        """
        Convenience method to parse a generic volumetric static file in the vasp like format.
        Used by subclasses for parsing the file. This routine is adapted from the pymatgen vasp VolumetricData
        class with very minor modifications. The new parser is faster

        http://pymatgen.org/_modules/pymatgen/io/vasp/outputs.html#VolumetricData.

        Args:
            filename (str): Path of file to parse
            normalize (boolean): Flag to normalize by the volume of the cell

        """
        if os.stat(filename).st_size == 0:
            s = Settings()
            s.logger.warning("File:" + filename + "seems to be corrupted/empty")
            return None, None
        poscar_read = False
        poscar_string = list()
        dataset = list()
        all_dataset = list()
        dim = None
        dimline = None
        read_dataset = False
        ngrid_pts = 0
        data_count = 0
        atoms = None
        volume = None
        with open(filename, "r") as f:
            for line in f:
                line = line.strip()
                if read_dataset:
                    toks = line.split()
                    for tok in toks:
                        if data_count < ngrid_pts:
                            # This complicated procedure is necessary because
                            # vasp outputs x as the fastest index, followed by y
                            # then z.
                            x = data_count % dim[0]
                            y = int(math.floor(data_count / dim[0])) % dim[1]
                            z = int(math.floor(data_count / dim[0] / dim[1]))
                            dataset[x, y, z] = float(tok)
                            data_count += 1
                    if data_count >= ngrid_pts:
                        read_dataset = False
                        data_count = 0
                        all_dataset.append(dataset)
                elif not poscar_read:
                    if line != "" or len(poscar_string) == 0:
                        poscar_string.append(line)
                    elif line == "":
                        try:
                            atoms = atoms_from_string(poscar_string)
                        except ValueError:
                            pot_str = filename.split("/")
                            pot_str[-1] = "POTCAR"
                            potcar_file = "/".join(pot_str)
                            species = get_species_list_from_potcar(potcar_file)
                            atoms = atoms_from_string(
                                poscar_string, species_list=species
                            )
                        volume = atoms.get_volume()
                        poscar_read = True
                elif not dim:
                    dim = [int(i) for i in line.split()]
                    ngrid_pts = dim[0] * dim[1] * dim[2]
                    dimline = line
                    read_dataset = True
                    dataset = np.zeros(dim)
                elif line == dimline:
                    read_dataset = True
                    dataset = np.zeros(dim)
            if not normalize:
                volume = 1.0
            if len(all_dataset) == 0:
                s = Settings()
                s.logger.warning("File:" + filename + "seems to be corrupted/empty")
                return None, None
            if len(all_dataset) == 2:
                data = {
                    "total": all_dataset[0] / volume,
                    "diff": all_dataset[1] / volume,
                }
                return atoms, [data["total"], data["diff"]]
            else:
                data = {"total": all_dataset[0] / volume}
                return atoms, [data["total"]]

    def _read_vol_data(self, filename, normalize=True):
        """
        Parses the VASP volumetric type files (CHGCAR, LOCPOT, PARCHG etc). Rather than looping over individual values,
        this function utilizes numpy indexing resulting in a parsing efficiency of at least 10%.

        Args:
            filename (str): File to be parsed
            normalize (bool): Normalize the data with respect to the volume (Recommended for CHGCAR files)

        Returns:
            pyiron.atomistics.structure.atoms.Atoms: The structure of the volumetric snapshot
            list: A list of the volumetric data (length >1 for CHGCAR files with spin)

        """
        if not os.path.getsize(filename) > 0:
            s = Settings()
            s.logger.warning("File:" + filename + "seems to be empty! ")
            return None, None
        with open(filename, "r") as f:
            struct_lines = list()
            get_grid = False
            n_x = 0
            n_y = 0
            n_z = 0
            n_grid = 0
            n_grid_str = None
            total_data_list = list()
            atoms = None
            for line in f:
                strip_line = line.strip()
                if not get_grid:
                    if strip_line == "":
                        get_grid = True
                    struct_lines.append(strip_line)
                elif n_grid_str is None:
                    n_x, n_y, n_z = [int(val) for val in strip_line.split()]
                    n_grid = n_x * n_y * n_z
                    n_grid_str = " ".join([str(val) for val in [n_x, n_y, n_z]])
                    load_txt = np.genfromtxt(f, max_rows=int(n_grid / 5))
                    load_txt = np.hstack(load_txt)
                    if n_grid % 5 != 0:
                        add_line = np.genfromtxt(f, max_rows=1)
                        load_txt = np.append(load_txt, np.hstack(add_line))
                    total_data = self._fastest_index_reshape(load_txt, [n_x, n_y, n_z])
                    try:
                        atoms = atoms_from_string(struct_lines)
                    except ValueError:
                        pot_str = filename.split("/")
                        pot_str[-1] = "POTCAR"
                        potcar_file = "/".join(pot_str)
                        species = get_species_list_from_potcar(potcar_file)
                        atoms = atoms_from_string(struct_lines, species_list=species)
                    if normalize:
                        total_data /= atoms.get_volume()
                    total_data_list.append(total_data)
                elif atoms is not None:
                    grid_str = n_grid_str.replace(" ", "")
                    if grid_str == strip_line.replace(" ", ""):
                        load_txt = np.genfromtxt(f, max_rows=int(n_grid / 5))
                        load_txt = np.hstack(load_txt)
                        if n_grid % 5 != 0:
                            add_line = np.genfromtxt(f, max_rows=1)
                            load_txt = np.hstack(
                                np.append(load_txt, np.hstack(add_line))
                            )
                        total_data = self._fastest_index_reshape(
                            load_txt, [n_x, n_y, n_z]
                        )
                        if normalize:
                            total_data /= atoms.get_volume()
                        total_data_list.append(total_data)
            if len(total_data_list) == 0:
                s = Settings()
                s.logger.warning(
                    "File:"
                    + filename
                    + "seems to be corrupted/empty even after parsing!"
                )
                return None, None
            return atoms, total_data_list

    @staticmethod
    def _fastest_index_reshape(raw_data, grid):
        """
        Helper function to parse volumetric data with x-axis as the fastest index into a 3D numpy array

        Args:
            raw_data (numpy.ndarray): Raw unprocessed volumetric data which is flattened
            grid (list/turple/numpy.ndarray): Sequence of the integer grid points [Nx, Ny, Nz]

        Returns:
            numpy.ndarray: A Nx $\times$ Ny $\times$ Nz numpy array

        """
        n_x, n_y, n_z = grid
        total_data = np.zeros((n_x, n_y, n_z))
        all_data = raw_data[0 : np.prod(grid)]
        all_indices = np.arange(len(all_data), dtype=int)
        x_indices = all_indices % n_x
        y_indices = all_indices / n_x % n_y
        y_indices = np.array(y_indices, dtype=int)
        z_indices = all_indices / (n_x * n_y)
        z_indices = np.array(z_indices, dtype=int)
        total_data[x_indices, y_indices, z_indices] = all_data
        return total_data

    @property
    def total_data(self):
        """
        numpy.ndarray: Total volumtric data (3D)
        """
        return self._total_data

    @total_data.setter
    def total_data(self, val):
        self._total_data = val

    @property
    def diff_data(self):
        """
        numpy.ndarray: Volumtric difference data (3D)
        """
        return self._diff_data

    @diff_data.setter
    def diff_data(self, val):
        self._diff_data = val

[docs]    def to_hdf(self, hdf, group_name="volumetric_data"):
        """
        Writes the data as a group to a HDF5 file

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): The HDF file/path to write the data to
            group_name (str): The name of the group under which the data must be stored as

        """
        with hdf.open(group_name) as hdf_vd:
            hdf_vd["TYPE"] = str(type(self))
            hdf_vd["total"] = self.total_data
            if self.diff_data is not None:
                hdf_vd["diff"] = self.diff_data


[docs]    def from_hdf(self, hdf, group_name="volumetric_data"):
        """
        Recreating the VolumetricData instance by reading data from the HDF5 files

        Args:
            hdf (pyiron_base.generic.hdfio.ProjectHDFio): The HDF file/path to write the data to
            group_name (str): The name of the group under which the data must be stored as

        Returns:
            pyiron.atomistics.volumetric.generic.VolumetricData: The VolumetricData instance

        """
        with hdf.open(group_name) as hdf_vd:
            self._total_data = hdf_vd["total"]
            if "diff" in hdf_vd.list_nodes():
                self._diff_data = hdf_vd["diff"]
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  Source code for pyiron.yaff.yaff

from pyiron_base import GenericParameters
from pyiron.atomistics.structure.atoms import Atoms
from pyiron.atomistics.job.atomistic import AtomisticGenericJob
from yaff import System, log, ForceField
from quickff.tools import set_ffatypes
log.set_level(log.silent)
from molmod.units import *
from molmod.periodic import periodic as pt
import subprocess
import os
import posixpath
import numpy as np
import h5py
import matplotlib.pyplot as pp


[docs]def write_chk(input_dict, working_directory='.'):
    # collect data and initialize Yaff system
    if 'cell' in input_dict.keys() and input_dict['cell'] is not None and np.all(np.array(input_dict['cell']) != np.zeros([3,3])):
        system = System(
          input_dict['numbers'], 
          input_dict['pos']*angstrom, 
          ffatypes=input_dict['ffatypes'], 
          ffatype_ids=input_dict['ffatype_ids'], 
          rvecs=np.array(input_dict['cell'])*angstrom
        )
    else:
        system = System(
            input_dict['numbers'],
            input_dict['pos']*angstrom,
            ffatypes=input_dict['ffatypes'],
            ffatype_ids=input_dict['ffatype_ids']
        )
    # determine masses, bonds and ffaypes from ffatype_rules
    system.detect_bonds()
    system.set_standard_masses()
    # write dictionary to MolMod CHK file
    system.to_file(posixpath.join(working_directory,'system.chk'))



[docs]def write_pars(input_dict,working_directory='.'):
    with open(posixpath.join(working_directory,'pars.txt'), 'w') as f:
        for line in input_dict['ffpars']:
            f.write(line)



common = """#! /usr/bin/python

from molmod.units import *
from yaff import *
import h5py, numpy as np

#Setting up system and force field
system = System.from_file('system.chk')
ff = ForceField.generate(system, 'pars.txt', rcut={rcut}*angstrom, alpha_scale={alpha_scale}, gcut_scale={gcut_scale}, smooth_ei={smooth_ei})

#Setting up output
f = h5py.File('output.h5', mode='w')
hdf5 = HDF5Writer(f, step={h5step})
r = h5py.File('restart.h5', mode='w')
restart = RestartWriter(r, step=10000)
hooks = [hdf5, restart]

#Setting up simulation
"""

tail = """
"""


[docs]def write_yopt(input_dict,working_directory='.'):
    body = common.format(
        rcut=input_dict['rcut']/angstrom, alpha_scale=input_dict['alpha_scale'],
        gcut_scale=input_dict['gcut_scale'], smooth_ei=input_dict['smooth_ei'],
        h5step=1,
    )
    body += "dof = CartesianDOF(ff, gpos_rms={gpos_rms}, dpos_rms={dpos_rms})".format(
        gpos_rms=input_dict['gpos_rms'],dpos_rms=input_dict['dpos_rms']
    )
    body += """
opt = CGOptimizer(dof, hooks=[hdf5])
opt.run({nsteps})
system.to_file('opt.chk')
""".format(nsteps=input_dict['nsteps'])
    body += tail
    with open(posixpath.join(working_directory,'yscript.py'), 'w') as f:
        f.write(body)



[docs]def write_yopt_cell(input_dict,working_directory='.'):
    body = common.format(
        rcut=input_dict['rcut']/angstrom, alpha_scale=input_dict['alpha_scale'],
        gcut_scale=input_dict['gcut_scale'], smooth_ei=input_dict['smooth_ei'],
        h5step=1,
    )
    body += "dof = StrainCellDOF(ff, gpos_rms={gpos_rms}, dpos_rms={dpos_rms}, grvecs_rms={grvecs_rms}, drvecs_rms={drvecs_rms}, do_frozen=False)".format(
        gpos_rms=input_dict['gpos_rms'],dpos_rms=input_dict['dpos_rms'],
        grvecs_rms=input_dict['grvecs_rms'],drvecs_rms=input_dict['drvecs_rms']
    )
    body += """
opt = CGOptimizer(dof, hooks=[hdf5])
opt.run({nsteps})
system.to_file('opt.chk')
""".format(nsteps=input_dict['nsteps'])
    body += tail
    with open(posixpath.join(working_directory,'yscript.py'), 'w') as f:
        f.write(body)



[docs]def write_ysp(input_dict,working_directory='.'):
    body = common.format(
        rcut=input_dict['rcut']/angstrom, alpha_scale=input_dict['alpha_scale'],
        gcut_scale=input_dict['gcut_scale'], smooth_ei=input_dict['smooth_ei'],
        h5step=1,
    )
    body += """
energy = ff.compute()
system.to_hdf5(f)
f['system/energy'] = energy
"""
    body+= tail
    with open(posixpath.join(working_directory, 'yscript.py'), 'w') as f:
        f.write(body)



[docs]def write_yhess(input_dict,working_directory='.'):
    body = common.format(
        rcut=input_dict['rcut']/angstrom, alpha_scale=input_dict['alpha_scale'],
        gcut_scale=input_dict['gcut_scale'], smooth_ei=input_dict['smooth_ei'],
        h5step=1,
    )
    body += """dof = CartesianDOF(ff)

gpos  = np.zeros((len(system.numbers), 3), float)
vtens = np.zeros((3, 3), float)
energy = ff.compute(gpos, vtens)
hessian = estimate_hessian(dof, eps={hessian_eps})

system.to_hdf5(f)
f['system/energy'] = energy
f['system/gpos'] = gpos
f['system/hessian'] = hessian""".format(hessian_eps=input_dict['hessian_eps'])
    body += tail
    with open(posixpath.join(working_directory,'yscript.py'), 'w') as f:
        f.write(body)



[docs]def write_ynve(input_dict, working_directory='.'):
    body = common.format(
        rcut=input_dict['rcut']/angstrom, alpha_scale=input_dict['alpha_scale'],
        gcut_scale=input_dict['gcut_scale'], smooth_ei=input_dict['smooth_ei'],
        h5step=input_dict['h5step'],
    )
    if input_dict['enhanced'] is not None:
        body += """
plumed = ForcePartPlumed(ff.system, fn='plumed.dat')
ff.add_part(plumed)
hooks.append(plumed)
"""
    body += """
hooks.append(VerletScreenLog(step=1000))
md = VerletIntegrator(ff, {timestep}*femtosecond, hooks=hooks)
md.run({nsteps})
""".format(timestep=input_dict['timestep']/femtosecond, nsteps=input_dict['nsteps'])
    body += tail
    with open(posixpath.join(working_directory,'yscript.py'), 'w') as f:
        f.write(body)



[docs]def write_ynvt(input_dict, working_directory='.'):
    body = common.format(
        rcut=input_dict['rcut']/angstrom, alpha_scale=input_dict['alpha_scale'],
        gcut_scale=input_dict['gcut_scale'], smooth_ei=input_dict['smooth_ei'],
        h5step=input_dict['h5step'],
    )
    if input_dict['enhanced'] is not None:
        body += """
plumed = ForcePartPlumed(ff.system, fn='plumed.dat')
ff.add_part(plumed)
hooks.append(plumed)
"""
    body += """
temp = {temp}*kelvin
thermo = NHCThermostat(temp, timecon={timecon_thermo}*femtosecond)
hooks.append(thermo)

hooks.append(VerletScreenLog(step=1000))
md = VerletIntegrator(ff, {timestep}*femtosecond, hooks=hooks)
md.run({nsteps})
""".format(
        temp=input_dict['temp']/kelvin,timestep=input_dict['timestep']/femtosecond,
        timecon_thermo=input_dict['timecon_thermo']/femtosecond, nsteps=input_dict['nsteps']
    )
    body += tail
    with open(posixpath.join(working_directory,'yscript.py'), 'w') as f:
        f.write(body)



[docs]def write_ynpt(input_dict, working_directory='.'):
    body = common.format(
        rcut=input_dict['rcut']/angstrom, alpha_scale=input_dict['alpha_scale'],
        gcut_scale=input_dict['gcut_scale'], smooth_ei=input_dict['smooth_ei'],
        h5step=input_dict['h5step'],
    )
    if input_dict['enhanced'] is not None:
        body += """
plumed = ForcePartPlumed(ff.system, fn='plumed.dat')
ff.add_part(plumed)
hooks.append(plumed)
"""
    body += """
temp = {temp}*kelvin
press = {press}*bar
thermo = NHCThermostat(temp, timecon={timecon_thermo}*femtosecond)
baro = MTKBarostat(ff, temp, press, timecon={timecon_baro}*femtosecond)
TBC = TBCombination(thermo, baro)
hooks.append(TBC)

hooks.append(VerletScreenLog(step=1000))
md = VerletIntegrator(ff, {timestep}*femtosecond, hooks=hooks)
md.run({nsteps})
""".format(
        temp=input_dict['temp']/kelvin,timestep=input_dict['timestep']/femtosecond,
        press=input_dict['press']/bar,timecon_thermo=input_dict['timecon_thermo']/femtosecond,
        timecon_baro=input_dict['timecon_baro']/femtosecond, nsteps=input_dict['nsteps']
    )
    body += tail
    with open(posixpath.join(working_directory,'yscript.py'), 'w') as f:
        f.write(body)



[docs]def write_plumed_enhanced(input_dict, working_directory='.'):
    # make copy of input_dict['enhanced'] that includes lower case definitions
    # (allowing for case insenstive definition of input_dict['enhanced'])
    enhanced = {}
    for k, v in input_dict['enhanced'].items():
        enhanced[k] = v
        enhanced[k.lower()] = v
    # write plumed.dat file
    with open(posixpath.join(working_directory, 'plumed.dat'), 'w') as f:
        # set units to atomic units
        f.write('UNITS LENGTH=Bohr ENERGY=kj/mol TIME=atomic \n')
        # define ics
        for i, kind in enumerate(enhanced['ickinds']):
            if isinstance(kind, bytes):
                kind = kind.decode()
            if len(enhanced['icindices'][i] > 0):
                f.write('ic%i: %s ATOMS=%s \n' %(i, kind.upper(), ','.join([str(icidx) for icidx in enhanced['icindices'][i]])))
            else:
                f.write('ic%i: %s \n' %(i, kind.upper()))

        # define metadynamics run
        if 'sigma' in enhanced.keys():
            if len(enhanced['sigma'])==1:
                sigma = '%.2f' %(enhanced['sigma'])
            else:
                assert len(enhanced['sigma'])>1
                sigma = ','.join(['%.2f' %s for s in enhanced['sigma']])
            if len(enhanced['height']) == 1:
                height = '%.2f' %(enhanced['height']/kjmol)
            else:
                assert len(enhanced['height'])>1
                height = ','.join(['%.2f' %h/kjmol for h in enhanced['height']])
            f.write('metad: METAD ARG=%s SIGMA=%s HEIGHT=%s PACE=%i FILE=%s \n' %(
                ','.join([ 'ic%i' %i for i in range(len(enhanced['ickinds']))]),
                sigma, height, enhanced['pace'], enhanced['file']
            ))
            # setup printing of colvar
            f.write('PRINT ARG=%s,metad.bias FILE=%s STRIDE=%i \n' %(
                ','.join([ 'ic%i' %i for i in range(len(enhanced['ickinds']))]),
                enhanced['file_colvar'], enhanced['stride']
            ))

        # define umbrella sampling run
        if 'kappa' in enhanced.keys():
            if len(enhanced['kappa'])==1:
                kappa = '%.2f' %(enhanced['kappa']/kjmol)
            else:
                assert len(enhanced['kappa'])>1
                kappa = ','.join(['%.2f' %s/kjmol for s in enhanced['kappa']])
            if len(enhanced['loc'])==1:
                loc = '%.2f' %(enhanced['loc'])
            else:
                assert len(enhanced['loc'])>1
                loc = ','.join(['%.2f' %h for h in enhanced['loc']])

            f.write('umbrella: RESTRAINT ARG=%s KAPPA=%s AT=%s \n' %(
                ','.join([ 'ic%i' %i for i in range(len(enhanced['ickinds']))]),
                kappa, loc
            ))
            # setup printing of colvar
            f.write('PRINT ARG=%s,umbrella.bias FILE=%s STRIDE=%i \n' %(
                ','.join([ 'ic%i' %i for i in range(len(enhanced['ickinds']))]),
                enhanced['file_colvar'], enhanced['stride']
            ))



[docs]def hdf2dict(h5):
    hdict = {
        'structure/numbers': h5['system/numbers'][:],
        'structure/masses': h5['system/masses'][:],
        'structure/ffatypes': h5['system/ffatypes'][:],
        'structure/ffatype_ids': h5['system/ffatype_ids'][:]
    }
    if 'energy' in h5['system'].keys():
        hdict['generic/energy_pot'] = h5['system/energy'][()]/electronvolt
    if 'trajectory' in h5.keys() and 'pos' in h5['trajectory'].keys():
        hdict['generic/positions'] = h5['trajectory/pos'][:]/angstrom
    else:
        hdict['generic/positions'] = np.array([h5['system/pos'][:]/angstrom])
    if 'trajectory' in h5.keys() and 'pos' in h5['trajectory'].keys():
        hdict['structure/positions'] = h5['trajectory/pos'][-1]/angstrom
    else:
        hdict['structure/positions'] = np.array([h5['system/pos'][:]/angstrom])
    if 'trajectory' in h5.keys() and 'cell' in h5['trajectory']:
        hdict['generic/cells'] = h5['trajectory/cell'][:]/angstrom
    elif 'rvecs' in h5['system'].keys():
        hdict['generic/cells'] = np.array([h5['system/rvecs'][:]/angstrom])
    else:
        hdict['generic/cells'] = None
    if 'trajectory' in h5.keys():
        if 'counter' in h5['trajectory'].keys():
            hdict['generic/steps'] = h5['trajectory/counter'][:]
        if 'time' in h5['trajectory'].keys():
            hdict['generic/time'] = h5['trajectory/time'][:]
        if 'volume' in h5['trajectory']:
            hdict['generic/volume'] = h5['trajectory/volume'][:]/angstrom**3
        if 'epot' in h5['trajectory'].keys():
            hdict['generic/energy_pot'] = h5['trajectory/epot'][:]/electronvolt
        if 'ekin' in h5['trajectory'].keys():
            hdict['generic/energy_kin'] = h5['trajectory/ekin'][:]/electronvolt
        if 'temp' in h5['trajectory'].keys():
            hdict['generic/temperature'] = h5['trajectory/temp'][:]
        if 'etot' in h5['trajectory'].keys():
            hdict['generic/energy_tot'] = h5['trajectory/etot'][:]/electronvolt
        if 'econs' in h5['trajectory'].keys():
            hdict['generic/energy_cons'] = h5['trajectory/econs'][:]/electronvolt
        if 'press' in h5['trajectory'].keys():
            hdict['generic/pressure'] = h5['trajectory/press'][:]
        if 'gradient' in h5['trajectory'].keys():
            hdict['generic/forces'] = -h5['trajectory/gradient'][:]/(electronvolt/angstrom)
    if 'hessian' in h5['system'].keys():
        hdict['generic/forces'] = -h5['system/gpos'][:]/(electronvolt/angstrom)
        hdict['generic/hessian'] = h5['system/hessian'][:]/(electronvolt/angstrom**2)
    return hdict



[docs]def read_colvar(output_file, output_dict):
    colvar_file = posixpath.join(output_file[:output_file.rfind('/')], 'COLVAR')
    if os.path.exists(colvar_file):
        data = np.loadtxt(colvar_file)
        output_dict['enhanced/time'] = data[:,0]
        output_dict['enhanced/cv'] = data[:,1:-1]
        output_dict['enhanced/bias'] = data[:,-1]



[docs]def collect_output(output_file):
    # this routine basically reads and returns the output HDF5 file produced by Yaff
    # read output
    h5 = h5py.File(output_file, mode='r')
    # translate to dict
    output_dict = hdf2dict(h5)
    # read colvar file if it is there
    read_colvar(output_file,output_dict)
    return output_dict



[docs]class YaffInput(GenericParameters):
    def __init__(self, input_file_name=None):
        super(YaffInput, self).__init__(input_file_name=input_file_name, table_name="input_inp", comment_char="#")

[docs]    def load_default(self):
        '''
        Loading the default settings for the input file.
        '''
        input_str = """\
rcut 28.345892008818783 #(FF) real space cutoff
alpha_scale 3.2 #(FF) scale for ewald alpha parameter
gcut_scale 1.5 #(FF) scale for ewald reciprocal cutoff parameter
smooth_ei True #(FF) smoothen cutoff for real space electrostatics
gpos_rms 1e-8 #(OPT) convergence criterion for RMS of gradients towards atomic coordinates
dpos_rms 1e-6 #(OPT) convergence criterion for RMS of differences of atomic coordinates
grvecs_rms 1e-8 #(OPT) convergence criterion for RMS of gradients towards cell parameters
drvecs_rms 1e-6 #(OPT) convergence criterion for RMS of differences of cell parameters
hessian_eps 1e-3 #(HESS) step size in finite differences for numerical derivatives of the forces
timestep 41.341373336646825 #(MD) time step for verlet scheme
temp None #(MD) temperature
press None #(MD) pressure
timecon_thermo 4134.137333664683 #(MD) timeconstant for thermostat
timecon_baro 41341.37333664683 #(MD) timeconstant for barostat
nsteps 1000 #(GEN) number of steps for opt or md
h5step 5 #(GEN) stores system properties every h5step
"""
        self.load_string(input_str)




[docs]class Yaff(AtomisticGenericJob):
    def __init__(self, project, job_name):
        super(Yaff, self).__init__(project, job_name)
        self.__name__ = "Yaff"
        self._executable_activate(enforce=True)
        self.input = YaffInput()
        self.ffatypes = None
        self.ffatype_ids = None
        self.enhanced = None  # should have more generic name e.g. enhanced


[docs]    def calc_minimize(self, cell=False, gpos_tol=1e-8, dpos_tol=1e-6, grvecs_tol=1e-8, drvecs_tol=1e-6, max_iter=1000, n_print=5):
        """
        Set up an optimization calculation.

        **Arguments**

        cell (bool): Set True if the cell also has to be optimized
        gpos_tol (float): Convergence criterion for RMS of gradients towards atomic coordinates
        dpos_tol (float): Convergence criterion for RMS of differences of atomic coordinates
        grvecs_tol (float): Convergence criterion for RMS of gradients towards cell parameters
        drvecs_tol (float): Convergence criterion for RMS of differences of cell parameters
        max_iter (int): Maximum number of optimization steps
        n_print (int):  Print frequency
        """
        if cell:
            self.input['jobtype'] = 'opt_cell'
        else:
            self.input['jobtype'] = 'opt'
        self.input['nsteps']     = max_iter
        self.input['h5step']     = n_print
        self.input['gpos_rms']   = gpos_tol
        self.input['dpos_rms']   = dpos_tol
        self.input['grvecs_rms'] = grvecs_tol
        self.input['drvecs_rms'] = drvecs_tol

        super(Yaff, self).calc_minimize(max_iter=max_iter, n_print=n_print)



[docs]    def calc_static(self):
        """
        Set up a static force field calculation.
        """

        self.input['jobtype'] = 'sp'
        super(Yaff, self).calc_static()



[docs]    def calc_md(self, temperature=None, pressure=None, nsteps=1000, time_step=1.0*femtosecond, n_print=5,
                timecon_thermo=100.0*femtosecond, timecon_baro=1000.0*femtosecond):

        """
        Set an MD calculation within Yaff. Nosé Hoover chain is used by default.

        **Arguments**

        temperature (None/float): Target temperature. If set to None, an NVE calculation is performed.
                                  It is required when the pressure is set
        pressure (None/float): Target pressure. If set to None, an NVE or an NVT calculation is performed.
        nsteps (int): Number of md steps
        time_step (float): Step size between two steps.
        n_print (int):  Print frequency
        timecon_thermo (float): The time associated with the thermostat adjusting the temperature.
        timecon_baro (float): The time associated with the barostat adjusting the temperature.

        """
        self.input['temp'] = temperature
        self.input['press'] = pressure
        self.input['nsteps'] = nsteps
        self.input['timestep'] = time_step
        self.input['h5step'] = n_print
        self.input['timecon_thermo'] = timecon_thermo
        self.input['timecon_baro'] = timecon_baro

        if temperature is None:
            self.input['jobtype'] = 'nve'
        else:
            if pressure is None:
                self.input['jobtype'] = 'nvt'
            else:
                self.input['jobtype'] = 'npt'

        super(Yaff, self).calc_md(temperature=temperature, pressure=pressure, n_ionic_steps=nsteps,
                                  time_step=time_step, n_print=n_print,
                                  temperature_damping_timescale=timecon_thermo,
                                  pressure_damping_timescale=timecon_baro)


[docs]    def load_chk(self, fn):
        """
        Load the atom types, atom type ids and structure by reading a .chk file.

        **Arguments**

        fn      the path to the chk file
        """

        system = System.from_file(fn)
        system.set_standard_masses()
        if len(system.pos.shape)!=2:
            raise IOError("Something went wrong, positions in CHK file %s should have Nx3 dimensions" %fn)
        if system.cell.rvecs is not None and len(system.cell.rvecs)>0:
            self.structure = Atoms(
                positions=system.pos.copy()/angstrom,
                numbers=system.numbers,
                masses=system.masses,
                cell=system.cell.rvecs/angstrom,
                pbc=True,
            )
        else:
            self.structure = Atoms(
                positions=system.pos.copy()/angstrom,
                numbers=system.numbers,
                masses=system.masses,
            )
        if system.ffatypes is not None:
            self.ffatypes = system.ffatypes
        if system.ffatype_ids is not None:
            self.ffatype_ids = system.ffatype_ids


[docs]    def set_mtd(self, ics, height, sigma, pace, fn='HILLS', fn_colvar='COLVAR', stride=10, temp=300):
        """
        Setup a Metadynamics run using PLUMED along the internal coordinates
        defined in the ICs argument.

        **Arguments**

        ics     a list of entries defining each internal coordinate. Each
                of these entries should be of the form (kind, [i, j, ...])

                Herein, kind defines the kind of IC as implemented in PLUMED:

                    i.e. distance, angle, torsion, volume, cell, ... see
                    https://www.plumed.org/doc-v2.5/user-doc/html/_colvar.html
                    for more information).

                and [i, j, ...] is a list of atom indices, starting from 0, involved in this
                IC. If no atom indices are required for e.g. volume, provide an empty list.

                An example for a 1D metadynamica using the distance between
                atoms 2 and 4:

                    ics = [('distance', [2,4])]

        height  the height of the Gaussian hills, can be a single value
                (the gaussian hills for each IC have identical height) or
                a list of values, one for each IC defined.

        sigmas  the sigma of the Gaussian hills, can be a single value
                (the gaussian hills for each IC have identical height) or
                a list of values, one for each IC defined.

        pace    the number of steps after which the gaussian hills are
                updated.

        fn      the PLUMED output file for the gaussian hills

        fn_colvar
                the PLUMED output file for logging of collective variables

        stride  the number of steps after which the internal coordinate
                values and bias are printed to the COLVAR output file.

        temp    the system temperature
        """
        for l in ics:
            assert len(l) == 2
            assert isinstance(l[0], str)
            assert isinstance(l[1], list) or isinstance(l[1], tuple)
        ickinds = np.array([ic[0] for ic in ics], dtype='S22')
        icindices = np.array([np.array(ic[1])+1 for ic in ics])  # plumed starts counting from 1
        if not isinstance(height,list) and not isinstance(height, np.ndarray):
            height = np.array([height])
        if not isinstance(sigma,list) and not isinstance(sigma, np.ndarray):
            sigma = np.array([sigma])
        self.enhanced = {
            'ickinds': ickinds, 'icindices': icindices, 'height': height, 'sigma': sigma, 'pace': pace,
            'file': fn, 'file_colvar': fn_colvar, 'stride': stride, 'temp': temp
        }


[docs]    def set_us(self, ics, kappa, loc, fn_colvar='COLVAR', stride=10, temp=300):
        """
        Setup an Umbrella sampling run using PLUMED along the internal coordinates
        defined in the ICs argument.

        **Arguments**

        ics     a list of entries defining each an internal coordinate. Each
                of these entries should be of the form (kind, [i, j, ...])

                Herein, kind defines the kind of IC as implemented in PLUMED:

                    i.e. distance, angle, torsion, volume, cell, ... see
                    https://www.plumed.org/doc-v2.5/user-doc/html/_colvar.html
                    for more information).

                and [i, j, ...] is a list of atom indices, starting from 0, involved in this
                IC. If no atom indices are required for e.g. volume, provide an empty list.

                An example for a 1D metadynamica using the distance between
                atoms 2 and 4:

                    ics = [('distance', [2,4])]

        kappa   the value of the force constant of the harmonic bias potential,
                can be a single value (the harmonic bias potential for each IC has identical kappa)
                or a list of values, one for each IC defined.

        loc     the location of the umbrella
                (should have a length equal to the number of ICs)

        fn_colvar
                the PLUMED output file for logging of collective variables

        stride  the number of steps after which the internal coordinate
                values and bias are printed to the COLVAR output file.

        temp    the system temperature
        """
        for l in ics:
            assert len(l) == 2
            assert isinstance(l[0], str)
            assert isinstance(l[1], list) or isinstance(l[1], tuple)
        ickinds = np.array([ic[0] for ic in ics], dtype='S22')
        icindices = np.array([np.array(ic[1])+1 for ic in ics])  # plumed starts counting from 1
        if not isinstance(kappa, list) and not isinstance(kappa, np.ndarray):
            kappa = np.array([kappa])
        if not isinstance(loc, list) and not isinstance(loc, np.ndarray):
            loc = np.array([loc])
        assert len(loc) == len(ics)
        self.enhanced = {
            'ickinds': ickinds, 'icindices': icindices, 'kappa': kappa, 'loc': loc,
            'file_colvar': fn_colvar, 'stride': stride, 'temp': temp
        }


[docs]    def detect_ffatypes(self, ffatypes=None, ffatype_rules=None, ffatype_level=None):
        """
        Define atom types by explicitely giving them through the
        ffatypes keyword, defining atype rules using the ATSELECT
        language implemented in Yaff (see the Yaff documentation at
        http://molmod.github.io/yaff/ug_atselect.html) or by specifying
        the ffatype_level employing the built-in routine in QuickFF.
        """
        numbers = np.array([pt[symbol].number for symbol in self.structure.get_chemical_symbols()])
        if self.structure.cell is not None and np.all(np.array(self.structure.cell) != np.zeros([3,3])):
            system = System(numbers, self.structure.positions.copy()*angstrom, rvecs=np.array(self.structure.cell)*angstrom)
        else:
            system = System(numbers, self.structure.positions.copy()*angstrom)
        system.detect_bonds()

        if not sum([ffatypes is None, ffatype_rules is None, ffatype_level is None]) == 2:
            raise IOError('Exactly one of ffatypes, ffatype_rules and ffatype_level should be defined')

        if ffatypes is not None:
            system.ffatypes = ffatypes
            system.ffatype_ids = None
            system._init_derived_ffatypes()
        if ffatype_rules is not None:
            system.detect_ffatypes(ffatype_rules)
        if ffatype_level is not None:
            set_ffatypes(system, ffatype_level)

        self.ffatypes = system.ffatypes.copy()
        self.ffatype_ids = system.ffatype_ids.copy()


[docs]    def write_input(self):
        input_dict = {'jobtype': self.input['jobtype'], 'symbols': self.structure.get_chemical_symbols(),
                      'numbers': np.array([pt[symbol].number for symbol in self.structure.get_chemical_symbols()]),
                      'ffatypes': self.ffatypes, 'ffatype_ids': self.ffatype_ids, 'ffpars': self.input['ffpars'],
                      'pos': self.structure.positions, 'rcut': self.input['rcut'],
                      'alpha_scale': self.input['alpha_scale'], 'gcut_scale': self.input['gcut_scale'],
                      'smooth_ei': self.input['smooth_ei'], 'nsteps': self.input['nsteps'],
                      'h5step': self.input['h5step'], 'gpos_rms': self.input['gpos_rms'],
                      'dpos_rms': self.input['dpos_rms'], 'grvecs_rms': self.input['grvecs_rms'],
                      'drvecs_rms': self.input['drvecs_rms'], 'hessian_eps': self.input['hessian_eps'],
                      'timestep': self.input['timestep'], 'temp': self.input['temp'], 'press': self.input['press'],
                      'timecon_thermo': self.input['timecon_thermo'], 'timecon_baro': self.input['timecon_baro'],
                      'enhanced': self.enhanced, 'cell': None}
        if self.structure.cell is not None:
             input_dict['cell'] = np.array(self.structure.get_cell())
        write_chk(input_dict, working_directory=self.working_directory)
        write_pars(input_dict=input_dict, working_directory=self.working_directory)
        if self.input['jobtype'] == 'sp':
            write_ysp(input_dict=input_dict, working_directory=self.working_directory)
        elif self.input['jobtype'] == 'opt':
            write_yopt(input_dict=input_dict, working_directory=self.working_directory)
        elif self.input['jobtype'] == 'opt_cell':
            write_yopt_cell(input_dict=input_dict, working_directory=self.working_directory)
        elif self.input['jobtype'] == 'hess':
            write_yhess(input_dict=input_dict, working_directory=self.working_directory)
        elif self.input['jobtype'] == 'nve':
            write_ynve(input_dict=input_dict, working_directory=self.working_directory)
        elif self.input['jobtype'] == 'nvt':
            write_ynvt(input_dict=input_dict, working_directory=self.working_directory)
        elif self.input['jobtype'] == 'npt':
            write_ynpt(input_dict=input_dict, working_directory=self.working_directory)
        else:
            raise IOError('Invalid job type for Yaff job, received %s' %self.input['jobtype'])
        if not self.enhanced is None:
            write_plumed_enhanced(input_dict, working_directory=self.working_directory)


[docs]    def collect_output(self):
        output_dict = collect_output(output_file=posixpath.join(self.working_directory, 'output.h5'))
        with self.project_hdf5.open("output") as hdf5_output:
            for k, v in output_dict.items():
                hdf5_output[k] = v


[docs]    def to_hdf(self, hdf=None, group_name=None):
        super(Yaff, self).to_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.structure.to_hdf(hdf5_input)
            self.input.to_hdf(hdf5_input)
            hdf5_input['generic/ffatypes'] = np.asarray(self.ffatypes,'S22')
            hdf5_input['generic/ffatype_ids'] = self.ffatype_ids
            if not self.enhanced is None:
                grp = hdf5_input.create_group('generic/enhanced')
                for k,v in self.enhanced.items():
                    grp[k] = v


[docs]    def from_hdf(self, hdf=None, group_name=None):
        super(Yaff, self).from_hdf(hdf=hdf, group_name=group_name)
        with self.project_hdf5.open("input") as hdf5_input:
            self.input.from_hdf(hdf5_input)
            self.structure = Atoms().from_hdf(hdf5_input)
            self.ffatypes = np.char.decode(hdf5_input['generic/ffatypes']) # decode byte string literals
            self.ffatype_ids = hdf5_input['generic/ffatype_ids']

            if "enhanced" in hdf5_input['generic'].keys():
                self.enhanced = {}
                for key, val in hdf5_input['generic/enhanced'].items():
                    if key == 'ickinds':
                        self.enhanced[key] = np.char.decode(val)
                    else:
                        self.enhanced[key] = val


[docs]    def get_structure(self, iteration_step=-1, wrap_atoms=True):
        """
        Overwrite the get_structure routine from AtomisticGenericJob because we want to avoid
        defining a unit cell when one does not exist
        """
        if not (self.structure is not None):
            raise AssertionError()

        positions = self.get("output/generic/positions")
        cells = self.get("output/generic/cells")

        snapshot = self.structure.copy()
        snapshot.positions = positions[iteration_step]
        if cells is not None:
            snapshot.cell = cells[iteration_step]
        indices = self.get("output/generic/indices")
        if indices is not None:
            snapshot.indices = indices[iteration_step]
        if wrap_atoms and cells is not None:
            return snapshot.center()
        else:
            return snapshot


    # Plot functions are deprecated while yaff is no longer in atomic units!
[docs]    def plot(self, ykey, xkey='generic/steps', xunit='au', yunit='au', ref=None, linestyle='-', rolling_average=False):
        xs = self['output/%s' %xkey]/parse_unit(xunit)
        ys = self['output/%s' %ykey]/parse_unit(yunit)
        if rolling_average:
            ra = np.zeros(len(ys))
            for i, y in enumerate(ys):
                if i == 0:
                    ra[i] = ys[0]
                else:
                    ra[i] = (i*ra[i-1]+ys[i])/(i+1)
            ys = ra.copy()

        self._ref(ys, ref)

        pp.clf()
        pp.plot(xs, ys, linestyle)
        pp.xlabel('%s [%s]' %(xkey, xunit))
        pp.ylabel('%s [%s]' %(ykey, yunit))
        pp.show()


    # Plot functions are deprecated while yaff is no longer in atomic units!
[docs]    def plot_multi(self, ykeys, xkey='generic/steps', xunit='au', yunit='au', ref=None, linestyle='-', rolling_average=False):
        # Assume that all ykeys have the same length than the xkey
        xs = self['output/%s' %xkey]/parse_unit(xunit)
        yss = np.array([self['output/%s' %ykey]/parse_unit(yunit) for ykey in ykeys])

        if rolling_average:
            for ys in yss:
                ra = np.zeros(len(ys))
                for i, y in enumerate(ys):
                    if i == 0:
                        ra[i] = ys[0]
                    else:
                        ra[i] = (i*ra[i-1]+ys[i])/(i+1)
                ys = ra.copy()

        if not isinstance(ref, list):
            for ys in yss:
                self._ref(ys, ref)
        else:
            assert len(ref) == len(yss)
            for n in range(len(ref)):
                _ref(yss[n], ref[n])

        pp.clf()
        for n, ys in enumerate(yss):
            pp.plot(xs, ys, linestyle, label=ykeys[n])
        pp.xlabel('%s [%s]' %(xkey, xunit))
        pp.ylabel('[%s]' %(yunit))
        pp.legend()
        pp.show()


    @staticmethod
    def _ref(ys, ref):
        if isinstance(ref, int):
            ys -= ys[ref]
        elif isinstance(ref, float):
            ys -= ref
        elif isinstance(ref,str):
            if ref == 'min':
                ys -= min(ys)
            elif ref == 'max':
                ys -= max(ys)
            elif ref == 'mean':
                ys -= np.mean(ys)

[docs]    def log(self):
        with open(posixpath.join(self.working_directory, 'yaff.log')) as f:
            print(f.read())


[docs]    def get_yaff_system(self, snapshot=0):
        numbers = np.array([pt[symbol].number for symbol in self.structure.get_chemical_symbols()])
        if snapshot == 0:
            struct = self.structure
        else:
            struct = self.get_structure(iteration_step=snapshot, wrap_atoms=False)
        pos = struct.positions.reshape(-1, 3)*angstrom
        cell = struct.cell
        if cell is None:
            system = System(numbers, pos, ffatypes=self.ffatypes, ffatype_ids=self.ffatype_ids)
        else:
            system = System(numbers, pos, rvecs=cell*angstrom, ffatypes=self.ffatypes, ffatype_ids=self.ffatype_ids)
        system.detect_bonds()
        system.set_standard_masses()
        return system


[docs]    def get_yaff_ff(self, system=None):
        if system is None:
            system = self.get_yaff_system()
        fn_pars = posixpath.join(self.working_directory, 'pars.txt')
        if not os.path.isfile(fn_pars):
            raise IOError('No pars.txt file find in job working directory. Have you already run the job?')
        ff = ForceField.generate(
            system, fn_pars, rcut=self.input['rcut'], alpha_scale=self.input['alpha_scale'],
            gcut_scale=self.input['gcut_scale'], smooth_ei=self.input['smooth_ei']
        )
        return ff


[docs]    def mtd_sum_hills_1d(self,fn=None):
        """
        Creates a fes.dat file for plotting the free energy surface after a mtd simulation.

        **Arguments**

        fn      path to the hills file or hills files (comma separated)
        """
        if fn is None:
            fn = posixpath.join(self.working_directory, self.enhanced['file'])
        fn_out = posixpath.join(self.working_directory, 'fes.dat')

        subprocess.check_output(
            "ml load PLUMED/2.5.2-intel-2019a-Python-3.7.2; plumed sum_hills --hills {} --outfile {}".format(fn,fn_out),
            stderr=subprocess.STDOUT,
            universal_newlines=True,
            shell=True
        )
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pyiron.atomistics.generic.object_type module


	
class pyiron.atomistics.generic.object_type.ObjectType(class_name, project=None, job_name=None)[source]

	Bases: object






	
class pyiron.atomistics.generic.object_type.ObjectTypeChoice[source]

	Bases: object
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pyiron.atomistics.job.atomistic module


	
class pyiron.atomistics.job.atomistic.AtomisticGenericJob(project, job_name)[source]

	Bases: pyiron_base.job.generic.GenericJob

Atomistic Generic Job class extends the Generic Job class with all the functionality to run jobs containing
atomistic structures. From this class all specific atomistic Hamiltonians are derived. Therefore it should contain
the properties/routines common to all atomistic jobs. The functions in this module should be as generic as possible.


	Parameters

	
	project (ProjectHDFio) – ProjectHDFio instance which points to the HDF5 file the job is stored in


	job_name (str) – name of the job, which has to be unique within the project









	
.. attribute:: job_name

	name of the job, which has to be unique within the project






	
.. attribute:: status

	
	execution status of the job, can be one of the following [initialized, appended, created, submitted, running,
	aborted, collect, suspended, refresh, busy, finished]










	
.. attribute:: job_id

	unique id to identify the job in the pyiron database






	
.. attribute:: parent_id

	job id of the predecessor job - the job which was executed before the current one in the current job series






	
.. attribute:: master_id

	job id of the master job - a meta job which groups a series of jobs, which are executed either in parallel or in
serial.






	
.. attribute:: child_ids

	list of child job ids - only meta jobs have child jobs - jobs which list the meta job as their master






	
.. attribute:: project

	Project instance the jobs is located in






	
.. attribute:: project_hdf5

	ProjectHDFio instance which points to the HDF5 file the job is stored in






	
.. attribute:: job_info_str

	short string to describe the job by it is job_name and job ID - mainly used for logging






	
.. attribute:: working_directory

	working directory of the job is executed in - outside the HDF5 file






	
.. attribute:: path

	path to the job as a combination of absolute file system path and path within the HDF5 file.






	
.. attribute:: version

	Version of the hamiltonian, which is also the version of the executable unless a custom executable is used.






	
.. attribute:: executable

	Executable used to run the job - usually the path to an external executable.






	
.. attribute:: library_activated

	For job types which offer a Python library pyiron can use the python library instead of an external executable.






	
.. attribute:: server

	Server object to handle the execution environment for the job.






	
.. attribute:: queue_id

	the ID returned from the queuing system - it is most likely not the same as the job ID.






	
.. attribute:: logger

	logger object to monitor the external execution and internal pyiron warnings.






	
.. attribute:: restart_file_list

	list of files which are used to restart the calculation from these files.






	
.. attribute:: job_type

	
	Job type object with all the available job types: [‘ExampleJob’, ‘SerialMaster’, ‘ParallelMaster’, ‘ScriptJob’,
	‘ListMaster’]










	
animate_structure(spacefill=True, show_cell=True, stride=1, center_of_mass=False, particle_size=0.5, camera='orthographic')[source]

	Animates the job if a trajectory is present


	Parameters

	
	spacefill (bool) – 


	show_cell (bool) – 


	stride (int) – show animation every stride [::stride]
use value >1 to make animation faster


default=1







	center_of_mass (bool) – 


	camera (str) – camera perspective, choose from “orthographic” or “perspective”






	Returns

	nglview IPython widget



	Return type

	animation










	
calc_md(temperature=None, pressure=None, n_ionic_steps=1000, time_step=None, n_print=100, temperature_damping_timescale=100.0, pressure_damping_timescale=None, seed=None, tloop=None, initial_temperature=True, langevin=False)[source]

	




	
calc_minimize(ionic_energy_tolerance=0, ionic_force_tolerance=0.0001, e_tol=None, f_tol=None, max_iter=1000, pressure=None, n_print=1)[source]

	
	Parameters

	
	ionic_energy_tolerance (float) – Maximum energy difference between 2 steps


	ionic_force_tolerance (float) – Maximum force magnitude that each of atoms is allowed to have


	e_tol (float) – same as ionic_energy_tolerance (deprecated)


	f_tol (float) – same as ionic_force_tolerance (deprecated)


	max_iter (int) – Maximum number of force evluations


	pressure (float/list) – Targetpressure values


	n_print (int) – Print period








Returns:






	
calc_static()[source]

	Returns:






	
continue_with_final_structure(job_type=None, job_name=None)[source]

	
	Parameters

	
	job_type – 


	job_name – 








Returns:






	
continue_with_restart_files(job_type=None, job_name=None)[source]

	
	Parameters

	
	job_type – 


	job_name – 








Returns:






	
copy_to(project=None, new_job_name=None, input_only=False, new_database_entry=True)[source]

	
	Parameters

	
	destination – 


	new_job_name – 


	input_only – 


	new_database_entry – 








Returns:






	
db_entry()[source]

	Generate the initial database entry


	Returns

	db_dict



	Return type

	(dict)










	
from_hdf(hdf=None, group_name=None)[source]

	Recreates instance from the hdf5 file
:param hdf: Path to the hdf5 file
:type hdf: str
:param group_name: Name of the group which contains the object
:type group_name: str






	
get_final_structure()[source]

	Get the final structure calculated from the job.


	Returns

	Atoms










	
get_structure(iteration_step=- 1, wrap_atoms=True)[source]

	Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
there is only one ionic iteration step


	Parameters

	
	iteration_step (int) – Step for which the structure is requested


	wrap_atoms (bool) – True if the atoms are to be wrapped back into the unit cell






	Returns

	The required structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
gui()[source]

	Returns:






	
map(function, parameter_lst)[source]

	




	
restart(job_name=None, job_type=None)[source]

	Restart a new job created from an existing calculation.
:param project: Project instance at which the new job should be created
:type project: pyiron.project.Project instance
:param job_name: Job name
:type job_name: str
:param job_type: Job type
:type job_type: str


	Returns

	New job



	Return type

	new_ham










	
set_input_to_read_only()[source]

	This function enforces read-only mode for the input classes, but it has to be implement in the individual
classes.






	
store_structure()[source]

	Create StructureContainer job with the initial structure of
the job and sets that jobs parent_id from this job.


	Returns

	job containing initial structure of
this job



	Return type

	StructureContainer










	
property structure

	Returns:






	
to_hdf(hdf=None, group_name=None)[source]

	Store the GenericJob in an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
trajectory(stride=1, center_of_mass=False, atom_indices=None, snapshot_indices=None, overwrite_positions=None, overwrite_cells=None)[source]

	
	Parameters

	
	stride (int) – The trajectories are generated with every ‘stride’ steps


	center_of_mass (list/numpy.ndarray) – The center of mass


	atom_indices (list/numpy.ndarray) – The atom indices for which the trajectory should be generated


	snapshot_indices (list/numpy.ndarray) – The snapshots for which the trajectory should be generated


	overwrite_positions (list/numpy.ndarray) – List of positions that are meant to overwrite the existing
trajectory. Useful to wrap coordinates for example


	overwrite_cells (list/numpy.ndarray) – List of cells that are meant to overwrite the existing
trajectory. Only used when overwrite_positions is defined. This must
have the same length of overwrite_positions






	Returns

	Trajectory instance



	Return type

	pyiron.atomistics.job.atomistic.Trajectory










	
validate_ready_to_run()[source]

	Returns:






	
view_structure(snapshot=- 1, spacefill=True, show_cell=True)[source]

	
	Parameters

	
	snapshot (int) – Snapshot of the trajectory one wants


	spacefill (bool) – 


	show_cell (bool) – 






	Returns

	nglview IPython widget



	Return type

	view










	
write_traj(filename, file_format=None, parallel=True, append=False, stride=1, center_of_mass=False, atom_indices=None, snapshot_indices=None, overwrite_positions=None, overwrite_cells=None, **kwargs)[source]

	Writes the trajectory in a given file file_format based on the ase.io.write [https://wiki.fysik.dtu.dk/ase/_modules/ase/io/formats.html#write] function.


	Parameters

	
	filename (str) – Filename of the output


	file_format (str) – The specific file_format of the output


	parallel (bool) – ase parameter


	append (bool) – ase parameter


	stride (int) – Writes trajectory every stride steps


	center_of_mass (bool) – True if the positions are centered on the COM


	atom_indices (list/numpy.ndarray) – The atom indices for which the trajectory should be generated


	snapshot_indices (list/numpy.ndarray) – The snapshots for which the trajectory should be generated


	overwrite_positions (list/numpy.ndarray) – List of positions that are meant to overwrite the existing
trajectory. Useful to wrap coordinates for example


	overwrite_cells (list/numpy.ndarray) – List of cells that are meant to overwrite the existing
trajectory. Only used when overwrite_positions is defined. This must
have the same length of overwrite_positions


	**kwargs – Additional ase arguments

















	
class pyiron.atomistics.job.atomistic.GenericInput(input_file_name=None, table_name='generic')[source]

	Bases: pyiron_base.generic.parameters.GenericParameters


	
load_default()[source]

	Loads the default file content










	
class pyiron.atomistics.job.atomistic.GenericOutput(job)[source]

	Bases: object


	
property cells

	




	
property computation_time

	




	
property displacements

	Output for 3-d displacements between successive snapshots, with minimum image convention.
For the total displacements from the initial configuration, use total_displacements
This algorithm collapses if:
- the ID’s are not consistent (i.e. you can also not change the number of atoms)
- there are atoms which move by more than half a box length in any direction within two snapshots (due to
periodic boundary conditions)






	
property energy_pot

	




	
property energy_tot

	




	
property force_max

	maximum force magnitude of each step which is used for
convergence criterion of structure optimizations






	
property forces

	




	
static get_displacements(structure, positions, cells)[source]

	Output for 3-d displacements between successive snapshots, with minimum image convention.
For the total displacements from the initial configuration, use total_displacements
This algorithm collapses if:
- the ID’s are not consistent (i.e. you can also not change the number of atoms)
- there are atoms which move by more than half a box length in any direction within two snapshots (due to
periodic boundary conditions)


	Parameters

	
	structure (pyiron.atomistics.structure.atoms.Atoms) – The initial structure


	positions (numpy.ndarray/list) – List of positions in cartesian coordinates (N_steps x N_atoms x 3)


	cells (numpy.ndarray/list) – List of cells (N_steps x 3 x 3)






	Returns

	Displacements (N_steps x N_atoms x 3)



	Return type

	numpy.ndarray










	
property indices

	




	
property positions

	




	
property pressures

	




	
property steps

	




	
property temperature

	




	
property total_displacements

	Output for 3-d total displacements from the initial configuration, with minimum image convention.
For the diplacements for the successive snapshots, use displacements
This algorithm collapses if:
- the ID’s are not consistent (i.e. you can also not change the number of atoms)
- there are atoms which move by more than half a box length in any direction within two snapshots (due to periodic boundary conditions)






	
property unwrapped_positions

	




	
property volume

	








	
class pyiron.atomistics.job.atomistic.MapFunctions[source]

	Bases: object






	
class pyiron.atomistics.job.atomistic.Trajectory(positions, structure, center_of_mass=False, cells=None, indices=None)[source]

	Bases: object

A trajectory instance compatible with the ase.io class


	Parameters

	
	positions (numpy.ndarray) – The array of the trajectory in cartesian coordinates


	structure (pyiron.atomistics.structure.atoms.Atoms) – The initial structure instance from which the species info
is derived


	center_of_mass (bool) – False (default) if the specified positions are w.r.t. the origin


	cells (numpy.ndarray) – Optional argument of the cell shape at every time step (Nx3x3 array) when the volume
varies













	
pyiron.atomistics.job.atomistic.set_structure(job, parameter)[source]
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pyiron.atomistics.job.interactive module


	
class pyiron.atomistics.job.interactive.GenericInteractive(project, job_name)[source]

	Bases: pyiron.atomistics.job.atomistic.AtomisticGenericJob, pyiron_base.job.interactive.InteractiveBase


	
property current_structure

	




	
property initial_structure

	




	
interactive_atom_spin_constraints_getter()[source]

	




	
interactive_atom_spins_getter()[source]

	




	
interactive_cell_organizer()[source]

	




	
interactive_cells_getter()[source]

	




	
interactive_cells_setter(cell)[source]

	




	
interactive_collect()[source]

	




	
interactive_computation_time_getter()[source]

	




	
interactive_energy_pot_getter()[source]

	




	
interactive_energy_tot_getter()[source]

	




	
property interactive_enforce_structure_reset

	




	
interactive_flush(path='interactive', include_last_step=False)[source]

	
	Parameters

	
	path – 


	include_last_step – 








Returns:






	
interactive_forces_getter()[source]

	




	
interactive_index_organizer()[source]

	




	
interactive_indices_getter()[source]

	




	
interactive_indices_setter(indices)[source]

	




	
interactive_initialize_interface()[source]

	




	
interactive_magmom_organizer()[source]

	




	
interactive_magnetic_forces_getter()[source]

	




	
interactive_positions_getter()[source]

	




	
interactive_positions_organizer()[source]

	




	
interactive_positions_setter(positions)[source]

	




	
interactive_pressures_getter()[source]

	




	
interactive_spin_constraints_getter()[source]

	




	
interactive_spin_constraints_setter(spins)[source]

	




	
interactive_spins_getter()[source]

	




	
interactive_steps_getter()[source]

	




	
interactive_stress_getter()[source]

	




	
interactive_structure_setter(structure)[source]

	




	
interactive_temperatures_getter()[source]

	




	
interactive_time_getter()[source]

	




	
interactive_unwrapped_positions_getter()[source]

	




	
interactive_volume_getter()[source]

	




	
run_if_interactive()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job.






	
species_from_hdf()[source]

	




	
property structure

	Returns:










	
class pyiron.atomistics.job.interactive.GenericInteractiveOutput(job)[source]

	Bases: pyiron.atomistics.job.atomistic.GenericOutput


	
property cells

	




	
property energy_pot

	




	
property energy_tot

	




	
property forces

	




	
property indices

	




	
property positions

	




	
property pressures

	




	
property steps

	




	
property temperature

	




	
property time

	




	
property unwrapped_positions

	




	
property volume

	








	
class pyiron.atomistics.job.interactive.InteractiveInterface[source]

	Bases: object


	
get_cell()[source]

	




	
get_energy_pot()[source]

	




	
get_energy_tot()[source]

	




	
get_forces()[source]

	




	
get_positions()[source]

	




	
get_pressure()[source]

	




	
get_temperature()[source]

	




	
run_interactive()[source]

	




	
set_cell(cell)[source]

	




	
set_energy_pot(energy_pot)[source]

	




	
set_energy_tot(energy_tot)[source]

	




	
set_forces(forces)[source]

	




	
set_positions(positions)[source]

	




	
set_pressure(pressure)[source]

	




	
set_temperature(temperature)[source]
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pyiron.atomistics.job.interactivewrapper module


	
class pyiron.atomistics.job.interactivewrapper.InteractiveWrapper(project, job_name)[source]

	Bases: pyiron_base.job.interactivewrapper.InteractiveWrapper


	
db_entry()[source]

	Generate the initial database entry


	Returns

	db_dict



	Return type

	(dict)










	
get_final_structure()[source]

	Returns:






	
property structure

	








	
class pyiron.atomistics.job.interactivewrapper.ReferenceJobOutput(job)[source]

	Bases: object


	
property cells

	




	
property energy_pot

	




	
property energy_tot

	




	
property forces

	




	
property indices

	




	
property positions

	




	
property pressures

	




	
property steps

	




	
property temperatures

	




	
property time

	




	
property unwrapped_positions

	




	
property volume
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pyiron.atomistics.job.potentials module

An abstract Potential class to provide an easy access for the available potentials. Currently implemented for the
OpenKim https://openkim.org database.


	
class pyiron.atomistics.job.potentials.PotentialAbstract(potential_df, default_df=None, selected_atoms=None)[source]

	Bases: object

The PotentialAbstract class loads a list of available potentials and sorts them. Afterwards the potentials can be
accessed through:


PotentialAbstract.<Element>.<Element> or PotentialAbstract.find_potentials_set({<Element>, <Element>}





	Parameters

	
	potential_df – 


	default_df – 


	selected_atoms – 









	
find(element)[source]

	Find the potentials


	Parameters

	element (set, str) – element or set of elements for which you want the possible LAMMPS potentials



	Returns

	of possible potentials for the element or the combination of elements



	Return type

	list










	
find_by_name(potential_name)[source]

	




	
list()[source]

	List the available potentials


	Returns

	of possible potentials for the element or the combination of elements



	Return type

	list














	
pyiron.atomistics.job.potentials.find_potential_file_base(path, resource_path_lst, rel_path)[source]
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pyiron.atomistics.job.sqs module


	
class pyiron.atomistics.job.sqs.SQSJob(project, job_name)[source]

	Bases: pyiron.atomistics.job.atomistic.AtomisticGenericJob

Produces special quasirandom structures designed to duplicate truly random chemical distributions as well as
possible while using finite periodic cells.

A pyiron wrapper for the [SQS code of Dominik Gehringer](https://github.com/dgehringer/sqsgenerator).

‘Structural models used in calculations of properties of substitutionally random $A_{1-x}B_x$ alloys are usually
constructed by randomly occupying each of the N sites of a periodic cell by A or B. We show that it is possible to
design ‘‘special quasirandom structures’’ (SQS’s) that mimic for small N (even N=8) the first few, physically most
relevant radial correlation functions of a perfectly random structure far better than the standard technique does.
We demonstrate the usefulness of these SQS’s by calculating optical and thermodynamic properties of a number of
semiconductor alloys in the local-density formalism.’
From the abstract of Zunger, Wei, Ferreira, and Bernard, Phys. Rev. Lett. 65 (1990) 353,
DOI:https://doi.org/10.1103/PhysRevLett.65.353


	Input:
	
	
	mole_fractions (dict): Approximate chemical composition for the output structure(s), using chemical symbols
	as the keys and floats as the values. Values should sum to 1, but within reason will be automatically
adjusted to accommodate the number of atoms in the provided structure (adjustments printed to standard out).
Vacancies can also be included using the key ‘0’.







	
	weights (list/numpy.ndarray): Specifies the weights of the individual shells. (Default is None, which uses the
	inverse of the shell number for the weight, i.e.
[1, 0.5, 0.3333333333, 0.25, 0.2, 0.166666667, 0.1428571429].)







	
	objective (float): Specifies the value the objective functions. The program tries to reach the specified
	objective function. (Default is 0.)







	
	iterations (int): How many iterations to make searching for the most special quasirandom structure using a
	random shuffling procedure. (Default is 1e6)







	
	n_output_structures (int): How many different SQS structures to return (in decreasing special
	quasirandomness). (Default is 1.)













Example

Case I: Get SQS for a given mole fraction:

>>> job = SQSJob(job_name='sqs')
>>> job.structure = structure
>>> job.input.mole_fractions = {'Al': 0.8, 'Ni':0.2}
>>> job.run()





Case II: Get SQS for a given structure already containing at least 2 elements:

>>> job = SQSJob(job_name='sqs')
>>> job.structure = structure
>>> job.run()





In Case II, if the mole fractions will be overwritten if you specify the values (like in Case I)


	
db_entry()[source]

	Generate the initial database entry


	Returns

	db_dict



	Return type

	(dict)










	
from_hdf(hdf=None, group_name=None)[source]

	Recreates instance from the hdf5 file
:param hdf: Path to the hdf5 file
:type hdf: str
:param group_name: Name of the group which contains the object
:type group_name: str






	
get_structure(iteration_step=- 1, wrap_atoms=True)[source]

	Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
there is only one ionic iteration step
:param iteration_step: Step for which the structure is requested
:type iteration_step: int
:param wrap_atoms: True if the atoms are to be wrapped back into the unit cell
:type wrap_atoms: bool


	Returns

	The required structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
property list_of_structures

	




	
list_structures()[source]

	




	
publication = {'sqs': {'method': {'author': ['Zunger, A.', 'Wei, S.-H.', 'Ferreira, L.G.', 'Bernard, J.E.'], 'doi': '10.1103/PhysRevLett.65.353', 'issue': '3', 'journal': 'Phys. Rev. Lett.', 'month': 'July', 'numpages': '0', 'pages': '353', 'publisher': 'American Physical Society', 'title': 'Special quasirandom structures', 'url': 'https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.65.353', 'volume': '65'}}}

	




	
run_static()[source]

	The run static function is called by run to execute the simulation.






	
to_hdf(hdf=None, group_name=None)[source]

	Store the GenericJob in an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
validate_ready_to_run()[source]

	Returns:










	
pyiron.atomistics.job.sqs.get_sqs_structures(structure, mole_fractions, weights=None, objective=0.0, iterations=1000000.0, output_structures=10, num_threads=None)[source]

	




	
pyiron.atomistics.job.sqs.pyiron_to_pymatgen(structure)[source]

	




	
pyiron.atomistics.job.sqs.pymatgen_to_pyiron(structure)[source]
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pyiron.atomistics.job.structurecontainer module


	
class pyiron.atomistics.job.structurecontainer.StructureContainer(project, job_name)[source]

	Bases: pyiron.atomistics.job.atomistic.AtomisticGenericJob

Container to save a list of structures in HDF5 together with tags.

Add new structures with append(), they are added to
structure_lst.  The HDF5 is written when run() is called.


	
append(structure_or_job)[source]

	Add new structure to structure list.

The added structure will available in structure_lst.  If the
structure is added via a job, retrieve the latest structure and add its
id to pyiron.atomistics.generic.Atoms.info.


	Parameters

	structure_or_job (AtomisticGenericJob/Atoms) – if AtomisticGenericJob add from
get_structure(),
otherwise add just the given Atoms



	Returns

	item added to structure_lst



	Return type

	dict










	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual hamiltonians.






	
from_hdf(hdf=None, group_name=None)[source]

	Recreates instance from the hdf5 file
:param hdf: Path to the hdf5 file
:type hdf: str
:param group_name: Name of the group which contains the object
:type group_name: str






	
run_if_interactive()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job.






	
run_static()[source]

	The run static function is called by run to execute the simulation.






	
property structure

	first (or only) structure set in the container


	Setter

	Atoms, AtomisticGenericJob
if a job is given take the last structure and add the job id to its
pyiron.atomistics.structure.Atoms.info



	Type

	Atoms










	
property structure_lst

	list of Atoms


	Type

	InputList










	
to_hdf(hdf=None, group_name=None)[source]

	Store the GenericJob in an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
write_input()[source]

	Write the input files for the external executable. This method has to be implemented in the individual
hamiltonians.
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pyiron.atomistics.job package


Submodules



	pyiron.atomistics.job.atomistic module

	pyiron.atomistics.job.interactive module

	pyiron.atomistics.job.interactivewrapper module

	pyiron.atomistics.job.potentials module

	pyiron.atomistics.job.sqs module

	pyiron.atomistics.job.structurecontainer module








Module contents
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pyiron.atomistics.master.convergence_volume module


	
class pyiron.atomistics.master.convergence_volume.ConvergenceVolume(project, job_name)[source]

	Bases: pyiron.atomistics.master.serial.SerialMaster


	Parameters

	
	project – 


	job_name – 









	
create_next(job_name=None)[source]

	
	Parameters

	job_name – 





Returns:










	
pyiron.atomistics.master.convergence_volume.convergence_goal(self, **qwargs)[source]
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pyiron.atomistics.master.elastic module


	
class pyiron.atomistics.master.elastic.ElasticTensor(project, job_name)[source]

	Bases: pyiron.atomistics.master.parallel.AtomisticParallelMaster

Class to calculate the elastic tensor and isotropic elastic constants.

Example:

>>> job = pr.create_job('SomeAtomisticJob', 'atomistic')
>>> job.structure = pr.create_structure('Fe', 'bcc', 2.83)
>>> elastic = job.create_job('ElasticTensor', 'elastic')
>>> elastic.run()





Input parameters:



	min_num_measurements (int): Minimum number of measurements/simulations
	to be launched



	min_num_points (int): Minimum number of data points to fit data
	(number of measurements times number of symmetry operations)





polynomial_order (int): Polynomial order to use (default: 2)
additional_points (int): Additional points for linearly dependent


strains. Twice the number of strains will be created for +-strain.
If additional_points > 0, polynomial order should be at least 3.





	strain_matrices (numpy.ndarray): Strain tensors to be applied on
	simulation boxes (optional)





rotations (numpy.ndarray): Rotation matrices for box symmetry
normalize_magnitude (bool): Whether to normalize strains following


Frobenius norm or not. When polynomial_order = 2, strains should
not be normalized in order for the fit to get both large and small
strains. When polynomial order > 2, then they should be normalized
to not get too small strains which could destabilize higher order
fitting.





	use_symmetry (bool): Whether or not exploit box symmetry (ignored if
	rotations already specified)



	use_elements (bool): Whether or not respect chemical elements for box
	symmetry (ignored if rotations already specified)



	fit_first_order (bool): Whether or not fit first order strains. In
	principle it should not be necessary, but might stabilize the
calculation if the reference structure is not exactly in the zero
pressure state. Setting this to True does not correct the second
order strains








The default input parameters might not be chosen adequately. If you have a
large computation power, increase min_num_measurements. At the same
time, make sure to choose an orientation which maximizes the number
symmetry operations. Also if the child job does not support pressure,
better increase the number of measurements - without pressure the constants
must be fit to total cell energies, which contain only a fraction of the
data that the pressure matrix does. This lack can be compensated by
sampling more rotations.


	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual meta jobs derived from the ParallelMaster.






	
validate_ready_to_run()[source]

	Returns:










	
pyiron.atomistics.master.elastic.calc_elastic_tensor(strain, stress=None, energy=None, volume=None, rotations=None, return_score=False, max_polynomial_order=None, fit_first_order=False)[source]

	Calculate 6x6-elastic tensor from the strain and stress or strain and
energy+volume.

Rotations matrices can be added to take box symmetries into account (unit
matrix can be added but does not have to be included in the list)


	Parameters

	
	strain (numpy.ndarray) – nx3x3 strain tensors


	stress (numpy.ndarray) – nx3x3 stress tensors


	energy (numpy.ndarray) – n energy values


	volume (numpy.ndarray) – n volume values


	rotations (numpy.ndarray) – mx3x3 rotation matrices


	return_score (numpy.ndarray) – return regression score
(cf. sklearn.linear_mode.LinearRegression)













	
pyiron.atomistics.master.elastic.get_strain(max_strain=0.05, n_set=10, polynomial_order=2, additional_points=0, normalize=False)[source]

	
	Parameters

	
	max_strain (float) – Maximum strain (for each component)


	n_set (int) – Number of strain values to return


	polynomial_order (int) – This value determines the number of
linear-dependent strain values. For a polynomial order of two,
there will be +-strain and for 3, there will be +-strain and
+-0.5*strain etc.


	additional_points (int) – Additional linear-dependent points


	normalize (bool) – Whether to normalize the strain values. If True,
the norm (Frobenius norm) of all outer most strain (i.e. the
greatest strain within the linear-dependent strains) will be
equal to max_strain








Returns: numpy.ndarray of strains (n, 3, 3)
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pyiron.atomistics.master.murnaghan module


	
class pyiron.atomistics.master.murnaghan.DebyeModel(murnaghan, num_steps=50)[source]

	Bases: object

Calculate Thermodynamic Properties based on the Murnaghan output


	
property debye_temperature

	




	
energy_vib(T, debye_T=None, low_T_limit=True)[source]

	




	
property num_steps

	




	
polynomial(poly_fit=None, volumes=None)[source]

	




	
property volume

	








	
class pyiron.atomistics.master.murnaghan.EnergyVolumeFit(volume_lst=None, energy_lst=None)[source]

	Bases: object

Fit energy volume curves


	Parameters

	
	volume_lst (list/numpy.dnarray) – vector of volumes


	energy_lst (list/numpy.dnarray) – vector of energies









	
.. attribute:: volume_lst

	vector of volumes






	
.. attribute:: energy_lst

	vector of energies






	
.. attribute:: fit_dict

	dictionary of fit parameters






	
static birch(V, E0, B0, BP, V0)[source]

	From Intermetallic compounds: Principles and Practice, Vol. I: Principles
Chapter 9 pages 195-210 by M. Mehl. B. Klein, D. Papaconstantopoulos
paper downloaded from Web

case where n=0






	
static birchmurnaghan_energy(V, E0, B0, BP, V0)[source]

	BirchMurnaghan equation from PRB 70, 224107






	
property energy_lst

	




	
property fit_dict

	




	
fit_energy(volume_lst)[source]

	Gives the energy value for the corresponding energy volume fit defined in the fit dictionary.


	Parameters

	volume_lst – list of volumes



	Returns

	list of energies










	
fit_eos_general(volume_lst=None, energy_lst=None, fittype='birchmurnaghan')[source]

	Fit on of the equations of state


	Parameters

	
	volume_lst (list/numpy.dnarray/None) – vector of volumes


	energy_lst (list/numpy.dnarray/None) – vector of energies


	fittype (str) – on of the following [‘birch’, ‘birchmurnaghan’, ‘murnaghan’, ‘pouriertarantola’, ‘vinet’]






	Returns

	dictionary with fit results



	Return type

	dict










	
fit_eos_general_intern(fittype='birchmurnaghan')[source]

	




	
fit_polynomial(volume_lst=None, energy_lst=None, fit_order=3)[source]

	Fit a polynomial


	Parameters

	
	volume_lst (list/numpy.dnarray/None) – vector of volumes


	energy_lst (list/numpy.dnarray/None) – vector of energies


	fit_order (int) – Degree of the polynomial






	Returns

	dictionary with fit results



	Return type

	dict










	
static get_error(x_lst, y_lst, p_fit)[source]

	
	Parameters

	
	x_lst – 


	y_lst – 


	p_fit – 






	Returns

	numpy.dnarray










	
static murnaghan(V, E0, B0, BP, V0)[source]

	From PRB 28,5480 (1983






	
static pouriertarantola(V, E0, B0, BP, V0)[source]

	




	
static vinet_energy(V, E0, B0, BP, V0)[source]

	Vinet equation from PRB 70, 224107






	
property volume_lst

	








	
class pyiron.atomistics.master.murnaghan.Murnaghan(project, job_name='murnaghan')[source]

	Bases: pyiron.atomistics.master.parallel.AtomisticParallelMaster


	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual meta jobs derived from the ParallelMaster.






	
property equilibrium_energy

	




	
property equilibrium_volume

	




	
property fit

	




	
fit_birch_murnaghan(vol_erg_dic=None)[source]

	




	
fit_murnaghan(vol_erg_dic=None)[source]

	




	
fit_polynomial(fit_order=3, vol_erg_dic=None)[source]

	




	
fit_vinet(vol_erg_dic=None)[source]

	




	
get_structure(iteration_step=- 1)[source]

	Returns: Structure with equilibrium volume






	
list_structures()[source]

	




	
plot(num_steps=100, plt_show=True)[source]

	




	
poly_fit(fit_order=3, vol_erg_dic=None)[source]

	








	
class pyiron.atomistics.master.murnaghan.MurnaghanJobGenerator(master)[source]

	Bases: pyiron_base.master.parallel.JobGenerator


	
static job_name(parameter)[source]

	Return new job name from parameter object.  The next child job created
will have this name.  Subclasses may override this to give custom job
names.


	Parameters

	parameter (type) – current parameter object drawn from :attribute:`.parameter_list`.



	Returns

	job name for the next child job



	Return type

	str










	
modify_job(job, parameter)[source]

	Modify next job with the parameter object.  job is already the newly
created job object cloned from the template job, so this function has
to return the same instance, but may (and should) modify it.


	Parameters

	
	job (GenericJob) – new job instance


	parameter (type) – current parameter object drawn from :attribute:`.parameter_list`.






	Returns

	must be the given job



	Return type

	GenericJob










	
property parameter_list

	Returns:
(list)










	
pyiron.atomistics.master.murnaghan.birch(V, E0, B0, BP, V0)[source]

	From Intermetallic compounds: Principles and Practice, Vol. I: Principles
Chapter 9 pages 195-210 by M. Mehl. B. Klein, D. Papaconstantopoulos
paper downloaded from Web

case where n=0






	
pyiron.atomistics.master.murnaghan.birchmurnaghan_energy(V, E0, B0, BP, V0)[source]

	BirchMurnaghan equation from PRB 70, 224107






	
pyiron.atomistics.master.murnaghan.debye_function(x)[source]

	




	
pyiron.atomistics.master.murnaghan.debye_integral(x)[source]

	




	
pyiron.atomistics.master.murnaghan.fit_leastsq(p0, datax, datay, fittype='vinet')[source]

	Least square fit


	Parameters

	
	p0 (list) – [E0, B0, BP, V0] list of fit parameters


	datax (float/numpy.dnarray) – volumes to fit


	datay (float/numpy.dnarray) – energies corresponding to the volumes


	fittype (str) – on of the following [‘birch’, ‘birchmurnaghan’, ‘murnaghan’, ‘pouriertarantola’, ‘vinet’]






	Returns

	[E0, B0, BP, V0], [E0_err, B0_err, BP_err, V0_err]



	Return type

	list










	
pyiron.atomistics.master.murnaghan.fitfunction(parameters, vol, fittype='vinet')[source]

	Fit the energy volume curve


	Parameters

	
	parameters (list) – [E0, B0, BP, V0] list of fit parameters


	vol (float/numpy.dnarray) – single volume or a vector of volumes as numpy array


	fittype (str) – on of the following [‘birch’, ‘birchmurnaghan’, ‘murnaghan’, ‘pouriertarantola’, ‘vinet’]






	Returns

	single energy as float or a vector of energies as numpy array



	Return type

	(float/numpy.dnarray)










	
pyiron.atomistics.master.murnaghan.murnaghan(V, E0, B0, BP, V0)[source]

	From PRB 28,5480 (1983






	
pyiron.atomistics.master.murnaghan.pouriertarantola(V, E0, B0, BP, V0)[source]

	Pourier-Tarantola equation from PRB 70, 224107






	
pyiron.atomistics.master.murnaghan.vinet_energy(V, E0, B0, BP, V0)[source]

	Vinet equation from PRB 70, 224107
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pyiron.atomistics.master.parallel module


	
class pyiron.atomistics.master.parallel.AtomisticParallelMaster(project, job_name)[source]

	Bases: pyiron_base.master.parallel.ParallelMaster, pyiron.atomistics.job.atomistic.AtomisticGenericJob


	
get_structure(iteration_step=- 1)[source]

	Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
there is only one ionic iteration step


	Parameters

	
	iteration_step (int) – Step for which the structure is requested


	wrap_atoms (bool) – True if the atoms are to be wrapped back into the unit cell






	Returns

	The required structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
property structure

	Returns:










	
class pyiron.atomistics.master.parallel.GenericOutput[source]

	Bases: collections.OrderedDict






	
class pyiron.atomistics.master.parallel.MapJobGenerator(master)[source]

	Bases: pyiron_base.master.parallel.JobGenerator


	
modify_job(job, parameter)[source]

	Modify next job with the parameter object.  job is already the newly
created job object cloned from the template job, so this function has
to return the same instance, but may (and should) modify it.


	Parameters

	
	job (GenericJob) – new job instance


	parameter (type) – current parameter object drawn from :attribute:`.parameter_list`.






	Returns

	must be the given job



	Return type

	GenericJob










	
property parameter_list

	Returns:
(list)










	
class pyiron.atomistics.master.parallel.MapMaster(project, job_name)[source]

	Bases: pyiron.atomistics.master.parallel.AtomisticParallelMaster


	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual meta jobs derived from the ParallelMaster.






	
from_hdf(hdf=None, group_name=None)[source]

	Restore the ParameterMaster from an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
property modify_function

	




	
to_hdf(hdf=None, group_name=None)[source]

	Store the ParameterMaster in an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional

















	
pyiron.atomistics.master.parallel.pipe(project, job, step_lst, delete_existing_job=False)[source]

	Create a job pipeline


	Parameters

	
	project (pyiron.Project) – Project to calculate pipeline in


	job (AtomisticGenericJob) – Template for the calculation


	step_lst (list) – List of functions which create calculations






	Returns

	



	Return type

	FlexibleMaster
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pyiron.atomistics.master.phonopy module


	
class pyiron.atomistics.master.phonopy.PhonopyJob(project, job_name)[source]

	Bases: pyiron.atomistics.master.parallel.AtomisticParallelMaster


	Parameters

	
	project – 


	job_name – 









	
collect_output()[source]

	Returns:






	
property dos_energies

	Returns:






	
property dos_total

	Returns:






	
property dynamical_matrix

	Returns:






	
dynamical_matrix_at_q(q)[source]

	
	Parameters

	q – 





Returns:






	
from_hdf(hdf=None, group_name=None)[source]

	Restore the PhonopyJob from an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
get_hesse_matrix()[source]

	Returns:






	
get_thermal_properties(t_min=1, t_max=1500, t_step=50, temperatures=None)[source]

	
	Parameters

	
	t_min – 


	t_max – 


	t_step – 


	temperatures – 








Returns:






	
list_structures()[source]

	




	
property phonopy_pickling_disabled

	




	
plot_dos(ax=None, *args, **qwargs)[source]

	
	Parameters

	
	*args – 


	ax – 


	**qwargs – 








Returns:






	
run_if_interactive()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job.






	
run_static()[source]

	The run_static function is executed within the GenericJob class and depending on the run_mode of the
Parallelmaster and its child jobs a more specific run function is selected.






	
to_hdf(hdf=None, group_name=None)[source]

	Store the PhonopyJob in an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
validate_ready_to_run()[source]

	Returns:






	
write_phonopy_force_constants(file_name='FORCE_CONSTANTS', cwd=None)[source]

	
	Parameters

	
	file_name – 


	cwd – 








Returns:










	
class pyiron.atomistics.master.phonopy.PhonopyJobGenerator(master)[source]

	Bases: pyiron_base.master.parallel.JobGenerator


	
static job_name(parameter)[source]

	Return new job name from parameter object.  The next child job created
will have this name.  Subclasses may override this to give custom job
names.


	Parameters

	parameter (type) – current parameter object drawn from :attribute:`.parameter_list`.



	Returns

	job name for the next child job



	Return type

	str










	
modify_job(job, parameter)[source]

	Modify next job with the parameter object.  job is already the newly
created job object cloned from the template job, so this function has
to return the same instance, but may (and should) modify it.


	Parameters

	
	job (GenericJob) – new job instance


	parameter (type) – current parameter object drawn from :attribute:`.parameter_list`.






	Returns

	must be the given job



	Return type

	GenericJob










	
property parameter_list

	Returns:
(list)










	
pyiron.atomistics.master.phonopy.atoms_to_phonopy(atom)[source]

	Convert ASE-like Atoms to Phonopy Atoms
:param atom: ASE-like Atoms


	Returns

	Phonopy Atoms










	
pyiron.atomistics.master.phonopy.phonopy_to_atoms(ph_atoms)[source]

	Convert Phonopy Atoms to ASE-like Atoms
:param ph_atoms: Phonopy Atoms object

Returns: ASE-like Atoms object






	
class pyiron.atomistics.master.phonopy.thermal(temps, fe, entropy, cv)[source]

	Bases: object


	Parameters

	
	temps – 


	fe – 


	entropy – 


	cv – 
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pyiron.atomistics.master.quasi module


	
class pyiron.atomistics.master.quasi.QuasiHarmonicJob(project, job_name='murnaghan')[source]

	Bases: pyiron.atomistics.master.parallel.AtomisticParallelMaster


	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual meta jobs derived from the ParallelMaster.






	
optimise_volume(bulk_eng)[source]

	








	
pyiron.atomistics.master.quasi.calc_v0_from_fit_funct(fit_funct, x, save_range=0.0, return_ind=False)[source]
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pyiron.atomistics.master.serial module


	
class pyiron.atomistics.master.serial.GenericOutput[source]

	Bases: collections.OrderedDict






	
class pyiron.atomistics.master.serial.SerialMaster(project, job_name)[source]

	Bases: pyiron_base.master.serial.SerialMasterBase, pyiron.atomistics.job.atomistic.AtomisticGenericJob

The serial master class is a metajob consisting of a dynamic list of jobs which are executed in serial mode. The job
is derived from the GenericMaster.


	Parameters

	
	project (ProjectHDFio) – ProjectHDFio instance which points to the HDF5 file the job is stored in


	job_name (str) – name of the job, which has to be unique within the project









	
.. attribute:: job_name

	name of the job, which has to be unique within the project






	
.. attribute:: status

	
	execution status of the job, can be one of the following [initialized, appended, created, submitted, running,
	aborted, collect, suspended, refresh, busy, finished]










	
.. attribute:: job_id

	unique id to identify the job in the pyiron database






	
.. attribute:: parent_id

	job id of the predecessor job - the job which was executed before the current one in the current job series






	
.. attribute:: master_id

	job id of the master job - a meta job which groups a series of jobs, which are executed either in parallel or in
serial.






	
.. attribute:: child_ids

	list of child job ids - only meta jobs have child jobs - jobs which list the meta job as their master






	
.. attribute:: project

	Project instance the jobs is located in






	
.. attribute:: project_hdf5

	ProjectHDFio instance which points to the HDF5 file the job is stored in






	
.. attribute:: job_info_str

	short string to describe the job by it is job_name and job ID - mainly used for logging






	
.. attribute:: working_directory

	working directory of the job is executed in - outside the HDF5 file






	
.. attribute:: path

	path to the job as a combination of absolute file system path and path within the HDF5 file.






	
.. attribute:: version

	Version of the hamiltonian, which is also the version of the executable unless a custom executable is used.






	
.. attribute:: executable

	Executable used to run the job - usually the path to an external executable.






	
.. attribute:: library_activated

	For job types which offer a Python library pyiron can use the python library instead of an external executable.






	
.. attribute:: server

	Server object to handle the execution environment for the job.






	
.. attribute:: queue_id

	the ID returned from the queuing system - it is most likely not the same as the job ID.






	
.. attribute:: logger

	logger object to monitor the external execution and internal pyiron warnings.






	
.. attribute:: restart_file_list

	list of files which are used to restart the calculation from these files.






	
.. attribute:: job_type

	
	Job type object with all the available job types: [‘ExampleJob’, ‘SerialMaster’, ‘ParallelMaster’, ‘ScriptJob’,
	‘ListMaster’]










	
.. attribute:: child_names

	Dictionary matching the child ID to the child job name.






	
.. attribute:: start_job

	The first job of the series.






	
.. attribute:: input

	The input of the start job - the first job of the series.






	
get_structure(iteration_step=- 1)[source]

	Returns:






	
property structure

	Returns:
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pyiron.atomistics.master.sqsmaster module


	
class pyiron.atomistics.master.sqsmaster.SQSJobGenerator(master)[source]

	Bases: pyiron_base.master.parallel.JobGenerator


	
static job_name(parameter)[source]

	Return new job name from parameter object.  The next child job created
will have this name.  Subclasses may override this to give custom job
names.


	Parameters

	parameter (type) – current parameter object drawn from :attribute:`.parameter_list`.



	Returns

	job name for the next child job



	Return type

	str










	
modify_job(job, parameter)[source]

	Modify next job with the parameter object.  job is already the newly
created job object cloned from the template job, so this function has
to return the same instance, but may (and should) modify it.


	Parameters

	
	job (GenericJob) – new job instance


	parameter (type) – current parameter object drawn from :attribute:`.parameter_list`.






	Returns

	must be the given job



	Return type

	GenericJob










	
property parameter_list

	Returns:
(list)










	
class pyiron.atomistics.master.sqsmaster.SQSMaster(project, job_name)[source]

	Bases: pyiron.atomistics.master.parallel.AtomisticParallelMaster


	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual meta jobs derived from the ParallelMaster.






	
property list_of_structures

	




	
list_structures()[source]
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pyiron.atomistics.master.structure module


	
class pyiron.atomistics.master.structure.StructureJobGenerator(master)[source]

	Bases: pyiron_base.master.parallel.JobGenerator

JobGenerator for the StructureListMaster - this class implements the functions to generate the parameter list,
modify the individual jobs according to the parameter list and generate the new job names according to the
parameter list.


	
static job_name(parameter)[source]

	Generate job name for a give set of parameters


	Parameters

	parameter – For the StructureListMaster the structures are simply numbered - struct_0, struct_1, …



	Returns

	job name for the next job



	Return type

	str










	
modify_job(job, parameter)[source]

	Modify the next job by setting the structure for the specific parameter


	Parameters

	
	job (GenericJob) – next job object to be executed


	parameter – includes the atomistic structure






	Returns

	



	Return type

	GenericJob










	
property parameter_list

	Returns:
(list): [[index(int), pyiron.atomistics.structure.atoms.Atoms], …]










	
class pyiron.atomistics.master.structure.StructureListMaster(project, job_name)[source]

	Bases: pyiron_base.master.parallel.ParallelMaster

The GenericMaster is the template class for all meta jobs - meaning all jobs which contain multiple other jobs. It
defines the shared functionality of the different kind of job series.


	Parameters

	
	project (ProjectHDFio) – ProjectHDFio instance which points to the HDF5 file the job is stored in


	job_name (str) – name of the job, which has to be unique within the project









	
.. attribute:: job_name

	name of the job, which has to be unique within the project






	
.. attribute:: status

	
	execution status of the job, can be one of the following [initialized, appended, created, submitted,
	running, aborted, collect, suspended, refresh,
busy, finished]










	
.. attribute:: job_id

	unique id to identify the job in the pyiron database






	
.. attribute:: parent_id

	job id of the predecessor job - the job which was executed before the current one in the current job series






	
.. attribute:: master_id

	job id of the master job - a meta job which groups a series of jobs, which are executed either in parallel
or in serial.






	
.. attribute:: child_ids

	list of child job ids - only meta jobs have child jobs - jobs which list the meta job as their master






	
.. attribute:: project

	Project instance the jobs is located in






	
.. attribute:: project_hdf5

	ProjectHDFio instance which points to the HDF5 file the job is stored in






	
.. attribute:: job_info_str

	short string to describe the job by it is job_name and job ID - mainly used for logging






	
.. attribute:: working_directory

	working directory of the job is executed in - outside the HDF5 file






	
.. attribute:: path

	path to the job as a combination of absolute file system path and path within the HDF5 file.






	
.. attribute:: version

	Version of the hamiltonian, which is also the version of the executable unless a custom executable is used.






	
.. attribute:: executable

	Executable used to run the job - usually the path to an external executable.






	
.. attribute:: library_activated

	For job types which offer a Python library pyiron can use the python library instead of an external
executable.






	
.. attribute:: server

	Server object to handle the execution environment for the job.






	
.. attribute:: queue_id

	the ID returned from the queuing system - it is most likely not the same as the job ID.






	
.. attribute:: logger

	logger object to monitor the external execution and internal pyiron warnings.






	
.. attribute:: restart_file_list

	list of files which are used to restart the calculation from these files.






	
.. attribute:: job_type

	
	Job type object with all the available job types: [‘ExampleJob’, ‘SerialMaster’, ‘ParallelMaster’,
	‘ScriptJob’, ‘ListMaster’]










	
.. attribute:: child_names

	Dictionary matching the child ID to the child job name.






	
collect_output()[source]

	Implemented for compatibilty






	
from_hdf(hdf=None, group_name=None)[source]

	Restore the StructureListMaster object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
run_if_interactive_non_modal()[source]

	Implemented for compatibilty






	
property structure_lst

	




	
to_hdf(hdf=None, group_name=None)[source]

	Store the StructureListMaster object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional
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pyiron.atomistics.master package


Submodules



	pyiron.atomistics.master.convergence_volume module

	pyiron.atomistics.master.elastic module

	pyiron.atomistics.master.murnaghan module

	pyiron.atomistics.master.parallel module

	pyiron.atomistics.master.phonopy module

	pyiron.atomistics.master.quasi module

	pyiron.atomistics.master.serial module

	pyiron.atomistics.master.sqsmaster module

	pyiron.atomistics.master.structure module








Module contents
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pyiron.atomistics.nma.nma module


	
class pyiron.atomistics.nma.nma.NMA(job, atomic_units=False)[source]

	Bases: tamkin.nma.NMA

This is a generic module to do a Normal Mode Analysis on a job type,
which calculates the gradient and the hessian using TAMkin based on a job object.
With the NMA object you can animate a certain mode and plot the IR spectrum.


	
animate_nma_mode(index, amplitude=1.0, frames=24, spacefill=False, particle_size=0.5)[source]

	Visualize the normal mode corresponding to an index

Arguments

index       index corresponding to a normal mode

amplitude   size of the deviation of the normal mode

frames      number of frames that constitute the full mode (lower means faster movement)

spacefill   remove atom bonds


	particle size
	size of the atoms in the structure










	
plot_IR_spectrum(width=7.251632778591094e-06, scale=1.0, intensities=None, charges=None)[source]

	Plot IR spectrum based on Lorentzian width, freqs can be scaled through scale
Intensities can be provided (e.g. from a Gaussian job) or calculated from the charges

Arguments

width       width of the Lorentzian function

scale       scales the frequencies with this factor


	intensities
	IR intensities for spectrum, can be read from Gaussian job





charges     charges to calculate IR intensities, from e.g. Yaff simulation
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pyiron.atomistics.nma package


Submodules



	pyiron.atomistics.nma.nma module








Module contents







            

          

      

      

    

  

  
    
    
    pyiron.atomistics.structure.analyse module
    

    
 
  

    
      
          
            
  


pyiron.atomistics.structure.analyse module


	
class pyiron.atomistics.structure.analyse.Analyse(structure)[source]

	Bases: object

Class to analyse atom structure.


	
get_layers(distance_threshold=0.01, id_list=None, wrap_atoms=True, planes=None)[source]

	Get an array of layer numbers.


	Parameters

	
	distance_threshold (float) – Distance below which two points are
considered to belong to the same layer. For detailed
description: sklearn.cluster.AgglomerativeClustering


	id_list (list/numpy.ndarray) – List of atoms for which the layers
should be considered.


	planes (list/numpy.ndarray) – Planes along which the layers are calculated. Planes are
given in vectors, i.e. [1, 0, 0] gives the layers along the x-axis. Default planes
are orthogonal unit vectors: [[1, 0, 0], [0, 1, 0], [0, 0, 1]]. If you have a
tilted box and want to calculate the layers along the directions of the cell
vectors, use planes=np.linalg.inv(structure.cell).T. Whatever values are
inserted, they are internally normalized, so whether [1, 0, 0] is entered or
[2, 0, 0], the results will be the same.








Returns: Array of layer numbers (same shape as structure.positions)

Example I - how to get the number of layers in each direction:

>>> structure = Project('.').create_structure('Fe', 'bcc', 2.83).repeat(5)
>>> print('Numbers of layers:', np.max(structure.analyse.get_layers(), axis=0)+1)





Example II - get layers of only one species:

>>> print('Iron layers:', structure.analyse.get_layers(
...       id_list=structure.select_index('Fe')))










	
pyscal_centro_symmetry(num_neighbors=12)[source]

	Analyse centrosymmetry parameter


	Parameters

	num_neighbors (int) – number of neighbors



	Returns

	list of centrosymmetry parameter



	Return type

	list










	
pyscal_cna_adaptive(mode='total', ovito_compatibility=False)[source]

	Use common neighbor analysis


	Parameters

	
	mode ("total"/"numeric"/"str") – Controls the style and level
of detail of the output.
- total : return number of atoms belonging to each structure
- numeric : return a per atom list of numbers- 0 for unknown,


1 fcc, 2 hcp, 3 bcc and 4 icosa





	str : return a per atom string of sructures







	ovito_compatibility (bool) – use ovito compatiblity mode






	Returns

	(depends on mode)










	
pyscal_diamond_structure(mode='total', ovito_compatibility=False)[source]

	Analyse diamond structure


	Parameters

	
	mode ("total"/"numeric"/"str") – Controls the style and level


	detail of the output. (of) – 
	total : return number of atoms belonging to each structure


	
	numericreturn a per atom list of numbers- 0 for unknown,
	1 fcc, 2 hcp, 3 bcc and 4 icosa







	str : return a per atom string of sructures







	ovito_compatibility (bool) – use ovito compatiblity mode






	Returns

	(depends on mode)










	
pyscal_steinhardt_parameter(neighbor_method='cutoff', cutoff=0, n_clusters=2, q=(4, 6), averaged=False, clustering=True)[source]

	Calculate Steinhardts parameters


	Parameters

	
	neighbor_method (str) – can be [‘cutoff’, ‘voronoi’]


	cutoff (float) – can be 0 for adaptive cutoff or any other value


	n_clusters (int) – number of clusters for K means clustering


	q (list) – can be from 2-12, the required q values to be calculated


	averaged (bool) – If True, calculates the averaged versions of the parameter


	clustering (bool) – If True, cluster based on the q values






	Returns

	calculated q parameters



	Return type

	list










	
pyscal_voronoi_volume()[source]

	Calculate the Voronoi volume of atoms










	
pyiron.atomistics.structure.analyse.get_average_of_unique_labels(labels, values)[source]

	This function returns the average values of those elements, which share the same labels

Example:

>>> labels = [0, 1, 0, 2]
>>> values = [0, 1, 2, 3]
>>> print(get_average_of_unique_labels(labels, values))
array([1, 1, 3])
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pyiron.atomistics.structure.atom module


	
class pyiron.atomistics.structure.atom.Atom(symbol='X', position=(0, 0, 0), tag=None, momentum=None, mass=None, magmom=None, charge=None, atoms=None, index=None, pse=None, element=None, **qwargs)[source]

	Bases: ase.atom.Atom, pyiron.atomistics.structure.sparse_list.SparseArrayElement

Class for representing a single atom derived from the ASE atom class [https://wiki.fysik.dtu.dk/ase/ase/atom.html].


	Parameters

	
	symbol (str/pyiron.atomistics.structure.periodic_table.ChemcicalElement) – Symbol or elecment object


	position (list/numpy.ndarray) – Position of atom in cartesian coordinates


	tag (str) – Tag assigned to structure


	momentum (float) – Momentum


	mass (float) – Atomic mass in a.u.


	magmom (float) – Magnetic moment in Bohn Magneton


	charge (float) – Charge in e


	atoms (ase.atoms.Atoms) – Assigned atoms


	index (int) – Assigned index









	
atoms

	




	
data

	




	
index

	




	
property mass

	Gives the atomic mass of the atom


	Returns

	The atomic mass in a.u.



	Return type

	float










	
property number

	The atomic number of the atom


	Returns

	The atomic number according to the periodic table



	Return type

	int










	
property symbol

	The chemical symbol of the atom


	Returns

	The chemical symbol of the atom



	Return type

	str














	
pyiron.atomistics.structure.atom.ase_to_pyiron(ase_obj)[source]

	Convert an ase.atom.Atom object to its equivalent pyiron structure


	Parameters

	ase_obj (ase.atom.Atom) – The ase atoms instance to convert



	Returns

	The equivalent pyiron Atom



	Return type

	pyiron.atomistics.structure.atom.Atom
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pyiron.atomistics.structure.atoms module


	
class pyiron.atomistics.structure.atoms.Atoms(symbols=None, positions=None, numbers=None, tags=None, momenta=None, masses=None, magmoms=None, charges=None, scaled_positions=None, cell=None, pbc=None, celldisp=None, constraint=None, calculator=None, info=None, indices=None, elements=None, dimension=None, species=None, **qwargs)[source]

	Bases: ase.atoms.Atoms

The Atoms class represents all the information required to describe a structure at the atomic scale. This class is
derived from the ASE atoms class [https://wiki.fysik.dtu.dk/ase/ase/atoms.html].


	Parameters

	
	elements (list/numpy.ndarray) – List of strings containing the elements or a list of
atomistics.structure.periodic_table.ChemicalElement instances


	numbers (list/numpy.ndarray) – List of atomic numbers of elements


	symbols (list/numpy.ndarray) – List of chemical symbols


	positions (list/numpy.ndarray) – List of positions


	scaled_positions (list/numpy.ndarray) – List of scaled positions (relative coordinates)


	pbc (list/numpy.ndarray/boolean) – Tells if periodic boundary conditions should be applied on the three axes


	cell (list/numpy.ndarray instance) – A 3x3 array representing the lattice vectors of the structure








Note: Only one of elements/symbols or numbers should be assigned during initialization


	
indices

	A list of size N which gives the species index of the structure which has N atoms


	Type

	numpy.ndarray










	
add_high_symmetry_path(path)[source]

	Adds a new path to the dictionary of pathes for band structure calculations.


	Parameters

	path (dict) – dictionary of lists of tuples with start and end point.
E.G. {“my_path”: [(‘Gamma’, ‘X’), (‘X’, ‘Y’)]}










	
add_high_symmetry_points(new_points)[source]

	Adds new points to the dict of existing high symmetry points.


	Parameters

	new_points (dict) – Points to add










	
add_tag(*args, **qwargs)[source]

	Add tags to the atoms object.

Examples

For selective dynamics:

>>> self.add_tag(selective_dynamics=[False, False, False])










	
property analyse

	




	
analyse_ovito_centro_symmetry(num_neighbors=12)[source]

	Analyse centrosymmetry parameter


	Parameters

	num_neighbors (int) – number of neighbors



	Returns

	list of centrosymmetry parameter



	Return type

	list










	
analyse_ovito_cna_adaptive(mode='total')[source]

	Use common neighbor analysis


	Parameters

	
	mode ("total"/"numeric"/"str") – Controls the style and level
of detail of the output.
- total : return number of atoms belonging to each structure
- numeric : return a per atom list of numbers- 0 for unknown,


1 fcc, 2 hcp, 3 bcc and 4 icosa





	str : return a per atom string of sructures







	ovito_compatibility (bool) – use ovito compatiblity mode






	Returns

	(depends on mode)










	
analyse_ovito_voronoi_volume()[source]

	Calculate the Voronoi volume of atoms






	
analyse_phonopy_equivalent_atoms()[source]

	




	
analyse_pyscal_centro_symmetry(num_neighbors=12)[source]

	Analyse centrosymmetry parameter


	Parameters

	num_neighbors (int) – number of neighbors



	Returns

	list of centrosymmetry parameter



	Return type

	list










	
analyse_pyscal_cna_adaptive(mode='total', ovito_compatibility=False)[source]

	Use common neighbor analysis


	Parameters

	
	mode ("total"/"numeric"/"str") – Controls the style and level
of detail of the output.
- total : return number of atoms belonging to each structure
- numeric : return a per atom list of numbers- 0 for unknown,


1 fcc, 2 hcp, 3 bcc and 4 icosa





	str : return a per atom string of sructures







	ovito_compatibility (bool) – use ovito compatiblity mode






	Returns

	(depends on mode)










	
analyse_pyscal_diamond_structure(mode='total', ovito_compatibility=False)[source]

	Analyse diamond structure


	Parameters

	
	mode ("total"/"numeric"/"str") – Controls the style and level


	detail of the output. (of) – 
	total : return number of atoms belonging to each structure


	
	numericreturn a per atom list of numbers- 0 for unknown,
	1 fcc, 2 hcp, 3 bcc and 4 icosa







	str : return a per atom string of sructures







	ovito_compatibility (bool) – use ovito compatiblity mode






	Returns

	(depends on mode)










	
analyse_pyscal_steinhardt_parameter(neighbor_method='cutoff', cutoff=0, n_clusters=2, q=(4, 6), averaged=False, clustering=True)[source]

	Calculate Steinhardts parameters


	Parameters

	
	neighbor_method (str) – can be [‘cutoff’, ‘voronoi’]


	cutoff (float) – can be 0 for adaptive cutoff or any other value


	n_clusters (int) – number of clusters for K means clustering


	q (list) – can be from 2-12, the required q values to be calculated


	averaged (bool) – If True, calculates the averaged versions of the parameter


	clustering (bool) – If True, cluster based on the q values






	Returns

	calculated q parameters



	Return type

	list










	
analyse_pyscal_voronoi_volume()[source]

	Calculate the Voronoi volume of atoms






	
append(atom)[source]

	Append atom to end.






	
apply_strain(epsilon, return_box=False)[source]

	Apply a given strain on the structure


	Parameters

	
	epsilon (float/list/ndarray) – epsilon matrix. If a single number is set, the same strain
is applied in each direction. If a 3-dim vector is set, it
will be multiplied by a unit matrix.


	return_box (bool) – whether to return a box. If set to True, only the returned box will
have the desired strain and the original box will stay unchanged.













	
center_coordinates_in_unit_cell(origin=0, eps=0.0001)[source]

	Wrap atomic coordinates within the supercell as given by a1, a2., a3


	Parameters

	
	origin (float) – 0 to confine between 0 and 1, -0.5 to confine between -0.5 and 0.5


	eps (float) – Tolerance to detect atoms at cell edges






	Returns

	Wrapped structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
close()[source]

	




	
cluster_analysis(id_list, neighbors=None, radius=None, return_cluster_sizes=False)[source]

	
	Parameters

	
	id_list – 


	neighbors – 


	radius – 


	return_cluster_sizes – 








Returns:






	
convert_element(el, pse=None)[source]

	Convert a string or an atom instance into a ChemicalElement instance


	Parameters

	
	el (str/atomistics.structure.atom.Atom) – String or atom instance from which the element should
be generated


	pse (atomistics.structure.periodictable.PeriodicTable) – PeriodicTable instance from which the element
is generated (optional)






	Returns

	The required chemical element



	Return type

	atomistics.structure.periodictable.ChemicalElement










	
static convert_formula(elements)[source]

	Convert a given chemical formula into a list of elements


	Parameters

	elements (str) – A string of the required chamical formula (eg. H2O)



	Returns

	A list of elements corresponding to the formula



	Return type

	list










	
copy()[source]

	Returns a copy of the instance


	Returns

	A copy of the instance



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
create_line_mode_structure(with_time_reversal=True, recipe='hpkot', threshold=1e-07, symprec=1e-05, angle_tolerance=- 1.0)[source]

	Uses ‘seekpath’ to create a new structure with high symmetry points and path for band structure calculations.


	Parameters

	
	with_time_reversal (bool) – if False, and the group has no inversion symmetry,
additional lines are returned as described in the HPKOT paper.


	recipe (str) – choose the reference publication that defines the special points and paths.
Currently, only ‘hpkot’ is implemented.


	threshold (float) – the threshold to use to verify if we are in and edge case
(e.g., a tetragonal cell, but a==c). For instance, in the tI lattice, if abs(a-c) < threshold,
a EdgeCaseWarning is issued. Note that depending on the bravais lattice,
the meaning of the threshold is different (angle, length, …)


	symprec (float) – the symmetry precision used internally by SPGLIB


	angle_tolerance (float) – the angle_tolerance used internally by SPGLIB






	Returns

	new structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
property elements

	A size N list of atomistics.structure.periodic_table.ChemicalElement instances according
to the ordering of the atoms in the instance


	Type

	numpy.ndarray










	
extend(other)[source]

	Extend atoms object by appending atoms from other. (Extending the ASE function)


	Parameters

	other (pyiron.atomistics.structure.atoms.Atoms/ase.atoms.Atoms) – Structure to append



	Returns

	The extended structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
find_mic(v, vectors=True)[source]

	Find vectors following minimum image convention (mic). In principle this
function does the same as ase.geometry.find_mic


	Parameters

	
	v (list/numpy.ndarray) – 3d vector or a list/array of 3d vectors


	vectors (bool) – Whether to return vectors (distances are returned if False)








Returns: numpy.ndarray of the same shape as input with mic






	
find_neighbors_by_vector(vector, return_deviation=False, num_neighbors=96)[source]

	
	Parameters

	
	vector (list/np.ndarray) – vector by which positions are translated (and neighbors are searched)


	return_deviation (bool) – whether to return distance between the expect positions and real positions






	Returns

	list of id’s for the specified translation



	Return type

	np.ndarray





Example

a_0 = 2.832
structure = pr.create_structure(‘Fe’, ‘bcc’, a_0)
id_list = structure.find_neighbors_by_vector([0, 0, a_0])
# In this example, you get a list of neighbor atom id’s at z+=a_0 for each atom.
# This is particularly powerful for SSA when the magnetic structure has to be translated
# in each direction.






	
from_hdf(hdf, group_name='structure')[source]

	Retrieve the object from a HDF5 file


	Parameters

	
	hdf (pyiron_base.generic.hdfio.FileHDFio) – HDF path to which the object is to be saved


	group_name (str) – Group name from which the Atoms object is retreived.






	Returns

	The retrieved atoms class



	Return type

	pyiron_atomistic.structure.atoms.Atoms










	
get_atomic_numbers()[source]

	Returns the atomic numbers of all the atoms in the structure


	Returns

	A list of atomic numbers



	Return type

	numpy.ndarray










	
get_bonds(radius=inf, max_shells=None, prec=0.1, num_neighbors=20)[source]

	
	Parameters

	
	radius – 


	max_shells – 


	prec – minimum distance between any two clusters (if smaller considered to be single cluster)


	num_neighbors – 








Returns:






	
get_center_of_mass()[source]

	
	Returns

	center of mass in A



	Return type

	com (float)










	
get_chemical_elements()[source]

	Returns the list of chemical element instances


	Returns

	A list of chemical element instances



	Return type

	numpy.ndarray










	
get_chemical_formula()[source]

	Returns the chemical formula of structure


	Returns

	The chemical formula as a string



	Return type

	str










	
get_chemical_indices()[source]

	Returns the list of chemical indices as ordered in self.species


	Returns

	A list of chemical indices



	Return type

	numpy.ndarray










	
get_chemical_symbols()[source]

	Returns the chemical symbols for all the atoms in the structure


	Returns

	A list of chemical symbols



	Return type

	numpy.ndarray










	
get_constraint()[source]

	




	
get_density()[source]

	Returns the density in g/cm^3


	Returns

	Density of the structure



	Return type

	float










	
get_distance(a0, a1, mic=True, vector=False)[source]

	Return distance between two atoms.
Use mic=True to use the Minimum Image Convention.
vector=True gives the distance vector (from a0 to a1).


	Parameters

	
	a0 (int/numpy.ndarray/list) – position or atom ID


	a1 (int/numpy.ndarray/list) – position or atom ID


	mic (bool) – minimum image convention (True if periodic boundary conditions should be considered)


	vector (bool) – True, if instead of distnce the vector connecting the two positions should be returned






	Returns

	distance or vectors in length unit



	Return type

	float










	
get_distances_array(p1=None, p2=None, mic=True, vectors=False)[source]

	Return distance matrix of every position in p1 with every position in
p2. If p2 is not set, it is assumed that distances between all
positions in p1 are desired. p2 will be set to p1 in this case. If both
p1 and p2 are not set, the distances between all atoms in the box are
returned.


	Parameters

	
	p1 (numpy.ndarray/list) – Nx3 array of positions


	p2 (numpy.ndarray/list) – Nx3 array of positions


	mic (bool) – minimum image convention


	vectors (bool) – return vectors instead of distances






	Returns

	NxN if vector=False and NxNx3 if vector=True



	Return type

	numpy.ndarray










	
get_equivalent_points(points, use_magmoms=False, use_elements=True, symprec=1e-05, angle_tolerance=- 1.0)[source]

	
	Parameters

	
	points (list/ndarray) – 3d vector


	use_magmoms (bool) – cf. get_symmetry()


	use_elements (bool) – cf. get_symmetry()


	symprec (float) – cf. get_symmetry()


	angle_tolerance (float) – cf. get_symmetry()






	Returns

	array of equivalent points with respect to box symmetries



	Return type

	(ndarray)










	
get_equivalent_voronoi_vertices(return_box=False, minimum_dist=0.1, symprec=1e-05, angle_tolerance=- 1.0)[source]

	This function gives the positions of spatially equivalent Voronoi vertices in lists, which
most likely represent interstitial points or vacancies (along with other high symmetry points)
Each list item contains an array of positions which are spacially equivalent.
This function does not work if there are Hs atoms in the box


	Parameters

	
	return_box – True, if the box containing atoms on the positions of Voronoi vertices
should be returned (which are represented by Hs atoms)


	minimum_dist – Minimum distance between two Voronoi vertices to be considered as one








Returns: List of numpy array positions of spacially equivalent Voronoi vertices






	
get_extended_positions(width, return_indices=False, norm_order=2)[source]

	Get all atoms in the boundary around the supercell which have a distance
to the supercell boundary of less than dist


	Parameters

	
	width (float) – width of the buffer layer on every periodic box side within which all
atoms across periodic boundaries are chosen.


	return_indices (bool) – Whether or not return the original indices of the appended
atoms.


	norm_order (float) – Order of Lp-norm.






	Returns

	
	Positions of all atoms in the extended box, indices of atoms in
	their original option (if return_indices=True)









	Return type

	numpy.ndarray










	
get_high_symmetry_path()[source]

	Path used for band structure calculations


	Returns

	dict of pathes with start and end points.



	Return type

	dict










	
get_high_symmetry_points()[source]

	dictionary of high-symmetry points defined for this specific structure.


	Returns

	high_symmetry_points



	Return type

	dict










	
get_initial_magnetic_moments()[source]

	Get array of initial magnetic moments.


	Returns

	numpy.array()










	
get_ir_reciprocal_mesh(mesh, is_shift=array([0, 0, 0], dtype=int32), is_time_reversal=True, symprec=1e-05)[source]

	
	Parameters

	
	mesh – 


	is_shift – 


	is_time_reversal – 


	symprec – 








Returns:






	
get_majority_species(return_count=False)[source]

	This function returns the majority species and their number in the box


	Returns

	number of atoms of the majority species, chemical symbol and chemical index










	
get_masses()[source]

	Gets the atomic masses of all atoms in the structure


	Returns

	Array of masses



	Return type

	numpy.ndarray










	
get_masses_dof()[source]

	Returns:






	
get_neighborhood(positions, num_neighbors=12, t_vec=True, cutoff_radius=inf, width_buffer=1.2, norm_order=2)[source]

	
	Parameters

	
	position – Position in a box whose neighborhood information is analysed


	num_neighbors (int) – Number of nearest neighbors


	t_vec (bool) – True: compute distance vectors (pbc are taken into account)


	cutoff_radius (float) – Upper bound of the distance to which the search is to be done


	width_buffer (float) – Width of the layer to be added to account for pbc.


	norm_order (int) – Norm to use for the neighborhood search and shell recognition. The
definition follows the conventional Lp norm (cf.
https://en.wikipedia.org/wiki/Lp_space). This is an feature and for anything
other than norm_order=2, there is no guarantee that this works flawlessly.






	Returns

	
	Neighbors instances with the neighbor
	indices, distances and vectors









	Return type

	pyiron.atomistics.structure.atoms.Tree










	
get_neighbors(num_neighbors=12, t_vec=True, tolerance=2, id_list=None, cutoff_radius=inf, width_buffer=1.2, allow_ragged=False, norm_order=2)[source]

	
	Parameters

	
	num_neighbors (int) – number of neighbors


	t_vec (bool) – True: compute distance vectors
(pbc are automatically taken into account)


	tolerance (int) – tolerance (round decimal points) used for computing neighbor shells


	id_list (list) – list of atoms the neighbors are to be looked for


	cutoff_radius (float) – Upper bound of the distance to which the search must be done


	width_buffer (float) – width of the layer to be added to account for pbc.


	allow_ragged (bool) – Whether to allow ragged list of arrays or rectangular
numpy.ndarray filled with np.inf for values outside cutoff_radius


	norm_order (int) – Norm to use for the neighborhood search and shell recognition. The
definition follows the conventional Lp norm (cf.
https://en.wikipedia.org/wiki/Lp_space). This is an feature and for anything
other than norm_order=2, there is no guarantee that this works flawlessly.






	Returns

	
	Neighbors instances with the neighbor
	indices, distances and vectors









	Return type

	pyiron.atomistics.structure.atoms.Neighbors










	
get_neighbors_by_distance(cutoff_radius=5, num_neighbors=None, t_vec=True, tolerance=2, id_list=None, width_buffer=1.2, allow_ragged=True, norm_order=2)[source]

	
	Parameters

	
	cutoff_radius (float) – Upper bound of the distance to which the search must be done


	num_neighbors (int/None) – maximum number of neighbors found; if None this is estimated based on the density.


	t_vec (bool) – True: compute distance vectors
(pbc are automatically taken into account)


	tolerance (int) – tolerance (round decimal points) used for computing neighbor shells


	id_list (list) – list of atoms the neighbors are to be looked for


	width_buffer (float) – width of the layer to be added to account for pbc.


	allow_ragged (bool) – Whether to allow ragged list of arrays or rectangular
numpy.ndarray filled with np.inf for values outside cutoff_radius


	norm_order (int) – Norm to use for the neighborhood search and shell recognition. The
definition follows the conventional Lp norm (cf.
https://en.wikipedia.org/wiki/Lp_space). This is an feature and for anything
other than norm_order=2, there is no guarantee that this works flawlessly.






	Returns

	
	Neighbors instances with the neighbor
	indices, distances and vectors









	Return type

	pyiron.atomistics.structure.atoms.Neighbors










	
get_number_of_atoms()[source]

	Returns:






	
get_number_of_degrees_of_freedom()[source]

	Returns:






	
get_number_of_species()[source]

	Returns:






	
get_number_species_atoms()[source]

	Returns a dictionary with the species in the structure and the corresponding count in the structure


	Returns

	An ordered dictionary with the species and the corresponding count



	Return type

	collections.OrderedDict










	
get_numbers_of_neighbors_in_sphere(cutoff_radius=10, num_neighbors=None, id_list=None, width_buffer=1.2)[source]

	Function to compute the maximum number of neighbors in a sphere around each atom.
:param cutoff_radius: Upper bound of the distance to which the search must be done
:type cutoff_radius: float
:param num_neighbors: maximum number of neighbors found
:type num_neighbors: int/None
:param id_list: list of atoms the neighbors are to be looked for
:type id_list: list
:param width_buffer: width of the layer to be added to account for pbc.
:type width_buffer: float


	Returns

	
	for each atom the number of neighbors found in the sphere of radius
	cutoff_radius (<= num_neighbors if specified)









	Return type

	(np.ndarray)










	
get_parent_basis()[source]

	Returns the basis with all user defined/special elements as the it’s parent


	Returns

	Structure without any user defined elements



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
get_parent_symbols()[source]

	Returns the chemical symbols for all the atoms in the structure even for user defined elements


	Returns

	A list of chemical symbols



	Return type

	numpy.ndarray










	
get_primitive_cell(symprec=1e-05, angle_tolerance=- 1.0)[source]

	
	Parameters

	
	symprec – 


	angle_tolerance – 








Returns:






	
get_shell_matrix(id_list=None, chemical_pair=None, num_neighbors=100, tolerance=2, cluster_by_distances=False, cluster_by_vecs=False)[source]

	Shell matrices for pairwise interaction. Note: The matrices are always symmetric, meaning if you
use them as bilinear operators, you have to divide the results by 2.


	Parameters

	chemical_pair (list) – pair of chemical symbols (e.g. [‘Fe’, ‘Ni’])



	Returns

	list of sparse matrices for different shells





Example

from pyiron import Project
structure = Project(‘.’).create_structure(‘Fe’, ‘bcc’, 2.83).repeat(2)
J = -0.1 # Ising parameter
magmoms = 2*np.random.random((len(structure)), 3)-1 # Random magnetic moments between -1 and 1
neigh = structure.get_neighbors(num_neighbors=8) # Iron first shell
shell_matrices = neigh.get_shell_matrix()
print(‘Energy =’, 0.5*J*magmoms.dot(shell_matrices[0].dot(matmoms)))






	
get_spacegroup(symprec=1e-05, angle_tolerance=- 1.0)[source]

	
	Parameters

	
	symprec – 


	angle_tolerance – 








Returns:

https://atztogo.github.io/spglib/python-spglib.html






	
get_species_objects()[source]

	Returns:






	
get_species_symbols()[source]

	Returns the symbols of the present species


	Returns

	List of the symbols of the species



	Return type

	numpy.ndarray










	
get_spherical_coordinates(x=None)[source]

	
	Parameters

	x (list/ndarray) – coordinates to transform. If not set, the positions
in structure will be returned.



	Returns

	array in spherical coordinates










	
get_symmetry(use_magmoms=False, use_elements=True, symprec=1e-05, angle_tolerance=- 1.0)[source]

	
	Parameters

	
	use_magmoms – 


	use_elements – True or False. If False, chemical elements will be ignored


	symprec – 


	angle_tolerance – 








Returns:






	
get_symmetry_dataset(symprec=1e-05, angle_tolerance=- 1.0)[source]

	
	Parameters

	
	symprec – 


	angle_tolerance – 








Returns:

https://atztogo.github.io/spglib/python-spglib.html






	
get_tags()[source]

	Returns the keys of the stored tags of the structure


	Returns

	Keys of the stored tags



	Return type

	dict_keys










	
get_volume(per_atom=False)[source]

	
	Parameters

	per_atom (bool) – True if volume per atom is to be returned



	Returns

	Volume in A**3



	Return type

	volume (float)










	
get_voronoi_volume()[source]

	Calculate the Voronoi volume of atoms






	
get_wrapped_coordinates(positions, epsilon=1e-08)[source]

	Return coordinates in wrapped in the periodic cell


	Parameters

	
	positions (list/numpy.ndarray) – Positions


	epsilon (float) – displacement to add to avoid wrapping of atoms at borders






	Returns

	Wrapped positions



	Return type

	numpy.ndarray










	
group_points_by_symmetry(points)[source]

	This function classifies the points into groups according to the box symmetry given by spglib.


	Parameters

	points – (np.array/list) nx3 array which contains positions





Returns: list of arrays containing geometrically equivalent positions

It is possible that the original points are not found in the returned list, as the positions outsie
the box will be projected back to the box.






	
numbers_to_elements(numbers)[source]

	Convert atomic numbers in element objects (needed for compatibility with ASE)


	Parameters

	numbers (list) – List of Element Numbers (as Integers; default in ASE)



	Returns

	A list of elements as needed for pyiron



	Return type

	list










	
occupy_lattice(**qwargs)[source]

	Replaces specified indices with a given species






	
plot3d(mode='NGLview', show_cell=True, show_axes=True, camera='orthographic', spacefill=True, particle_size=1.0, select_atoms=None, background='white', color_scheme=None, colors=None, scalar_field=None, scalar_start=None, scalar_end=None, scalar_cmap=None, vector_field=None, vector_color=None, magnetic_moments=False, view_plane=array([0, 0, 1]), distance_from_camera=1.0, opacity=1.0)[source]

	Plot3d relies on NGLView or plotly to visualize atomic structures. Here, we construct a string in the “protein database”

The final widget is returned. If it is assigned to a variable, the visualization is suppressed until that
variable is evaluated, and in the meantime more NGL operations can be applied to it to modify the visualization.


	Parameters

	
	mode (str) – NGLView, plotly or ase


	show_cell (bool) – Whether or not to show the frame. (Default is True.)


	show_axes (bool) – Whether or not to show xyz axes. (Default is True.)


	camera (str) – ‘perspective’ or ‘orthographic’. (Default is ‘perspective’.)


	spacefill (bool) – Whether to use a space-filling or ball-and-stick representation. (Default is True, use
space-filling atoms.)


	particle_size (float) – Size of the particles. (Default is 1.)


	select_atoms (numpy.ndarray) – Indices of atoms to show, either as integers or a boolean array mask.
(Default is None, show all atoms.)


	background (str) – Background color. (Default is ‘white’.)


	color_scheme (str) – NGLView color scheme to use. (Default is None, color by element.)


	colors (numpy.ndarray) – A per-atom array of HTML color names or hex color codes to use for atomic colors.
(Default is None, use coloring scheme.)


	scalar_field (numpy.ndarray) – Color each atom according to the array value (Default is None, use coloring
scheme.)


	scalar_start (float) – The scalar value to be mapped onto the low end of the color map (lower values are
clipped). (Default is None, use the minimum value in scalar_field.)


	scalar_end (float) – The scalar value to be mapped onto the high end of the color map (higher values are
clipped). (Default is None, use the maximum value in scalar_field.)


	scalar_cmap (matplotlib.cm) – The colormap to use. (Default is None, giving a blue-red divergent map.)


	vector_field (numpy.ndarray) – Add vectors (3 values) originating at each atom. (Default is None, no
vectors.)


	vector_color (numpy.ndarray) – Colors for the vectors (only available with vector_field). (Default is None,
vectors are colored by their direction.)


	magnetic_moments (bool) – Plot magnetic moments as ‘scalar_field’ or ‘vector_field’.


	view_plane (numpy.ndarray) – A Nx3-array (N = 1,2,3); the first 3d-component of the array specifies
which plane of the system to view (for example, [1, 0, 0], [1, 1, 0] or the [1, 1, 1] planes), the
second 3d-component (if specified, otherwise [1, 0, 0]) gives the horizontal direction, and the third
component (if specified) is the vertical component, which is ignored and calculated internally. The
orthonormality of the orientation is internally ensured, and therefore is not required in the function
call. (Default is np.array([0, 0, 1]), which is view normal to the x-y plane.)


	distance_from_camera (float) – Distance of the camera from the structure. Higher = farther away.
(Default is 14, which also seems to be the NGLView default value.)


	NGLView color schemes (Possible) – ” “, “picking”, “random”, “uniform”, “atomindex”, “residueindex”,
“chainindex”, “modelindex”, “sstruc”, “element”, “resname”, “bfactor”,
“hydrophobicity”, “value”, “volume”, “occupancy”






	Returns

	The NGLView widget itself, which can be operated on further or viewed as-is.



	Return type

	(nglview.NGLWidget)






Warning


	Many features only work with space-filling atoms (e.g. coloring by a scalar field).


	The colour interpretation of some hex codes is weird, e.g. ‘green’.











	
pos_xyz()[source]

	Returns:






	
refine_cell(symprec=1e-05, angle_tolerance=- 1.0)[source]

	
	Parameters

	
	symprec – 


	angle_tolerance – 








Returns:

https://atztogo.github.io/spglib/python-spglib.html






	
repeat(rep)[source]

	Create new repeated atoms object.

The rep argument should be a sequence of three positive
integers like (2,3,1) or a single integer (r) equivalent
to (r,r,r).






	
repeat_points(points, rep, centered=False)[source]

	Return points with repetition given according to periodic boundary conditions


	Parameters

	
	points (np.ndarray/list) – xyz vector or list/array of xyz vectors


	rep (int/list/np.ndarray) – Repetition in each direction.
If int is given, the same value is used for
every direction


	centered (bool) – Whether the original points should be in the center of
repeated points.






	Returns

	(np.ndarray) repeated points










	
reset_absolute(is_absolute)[source]

	




	
rotate(a=0.0, v=None, center=(0, 0, 0), rotate_cell=False, index_list=None)[source]

	Rotate atoms based on a vector and an angle, or two vectors. This function is completely adopted from ASE code
(https://wiki.fysik.dtu.dk/ase/_modules/ase/atoms.html#Atoms.rotate)


	Parameters

	
	a (float/list) – Angle that the atoms is rotated around the vecor ‘v’. If an angle
is not specified, the length of ‘v’ is used as the angle
(default). The angle can also be a vector and then ‘v’ is rotated
into ‘a’.


	v (list/numpy.ndarray/string) – Vector to rotate the atoms around. Vectors can be given as
strings: ‘x’, ‘-x’, ‘y’, … .


	center (tuple/list/numpy.ndarray/str) – The center is kept fixed under the rotation. Use ‘COM’ to fix
the center of mass, ‘COP’ to fix the center of positions or
‘COU’ to fix the center of cell.


	= False (rotate_cell) – If true the cell is also rotated.


	index_list (list/numpy.ndarray) – Indices of atoms to be rotated








Examples:

Rotate 90 degrees around the z-axis, so that the x-axis is
rotated into the y-axis:

>>> atoms = Atoms()
>>> atoms.rotate(90, 'z')
>>> atoms.rotate(90, (0, 0, 1))
>>> atoms.rotate(-90, '-z')
>>> atoms.rotate('x', 'y')
>>> atoms.rotate((1, 0, 0), (0, 1, 0))










	
scaled_pos_xyz()[source]

	Returns:






	
select_index(el)[source]

	Returns the indices of a given element in the structure


	Parameters

	el (str/atomistics.structures.periodic_table.ChemicalElement/list) – Element for which the indices should
be returned



	Returns

	An array of indices of the atoms of the given element



	Return type

	numpy.ndarray










	
select_parent_index(el)[source]

	Returns the indices of a given element in the structure ignoring user defined elements


	Parameters

	el (str/atomistics.structures.periodic_table.ChemicalElement) – Element for which the indices should
be returned



	Returns

	An array of indices of the atoms of the given element



	Return type

	numpy.ndarray










	
set_absolute()[source]

	




	
set_constraint(constraint=None)[source]

	Apply one or more constrains.

The constraint argument must be one constraint object or a
list of constraint objects.






	
set_initial_magnetic_moments(magmoms=None)[source]

	Set array of initial magnetic moments.


	Parameters

	magmoms (numpy.ndarray/list) – List of magneric moments










	
set_relative()[source]

	




	
set_repeat(vec)[source]

	




	
set_species(value)[source]

	Setting the species list


	Parameters

	value (list) – A list atomistics.structure.periodic_table.ChemicalElement instances










	
property species

	A list of atomistics.structure.periodic_table.ChemicalElement instances


	Type

	list










	
symmetrize_vectors(vectors, force_update=False, use_magmoms=False, use_elements=True, symprec=1e-05, angle_tolerance=- 1.0)[source]

	Symmetrization of natom x 3 vectors according to box symmetries


	Parameters

	
	vectors (ndarray/list) – natom x 3 array to symmetrize


	force_update (bool) – whether to update the symmetry info


	use_magmoms (bool) – cf. get_symmetry


	use_elements (bool) – cf. get_symmetry


	symprec (float) – cf. get_symmetry


	angle_tolerance (float) – cf. get_symmetry






	Returns

	(np.ndarray) symmetrized vectors










	
to_hdf(hdf, group_name='structure')[source]

	Save the object in a HDF5 file


	Parameters

	
	hdf (pyiron_base.generic.hdfio.FileHDFio) – HDF path to which the object is to be saved


	group_name (str) – Group name with which the object should be stored. This same name should be used to retrieve the object













	
property visualize

	








	
class pyiron.atomistics.structure.atoms.CrystalStructure(*args, **kwargs)[source]

	Bases: object






	
pyiron.atomistics.structure.atoms.ase_to_pyiron(ase_obj)[source]

	Convert an ase.atoms.Atoms structure object to its equivalent pyiron structure


	Parameters

	ase_obj (ase.atoms.Atoms) – The ase atoms instance to convert



	Returns

	The equivalent pyiron structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
pyiron.atomistics.structure.atoms.default(data, dflt)[source]

	Helper function for setting default values.


	Parameters

	
	data – 


	dflt – 








Returns:






	
pyiron.atomistics.structure.atoms.ovito_to_pyiron(ovito_obj)[source]

	
	Parameters

	ovito_obj – 





Returns:






	
pyiron.atomistics.structure.atoms.pyiron_to_ase(pyiron_obj)[source]

	




	
pyiron.atomistics.structure.atoms.pyiron_to_ovito(atoms)[source]

	
	Parameters

	atoms – 





Returns:






	
pyiron.atomistics.structure.atoms.pyiron_to_pymatgen(pyiron_obj)[source]

	Convert pyiron atoms object to pymatgen atoms object


	Parameters

	pyiron_obj – pyiron atoms object



	Returns

	pymatgen atoms object










	
pyiron.atomistics.structure.atoms.pymatgen_to_pyiron(pymatgen_obj)[source]

	Convert pymatgen atoms object to pyiron atoms object (pymatgen->ASE->pyiron)


	Parameters

	pymatgen_obj – pymatgen atoms object



	Returns

	pyiron atoms object










	
pyiron.atomistics.structure.atoms.string2symbols(s)[source]

	Convert string to list of chemical symbols.


	Parameters

	s – 





Returns:






	
pyiron.atomistics.structure.atoms.string2vector(v)[source]

	
	Parameters

	v – 





Returns:






	
pyiron.atomistics.structure.atoms.symbols2numbers(symbols)[source]

	
	Parameters

	symbols (list, str) – 





Returns:
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pyiron.atomistics.structure.factory module


	
class pyiron.atomistics.structure.factory.StructureFactory[source]

	Bases: pyiron_base.generic.factory.PyironFactory


	
static ase_bulk(name, crystalstructure=None, a=None, c=None, covera=None, u=None, orthorhombic=False, cubic=False)[source]

	Creating bulk systems using ASE bulk module. Crystal structure and lattice constant(s) will be guessed if not
provided.

name (str): Chemical symbol or symbols as in ‘MgO’ or ‘NaCl’.
crystalstructure (str): Must be one of sc, fcc, bcc, hcp, diamond, zincblende,


rocksalt, cesiumchloride, fluorite or wurtzite.




a (float): Lattice constant.
c (float): Lattice constant.
c_over_a (float): c/a ratio used for hcp.  Default is ideal ratio: sqrt(8/3).
u (float): Internal coordinate for Wurtzite structure.
orthorhombic (bool): Construct orthorhombic unit cell instead of primitive cell which is the default.
cubic (bool): Construct cubic unit cell if possible.


	Returns

	Required bulk structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
ase_read(*args, **kwargs)[source]

	
Returns a ASE’s read result, wrapped as a pyiron.atomstic.structure.atoms.Atoms object.

ase.io.read docstring:
Read Atoms object(s) from file.





	filename: str or file
	Name of the file to read from or a file descriptor.



	index: int, slice or str
	The last configuration will be returned by default.  Examples:



	index=0: first configuration


	index=-2: second to last


	index=':' or index=slice(None): all


	index='-3:' or index=slice(-3, None): three last


	index='::2' or index=slice(0, None, 2): even


	index='1::2' or index=slice(1, None, 2): odd









	format: str
	Used to specify the file-format.  If not given, the
file-format will be guessed by the filetype function.



	parallel: bool
	Default is to read on master and broadcast to slaves.  Use
parallel=False to read on all slaves.



	do_not_split_by_at_sign: bool
	If False (default) filename is splited by at sign @





Many formats allow on open file-like object to be passed instead
of filename. In this case the format cannot be auto-decected,
so the format argument should be explicitly given.






	
static atoms(symbols=None, positions=None, numbers=None, tags=None, momenta=None, masses=None, magmoms=None, charges=None, scaled_positions=None, cell=None, pbc=None, celldisp=None, constraint=None, calculator=None, info=None, indices=None, elements=None, dimension=None, species=None, **qwargs)[source]

	Creates a atomistics.structure.atoms.Atoms instance.


	Parameters

	
	elements (list/numpy.ndarray) – List of strings containing the elements or a list of
atomistics.structure.periodic_table.ChemicalElement instances


	numbers (list/numpy.ndarray) – List of atomic numbers of elements


	symbols (list/numpy.ndarray) – List of chemical symbols


	positions (list/numpy.ndarray) – List of positions


	scaled_positions (list/numpy.ndarray) – List of scaled positions (relative coordinates)


	pbc (boolean) – Tells if periodic boundary conditions should be applied


	cell (list/numpy.ndarray) – A 3x3 array representing the lattice vectors of the structure


	momenta (list/numpy.ndarray) – List of momentum values


	tags (list/numpy.ndarray) – A list of tags


	masses (list/numpy.ndarray) – A list of masses


	magmoms (list/numpy.ndarray) – A list of magnetic moments


	charges (list/numpy.ndarray) – A list of point charges


	celldisp – 


	constraint (list/numpy.ndarray) – A list of constraints


	calculator – ASE calculator


	info (list/str) – ASE compatibility


	indices (list/numpy.ndarray) – The list of species indices


	dimension (int) – Dimension of the structure


	species (list) – List of species






	Returns

	The required structure instance



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
static crystal(element, bravais_basis, lattice_constant)[source]

	Create a crystal structure using pyiron’s native crystal structure generator


	Parameters

	
	element (str) – Element name


	bravais_basis (str) – Basis type


	lattice_constant (float/list) – Lattice constants






	Returns

	The required crystal structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
static element(parent_element, new_element_name=None, spin=None, potential_file=None)[source]

	
	Parameters

	
	parent_element (str, int) – The parent element eq. “N”, “O”, “Mg” etc.


	new_element_name (str) – The name of the new parent element (can be arbitrary)


	spin (float) – Value of the magnetic moment (with sign)


	potential_file (str) – Location of the new potential file if necessary






	Returns

	atomistics.structure.periodic_table.ChemicalElement instance










	
static surface(element, surface_type, size=(1, 1, 1), vacuum=1.0, center=False, pbc=True, **kwargs)[source]

	Generate a surface based on the ase.build.surface module.


	Parameters

	
	element (str) – Element name


	surface_type (str) – The string specifying the surface type generators available through ase (fcc111,


	etc.) (hcp0001) – 


	size (tuple) – Size of the surface


	vacuum (float) – Length of vacuum layer added to the surface along the z direction


	center (bool) – Tells if the surface layers have to be at the center or at one end along the z-direction


	pbc (list/numpy.ndarray) – List of booleans specifying the periodic boundary conditions along all three
directions.


	**kwargs – Additional, arguments you would normally pass to the structure generator like ‘a’, ‘b’,


	etc. ('orthogonal') – 






	Returns

	Required surface



	Return type

	pyiron.atomistics.structure.atoms.Atoms instance










	
static surface_hkl(lattice, hkl, layers, vacuum=1.0, center=False, pbc=True)[source]

	Use ase.build.surface to build a surface with surface normal (hkl).


	Parameters

	
	lattice (pyiron.atomistics.structure.atoms.Atoms/str) – bulk Atoms
instance or str, e.g. “Fe”, from which to build the surface


	hkl (list) – miller indices of surface to be created


	layers (int) – # of atomic layers in the surface


	vacuum (float) – vacuum spacing


	center (bool) – shift all positions to center the surface
in the cell






	Returns

	Required surface



	Return type

	pyiron.atomistics.structure.atoms.Atoms instance
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pyiron.atomistics.structure.neighbors module


	
class pyiron.atomistics.structure.neighbors.Neighbors(ref_structure, tolerance=2)[source]

	Bases: pyiron.atomistics.structure.neighbors.Tree

Class for storage of the neighbor information for a given atom based on the KDtree algorithm

Main attributes (do not modify them):


	distances (numpy.ndarray/list): Distances to the neighbors of all atoms


	indices (numpy.ndarray/list): Indices of the neighbors of all atoms


	vecs (numpy.ndarray/list): Vectors to the neighbors of all atoms




Auxiliary attributes:


	
	allow_ragged (bool): Whether to allow a ragged list of numpy arrays or not. This is relevant
	only if the cutoff length was specified, in which case the number of neighbor atoms for each
atom could differ. allow_ragged = False is computationally more efficient in most of the
methods. When allow_ragged = False, the variables are filled as follows:
np.inf in distances, numpy.array([np.inf, np.inf, np.inf]) in vecs, n_atoms+1 (or
a larger value) in indices and -1 in shells







	
	wrap_positions (bool): Whether to wrap back the positions entered by user in get_neighborhood
	etc. Since the information outside the original box is limited to a few layer,
wrap_positions=False might miss some points without issuing an error.









Furthermore, you can re-employ the original tree structure to get neighborhood information via
get_indices, get_vectors, get_distances and get_neighborhood. The information delivered by
get_neighborhood is the same as what can be obtained through the other three getters (except
for the fact that get_neighborhood returns a Tree instance, while the others return numpy
arrays), but since get_vectors anyway has to call get_distances and get_indices internally, the
computational cost of get_neighborhood and get_vectors is the same.


	
cluster_analysis(id_list, return_cluster_sizes=False)[source]

	
	Parameters

	
	id_list – 


	return_cluster_sizes – 








Returns:






	
cluster_by_distances(distance_threshold=None, n_clusters=None, linkage='complete', affinity='euclidean', use_vecs=False)[source]

	Method to group vectors which have similar lengths. This method should be used as a part of
neigh.get_global_shells(cluster_by_vecs=True) or
neigh.get_local_shells(cluster_by_distances=True).  However, in order to specify certain
arguments (such as n_jobs or max_iter), it might help to have run this function before
calling parent functions, as the data obtained with this function will be stored in the
variable _cluster_distances


	Parameters

	
	distance_threshold (float/None) – The linkage distance threshold above which, clusters
will not be merged. (cf. sklearn.cluster.AgglomerativeClustering)


	n_clusters (int/None) – The number of clusters to find.
(cf. sklearn.cluster.AgglomerativeClustering)


	linkage (str) – Which linkage criterion to use. The linkage criterion determines which
distance to use between sets of observation. The algorithm will merge the pairs of
cluster that minimize this criterion. (cf. sklearn.cluster.AgglomerativeClustering)


	affinity (str/callable) – Metric used to compute the linkage. Can be euclidean, l1,
l2, manhattan, cosine, or precomputed. If linkage is ward, only
euclidean is accepted.


	use_vecs (bool) – Whether to form clusters for vecs beforehand. If true, the distances
obtained from the clustered vectors is used for the distance clustering. Otherwise
neigh.distances is used.













	
cluster_by_vecs(distance_threshold=None, n_clusters=None, linkage='complete', affinity='euclidean')[source]

	Method to group vectors which have similar values. This method should be used as a part of
neigh.get_global_shells(cluster_by_vecs=True) or neigh.get_local_shells(cluster_by_vecs=True).
However, in order to specify certain arguments (such as n_jobs or max_iter), it might help to
have run this function before calling parent functions, as the data obtained with this function
will be stored in the variable _cluster_vecs


	Parameters

	
	distance_threshold (float/None) – The linkage distance threshold above which, clusters
will not be merged. (cf. sklearn.cluster.AgglomerativeClustering)


	n_clusters (int/None) – The number of clusters to find.
(cf. sklearn.cluster.AgglomerativeClustering)


	linkage (str) – Which linkage criterion to use. The linkage criterion determines which
distance to use between sets of observation. The algorithm will merge the pairs of
cluster that minimize this criterion. (cf. sklearn.cluster.AgglomerativeClustering)


	affinity (str/callable) – Metric used to compute the linkage. Can be euclidean, l1,
l2, manhattan, cosine, or precomputed. If linkage is ward, only
euclidean is accepted.













	
find_neighbors_by_vector(vector, return_deviation=False)[source]

	
	Parameters

	
	vector (list/np.ndarray) – vector by which positions are translated (and neighbors are searched)


	return_deviation (bool) – whether to return distance between the expect positions and real positions






	Returns

	list of id’s for the specified translation



	Return type

	np.ndarray





Example

a_0 = 2.832
structure = pr.create_structure(‘Fe’, ‘bcc’, a_0)
id_list = structure.find_neighbors_by_vector([0, 0, a_0])
# In this example, you get a list of neighbor atom id’s at z+=a_0 for each atom.
# This is particularly powerful for SSA when the magnetic structure has to be translated
# in each direction.






	
get_bonds(radius=inf, max_shells=None, prec=0.1)[source]

	
	Parameters

	
	radius – 


	max_shells – 


	prec – minimum distance between any two clusters (if smaller considered to be single cluster)








Returns:






	
get_global_shells(tolerance=None, cluster_by_distances=False, cluster_by_vecs=False)[source]

	Set shell indices based on all distances available in the system instead of
setting them according to the local distances (in contrast to shells defined
as an attribute in this class). Clustering methods can be used at the same time,
which will be useful at finite temperature results, but depending on how dispersed
the atoms are, the algorithm could take some time. If the clustering method(-s)
have already been launched before this function, it will use the results already
available and does not execute the clustering method(-s) again.


	Parameters

	
	tolerance (int) – decimals in np.round for rounding up distances (default: 2)


	cluster_by_distances (bool) – If True, cluster_by_distances is called first and the distances obtained
from the clustered distances are used to calculate the shells. If cluster_by_vecs is True at the same
time, cluster_by_distances will use the clustered vectors for its clustering algorithm. For more,
see the DocString of cluster_by_distances. (default: False)


	cluster_by_vecs (bool) – If True, cluster_by_vectors is called first and the distances obtained from
the clustered vectors are used to calculate the shells. (default: False)






	Returns

	shell indices (cf. shells)



	Return type

	shells (numpy.ndarray)










	
get_local_shells(tolerance=None, cluster_by_distances=False, cluster_by_vecs=False)[source]

	Set shell indices based on distances available to each atom. Clustering methods can be used
at the same time, which will be useful at finite temperature results, but depending on how
dispersed the atoms are, the algorithm could take some time. If the clustering method(-s)
have already been launched before this function, it will use the results already available
and does not execute the clustering method(-s) again.


	Parameters

	
	tolerance (int) – decimals in np.round for rounding up distances


	cluster_by_distances (bool) – If True, cluster_by_distances is called first and the distances obtained
from the clustered distances are used to calculate the shells. If cluster_by_vecs is True at the same
time, cluster_by_distances will use the clustered vectors for its clustering algorithm. For more,
see the DocString of cluster_by_distances. (default: False)


	cluster_by_vecs (bool) – If True, cluster_by_vectors is called first and the distances obtained from
the clustered vectors are used to calculate the shells. (default: False)






	Returns

	shell indices



	Return type

	shells (numpy.ndarray)










	
get_shell_matrix(chemical_pair=None, cluster_by_distances=False, cluster_by_vecs=False)[source]

	Shell matrices for pairwise interaction. Note: The matrices are always symmetric, meaning if you
use them as bilinear operators, you have to divide the results by 2.


	Parameters

	chemical_pair (list) – pair of chemical symbols (e.g. [‘Fe’, ‘Ni’])



	Returns

	list of sparse matrices for different shells





Example

from pyiron import Project
structure = Project(‘.’).create_structure(‘Fe’, ‘bcc’, 2.83).repeat(2)
J = -0.1 # Ising parameter
magmoms = 2*np.random.random((len(structure)), 3)-1 # Random magnetic moments between -1 and 1
neigh = structure.get_neighbors(num_neighbors=8) # Iron first shell
shell_matrices = neigh.get_shell_matrix()
print(‘Energy =’, 0.5*J*magmoms.dot(shell_matrices[0].dot(matmoms)))






	
reset_clusters(vecs=True, distances=True)[source]

	Method to reset clusters.


	Parameters

	
	vecs (bool) – Reset _cluster_vecs (cf. cluster_by_vecs)


	distances (bool) – Reset _cluster_distances (cf. cluster_by_distances)













	
property shells

	Returns the cell numbers of each atom according to the distances










	
class pyiron.atomistics.structure.neighbors.Tree(ref_structure)[source]

	Bases: object

Class to get tree structure for the neighborhood information.

Main attributes (do not modify them):


	distances (numpy.ndarray/list): Distances to the neighbors of given positions


	indices (numpy.ndarray/list): Indices of the neighbors of given positions


	vecs (numpy.ndarray/list): Vectors to the neighbors of given positions




Auxiliary attributes:


	
	allow_ragged (bool): Whether to allow a ragged list of numpy arrays or not. This is relevant
	only if the cutoff length was specified, in which case the number of atoms for each
position could differ. allow_ragged = False is computationally more efficient in most of the
methods. When allow_ragged = False, the variables are filled as follows:
np.inf in distances, numpy.array([np.inf, np.inf, np.inf]) in vecs, n_atoms+1 (or
a larger value) in indices and -1 in shells







	
	wrap_positions (bool): Whether to wrap back the positions entered by user in get_neighborhood
	etc. Since the information outside the original box is limited to a few layer,
wrap_positions=False might miss some points without issuing an error.









Furthermore, you can re-employ the original tree structure to get neighborhood information via
get_indices, get_vectors, get_distances and get_neighborhood. The information delivered by
get_neighborhood is the same as what can be obtained through the other three getters (except
for the fact that get_neighborhood returns a Tree instance, while the others return numpy
arrays), but since get_vectors anyway has to call get_distances and get_indices internally, the
computational cost of get_neighborhood and get_vectors is the same.


	
property allow_ragged

	Whether to allow ragged list of distancs/vectors/indices or fill empty slots with numpy.inf
to get rectangular arrays






	
copy()[source]

	




	
get_distances(positions=None, allow_ragged=None, num_neighbors=None, cutoff_radius=inf, width_buffer=1.2)[source]

	Get current positions or neighbor positions for given positions using the same Tree
structure used for the instantiation of the Neighbor class. This function should not be
used if the structure changed in the meantime. If positions is None and allow_ragged is
None, this function returns the same content as positions.


	Parameters

	
	positions (list/numpy.ndarray/None) – Positions around which neighborhood vectors
are to be computed (None to get current vectors)


	allow_ragged (bool) – Whether to allow ragged list of arrays or rectangular
numpy.ndarray filled with np.inf for values outside cutoff_radius


	num_neighbors (int/None) – Number of neighboring atoms to calculate vectors for.
Ignored if positions is None.


	cutoff_radius (float) – cutoff radius. Ignored if positions is None.


	width_buffer (float) – Buffer length for the estimation of num_neighbors. Ignored if
positions is None.






	Returns

	
	(list/numpy.ndarray) list (if allow_ragged=True) or numpy.ndarray (otherwise) of
	neighbor distances
















	
get_indices(positions=None, allow_ragged=None, num_neighbors=None, cutoff_radius=inf, width_buffer=1.2)[source]

	Get current indices or neighbor indices for given positions using the same Tree structure
used for the instantiation of the Neighbor class. This function should not be used if the
structure changed in the meantime. If positions is None and allow_ragged is None, this
function returns the same content as indices.


	Parameters

	
	positions (list/numpy.ndarray/None) – Positions around which neighborhood vectors
are to be computed (None to get current vectors)


	allow_ragged (bool) – Whether to allow ragged list of arrays or rectangular
numpy.ndarray filled with np.inf for values outside cutoff_radius


	num_neighbors (int/None) – Number of neighboring atoms to calculate vectors for.
Ignored if positions is None.


	cutoff_radius (float) – cutoff radius. Ignored if positions is None.


	width_buffer (float) – Buffer length for the estimation of num_neighbors. Ignored if
positions is None.






	Returns

	
	(list/numpy.ndarray) list (if allow_ragged=True) or numpy.ndarray (otherwise) of
	neighbor indices
















	
get_neighborhood(positions, num_neighbors=None, t_vec=True, cutoff_radius=inf, width_buffer=1.2)[source]

	Get neighborhood information of positions. What it returns is in principle the same as
get_neighborhood in Atoms. The only one difference is the reuse of the same Tree
structure, which makes the algorithm more efficient, but will fail if the reference
structure changed in the meantime.


	Parameters

	
	position – Position in a box whose neighborhood information is analysed


	num_neighbors (int) – Number of nearest neighbors


	t_vec (bool) – True: compute distance vectors (pbc are taken into account)


	cutoff_radius (float) – Upper bound of the distance to which the search is to be done


	width_buffer (float) – Width of the layer to be added to account for pbc.






	Returns

	
	Neighbors instances with the neighbor indices,
	distances and vectors









	Return type

	pyiron.atomistics.structure.atoms.Tree










	
get_vectors(positions=None, allow_ragged=False, num_neighbors=None, cutoff_radius=inf, width_buffer=1.2)[source]

	Get current vectors or neighbor vectors for given positions using the same Tree structure
used for the instantiation of the Neighbor class. This function should not be used if the
structure changed in the meantime. If positions is None and allow_ragged is None, this
function returns the same content as vecs.


	Parameters

	
	positions (list/numpy.ndarray/None) – Positions around which neighborhood vectors
are to be computed (None to get current vectors)


	allow_ragged (bool) – Whether to allow ragged list of arrays or rectangular
numpy.ndarray filled with np.inf for values outside cutoff_radius


	num_neighbors (int/None) – Number of neighboring atoms to calculate vectors for.
Ignored if positions is None.


	cutoff_radius (float) – cutoff radius. Ignored if positions is None.


	width_buffer (float) – Buffer length for the estimation of num_neighbors. Ignored if
positions is None.






	Returns

	
	(list/numpy.ndarray) list (if allow_ragged=True) or numpy.ndarray (otherwise) of
	neighbor vectors
















	
property norm_order

	Norm to use for the neighborhood search and shell recognition. The definition follows the
conventional Lp norm (cf. https://en.wikipedia.org/wiki/Lp_space). This is still an
experimental feature and for anything other than norm_order=2, there is no guarantee that
this works flawlessly.
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pyiron.atomistics.structure.periodic_table module


	
class pyiron.atomistics.structure.periodic_table.ChemicalElement(sub)[source]

	Bases: object

An Object which contains the element specific parameters


	
add_tags(tag_dic)[source]

	Add tags to an existing element inside its specific panda series without overwriting the old tags


	Parameters

	tag_dic (dict) – dictionary containing e.g. key = “spin” value = “up”,
more than one tag can be added at once










	
from_hdf(hdf)[source]

	loads an element with his parameters from the hdf5 job file and store it into its specific pandas series
:param hdf: Hdfio object which will be used to read a hdf5 file
:type hdf: Hdfio






	
property tags

	




	
to_hdf(hdf)[source]

	saves the element with his parameters into his hdf5 job file
:param hdf: Hdfio object which will be used
:type hdf: Hdfio










	
class pyiron.atomistics.structure.periodic_table.PeriodicTable(file_name=None)[source]

	Bases: object

An Object which stores an elementary table which can be modified for the current session


	
add_element(parent_element, new_element, use_parent_potential=False, **qwargs)[source]

	Add “additional” chemical elements to the Periodic Table. These can be used to distinguish between the various
potentials which may exist for a given species or to introduce artificial elements such as pseudohydrogen. For
this case set use_parent_potential = False and add in the directory containing the potential files a new file
which is derived from the name new element.

This function may be also used to provide additional information for the identical chemical element, e.g., to
define a Fe_up and Fe_down to perform the correct symmetry search as well as initialization.


	Parameters

	
	parent_element (str) – name of parent element


	new_element (str) – name of new element


	use_parent_potential – True: use the potential from the parent species


	**qwargs – define tags and their values, e.g. spin = “up”, relax = [True, True, True]








Returns: new element (ChemicalElement)






	
atomic_number_to_abbreviation(atom_no)[source]

	
	Parameters

	atom_no – 





Returns:






	
element(arg, **qwargs)[source]

	The method searches through the periodic table. If the table contains the element,
it will return an Object of the type ChemicalElement containing all parameters from the periodic table.
The option **qwargs allows a direct modification of the tag-values during the creation process
:param arg: sort of element
:type arg: str, ChemicalElement
:param **qwargs: e.g. a dictionary of tags

Returns element (ChemicalElement): a element with all its properties (Abbreviation, AtomicMass, Weight, …)






	
from_hdf(hdf)[source]

	loads an element with his parameters from the hdf5 job file by creating an Object of the ChemicalElement type.
The new element will be stored in the current periodic table.
Changes in the tags will also be modified inside the periodic table.


	Parameters

	hdf (Hdfio) – Hdfio object which will be used to read the data from a hdf5 file





Returns:






	
is_element(symbol)[source]

	Compares the Symbol with the Abbreviations of elements inside the periodic table
:param symbol: name of element, str
:type symbol: str

Returns boolean: true for the same element, false otherwise
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pyiron.atomistics.structure.phonopy module


	
pyiron.atomistics.structure.phonopy.analyse_phonopy_equivalent_atoms(atoms, symprec=1e-05, angle_tolerance=- 1.0)[source]

	
	Args: (read phonopy.structure.spglib for more details)
	
	symprec:
	float: Symmetry search tolerance in the unit of length.



	angle_tolerance:
	
	float: Symmetry search tolerance in the unit of angle deg.
	If the value is negative, an internally optimized routine
is used to judge symmetry.


















	
pyiron.atomistics.structure.phonopy.publication()[source]
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pyiron.atomistics.structure.pyironase module


	
pyiron.atomistics.structure.pyironase.publication()[source]
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pyiron.atomistics.structure.pyscal module


	
pyiron.atomistics.structure.pyscal.analyse_centro_symmetry(atoms, num_neighbors=12)[source]

	Analyse centrosymmetry parameter


	Parameters

	
	atoms – Atoms object


	num_neighbors (int) – number of neighbors






	Returns

	list of centrosymmetry parameter



	Return type

	csm (list)










	
pyiron.atomistics.structure.pyscal.analyse_cna_adaptive(atoms, mode='total', ovito_compatibility=False)[source]

	Use common neighbor analysis


	Parameters

	
	atoms (pyiron.structure.atoms.Atoms) – The structure to analyze.


	mode ("total"/"numeric"/"str") – Controls the style and level
of detail of the output.
- total : return number of atoms belonging to each structure
- numeric : return a per atom list of numbers- 0 for unknown,


1 fcc, 2 hcp, 3 bcc and 4 icosa





	str : return a per atom string of sructures







	ovito_compatibility (bool) – use ovito compatiblity mode






	Returns

	(depends on mode)










	
pyiron.atomistics.structure.pyscal.analyse_diamond_structure(atoms, mode='total', ovito_compatibility=False)[source]

	Analyse diamond structure


	Parameters

	
	atoms – Atoms object


	mode ("total"/"numeric"/"str") – Controls the style and level


	detail of the output. (of) – 
	total : return number of atoms belonging to each structure


	
	numericreturn a per atom list of numbers- 0 for unknown,
	1 fcc, 2 hcp, 3 bcc and 4 icosa







	str : return a per atom string of sructures







	ovito_compatibility (bool) – use ovito compatiblity mode






	Returns

	(depends on mode)










	
pyiron.atomistics.structure.pyscal.analyse_voronoi_volume(atoms)[source]

	Calculate the Voronoi volume of atoms


	Parameters

	atoms – (pyiron.structure.atoms.Atoms): The structure to analyze.










	
pyiron.atomistics.structure.pyscal.get_steinhardt_parameter_structure(atoms, neighbor_method='cutoff', cutoff=0, n_clusters=2, q=(4, 6), averaged=False, clustering=True)[source]

	Calculate Steinhardts parameters


	Parameters

	
	atoms – Atoms object


	neighbor_method (str) – can be [‘cutoff’, ‘voronoi’]


	cutoff (float) – can be 0 for adaptive cutoff or any other value


	n_clusters (int) – number of clusters for K means clustering


	q (list) – can be from 2-12, the required q values to be calculated


	averaged (bool) – If True, calculates the averaged versions of the parameter


	clustering (bool) – If True, cluster based on the q values






	Returns

	calculated q parameters



	Return type

	q (list)










	
pyiron.atomistics.structure.pyscal.publication()[source]
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pyiron.atomistics.structure.sparse_list module


	
class pyiron.atomistics.structure.sparse_list.SparseArray(length=None, **qwargs)[source]

	Bases: object

Administrate object that consists of several sparse lists (tags) and full lists that have identical indices and
length


	Parameters

	**qwargs – dictionary containing lists and SparseLists (tags) (must have identical length)






	
add_tag(*args, **qwargs)[source]

	




	
check_consistency()[source]

	Returns:






	
items()[source]

	Returns:






	
keys()[source]

	Returns:






	
remove_tag(*args, **qwargs)[source]

	
	Parameters

	
	*args – 


	**qwargs – 








Returns:










	
class pyiron.atomistics.structure.sparse_list.SparseArrayElement(**qwargs)[source]

	Bases: object

Single element of a SparseArray
:param **qwargs:






	
class pyiron.atomistics.structure.sparse_list.SparseList(sparse_list, default=None, length=None)[source]

	Bases: object

Object to represent a single sparse list
Internal representation like a dict
External representation like a list
:param sparse_list: dict object with {index: val}
:param default: default value for all elements not given by index in sparse_list
:param length: length of the list


	
items()[source]

	
	Returns

	index, value pairs of non-sparse elements










	
keys()[source]

	
	Returns

	indices of non-sparse elements










	
list()[source]

	convert sparse list into full list
:returns: list representation






	
to_hdf(hdf, key)[source]

	
	Parameters

	
	hdf – 


	key – 








Returns:






	
values()[source]

	
	Returns

	values of non-sparse elements














	
class pyiron.atomistics.structure.sparse_list.SparseListElement(ind, val)[source]

	Bases: object

Handle single element of a sparse lisr
:param ind: index
:param val: value






	
pyiron.atomistics.structure.sparse_list.sparse_index(index_list, length, default_val=True)[source]

	
	Parameters

	
	index_list – 


	length – 


	default_val – 








Returns:
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pyiron.atomistics.structure package


Submodules



	pyiron.atomistics.structure.analyse module

	pyiron.atomistics.structure.atom module

	pyiron.atomistics.structure.atoms module

	pyiron.atomistics.structure.factory module

	pyiron.atomistics.structure.neighbors module

	pyiron.atomistics.structure.periodic_table module

	pyiron.atomistics.structure.phonopy module

	pyiron.atomistics.structure.pyironase module

	pyiron.atomistics.structure.pyscal module

	pyiron.atomistics.structure.sparse_list module








Module contents
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pyiron.atomistics.thermodynamics.thermo_bulk module


	
class pyiron.atomistics.thermodynamics.thermo_bulk.ThermoBulk(project=None, name=None)[source]

	Bases: object

Class should provide all tools to compute bulk thermodynamic quantities. Central quantity is the Free Energy F(V,T).
ToDo: Make it a (light weight) pyiron object (introduce a new tool rather than job object).


	Parameters

	
	project – 


	name – 









	
contour_entropy()[source]

	Returns:






	
contour_pressure()[source]

	Returns:






	
copy()[source]

	Returns:






	
eV_to_J_per_mol = 96483.07605640001

	




	
property energies

	Returns:






	
property entropy

	Returns:






	
get_entropy_p()[source]

	Returns:






	
get_entropy_v()[source]

	Returns:






	
get_free_energy(vol, pressure=None)[source]

	
	Parameters

	
	vol – 


	pressure – 








Returns:






	
get_free_energy_p()[source]

	Returns:






	
get_minimum_energy_path(pressure=None)[source]

	
	Parameters

	pressure – 





Returns:






	
interpolate_volume(volumes, fit_order=None)[source]

	
	Parameters

	
	volumes – 


	fit_order – 








Returns:






	
kB = 11604.522110519543

	




	
meshgrid()[source]

	Returns:






	
property num_atoms

	Returns:






	
plot_contourf(ax=None, show_min_erg_path=False)[source]

	
	Parameters

	
	ax – 


	show_min_erg_path – 








Returns:






	
plot_entropy()[source]

	Returns:






	
plot_free_energy()[source]

	Returns:






	
plot_heat_capacity(to_kB=True)[source]

	
	Parameters

	to_kB – 





Returns:






	
plot_min_energy_path(*args, ax=None, **qwargs)[source]

	
	Parameters

	
	*args – 


	ax – 


	**qwargs – 








Returns:






	
property pressure

	Returns:






	
set_temperatures(temperature_min=0, temperature_max=1500, temperature_steps=50)[source]

	
	Parameters

	
	temperature_min – 


	temperature_max – 


	temperature_steps – 








Returns:






	
set_volumes(volume_min, volume_max=None, volume_steps=10)[source]

	
	Parameters

	
	volume_min – 


	volume_max – 


	volume_steps – 








Returns:






	
property temperatures

	Returns:






	
property volumes

	Returns:
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pyiron.atomistics.thermodynamics package


Submodules



	pyiron.atomistics.thermodynamics.thermo_bulk module








Module contents
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pyiron.atomistics.volumetric.generic module


	
class pyiron.atomistics.volumetric.generic.VolumetricData[source]

	Bases: object

A new class to handle 3-dimensional volumetric data elegantly (charge densities, electrostatic potentials etc) based
on the numpy.ndarray instance. This module is adapted from the pymatgen vasp VolumtricData class

http://pymatgen.org/_modules/pymatgen/io/vasp/outputs.html#VolumetricData


	
total_data

	A 3D array containing the data


	Type

	numpy.ndarray










	
property atoms

	The structure related to the volumeric data


	Returns

	The structure associated with the data



	Return type

	pyiron.atomistics.structure.Atoms










	
cylindrical_average_potential(structure, spherical_center, axis_of_cyl, rad=2, fwhm=0.529177)[source]

	Calculates the cylindrical average about a given point in space


	Parameters

	
	structure (pyiron.atomistics.structure.Atoms) – Input structure


	spherical_center (list/numpy.ndarray) – position of spherical_center in direct coordinate


	rad (float) – radius of sphere to be considered in Angstrom (recommended value: 2)


	fwhm (float) – Full width half maximum of gaussian function in Angstrom (recommended value: 0.529177)


	axis_of_cyl (int) – Axis of cylinder (0 (x) or 1 (y) or 2 (z))






	Returns

	Cylindrical average at the target center



	Return type

	float










	
static dist_between_two_grid_points(target_grid_point, n_grid_at_center, lattice, grid_shape)[source]

	Calculates the distance between a target grid point and another grid point


	Parameters

	
	target_grid_point (numpy.ndarray/list) – Target grid point


	n_grid_at_center (numpy.ndarray/list) – coordinate of center of sphere


	lattice (numpy.ndarray/list) – lattice vector


	grid_shape (tuple/list/numpy.ndarray) – size of grid






	Returns

	Distance between target grid and center of sphere in angstrom



	Return type

	float










	
static dist_between_two_grid_points_cyl(target_grid_point, n_grid_at_center, lattice, grid_shape, direction_of_cyl)[source]

	Distance between a target grid point and the center of a cylinder


	Parameters

	
	target_grid_point (numpy.ndarray/list) – Target grid point


	n_grid_at_center (numpy.ndarray/list) – coordinate of center of sphere


	lattice (numpy.ndarray/list) – lattice vector


	grid_shape (tuple/list/numpy.ndarray) – size of grid


	direction_of_cyl (int) – Axis of cylinder (0 (x) or 1 (y) or 2 (z))






	Returns

	Distance between target grid and in-plane center of cylinder



	Return type

	float










	
from_hdf(hdf, group_name='volumetric_data')[source]

	Recreating the VolumetricData instance by reading data from the HDF5 files


	Parameters

	
	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – The HDF file/path to write the data to


	group_name (str) – The name of the group under which the data must be stored as






	Returns

	The VolumetricData instance



	Return type

	pyiron.atomistics.volumetric.generic.VolumetricData










	
static gauss_f(d, fwhm=0.529177)[source]

	Generates a Gaussian distribution for a given distance and full width half maximum value


	Parameters

	
	d (float) – distance between target point and reference point


	fwhm (float) – Full width half maximum in angstrom






	Returns

	Gaussian reduction constant



	Return type

	float










	
get_average_along_axis(ind=2)[source]

	Get the lateral average along a certain axis direction. This function is adapted from the pymatgen vasp
VolumetricData class

http://pymatgen.org/_modules/pymatgen/io/vasp/outputs.html#VolumetricData.get_average_along_axis


	Parameters

	ind (int) – Index of axis (0, 1 and 2 for the x, y, and z axis respectively)



	Returns

	A 1D vector with the laterally averaged values of the volumetric data



	Return type

	numpy.ndarray










	
read_cube_file(filename='cube_file.cube')[source]

	Generate data from a CUBE file


	Parameters

	filename (str) – Filename to parse










	
spherical_average_potential(structure, spherical_center, rad=2, fwhm=0.529177)[source]

	Calculates the spherical average about a given point in space


	Parameters

	
	structure (pyiron.atomistics.structure.Atoms) – Input structure


	spherical_center (list/numpy.ndarray) – position of spherical_center in direct coordinate


	rad (float) – radius of sphere to be considered in Angstrom (recommended value: 2)


	fwhm (float) – Full width half maximum of gaussian function in Angstrom (recommended value: 0.529177)






	Returns

	Spherical average at the target center



	Return type

	float










	
to_hdf(hdf, group_name='volumetric_data')[source]

	Writes the data as a group to a HDF5 file


	Parameters

	
	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – The HDF file/path to write the data to


	group_name (str) – The name of the group under which the data must be stored as













	
property total_data

	The Nx x Ny x Nz sized array for the total data


	Type

	numpy.ndarray










	
write_cube_file(filename='cube_file.cube', cell_scaling=1.0)[source]

	Write the volumetric data into the CUBE file format


	Parameters

	
	filename (str) – Filename


	cell_scaling (float) – Scale the cell by this fraction













	
write_vasp_volumetric(filename='CHGCAR', normalize=False)[source]

	Writes volumetric data into a VASP CHGCAR format


	Parameters

	
	filename (str) – Filename of the new file


	normalize (bool) – True if the data is to be normalized by the volume
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pyiron.atomistics.volumetric package


Submodules



	pyiron.atomistics.volumetric.generic module








Module contents
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pyiron.atomistics package


Subpackages



	pyiron.atomistics.generic package
	Submodules
	pyiron.atomistics.generic.object_type module





	Module contents





	pyiron.atomistics.job package
	Submodules
	pyiron.atomistics.job.atomistic module

	pyiron.atomistics.job.interactive module

	pyiron.atomistics.job.interactivewrapper module

	pyiron.atomistics.job.potentials module

	pyiron.atomistics.job.sqs module

	pyiron.atomistics.job.structurecontainer module





	Module contents





	pyiron.atomistics.master package
	Submodules
	pyiron.atomistics.master.convergence_volume module

	pyiron.atomistics.master.elastic module

	pyiron.atomistics.master.murnaghan module

	pyiron.atomistics.master.parallel module

	pyiron.atomistics.master.phonopy module

	pyiron.atomistics.master.quasi module

	pyiron.atomistics.master.serial module

	pyiron.atomistics.master.sqsmaster module

	pyiron.atomistics.master.structure module





	Module contents





	pyiron.atomistics.nma package
	Submodules
	pyiron.atomistics.nma.nma module





	Module contents





	pyiron.atomistics.structure package
	Submodules
	pyiron.atomistics.structure.analyse module

	pyiron.atomistics.structure.atom module

	pyiron.atomistics.structure.atoms module

	pyiron.atomistics.structure.factory module

	pyiron.atomistics.structure.neighbors module

	pyiron.atomistics.structure.periodic_table module

	pyiron.atomistics.structure.phonopy module

	pyiron.atomistics.structure.pyironase module

	pyiron.atomistics.structure.pyscal module

	pyiron.atomistics.structure.sparse_list module





	Module contents





	pyiron.atomistics.thermodynamics package
	Submodules
	pyiron.atomistics.thermodynamics.thermo_bulk module





	Module contents





	pyiron.atomistics.volumetric package
	Submodules
	pyiron.atomistics.volumetric.generic module





	Module contents












Module contents
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pyiron.dft.job.generic module


	
class pyiron.dft.job.generic.GenericDFTJob(project, job_name)[source]

	Bases: pyiron.atomistics.job.atomistic.AtomisticGenericJob


	
calc_md(temperature=None, n_ionic_steps=1000, n_print=1, time_step=1.0, retain_charge_density=False, retain_electrostatic_potential=False, **kwargs)[source]

	




	
calc_minimize(electronic_steps=60, ionic_steps=100, max_iter=None, pressure=None, algorithm=None, retain_charge_density=False, retain_electrostatic_potential=False, ionic_energy_tolerance=None, ionic_force_tolerance=None, ionic_energy=None, ionic_forces=None, volume_only=False)[source]

	
	Parameters

	
	ionic_energy_tolerance (float) – Maximum energy difference between 2 steps


	ionic_force_tolerance (float) – Maximum force magnitude that each of atoms is allowed to have


	e_tol (float) – same as ionic_energy_tolerance (deprecated)


	f_tol (float) – same as ionic_force_tolerance (deprecated)


	max_iter (int) – Maximum number of force evluations


	pressure (float/list) – Targetpressure values


	n_print (int) – Print period








Returns:






	
calc_static(electronic_steps=100, algorithm=None, retain_charge_density=False, retain_electrostatic_potential=False)[source]

	Returns:






	
property encut

	




	
property exchange_correlation_functional

	




	
property fix_spin_constraint

	




	
property fix_symmetry

	




	
get_density_of_states(sigma=0.1, shift_by_fermi_energy=True, grid=None)[source]

	Get density of states from a fully converged result. A Gaussian smeared histogram is
returned


	Parameters

	
	sigma (float) – Gaussian smearing parameter in energy unit.


	shift_by_fermi_energy (bool) – Shift the histogram by the Fermi energy value. Setting
this to False will return code specific absolute values which have physically no
meaning.


	grid (list/numpy.ndarray) – Energy grid. If None, the interval between maximum and
minimum eigenvalues plus 5 x sigma with a step length of sigma will be taken.






	Returns

	grid and density of states (n_spin x energy_grid)



	Return type

	(dict)










	
get_electronic_structure()[source]

	Gets the electronic structure instance from the hdf5 file


	Returns

	pyiron.atomistics.waves.electronic.ElectronicStructure instance










	
get_encut()[source]

	




	
get_k_mesh_by_cell(k_mesh_spacing, cell=None)[source]

	Get k-mesh density according to the box size.


	Parameters

	
	k_mesh_spacing (float) – K-point spacing in units of 2 * pi reciprocal Angstrom.
(smaller values result in a denser mesh for a given structure).


	cell (numpy.ndarray/list) – The cell shape






	Returns

	Mesh size



	Return type

	list/numpy.ndarray










	
get_kpoints()[source]

	




	
get_magnetic_moments(iteration_step=- 1)[source]

	Gives the magnetic moments of a calculation for each iteration step.


	Parameters

	iteration_step (int) – Step for which the structure is requested



	Returns

	array of final magmetic moments or None if no magnetic moment is given



	Return type

	numpy.ndarray/None










	
get_structure(iteration_step=- 1, wrap_atoms=True)[source]

	Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
there is only one ionic iteration step
:param iteration_step: Step for which the structure is requested
:type iteration_step: int
:param wrap_atoms: True if the atoms are to be wrapped back into the unit cell
:type wrap_atoms: bool


	Returns

	The required structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
property k_mesh_center_shift

	Number of unreduced k-points per Angstrom of the lattice vector


	Returns

	Number of k-points per Angstrom



	Return type

	float










	
property k_mesh_spacing

	Number of unreduced k-points per Angstrom of the lattice vector


	Returns

	Number of k-points per Angstrom



	Return type

	float










	
property kpoint_mesh

	




	
modify_kpoints()[source]

	




	
property plane_wave_cutoff

	




	
property reduce_kpoint_symmetry

	Number of unreduced k-points per Angstrom of the lattice vector


	Returns

	Number of k-points per Angstrom



	Return type

	float










	
restart_for_band_structure_calculations(job_name=None)[source]

	Restart a new job created from an existing calculation by reading the charge density
for band structure calculations.


	Parameters

	job_name (str/None) – Job name



	Returns

	New job



	Return type

	new_ham (pyiron.dft.job.generic.GenericDFTJob)










	
save()[source]

	Save the object, by writing the content to the HDF5 file and storing an entry in the database.


	Returns

	Job ID stored in the database



	Return type

	(int)










	
set_empty_states(n_empty_states=None)[source]

	




	
set_encut(encut)[source]

	Sets the plane-wave energy cutoff
:param encut: The energy cutoff in eV
:type encut: float






	
set_exchange_correlation_functional(exchange_correlation_functional)[source]

	




	
set_kpoints(mesh=None, scheme='MP', center_shift=None, symmetry_reduction=True, manual_kpoints=None, weights=None, reciprocal=True, k_mesh_spacing=None, n_path=None, path_name=None)[source]

	Function to setup the k-points


	Parameters

	
	mesh (list/numpy.ndarray) – Size of the mesh (ignored if scheme is not set to ‘MP’ or kpoints_per_reciprocal_


	is set) (angstrom) – 


	scheme (str) – Type of k-point generation scheme (MP/GP(gamma point)/Manual/Line)


	center_shift (list/numpy.ndarray/None) – Shifts the center of the mesh from the gamma point by the given vector in relative coordinates


	symmetry_reduction (boolean) – Tells if the symmetry reduction is to be applied to the k-points


	manual_kpoints (list/numpy.ndarray) – Manual list of k-points


	weights (list/numpy.ndarray) – Manually supplied weights to each k-point in case of the manual mode


	reciprocal (bool) – Tells if the supplied values are in reciprocal (direct) or cartesian coordinates (in


	space) (reciprocal) – 


	k_mesh_spacing (float) – K-point spacing in units of 2 * pi reciprocal Angstrom.
(smaller values result in a denser mesh for a given structure).


	n_path (int) – Number of points per trace part for line mode


	path_name (str) – Name of high symmetry path used for band structure calculations.













	
set_mixing_parameters(method=None, n_pulay_steps=None, density_mixing_parameter=None, spin_mixing_parameter=None)[source]

	




	
property spin_constraints

	




	
property xc

	








	
class pyiron.dft.job.generic.MapFunctions[source]

	Bases: pyiron.atomistics.job.atomistic.MapFunctions






	
pyiron.dft.job.generic.get_k_mesh_by_density(cell, k_mesh_spacing=0.5)[source]

	Get k-mesh density according to the box size.


	Parameters

	
	cell (numpy.ndarray/list) – The cell shape


	k_mesh_spacing (float) – K-point spacing in units of 2 * pi reciprocal Angstrom.
(smaller values result in a denser mesh for a given structure).






	Returns

	Mesh size



	Return type

	list/numpy.ndarray










	
pyiron.dft.job.generic.set_encut(job, parameter)[source]

	




	
pyiron.dft.job.generic.set_kpoints(job, parameter)[source]
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pyiron.dft.job package


Submodules



	pyiron.dft.job.generic module








Module contents







            

          

      

      

    

  

  
    
    
    pyiron.dft.master.convergence_encut_parallel module
    

    
 
  

    
      
          
            
  


pyiron.dft.master.convergence_encut_parallel module


	
class pyiron.dft.master.convergence_encut_parallel.ConvEncutParallel(project, job_name='encut_conv')[source]

	Bases: pyiron.atomistics.master.parallel.AtomisticParallelMaster


	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual meta jobs derived from the ParallelMaster.






	
plot(plt_show=True)[source]

	








	
class pyiron.dft.master.convergence_encut_parallel.EncutConvergenceJobGenerator(master)[source]

	Bases: pyiron_base.master.parallel.JobGenerator


	
static job_name(parameter)[source]

	Return new job name from parameter object.  The next child job created
will have this name.  Subclasses may override this to give custom job
names.


	Parameters

	parameter (type) – current parameter object drawn from :attribute:`.parameter_list`.



	Returns

	job name for the next child job



	Return type

	str










	
static modify_job(job, parameter)[source]

	Modify next job with the parameter object.  job is already the newly
created job object cloned from the template job, so this function has
to return the same instance, but may (and should) modify it.


	Parameters

	
	job (GenericJob) – new job instance


	parameter (type) – current parameter object drawn from :attribute:`.parameter_list`.






	Returns

	must be the given job



	Return type

	GenericJob










	
property parameter_list

	Returns:
(list)
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pyiron.dft.master.convergence_encut_serial module


	
class pyiron.dft.master.convergence_encut_serial.ConvEncutSerial(project, job_name)[source]

	Bases: pyiron.atomistics.master.serial.SerialMaster


	Parameters

	
	project – 


	job_name – 









	
create_next(job_name=None)[source]

	
	Parameters

	job_name – 





Returns:










	
pyiron.dft.master.convergence_encut_serial.convergence_goal(self, eps=0.005)[source]
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pyiron.dft.master.convergence_kpoint_parallel module


	
class pyiron.dft.master.convergence_kpoint_parallel.ConvKpointParallel(project, job_name='encut_conv')[source]

	Bases: pyiron.atomistics.master.parallel.AtomisticParallelMaster


	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual meta jobs derived from the ParallelMaster.






	
plot(plt_show=True)[source]

	




	
write_input()[source]

	Write the input files - this contains the GenericInput of the ParallelMaster as well as reseting the submission
status.










	
class pyiron.dft.master.convergence_kpoint_parallel.KpointConvergenceJobGenerator(master)[source]

	Bases: pyiron_base.master.parallel.JobGenerator


	
static job_name(parameter)[source]

	Return new job name from parameter object.  The next child job created
will have this name.  Subclasses may override this to give custom job
names.


	Parameters

	parameter (type) – current parameter object drawn from :attribute:`.parameter_list`.



	Returns

	job name for the next child job



	Return type

	str










	
static modify_job(job, parameter)[source]

	Modify next job with the parameter object.  job is already the newly
created job object cloned from the template job, so this function has
to return the same instance, but may (and should) modify it.


	Parameters

	
	job (GenericJob) – new job instance


	parameter (type) – current parameter object drawn from :attribute:`.parameter_list`.






	Returns

	must be the given job



	Return type

	GenericJob










	
property parameter_list

	Returns:
(list)
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pyiron.dft.master.murnaghan_dft module


	
class pyiron.dft.master.murnaghan_dft.MurnaghanDFT(project, job_name='murnaghan')[source]

	Bases: pyiron.atomistics.master.murnaghan.Murnaghan


	
get_encut()[source]

	




	
get_structure(iteration_step=- 1)[source]

	Returns: Structure with equilibrium volume






	
set_encut(encut)[source]

	




	
set_kpoints(mesh=None, scheme='MP', center_shift=None, symmetry_reduction=True, manual_kpoints=None, weights=None, reciprocal=True)[source]
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pyiron.dft.master package


Submodules



	pyiron.dft.master.convergence_encut_parallel module

	pyiron.dft.master.convergence_encut_serial module

	pyiron.dft.master.convergence_kpoint_parallel module

	pyiron.dft.master.murnaghan_dft module








Module contents
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pyiron.dft.waves.bandstructure module

This module is supposed to be common for both electronic and phonon band structures


	
class pyiron.dft.waves.bandstructure.BandPath(bs_obj, n_points=20)[source]

	Bases: object






	
class pyiron.dft.waves.bandstructure.Bandstructure(structure=None, prec=1e-05)[source]

	Bases: pyiron_base.generic.template.PyironObject


	
append_eigenvalues(ew, ev=None)[source]

	




	
from_hdf(hdf=None, group_name=None)[source]

	Restore the PyironObject from an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object


	group_name (str) – HDF5 subgroup name - optional













	
get_path(num_points=10, path_type='very_short')[source]

	




	
get_pathes()[source]

	provide dictionary with all predefined Bandstructure pathes for this structure






	
property path_dict

	




	
plot()[source]

	




	
set_eigenvalues(ew_list, ev_list=None)[source]

	




	
property structure

	




	
to_hdf(hdf=None, group_name=None)[source]

	Store the PyironObject in an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object


	group_name (str) – HDF5 subgroup name - optional













	
translate_to_pylab = {"G'": '$\\Gamma^\\prime$', 'Gamma': '$\\Gamma$'}
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pyiron.dft.waves.dos module


	
class pyiron.dft.waves.dos.Dos(n_bins=100, es_obj=None, eigenvalues=None, bin_density=None)[source]

	Bases: object

The DOS class stores all information to store and retrieve the total and resolved density of states from an
electronic structure calculation.


	Parameters

	
	n_bins (int) – Number of histogram bins required to calculate the DOS


	es_obj – The pyiron.objects.waves.core.ElectronicStructure instance for which the DOS has to be computed


	eigenvalues (list/numpy.ndarray) – If es-obj is None, the eigenvalues could be specified as a list









	
get_orbital_resolved_dos(orbital_indices, spin_indices=0)[source]

	Gives the dos contribution of a given indices of orbitals as arranged in the
pyiron.objects.waves.ElectronicStructure instance.


	Parameters

	
	orbital_indices (list/numpy.ndarray) – The index/indices of the orbitals for which the dos contribution is required


	spin_indices (list/numpy.ndarray) – The index/indices of the spins for which the dos contribution is required






	Returns

	The required dos



	Return type

	numpy.ndaray










	
get_spatial_orbital_resolved_dos(atom_indices, orbital_indices, spin_indices=0)[source]

	Gives the dos contribution of a given indices of atoms as well as orbitals as arranged in the
pyiron.objects.waves.ElectronicStructure instance.


	Parameters

	
	atom_indices (list/numpy.ndarray) – The index/indices of the atoms for which the dos contribution is required


	orbital_indices (list/numpy.ndarray) – The index/indices of the orbitals for which the dos contribution is required


	spin_indices (list/numpy.ndarray) – The index/indices of the spins for which the dos contribution is required






	Returns

	The required dos



	Return type

	numpy.ndaray










	
get_spatially_resolved_dos(atom_indices, spin_indices=0)[source]

	Gives the dos contribution of a given indices of atoms as arranged in the
pyiron.objects.waves.ElectronicStructure instance.


	Parameters

	
	atom_indices (list/numpy.ndarray) – The index/indices of the atoms for which the dos contribution is required


	spin_indices (list/numpy.ndarray) – The index/indices of the spins for which the dos contribution is required






	Returns

	The required dos



	Return type

	numpy.ndarray










	
get_spin_resolved_dos(spin_indices)[source]

	Gives the dos contribution of a given indices of spin as arranged in the
pyiron.objects.waves.ElectronicStructure instance.


	Parameters

	spin_indices (list/numpy.ndarray) – The index/indices of the spins for which the dos contribution is required



	Returns

	The required dos



	Return type

	numpy.ndarray










	
plot_orbital_resolved_dos(**kwargs)[source]

	Plots the orbital resolved DOS


	Parameters

	**kwargs – Variable for matplotlib.pylab.plot customization (linewidth, linestyle, etc.)



	Returns

	matplotlib.pylab.plot










	
plot_total_dos(**kwargs)[source]

	Plots the total DOS


	Parameters

	**kwargs – Variables for matplotlib.pylab.plot customization (linewidth, linestyle, etc.)



	Returns

	matplotlib.pylab.plot














	
exception pyiron.dft.waves.dos.NoResolvedDosError[source]

	Bases: Exception

Raised when information on the resolved dos in unavailable
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pyiron.dft.waves.electronic module


	
class pyiron.dft.waves.electronic.Band[source]

	Bases: object

All data related to a single band for every k-point is stored in this module


	
property eigenvalue

	The eigenvalue of a given band at a given k-point


	Type

	float










	
property occupancy

	The occupancy of a given band at a given k-point


	Type

	float










	
property resolved_dos_matrix

	2D matrix with n rows and m columns; n being the unmber of
atoms and m being the number of orbitals


	Type

	numpy.ndarray instance














	
class pyiron.dft.waves.electronic.ElectronicStructure[source]

	Bases: object

This is a generic module to store electronic structure data in a clean way. Kpoint and Band classes are used to
store information related to kpoints and bands respectively. Every spin configuration has a set of k-points and
every k-point has a set of bands associated with it. This is loosely adapted from the pymatgen electronic_structure
modules [http://pymatgen.org/pymatgen.electronic_structure.bandstructure.html]. Many of the functions have been substantially modified for pyiron


	
add_kpoint(value, weight)[source]

	Appends a Kpoint() instance to the kpoints attribute


	Parameters

	
	value (list/numpy.ndarray) – Value of the k-point in cartesian reciprocal coordinates


	weight (float) – The weight of the particular k-point













	
property cbm

	The Kohn-Sham conduction band minimum for each spin channel


	Returns

	list of conduction band minimum values for each spin channel



	Return type

	list










	
property dos_densities

	A (SxN) vector containing the density of states for every spin configuration with S spin
configurations and N grid points


	Type

	numpy.ndarray










	
property dos_energies

	A (1xN) vector containing the energies with N grid points


	Type

	numpy.ndarray










	
property dos_idensities

	A (SxN) vector containing the density of states for every spin configuration with S spin
configurations and N grid points


	Type

	numpy.ndarray










	
property efermi

	The Fermi-level of the system (eV). Please note that in the case of DFT this level is the Kohn-Sham Fermi
level computed by the DFT code.


	Type

	float










	
property eg

	The band gap for each spin channel


	Returns

	list of band gap values for each spin channel



	Return type

	list










	
property eigenvalue_matrix

	A getter function to return the eigenvalue_matrix. The eigenvalue for a given kpoint index i and
band index j is given by eigenvalue_matrix[i][j]


	Type

	numpy.ndarray










	
property eigenvalues

	Returns the eigenvalues for each spin value

numpy.ndarray: Eigenvalues of the bands






	
from_hdf(hdf, group_name='electronic_structure')[source]

	Retrieve the object from the hdf5 file


	Parameters

	
	hdf – Path to the hdf5 file/group in the file


	group_name – Name of the group under which the attributes are stored













	
from_hdf_old(hdf, group_name='electronic_structure')[source]

	Retrieve the object from the hdf5 file


	Parameters

	
	hdf – Path to the hdf5 file/group in the file


	group_name – Name of the group under which the attributes are stored













	
generate_from_matrices()[source]

	Generate the Kpoints and Bands from the kpoint lists and sometimes grand_dos_matrix






	
get_band_gap(resolution=1e-06)[source]

	Gets the band gap of the system for each spin value


	Parameters

	resolution (float) – An occupancy above this value is considered occupied



	Returns

	
	“band gap” (float): The band gap (eV)
	”vbm”: The dictionary associated with the VBM
“cbm”: The dictionary associated with the CBM









	Return type

	dict










	
get_cbm(resolution=1e-06)[source]

	Gets the conduction band minimum (CBM) of the system for each spin value


	Parameters

	resolution (float) – An occupancy above this value is considered occupied



	Returns

	
	“value” (float): Absolute energy value of the CBM (eV)
	”kpoint”: The Kpoint instance associated with the CBM
“band”: The Band instance associated with the CBM









	Return type

	dict










	
get_dos(n_bins=100)[source]

	Gives a pyiron.objects.waves.dos.Dos instance


	Parameters

	n_bins (int) – Number of histogram bins for the dos



	Returns

	Dos instance



	Return type

	pyiron.objects.waves.dos.Dos










	
get_resolved_dos(spin_indices=0, atom_indices=None, orbital_indices=None)[source]

	Get resolved dos based on the specified spin, atom and orbital indices


	Parameters

	
	spin_indices (int/list/numpy.ndarray) – spin indices


	atom_indices (int/list/numpy.ndarray) – stom indices


	orbital_indices (int/list/numpy.ndarray) – orbital indices (based on orbital_dict)






	Returns

	Required resolved dos



	Return type

	rdos (numpy.ndarray)










	
get_spin_resolved_dos(spin_indices=0)[source]

	Gets the spin resolved DOS


	Parameters

	spin_indices (int) – The index of the spin for which the DOS is required



	Returns

	Spin resolved dos (numpy.ndarray instance)










	
get_vbm(resolution=1e-06)[source]

	Gets the valence band maximum (VBM) of the system for each spin value


	Parameters

	resolution (float) – An occupancy below this value is considered unoccupied



	Returns

	“value” (float): Absolute energy value of the VBM (eV)
“kpoint”: The Kpoint instance associated with the VBM
“band”: The Band instance associated with the VBM



	Return type

	dict










	
property grand_dos_matrix

	Getter for the 5 dimensional grand_dos_matrix which gives the contribution of every spin, kpoint, band, atom and
orbital to the total DOS. For example the dos contribution with spin index s, kpoint k, band b, atom a and
orbital o is:

grand_dos_matrix[s, k, b, a, o]

The grand sum of this matrix would equal 1.0. The spatial, spin, and orbital resolved DOS can be computed using
this matrix


	Returns

	numpy.ndarray (5 dimensional)










	
property is_metal

	Tells if the given system is metallic or not in each spin channel (up and down respectively).
The Fermi level crosses bands in the cas of metals but is present in the band gap in the
case of semi-conductors.


	Returns

	List of boolean values for each spin channel



	Return type

	list










	
property kpoint_list

	The list of kpoints in cartesian coordinates


	Type

	list










	
property kpoint_weights

	The weights of the kpoints of the electronic structure in cartesian coordinates


	Type

	list










	
property occupancies

	Returns the occupancies for each spin value

numpy.ndarray: Occupancies of the bands






	
property occupancy_matrix

	A getter function to return the occupancy_matrix. The occupancy for a given kpoint index i and
band index j is given by occupancy_matrix[i][j]


	Type

	numpy.ndarray










	
property orbital_dict

	A dictionary of the ordering of the orbitals

Examples

>>> self.orbital_dict[0]
's'






	Type

	dict










	
plot_fermi_dirac()[source]

	Plots the obtained eigenvalue vs occupation plot






	
property resolved_densities

	A (SxAxOxN) vector containing the density of states for every spin configuration with S spin
configurations, A atoms, O orbitals and N grid points. The labels of the orbitals are found on
the orbital_dict


	Type

	numpy.ndarray










	
property structure

	The structure associated with the electronic structure object


	Type

	atomistics.structure.atoms.Atoms










	
to_hdf(hdf, group_name='electronic_structure')[source]

	Store the object to hdf5 file


	Parameters

	
	hdf – Path to the hdf5 file/group in the file


	group_name – Name of the group under which the attributes are o be stored













	
to_hdf_old(hdf, group_name='electronic_structure')[source]

	Store the object to hdf5 file


	Parameters

	
	hdf – Path to the hdf5 file/group in the file


	group_name – Name of the group under which the attributes are o be stored













	
property vbm

	The Kohn-Sham valence band maximum for each spin channel


	Returns

	list of valence band maximum values for each spin channel



	Return type

	list














	
class pyiron.dft.waves.electronic.Kpoint[source]

	Bases: object

All data related to a single k-point is stored in this module


	
bands

	Dict of pyiron.objects.waves.settings.Band objects for each spin channel


	Type

	dict










	
value

	Value of the k-point


	Type

	float










	
weight

	Weight of the k-point used in integration of quantities


	Type

	float










	
eig_occ_matrix

	A Nx2 matrix with the first column with eigenvalues and the second with
occupancies of every band. N being the number of bands assoiated with the k-point


	Type

	numpy.ndarray










	
add_band(eigenvalue, occupancy, spin)[source]

	Add a pyiron.objects.waves.core.Band instance


	Parameters

	
	eigenvalue (float) – The eigenvalue associated with the Band instance


	occupancy (flaot) – The occupancy associated with the Band instance


	spin (int) – Spin channel













	
property eig_occ_matrix

	




	
property value

	




	
property weight
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pyiron.dft.waves package


Submodules



	pyiron.dft.waves.bandstructure module

	pyiron.dft.waves.dos module

	pyiron.dft.waves.electronic module








Module contents
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pyiron.dft package


Subpackages



	pyiron.dft.job package
	Submodules
	pyiron.dft.job.generic module





	Module contents





	pyiron.dft.master package
	Submodules
	pyiron.dft.master.convergence_encut_parallel module

	pyiron.dft.master.convergence_encut_serial module

	pyiron.dft.master.convergence_kpoint_parallel module

	pyiron.dft.master.murnaghan_dft module





	Module contents





	pyiron.dft.waves package
	Submodules
	pyiron.dft.waves.bandstructure module

	pyiron.dft.waves.dos module

	pyiron.dft.waves.electronic module





	Module contents












Module contents
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pyiron.gaussian.gaussian module


	
class pyiron.gaussian.gaussian.Gaussian(project, job_name)[source]

	Bases: pyiron.dft.job.generic.GenericDFTJob


	
bsse_to_pandas()[source]

	Convert bsse output of all frames to a pandas Dataframe object.


	Returns

	output as dataframe



	Return type

	pandas.Dataframe










	
calc_md(temperature=None, n_ionic_steps=1000, time_step=None, n_print=100)[source]

	




	
calc_minimize(electronic_steps=None, ionic_steps=None, algorithm=None, ionic_forces=None)[source]

	Function to setup the hamiltonian to perform ionic relaxations using DFT. The convergence goal can be set using
either the iconic_energy as an limit for fluctuations in energy or the iconic_forces.

Arguments


algorithm: SCF algorithm
electronic_steps (int): maximum number of electronic steps per electronic convergence
ionic_steps (int): maximum number of ionic steps
ionic_forces (‘tight’ or ‘verytight’): convergence criterium for Berny opt (optional)









	
calc_static(electronic_steps=None, algorithm=None)[source]

	Function to setup the hamiltonian to perform static SCF DFT runs

Arguments


algorithm (str): SCF algorithm
electronic_steps (int): maximum number of electronic steps, which can be used to achieve convergence









	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual hamiltonians.






	
from_hdf(hdf=None, group_name=None)[source]

	Recreates instance from the hdf5 file
:param hdf: Path to the hdf5 file
:type hdf: str
:param group_name: Name of the group which contains the object
:type group_name: str






	
log()[source]

	




	
print_MO()[source]

	Print a list of the MO’s with the corresponding orbital energy and occupation.






	
read_NMA()[source]

	Reads the NMA output from the Gaussian .log file.


	Returns

	IR frequencies, intensities and corresponding eigenvectors (modes).










	
to_hdf(hdf=None, group_name=None)[source]

	Store the GenericJob in an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
visualize_MO(index, particle_size=0.5, show_bonds=True)[source]

	Visualize the MO identified by its index.

Arguments

index       index of the MO, as listed by print_MO()


	particle_size
	size of the atoms for visualization, lower value if orbital is too small to see





show_bonds  connect atoms or not

Notes

This function should always be accompanied with the following commands (in a separate cell)

view[1].update_surface(isolevel=1, color=’blue’, opacity=.3)
view[2].update_surface(isolevel=-1, color=’red’, opacity=.3)

This makes sure that the bonding and non-bonding MO’s are plotted and makes them transparent






	
write_input()[source]

	Write the input files for the external executable. This method has to be implemented in the individual
hamiltonians.










	
class pyiron.gaussian.gaussian.GaussianInput(input_file_name=None)[source]

	Bases: pyiron_base.generic.parameters.GenericParameters


	
load_default()[source]

	Loading the default settings for the input file.










	
pyiron.gaussian.gaussian.collect_output(output_file)[source]

	




	
pyiron.gaussian.gaussian.fchk2dict(fchk)[source]

	




	
pyiron.gaussian.gaussian.get_bsse_array(line, it)[source]

	




	
pyiron.gaussian.gaussian.read_EmpiricalDispersion(output_file, output_dict)[source]

	




	
pyiron.gaussian.gaussian.read_bsse(output_file, output_dict)[source]

	




	
pyiron.gaussian.gaussian.write_input(input_dict, working_directory='.')[source]
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pyiron.gaussian package


Submodules



	pyiron.gaussian.gaussian module








Module contents
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pyiron.gpaw.gpaw module


	
class pyiron.gpaw.gpaw.Gpaw(project, job_name)[source]

	Bases: pyiron.gpaw.pyiron_ase.AseJob, pyiron.dft.job.generic.GenericDFTJob


	
from_hdf(hdf=None, group_name=None)[source]

	Restore the ExampleJob object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
get_kpoints()[source]

	




	
property plane_wave_cutoff

	




	
set_calculator()[source]

	




	
to_hdf(hdf=None, group_name=None)[source]

	Store the ExampleJob object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional

















	
class pyiron.gpaw.gpaw.GpawInput(input_file_name=None)[source]

	Bases: pyiron_base.generic.parameters.GenericParameters

Input class for the ExampleJob based on the GenericParameters class.


	Parameters

	input_file_name (str) – Name of the input file - optional






	
load_default()[source]

	Loading the default settings for the input file.
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pyiron.gpaw.pyiron_ase module


	
class pyiron.gpaw.pyiron_ase.AseAdapter(ham, fast_mode=False)[source]

	Bases: object


	
property communicator

	




	
get_angular_momentum()[source]

	Get total angular momentum with respect to the center of mass.






	
get_center_of_mass(scaled=False)[source]

	Get the center of mass.

If scaled=True the center of mass in scaled coordinates
is returned.






	
get_forces(md=True)[source]

	




	
get_kinetic_energy()[source]

	Get the kinetic energy.






	
get_masses()[source]

	




	
get_momenta()[source]

	Get array of momenta.






	
get_number_of_atoms()[source]

	




	
get_positions()[source]

	




	
get_velocities()[source]

	Get array of velocities.






	
has(name)[source]

	Check for existence of array.

name must be one of: ‘tags’, ‘momenta’, ‘masses’, ‘initial_magmoms’,
‘initial_charges’.






	
interactive_close()[source]

	




	
new_array(name, a, dtype=None, shape=None)[source]

	Add new array.

If shape is not None, the shape of a will be checked.






	
set_array(name, a, dtype=None, shape=None)[source]

	Update array.

If shape is not None, the shape of a will be checked.
If a is None, then the array is deleted.






	
set_momenta(momenta, apply_constraint=True)[source]

	Set momenta.






	
set_positions(positions)[source]

	




	
set_velocities(velocities)[source]

	Set the momenta by specifying the velocities.










	
class pyiron.gpaw.pyiron_ase.AseJob(project, job_name)[source]

	Bases: pyiron.atomistics.job.interactive.GenericInteractive


	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual hamiltonians.






	
from_hdf(hdf=None, group_name=None)[source]

	Recreates instance from the hdf5 file
:param hdf: Path to the hdf5 file
:type hdf: str
:param group_name: Name of the group which contains the object
:type group_name: str






	
get_structure(iteration_step=- 1, wrap_atoms=True)[source]

	Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
there is only one ionic iteration step
:param iteration_step: Step for which the structure is requested
:type iteration_step: int
:param wrap_atoms:
:type wrap_atoms: bool


	Returns

	atomistics.structure.atoms.Atoms object










	
interactive_cells_getter()[source]

	




	
interactive_close()[source]

	Returns:






	
interactive_energy_pot_getter()[source]

	




	
interactive_energy_tot_getter()[source]

	




	
interactive_forces_getter()[source]

	




	
interactive_index_organizer()[source]

	




	
interactive_indices_getter()[source]

	




	
interactive_initialize_interface()[source]

	




	
interactive_positions_getter()[source]

	




	
interactive_positions_setter(positions)[source]

	




	
interactive_pressures_getter()[source]

	




	
interactive_steps_getter()[source]

	




	
interactive_structure_setter(structure)[source]

	




	
interactive_time_getter()[source]

	




	
interactive_volume_getter()[source]

	




	
run_if_interactive()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job.






	
run_if_scheduler()[source]

	The run if queue function is called by run if the user decides to submit the job to and queing system. The job
is submitted to the queuing system using subprocess.Popen()


	Returns

	Returns the queue ID for the job.



	Return type

	int










	
run_static()[source]

	The run static function is called by run to execute the simulation.






	
set_calculator()[source]

	




	
property structure

	Returns:






	
to_hdf(hdf=None, group_name=None)[source]

	Store the GenericJob in an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
write_input()[source]

	Write the input files for the external executable. This method has to be implemented in the individual
hamiltonians.










	
pyiron.gpaw.pyiron_ase.ase_calculator_fromdict(class_path, class_dict)[source]

	




	
pyiron.gpaw.pyiron_ase.ase_structure_fromdict(atoms_dict)[source]

	




	
pyiron.gpaw.pyiron_ase.ase_structure_todict(structure)[source]
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pyiron.gpaw package


Submodules



	pyiron.gpaw.gpaw module

	pyiron.gpaw.pyiron_ase module








Module contents
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pyiron.interactive.activation_relaxation_technique module


	
class pyiron.interactive.activation_relaxation_technique.ART(project, job_name)[source]

	Bases: pyiron.atomistics.job.interactivewrapper.InteractiveWrapper

Apply an artificial force according to the Activation Relaxation Technique (ART)
DOI:https://doi.org/10.1103/PhysRevE.57.2419

The applied force f_art is calculated from the original force f by:

f_art = f-(1+gamma)*np.dot(n,f)*n

where gamma is a parameter to be determined in the input (default: 0.1) and n is
the direction along which the force is reversed (3d-vector). In order to homogenize
the total force in the system, f_art is distributed among atoms specified by
non_art_id (default: all atoms), or if fix_layer is defined, the forces acting on
all the other atoms along the direction n are cancelled. Note: Since the energy
is not compatible with the forces anymore, structure optimization methods which
rely on the energy variation (such as conjugate gradient) cannot/should not be used.


	Input:
	
	art_id (int): atom id on which ART force is applied


	direction (list/numpy.ndarray): direction along which force is reversed


	gamma (float): prefactor for force inversion. v.s.


	non_art_id (list/numpy.ndarray): list of atoms to be used for the force cancellation


	
	fix_layer (bool): whether or not to fix all other atoms on the layer perpendicular
	to the direction along which force is reversed.













Example

# Structure creation
>>> vacancy_position = structure.positions[0]
>>> del structure[0]
>>> neighbors = structure.get_neighborhood(vacancy_position)
>>> direction = neighbors.vecs[0]
>>> art_id = neighbors.indices[0]
>>> structure.positions[art_id] -= 0.5*direction

# Job creation
>>> some_atomistic_job.structure = structure
>>> art = ART(job_name=’art’)
>>> art.ref_job = some_atomistic_job
>>> art.input.art_id = art_id
>>> art.input.direction = direction
>>> some_minimizer.ref_job = art
>>> some_minimizer.run()


	
property art

	




	
interactive_close()[source]

	interactive close is not implemtned for MetaJobs






	
interactive_forces_getter()[source]

	




	
run_if_interactive()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job.






	
set_input_to_read_only()[source]

	This function enforces read-only mode for the input classes, but it has to be implement in the individual
classes.






	
validate_ready_to_run()[source]

	check whether art_id and direction are set










	
class pyiron.interactive.activation_relaxation_technique.ARTIntOutput(job)[source]

	Bases: pyiron.atomistics.job.interactivewrapper.ReferenceJobOutput


	
property forces

	








	
class pyiron.interactive.activation_relaxation_technique.ARTInteractive(art_id, direction, gamma=0.1, fix_layer=False, non_art_id=None)[source]

	Bases: object


	
get_forces(f_in)[source]
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pyiron.interactive.scipy_minimizer module


	
class pyiron.interactive.scipy_minimizer.Input(*args, **kwargs)[source]

	Bases: pyiron_base.generic.inputlist.InputList


	Parameters

	
	minimizer (str) – minimizer to use (currently only ‘CG’ and ‘BFGS’ run
reliably)


	ionic_steps (int) – max number of steps


	ionic_force_tolerance (float) – maximum force tolerance













	
class pyiron.interactive.scipy_minimizer.ScipyMinimizer(project, job_name)[source]

	Bases: pyiron.atomistics.job.interactivewrapper.InteractiveWrapper

Structure optimization class based on Scipy minimizers.

Example I:

# Position optimization
>>> pr = Project(‘position’)
>>> job = pr.create_job(‘SomeAtomisticJob’, ‘atomistic’)
>>> job.structure = pr.create_structure(‘Al’, ‘fcc’, 4.)
>>> # it works also in the static mode, but interactive is recommended
>>> job.server.run_mode.interactive = True
>>> minim = pr.create_job(‘ScipyMinimizer’, ‘scipy’)
>>> minim.ref_job = job
>>> minim.run()

Example II:

# Volume optimization:
>>> pr = Project(‘volume’)
>>> job = pr.create_job(‘SomeAtomisticJob’, ‘atomistic’)
>>> job.structure = pr.create_structure(‘Al’, ‘fcc’, 4.)
>>> # it works also in the static mode, but interactive is recommended
>>> job.server.run_mode.interactive = True
>>> minim = pr.create_job(‘ScipyMinimizer’, ‘scipy’)
>>> minim.ref_job = job
>>> minim.calc_minimize(pressure=0, volume_only=True)
>>> minim.run()

By setting volume_only, positions are not updated, so that only the
pressures are minimized.

It is possible to optimize both the volume and the positions, but since
changing the cell also changes the definition of coordinates, it is a
mathematically ill-defined problem and therefore it might end up in a
physically undefined state. For this reason, it is strongly recommended to
launch several jobs using the Murnaghan class (cf. Murnaghan).

In order to perform volume optimization, the child job must have
3x3-pressure output.


	
calc_minimize(max_iter=100, pressure=None, algorithm='CG', ionic_energy_tolerance=0, ionic_force_tolerance=0.01, pressure_tolerance=0.001, volume_only=False)[source]

	
	Parameters

	
	algorithm (str) – scipy algorithm (currently only ‘CG’ and ‘BFGS’ run reliably)


	pressure (float/list/numpy.ndarray) – target pressures


	max_iter (int) – maximum number of iterations


	ionic_energy_tolerance (float) – convergence goal in terms of
energy (optional)


	ionic_force_tolerance (float) – convergence goal in terms of
forces (optional)


	volume_only (bool) – Only pressure minimization













	
check_convergence()[source]

	




	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual hamiltonians.






	
run_static()[source]

	The run static function is called by run to execute the simulation.






	
set_input_to_read_only()[source]

	This function enforces read-only mode for the input classes, but it
has to be implement in the individual classes.






	
to_hdf(hdf=None, group_name=None)[source]

	Store the InteractiveWrapper in an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
write_input()[source]

	Write the input files for the external executable. This method has to be implemented in the individual
hamiltonians.










	
class pyiron.interactive.scipy_minimizer.ScipyMinimizerOutput(job)[source]

	Bases: pyiron.atomistics.job.interactive.GenericInteractiveOutput


	
to_hdf(hdf, group_name='output')[source]
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pyiron.interactive.sxextoptint module


	
class pyiron.interactive.sxextoptint.Input(input_file_name=None, table_name='input')[source]

	Bases: pyiron_base.generic.parameters.GenericParameters

class to control the generic input for a Sphinx calculation.


	Parameters

	
	input_file_name (str) – name of the input file


	table_name (str) – name of the GenericParameters table









	
load_default()[source]

	Loads the default file content










	
class pyiron.interactive.sxextoptint.SxExtOpt(structure, working_directory=None, maxDist=5, ionic_steps=1000, ionic_energy=None, ionic_forces=None, ionic_energy_tolerance=0.001, ionic_force_tolerance=0.01, max_step_length=0.1, soft_mode_damping=1, executable=None, ssa=False)[source]

	Bases: pyiron.atomistics.job.interactive.InteractiveInterface


	
property converged

	




	
end()[source]

	




	
get_positions()[source]

	




	
interactive_close()[source]

	




	
interactive_is_activated()[source]

	




	
set_forces(forces)[source]

	








	
class pyiron.interactive.sxextoptint.SxExtOptInteractive(project, job_name)[source]

	Bases: pyiron.atomistics.job.interactivewrapper.InteractiveWrapper


	
convergence_check()[source]

	Validate the convergence of the calculation.


	Returns

	If the calculation is converged



	Return type

	(bool)










	
get_forces()[source]

	




	
run_static()[source]

	The run if modal function is called by run to execute the simulation, while waiting for the output. For this we
use subprocess.check_output()






	
set_input_to_read_only()[source]

	This function enforces read-only mode for the input classes, but it has to be implement in the individual
classes.






	
write_input()[source]

	Write the input files for the external executable. This method has to be implemented in the individual
hamiltonians.










	
class pyiron.interactive.sxextoptint.SxExtOptOutput(job)[source]

	Bases: pyiron.atomistics.job.interactivewrapper.ReferenceJobOutput
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pyiron.interactive package


Submodules



	pyiron.interactive.activation_relaxation_technique module

	pyiron.interactive.scipy_minimizer module

	pyiron.interactive.sxextoptint module








Module contents
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pyiron.lammps.base module


	
class pyiron.lammps.base.Input[source]

	Bases: object


	
from_hdf(hdf5)[source]

	
	Parameters

	hdf5 – 





Returns:






	
to_hdf(hdf5)[source]

	
	Parameters

	hdf5 – 





Returns:










	
class pyiron.lammps.base.LammpsBase(project, job_name)[source]

	Bases: pyiron.atomistics.job.atomistic.AtomisticGenericJob

Class to setup and run and analyze LAMMPS simulations which is a derivative of
atomistics.job.generic.GenericJob. The functions in these modules are written in such the function names and
attributes are very generic (get_structure(), molecular_dynamics(), version) but the functions are written to handle
LAMMPS specific input/output.


	Parameters

	
	project (pyiron.project.Project instance) – Specifies the project path among other attributes


	job_name (str) – Name of the job









	
input

	Instance which handles the input


	Type

	lammps.Input instance










	
property bond_dict

	A dictionary which defines the nature of LAMMPS bonds that are to be drawn between atoms. To set the values, use
the function define_bonds.


	Returns

	Dictionary of the bond properties for every species



	Return type

	dict










	
calc_md(temperature=None, pressure=None, n_ionic_steps=1000, time_step=1.0, n_print=100, temperature_damping_timescale=100.0, pressure_damping_timescale=1000.0, seed=None, tloop=None, initial_temperature=None, langevin=False, delta_temp=None, delta_press=None)[source]

	Set an MD calculation within LAMMPS. Nosé Hoover is used by default.


	Parameters

	
	temperature (None/float/list) – Target temperature value(-s). If set to None, an NVE calculation is performed.
It is required when the pressure is set or langevin is set
It can be a list of temperature values, containing the initial target
temperature and the final target temperature (in between the target value
is varied linearly).


	pressure (None/float/numpy.ndarray/list) – Target pressure. If set to None, an NVE or an NVT calculation is
performed. If set to a scalar, the shear of the cell and the ratio of the x, y, and z components is kept
constant, while an isotropic, hydrostatic pressure is applied. A list of up to length 6 can be given to
specify xx, yy, zz, xy, xz, and yz components of the pressure tensor, respectively. These values can mix
floats and None to allow only certain degrees of cell freedom to change. (Default is None, run
isochorically.)


	n_ionic_steps (int) – Number of ionic steps


	time_step (float) – Step size in fs between two steps.


	n_print (int) – Print frequency


	temperature_damping_timescale (float) – The time associated with the thermostat adjusting the temperature.
(In fs. After rescaling to appropriate time units, is equivalent to
Lammps’ Tdamp.)


	pressure_damping_timescale (float) – The time associated with the barostat adjusting the temperature.
(In fs. After rescaling to appropriate time units, is equivalent to
Lammps’ Pdamp.)


	seed (int) – Seed for the random number generation (required for the velocity creation)


	tloop – 


	initial_temperature (None/float) – Initial temperature according to which the initial velocity field
is created. If None, the initial temperature will be twice the target
temperature (which would go immediately down to the target temperature
as described in equipartition theorem). If 0, the velocity field is not
initialized (in which case  the initial velocity given in structure will
be used). If any other number is given, this value is going to be used
for the initial temperature.


	langevin (bool) – (True or False) Activate Langevin dynamics


	delta_temp (float) – Thermostat timescale, but in your Lammps time units, whatever those are. (DEPRECATED.)


	delta_press (float) – Barostat timescale, but in your Lammps time units, whatever those are. (DEPRECATED.)


	job_name (str) – Job name of the job to generate a unique random seed.


	rotation_matrix (numpy.ndarray) – The rotation matrix from the pyiron to Lammps coordinate frame.













	
calc_minimize(ionic_energy_tolerance=0.0, ionic_force_tolerance=0.0001, e_tol=None, f_tol=None, max_iter=1000000, pressure=None, n_print=100, style='cg')[source]

	Sets parameters required for minimization.


	Parameters

	
	ionic_energy_tolerance (float) – If the magnitude of difference between energies of two consecutive steps is
lower than or equal to ionic_energy_tolerance, the minimisation terminates. (Default is 0.0 eV.)


	ionic_force_tolerance (float) – If the magnitude of the global force vector at a step is lower than or equal
to ionic_force_tolerance, the minimisation terminates. (Default is 1e-4 eV/angstrom.)


	e_tol (float) – Sam as ionic_energy_tolerance (deprecated)


	f_tol (float) – Sam as ionic_force_tolerance (deprecated)


	max_iter (int) – Maximum number of minimisation steps to carry out. If the minimisation converges before
max_iter steps, terminate at the converged step. If the minimisation does not converge up to
max_iter steps, terminate at the max_iter step. (Default is 100000.)


	pressure (None/float/numpy.ndarray/list) – Target pressure. If set to None, an isochoric (constant V)
calculation is performed. If set to a scalar, the shear of the cell and the ratio of the x, y, and
z components is kept constant, while an isotropic, hydrostatic pressure is applied. A list of up to
length 6 can be given to specify xx, yy, zz, xy, xz, and yz components of the pressure tensor,
respectively. These values can mix floats and None to allow only certain degrees of cell freedom
to change. (Default is None, run isochorically.)


	n_print (int) – Write (dump or print) to the output file every n steps (Default: 100)


	style ('cg'/'sd'/other values from Lammps docs) – The style of the numeric minimization, either conjugate
gradient, steepest descent, or other keys permissible from the Lammps docs on ‘min_style’. (Default
is ‘cg’ – conjugate gradient.)


	rotation_matrix (numpy.ndarray) – The rotation matrix from the pyiron to Lammps coordinate frame.













	
calc_static()[source]

	Returns:






	
calc_vcsgc(mu=None, target_concentration=None, kappa=1000.0, mc_step_interval=100, swap_fraction=0.1, temperature_mc=None, window_size=None, window_moves=None, temperature=None, pressure=None, n_ionic_steps=1000, time_step=1.0, n_print=100, temperature_damping_timescale=100.0, pressure_damping_timescale=1000.0, seed=None, initial_temperature=None, langevin=False)[source]

	Run variance-constrained semi-grand-canonical MD/MC for a binary system. In addition to VC-SGC arguments, all
arguments for a regular MD calculation are also accepted.

https://vcsgc-lammps.materialsmodeling.org


Note

For easy visualization later (with get_structure), it is highly recommended that the initial structure
contain at least one atom of each species.




Warning


	The fix does not yet support non-orthogonal simulation boxes; using one will give a runtime error.







	Parameters

	
	mu (dict) – A dictionary of chemical potentials, one for each element the potential treats, where the
dictionary keys are just the chemical symbol. Note that only the relative chemical potentials are used
here, such that the swap acceptance probability is influenced by the chemical potential difference
between the two species (a more negative value increases the odds of swapping to that element.)
(Default is None, all elements have the same chemical potential.)


	target_concentration – A dictionary of target simulation domain concentrations for each species in the
potential. Dictionary keys should be the chemical symbol of the corresponding species, and the sum of
all concentrations must be 1. (Default is None, which runs regular semi-grand-canonical MD/MC without
any variance constraint.)


	kappa – Variance constraint for the MC. Larger value means a tighter adherence to the target concentrations.
(Default is 1000.)


	mc_step_interval (int) – How many steps of MD between each set of MC moves. (Default is 100.) Must divide the
number of ionic steps evenly.


	swap_fraction (float) – The fraction of atoms whose species is swapped at each MC phase. (Default is 0.1.)


	temperature_mc (float) – The temperature for accepting MC steps. (Default is None, which uses the MD
temperature.)


	window_size (float) – The size of the sampling window for parallel calculations as a fraction of something
unspecified in the VC-SGC docs, but it must lie between 0.5 and 1. (Default is None, window is
determined automatically.)


	window_moves (int) – The number of times the sampling window is moved during one MC cycle. (Default is None,
number of moves is determined automatically.)













	
collect_dump_file(file_name='dump.out', cwd=None)[source]

	general purpose routine to extract static from a lammps dump file


	Parameters

	
	file_name – 


	cwd – 








Returns:






	
collect_errors(file_name, cwd=None)[source]

	
	Parameters

	
	file_name – 


	cwd – 








Returns:






	
collect_h5md_file(file_name='dump.h5', cwd=None)[source]

	
	Parameters

	
	file_name – 


	cwd – 








Returns:






	
collect_logfiles()[source]

	Returns:






	
collect_output()[source]

	Returns:






	
collect_output_log(file_name='log.lammps', cwd=None)[source]

	general purpose routine to extract static from a lammps log file


	Parameters

	
	file_name – 


	cwd – 








Returns:






	
compress(files_to_compress=None)[source]

	Compress the output files of a job object.


	Parameters

	files_to_compress (list) – 










	
convergence_check()[source]

	Validate the convergence of the calculation.


	Returns

	If the calculation is converged



	Return type

	(bool)










	
property cutoff_radius

	Returns:






	
define_bonds(species, element_list, cutoff_list, max_bond_list, bond_type_list, angle_type_list=None)[source]

	Define the nature of bonds between different species. Make sure that the bonds between two species are defined
only once (no double counting).


	Parameters

	
	species (str) – Species for which the bonds are to be drawn (e.g. O, H, C ..)


	element_list (list) – List of species to which the bonds are to be made (e.g. O, H, C, ..)


	cutoff_list (list) – Draw bonds only for atoms within this cutoff distance


	max_bond_list (list) – Maximum number of bonds drawn from each molecule


	bond_type_list (list) – Type of the bond as defined in the LAMMPS potential file


	angle_type_list (list) – Type of the angle as defined in the LAMMPS potential file








Example

The command below defined bonds between O and H atoms within a cutoff raduis of 2 $AA$ with the bond and
angle types 1 defined in the potential file used

>> job_lammps.define_bonds(species=”O”, element_list-[“H”], cutoff_list=[2.0], bond_type_list=[1],
angle_type_list=[1])






	
enable_h5md()[source]

	Returns:






	
from_hdf(hdf=None, group_name=None)[source]

	
	Parameters

	
	hdf – 


	group_name – 








Returns:






	
get_final_structure()[source]

	Returns:






	
get_potentials_for_structure()[source]

	Returns:






	
list_potentials()[source]

	List of interatomic potentials suitable for the current atomic structure.

use self.potentials_view() to get more details.


	Returns

	potential names



	Return type

	list










	
next(job_name=None, job_type=None)[source]

	Restart a new job created from an existing Lammps calculation.
:param project: Project instance at which the new job should be created
:type project: pyiron.project.Project instance
:param job_name: Job name
:type job_name: str
:param job_type: Job type. If not specified a Lammps job type is assumed
:type job_type: str


	Returns

	New job



	Return type

	new_ham (lammps.lammps.Lammps instance)










	
property potential

	Execute view_potential() or list_potential() in order to see the pre-defined potential files

Returns:






	
property potential_available

	




	
property potential_list

	List of interatomic potentials suitable for the current atomic structure.

use self.potentials_view() to get more details.


	Returns

	potential names



	Return type

	list










	
property potential_view

	List all interatomic potentials for the current atomistic sturcture including all potential parameters.

To quickly get only the names of the potentials you can use: self.potentials_list()


	Returns

	Dataframe including all potential parameters.



	Return type

	pandas.Dataframe










	
property publication

	




	
read_restart_file(filename='restart.out')[source]

	
	Parameters

	filename – 





Returns:






	
remap_indices(lammps_indices)[source]

	Give the Lammps-dumped indices, re-maps these back onto the structure’s indices to preserve the species.

The issue is that for an N-element potential, Lammps dumps the chemical index from 1 to N based on the order
that these species are written in the Lammps input file. But the indices for a given structure are based on the
order in which chemical species were added to that structure, and run from 0 up to the number of species
currently in that structure. Therefore we need to be a little careful with mapping.


	Parameters

	indices (numpy.ndarray/list) – The Lammps-dumped integers.



	Returns

	Those integers mapped onto the structure.



	Return type

	numpy.ndarray










	
restart(job_name=None, job_type=None)[source]

	Restart a new job created from an existing Lammps calculation.
:param project: Project instance at which the new job should be created
:type project: pyiron.project.Project instance
:param job_name: Job name
:type job_name: str
:param job_type: Job type. If not specified a Lammps job type is assumed
:type job_type: str


	Returns

	New job



	Return type

	new_ham (lammps.lammps.Lammps instance)










	
set_input_to_read_only()[source]

	This function enforces read-only mode for the input classes, but it has to be implement in the individual
classes.






	
set_potential(file_name)[source]

	
	Parameters

	file_name – 





Returns:






	
to_hdf(hdf=None, group_name=None)[source]

	
	Parameters

	
	hdf – 


	group_name – 








Returns:






	
validate_ready_to_run()[source]

	Validating input parameters before LAMMPS run






	
view_potentials()[source]

	List all interatomic potentials for the current atomistic sturcture including all potential parameters.

To quickly get only the names of the potentials you can use: self.potentials_list()


	Returns

	Dataframe including all potential parameters.



	Return type

	pandas.Dataframe










	
write_input()[source]

	Call routines that generate the code specific input files

Returns:






	
write_restart_file(filename='restart.out')[source]

	
	Parameters

	filename – 





Returns:










	
pyiron.lammps.base.to_amat(l_list)[source]

	
	Parameters

	l_list – 





Returns:
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pyiron.lammps.control module


	
class pyiron.lammps.control.LammpsControl(input_file_name=None, **qwargs)[source]

	Bases: pyiron_base.generic.parameters.GenericParameters


	
calc_md(temperature=None, pressure=None, n_ionic_steps=1000, time_step=1.0, n_print=100, temperature_damping_timescale=100.0, pressure_damping_timescale=1000.0, seed=None, tloop=None, initial_temperature=None, langevin=False, delta_temp=None, delta_press=None, job_name='', rotation_matrix=None)[source]

	Set an MD calculation within LAMMPS. Nosé Hoover is used by default.


	Parameters

	
	temperature (None/float/list) – Target temperature value(-s). If set to None, an NVE calculation is performed.
It is required when the pressure is set or langevin is set
It can be a list of temperature values, containing the initial target
temperature and the final target temperature (in between the target value
is varied linearly).


	pressure (None/float/numpy.ndarray/list) – Target pressure. If set to None, an NVE or an NVT calculation is
performed. If set to a scalar, the shear of the cell and the ratio of the x, y, and z components is kept
constant, while an isotropic, hydrostatic pressure is applied. A list of up to length 6 can be given to
specify xx, yy, zz, xy, xz, and yz components of the pressure tensor, respectively. These values can mix
floats and None to allow only certain degrees of cell freedom to change. (Default is None, run
isochorically.)


	n_ionic_steps (int) – Number of ionic steps


	time_step (float) – Step size in fs between two steps.


	n_print (int) – Print frequency


	temperature_damping_timescale (float) – The time associated with the thermostat adjusting the temperature.
(In fs. After rescaling to appropriate time units, is equivalent to
Lammps’ Tdamp.)


	pressure_damping_timescale (float) – The time associated with the barostat adjusting the temperature.
(In fs. After rescaling to appropriate time units, is equivalent to
Lammps’ Pdamp.)


	seed (int) – Seed for the random number generation (required for the velocity creation)


	tloop – 


	initial_temperature (None/float) – Initial temperature according to which the initial velocity field
is created. If None, the initial temperature will be twice the target
temperature (which would go immediately down to the target temperature
as described in equipartition theorem). If 0, the velocity field is not
initialized (in which case  the initial velocity given in structure will
be used). If any other number is given, this value is going to be used
for the initial temperature.


	langevin (bool) – (True or False) Activate Langevin dynamics


	delta_temp (float) – Thermostat timescale, but in your Lammps time units, whatever those are. (DEPRECATED.)


	delta_press (float) – Barostat timescale, but in your Lammps time units, whatever those are. (DEPRECATED.)


	job_name (str) – Job name of the job to generate a unique random seed.


	rotation_matrix (numpy.ndarray) – The rotation matrix from the pyiron to Lammps coordinate frame.













	
calc_minimize(ionic_energy_tolerance=0.0, ionic_force_tolerance=0.0001, max_iter=100000, pressure=None, n_print=100, style='cg', rotation_matrix=None)[source]

	Sets parameters required for minimization.


	Parameters

	
	ionic_energy_tolerance (float) – If the magnitude of difference between energies of two consecutive steps is
lower than or equal to ionic_energy_tolerance, the minimisation terminates. (Default is 0.0 eV.)


	ionic_force_tolerance (float) – If the magnitude of the global force vector at a step is lower than or equal
to ionic_force_tolerance, the minimisation terminates. (Default is 1e-4 eV/angstrom.)


	e_tol (float) – Sam as ionic_energy_tolerance (deprecated)


	f_tol (float) – Sam as ionic_force_tolerance (deprecated)


	max_iter (int) – Maximum number of minimisation steps to carry out. If the minimisation converges before
max_iter steps, terminate at the converged step. If the minimisation does not converge up to
max_iter steps, terminate at the max_iter step. (Default is 100000.)


	pressure (None/float/numpy.ndarray/list) – Target pressure. If set to None, an isochoric (constant V)
calculation is performed. If set to a scalar, the shear of the cell and the ratio of the x, y, and
z components is kept constant, while an isotropic, hydrostatic pressure is applied. A list of up to
length 6 can be given to specify xx, yy, zz, xy, xz, and yz components of the pressure tensor,
respectively. These values can mix floats and None to allow only certain degrees of cell freedom
to change. (Default is None, run isochorically.)


	n_print (int) – Write (dump or print) to the output file every n steps (Default: 100)


	style ('cg'/'sd'/other values from Lammps docs) – The style of the numeric minimization, either conjugate
gradient, steepest descent, or other keys permissible from the Lammps docs on ‘min_style’. (Default
is ‘cg’ – conjugate gradient.)


	rotation_matrix (numpy.ndarray) – The rotation matrix from the pyiron to Lammps coordinate frame.













	
calc_static()[source]

	




	
calc_vcsgc(mu, ordered_element_list, target_concentration=None, kappa=1000.0, mc_step_interval=100, swap_fraction=0.1, temperature_mc=None, window_size=None, window_moves=None, temperature=None, pressure=None, n_ionic_steps=1000, time_step=1.0, n_print=100, temperature_damping_timescale=100.0, pressure_damping_timescale=1000.0, seed=None, initial_temperature=None, langevin=False, job_name='', rotation_matrix=None)[source]

	Run variance-constrained semi-grand-canonical MD/MC for a binary system. In addition to VC-SGC arguments, all
arguments for a regular MD calculation are also accepted.

https://vcsgc-lammps.materialsmodeling.org


Note

For easy visualization later (with get_structure), it is highly recommended that the initial structure
contain at least one atom of each species.




Warning

Assumes the units are metal, otherwise units for the constraints may be off.




	Parameters

	
	mu (dict) – A dictionary of chemical potentials, one for each element the potential treats, where the
dictionary keys are just the chemical symbol. Note that only the relative chemical potentials are used
here, such that the swap acceptance probability is influenced by the chemical potential difference
between the two species (a more negative value increases the odds of swapping to that element.)


	ordered_element_list (list) – A list of the chemical species symbols in the order they appear in the
definition of the potential in the Lammps’ input file.


	target_concentration – A dictionary of target simulation domain concentrations for each species in the
potential. Dictionary keys should be the chemical symbol of the corresponding species, and the sum of
all concentrations must be 1. (Default is None, which runs regular semi-grand-canonical MD/MC without
any variance constraint.)


	kappa – Variance constraint for the MC. Larger value means a tighter adherence to the target concentrations.
(Default is 1000.)


	mc_step_interval (int) – How many steps of MD between each set of MC moves. (Default is 100.) Must divide the
number of ionic steps evenly.


	swap_fraction (float) – The fraction of atoms whose species is swapped at each MC phase. (Default is 0.1.)


	temperature_mc (float) – The temperature for accepting MC steps. (Default is None, which uses the MD
temperature.)


	window_size (float) – The size of the sampling window for parallel calculations as a fraction of something
unspecified in the VC-SGC docs, but it must lie between 0.5 and 1. (Default is None, window is
determined automatically.)


	window_moves (int) – The number of times the sampling window is moved during one MC cycle. (Default is None,
number of moves is determined automatically.)


	rotation_matrix (numpy.ndarray) – The rotation matrix from the pyiron to Lammps coordinate frame.













	
property dataset

	




	
energy_pot_per_atom()[source]

	




	
fix_move_linear_by_id(ids, velocity)[source]

	Displace atoms at each timestep. Creates a new group with a unique name based off the hash of the ids.


	Parameters

	
	ids (list/numpy.ndarray) – Integer ids of the atoms to move in the job’s structure.


	velocity (list/numpy.ndarray/tuple) – The velocity in x-y-z-direction for the group. None arguments are
converted to Lammps ‘NULL’ values and the velocity in this direction is left unchanged.









	Warning: This fix does not exclude these atoms from [other fixes](https://lammps.sandia.gov/doc/fix_move.html).
	You may wish to combine this call with selective_dynamics on your corresponding structure. Future
developers can find a more complete discussion [here](https://github.com/pyiron/pyiron/pull/1212) when
further modifying this capability. Further, it will malfunction if the Lammps coordinate frame and pyiron
coordinate frame differ.










	
fix_setforce_by_id(ids, force)[source]

	Set the force on a collection of atoms to a specified value.

ids (list/numpy.ndarray): Integer ids of the atoms to move in the job’s structure.
force (list/numpy.ndarray/tuple): The force in x-y-z-direction for the group. None arguments are


converted to Lammps ‘NULL’ values and the force in this direction is left unchanged.




Warning: This fix will malfunction (silently) if the Lammps coordinate frame and pyiron coordinate frame differ.






	
static generate_seed_from_job(job_name='', seed=0)[source]

	Generate a unique seed from the job name.


	Parameters

	
	job_name (str) – job_name of the current job to generate the seed


	seed (int) – integer to access part of the seed






	Returns

	random seed generated based on the hash



	Return type

	int










	
load_default(file_content=None)[source]

	Load defaults resets the dataset in the background to be empty






	
measure_mean_value(key, every=1, repeat=None, name=None, atom=False)[source]

	
	Parameters

	
	key (str) – property to take an average value of (e.g. ‘energy_pot’ v.i.)


	every (int) – number of steps there should be between two measurements


	repeat (int) – number of measurements for each output (default: n_print/every)


	name (str) – name to give in the output string (ignored if a pyiron predefined tag is used)









	Comments:
	
	Currently available keys: ‘energy_pot’, ‘energy_tot’, ‘temperature’, ‘volume’,
	‘pressures’, ‘positions’, ‘forces, ‘velocities’





Future keys: ‘cells’










	
pressure_to_lammps(pressure, rotation_matrix)[source]

	Convert a singular value, list of values, or combination of values to the appropriate six elements for Lammps
pxx, pyy, pzz, pxy, pxz, and pyz pressure tensor representation.

Lammps handles complex cells in a particular way, namely by using an upper triangular cell. This means we may
need to convert our pressure tensor to a new coordinate frame. We also handle that transformation here.

I case of a single pressure value, it is again returned as a single pressure value, to be used with the “iso”
option (i.e., coupled deformation in x, y, and z).

Finally, we also ensure that the units are converted from pyiron’s GPa to whatever Lammps needs.


	Parameters

	
	pressure (float/list/tuple/numpy.ndarray) – The pressure(s) to convert.


	rotation_matrix (numpy.ndarray) – The 3x3 matrix rotating from the pyiron to Lammps coordinate frame.






	Returns

	pxx, pyy, pzz, pxy, pxz, and pyz to be passed to Lammps.

or

(float): a single, isotropic pressure to be used with the “iso” option





	Return type

	(list)










	
set_initial_velocity(temperature, seed=None, gaussian=False, append_value=False, zero_lin_momentum=True, zero_rot_momentum=True, job_name='')[source]

	Create initial velocities via velocity all create. More information can be found on LAMMPS website:
https://lammps.sandia.gov/doc/velocity.html


	Parameters

	
	temperature – (int or float)


	seed – (int) Seed for the initial random number generator


	gaussian – (True/False) Create velocity according to the Gaussian distribution (otherwise uniform)


	append_value – (True/False) Add the velocity values to the current velocities (probably not functional now)


	zero_lin_momentum – (True/False) Cancel the total linear momentum


	zero_rot_momentum – (True/False) Cancel the total angular momentum


	job_name – (str) job name to generate seed
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pyiron.lammps.interactive module


	
class pyiron.lammps.interactive.LammpsInteractive(project, job_name)[source]

	Bases: pyiron.lammps.base.LammpsBase, pyiron.atomistics.job.interactive.GenericInteractive


	
calc_md(temperature=None, pressure=None, n_ionic_steps=1000, time_step=1.0, n_print=100, temperature_damping_timescale=100.0, pressure_damping_timescale=1000.0, seed=None, tloop=None, initial_temperature=None, langevin=False, delta_temp=None, delta_press=None)[source]

	Set an MD calculation within LAMMPS. Nosé Hoover is used by default.


	Parameters

	
	temperature (None/float/list) – Target temperature value(-s). If set to None, an NVE calculation is performed.
It is required when the pressure is set or langevin is set
It can be a list of temperature values, containing the initial target
temperature and the final target temperature (in between the target value
is varied linearly).


	pressure (None/float/numpy.ndarray/list) – Target pressure. If set to None, an NVE or an NVT calculation is
performed. If set to a scalar, the shear of the cell and the ratio of the x, y, and z components is kept
constant, while an isotropic, hydrostatic pressure is applied. A list of up to length 6 can be given to
specify xx, yy, zz, xy, xz, and yz components of the pressure tensor, respectively. These values can mix
floats and None to allow only certain degrees of cell freedom to change. (Default is None, run
isochorically.)


	n_ionic_steps (int) – Number of ionic steps


	time_step (float) – Step size in fs between two steps.


	n_print (int) – Print frequency


	temperature_damping_timescale (float) – The time associated with the thermostat adjusting the temperature.
(In fs. After rescaling to appropriate time units, is equivalent to
Lammps’ Tdamp.)


	pressure_damping_timescale (float) – The time associated with the barostat adjusting the temperature.
(In fs. After rescaling to appropriate time units, is equivalent to
Lammps’ Pdamp.)


	seed (int) – Seed for the random number generation (required for the velocity creation)


	tloop – 


	initial_temperature (None/float) – Initial temperature according to which the initial velocity field
is created. If None, the initial temperature will be twice the target
temperature (which would go immediately down to the target temperature
as described in equipartition theorem). If 0, the velocity field is not
initialized (in which case  the initial velocity given in structure will
be used). If any other number is given, this value is going to be used
for the initial temperature.


	langevin (bool) – (True or False) Activate Langevin dynamics


	delta_temp (float) – Thermostat timescale, but in your Lammps time units, whatever those are. (DEPRECATED.)


	delta_press (float) – Barostat timescale, but in your Lammps time units, whatever those are. (DEPRECATED.)


	job_name (str) – Job name of the job to generate a unique random seed.


	rotation_matrix (numpy.ndarray) – The rotation matrix from the pyiron to Lammps coordinate frame.













	
calc_minimize(ionic_energy_tolerance=0.0, ionic_force_tolerance=0.0001, e_tol=None, f_tol=None, max_iter=100000, pressure=None, n_print=100, style='cg')[source]

	Sets parameters required for minimization.


	Parameters

	
	ionic_energy_tolerance (float) – If the magnitude of difference between energies of two consecutive steps is
lower than or equal to ionic_energy_tolerance, the minimisation terminates. (Default is 0.0 eV.)


	ionic_force_tolerance (float) – If the magnitude of the global force vector at a step is lower than or equal
to ionic_force_tolerance, the minimisation terminates. (Default is 1e-4 eV/angstrom.)


	e_tol (float) – Sam as ionic_energy_tolerance (deprecated)


	f_tol (float) – Sam as ionic_force_tolerance (deprecated)


	max_iter (int) – Maximum number of minimisation steps to carry out. If the minimisation converges before
max_iter steps, terminate at the converged step. If the minimisation does not converge up to
max_iter steps, terminate at the max_iter step. (Default is 100000.)


	pressure (None/float/numpy.ndarray/list) – Target pressure. If set to None, an isochoric (constant V)
calculation is performed. If set to a scalar, the shear of the cell and the ratio of the x, y, and
z components is kept constant, while an isotropic, hydrostatic pressure is applied. A list of up to
length 6 can be given to specify xx, yy, zz, xy, xz, and yz components of the pressure tensor,
respectively. These values can mix floats and None to allow only certain degrees of cell freedom
to change. (Default is None, run isochorically.)


	n_print (int) – Write (dump or print) to the output file every n steps (Default: 100)


	style ('cg'/'sd'/other values from Lammps docs) – The style of the numeric minimization, either conjugate
gradient, steepest descent, or other keys permissible from the Lammps docs on ‘min_style’. (Default
is ‘cg’ – conjugate gradient.)


	rotation_matrix (numpy.ndarray) – The rotation matrix from the pyiron to Lammps coordinate frame.













	
collect_output()[source]

	Returns:






	
from_hdf(hdf=None, group_name=None)[source]

	Recreates instance from the hdf5 file


	Parameters

	
	hdf (str) – Path to the hdf5 file


	group_name (str) – Name of the group which contains the object













	
get_structure(iteration_step=- 1, wrap_atoms=True)[source]

	Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
there is only one ionic iteration step


	Parameters

	
	iteration_step (int) – Step for which the structure is requested


	wrap_atoms (bool) – True if the atoms are to be wrapped back into the unit cell






	Returns

	The required structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
interactive_cells_getter()[source]

	




	
interactive_cells_setter(cell)[source]

	




	
interactive_close()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job. After the
interactive execution, the job can be closed using the interactive_close function.






	
interactive_energy_pot_getter()[source]

	




	
interactive_energy_tot_getter()[source]

	




	
interactive_execute()[source]

	




	
interactive_fetch()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job. To access the
output data during the execution the interactive_fetch function is used.






	
interactive_forces_getter()[source]

	




	
interactive_indices_getter()[source]

	




	
interactive_indices_setter(indices)[source]

	




	
interactive_initialize_interface()[source]

	




	
interactive_positions_getter()[source]

	




	
interactive_positions_setter(positions)[source]

	




	
interactive_pressures_getter()[source]

	




	
interactive_steps_getter()[source]

	




	
interactive_stress_getter()[source]

	This gives back an Nx3x3 array of stress/atom defined in http://lammps.sandia.gov/doc/compute_stress_atom.html
Keep in mind that it is stress*volume in eV. Further discussion can be found on the website above.


	Returns

	Nx3x3 np array of stress/atom



	Return type

	numpy.array










	
interactive_structure_setter(structure)[source]

	




	
interactive_temperatures_getter()[source]

	




	
interactive_volume_getter()[source]

	




	
run_if_interactive()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job.






	
run_if_interactive_non_modal()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job.






	
property structure

	Returns:






	
update_potential()[source]

	




	
validate_ready_to_run()[source]

	Validating input parameters before LAMMPS run
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pyiron.lammps.lammps module


	
class pyiron.lammps.lammps.Lammps(project, job_name)[source]

	Bases: pyiron.lammps.interactive.LammpsInteractive

Class to setup and run and analyze LAMMPS simulations which is a derivative of
atomistics.job.generic.GenericJob. The functions in these modules are written in such the function names and
attributes are very generic (get_structure(), molecular_dynamics(), version) but the functions are written to handle
LAMMPS specific input/output.


	Parameters

	
	project (pyiron.project.Project instance) – Specifies the project path among other attributes


	job_name (str) – Name of the job









	
input

	Instance which handles the input


	Type

	lammps.Input instance
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pyiron.lammps.potential module


	
class pyiron.lammps.potential.LammpsPotential(input_file_name=None)[source]

	Bases: pyiron_base.generic.parameters.GenericParameters

This module helps write commands which help in the control of parameters related to the potential used in LAMMPS
simulations


	
copy_pot_files(working_directory)[source]

	




	
property df

	




	
property files

	




	
from_hdf(hdf, group_name=None)[source]

	Restore the GenericParameters from an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object


	group_name (str) – HDF5 subgroup name - optional













	
get_charge(element_symbol)[source]

	Return charge for element. If potential does not specify a charge,
raise a :class:NameError.  Only makes sense for potentials
with pair_style “full”.


	Parameters

	element_symbol (str) – short symbol for element



	Returns

	charge speicified for the given element



	Return type

	float



	Raises

	NameError – if potential does not specify charge for this element










	
get_element_id(element_symbol)[source]

	Return numeric element id for element. If potential does not contain
the element raise a :class:NameError.  Only makes sense for potentials
with pair_style “full”.


	Parameters

	element_symbol (str) – short symbol for element



	Returns

	id matching the given symbol



	Return type

	int



	Raises

	NameError – if potential does not contain this element










	
get_element_lst()[source]

	




	
remove_structure_block()[source]

	




	
to_hdf(hdf, group_name=None)[source]

	Store the GenericParameters in an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object


	group_name (str) – HDF5 subgroup name - optional

















	
class pyiron.lammps.potential.LammpsPotentialFile(potential_df=None, default_df=None, selected_atoms=None)[source]

	Bases: pyiron.atomistics.job.potentials.PotentialAbstract

The Potential class is derived from the PotentialAbstract class, but instead of loading the potentials from a list,
the potentials are loaded from a file.


	Parameters

	
	potential_df – 


	default_df – 


	selected_atoms – 









	
default()[source]

	




	
find_default(element)[source]

	Find the potentials


	Parameters

	
	element (set, str) – element or set of elements for which you want the possible LAMMPS potentials


	path (bool) – choose whether to return the full path to the potential or just the potential name






	Returns

	of possible potentials for the element or the combination of elements



	Return type

	list














	
class pyiron.lammps.potential.PotentialAvailable(list_of_potentials)[source]

	Bases: object
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pyiron.lammps.structure module


	
class pyiron.lammps.structure.LammpsStructure(input_file_name=None, bond_dict=None)[source]

	Bases: pyiron_base.generic.parameters.GenericParameters


	Parameters

	input_file_name – 






	
property el_eam_lst

	Returns:






	
load_default()[source]

	Returns:






	
property potential

	




	
rotate_positions(structure)[source]

	Rotate all atomic positions in given structure according to new Prism cell


	Parameters

	structure – Atoms-like object. Should has .positions attribute



	Returns

	List of rotated coordinates



	Return type

	(list)










	
simulation_cell()[source]

	Returns:






	
property structure

	Returns:






	
structure_atomic()[source]

	Write routine to create atom structure static file that can be loaded by LAMMPS

Returns:






	
structure_bond()[source]

	Returns:






	
structure_charge()[source]

	Create atom structure including the atom charges.

By convention the LAMMPS atom type numbers are chose alphabetically for the chemical species.

Returns: LAMMPS readable structure.






	
structure_full()[source]

	Write routine to create atom structure static file for atom_type=’full’ that can be loaded by LAMMPS

Returns:










	
class pyiron.lammps.structure.UnfoldingPrism(cell, pbc=(True, True, True), digits=10)[source]

	Bases: ase.calculators.lammps.coordinatetransform.Prism

Create a lammps-style triclinic prism object from a cell

The main purpose of the prism-object is to create suitable
string representations of prism limits and atom positions
within the prism.
When creating the object, the digits parameter (default set to 10)
specify the precision to use.
lammps is picky about stuff being within semi-open intervals,
e.g. for atom positions (when using create_atom in the in-file),
x must be within [xlo, xhi).


	Parameters

	
	cell – 


	pbc – 


	digits – 









	
f2qdec(f)[source]

	




	
f2s(f)[source]

	




	
get_lammps_prism_str()[source]

	Return a tuple of strings






	
pos_to_lammps(position)[source]

	Rotate an ase-cell position to the lammps cell orientation


	Parameters

	position – 



	Returns

	tuple of float.










	
unfold_cell(cell)[source]

	Unfold LAMMPS cell to original


	Let C be the pyiron cell and A be the Lammps cell, then define (in init) the rotation matrix between them as
	R := C^inv.A



	And recall that rotation matrices have the property
	R^T == R^inv



	Then left multiply the definition of R by C, and right multiply by R.T to get
	C.R.R^T = C.C^inv.A.R^T



	Then
	C = A.R^T





After that, account for the folding process.


	Parameters

	cell – LAMMPS cell,



	Returns

	unfolded cell














	
pyiron.lammps.structure.write_lammps_datafile(structure, file_name='lammps.data', cwd=None)[source]
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pyiron.lammps package


Submodules



	pyiron.lammps.base module

	pyiron.lammps.control module

	pyiron.lammps.interactive module

	pyiron.lammps.lammps module

	pyiron.lammps.potential module

	pyiron.lammps.structure module








Module contents
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pyiron.project module


	
class pyiron.project.Creator(project)[source]

	Bases: pyiron_base.project.generic.Creator


	
property structure

	








	
class pyiron.project.Project(path='', user=None, sql_query=None, default_working_directory=False)[source]

	Bases: pyiron_base.project.generic.Project

The project is the central class in pyiron, all other objects can be created from the project object.


	Parameters

	
	path (GenericPath, str) – path of the project defined by GenericPath, absolute or relative (with respect to
current working directory) path


	user (str) – current pyiron user


	sql_query (str) – SQL query to only select a subset of the existing jobs within the current project


	default_working_directory (bool) – Access default working directory, for ScriptJobs this equals the project
directory of the ScriptJob for regular projects it falls back to the current
directory.









	
.. attribute:: root_path

	the pyiron user directory, defined in the .pyiron configuration






	
.. attribute:: project_path

	the relative path of the current project / folder starting from the root path
of the pyiron user directory






	
.. attribute:: path

	the absolute path of the current project / folder






	
.. attribute:: base_name

	the name of the current project / folder






	
.. attribute:: history

	previously opened projects / folders






	
.. attribute:: parent_group

	parent project - one level above the current project






	
.. attribute:: user

	current unix/linux/windows user who is running pyiron






	
.. attribute:: sql_query

	an SQL query to limit the jobs within the project to a subset which matches the SQL query.






	
.. attribute:: db

	connection to the SQL database






	
.. attribute:: job_type

	
	Job Type object with all the available job types: [‘StructureContainer’, ‘StructurePipeline’, ‘AtomisticExampleJob’,
	‘ExampleJob’, ‘Lammps’, ‘KMC’, ‘Sphinx’, ‘Vasp’, ‘GenericMaster’,
‘SerialMaster’, ‘AtomisticSerialMaster’, ‘ParallelMaster’, ‘KmcMaster’,
‘ThermoLambdaMaster’, ‘RandomSeedMaster’, ‘MeamFit’, ‘Murnaghan’,
‘MinimizeMurnaghan’, ‘ElasticMatrix’, ‘ConvergenceVolume’,
‘ConvergenceEncutParallel’, ‘ConvergenceKpointParallel’, ’PhonopyMaster’,
‘DefectFormationEnergy’, ‘LammpsASE’, ‘PipelineMaster’,
’TransformationPath’, ‘ThermoIntEamQh’, ‘ThermoIntDftEam’, ‘ScriptJob’,
‘ListMaster’]










	
copy()[source]

	Copy the project object - copying just the Python object but maintaining the same pyiron path


	Returns

	copy of the project object



	Return type

	Project










	
create_ase_bulk(name, crystalstructure=None, a=None, c=None, covera=None, u=None, orthorhombic=False, cubic=False)[source]

	Creating bulk systems using ASE bulk module. Crystal structure and lattice constant(s) will be guessed if not
provided.

name (str): Chemical symbol or symbols as in ‘MgO’ or ‘NaCl’.
crystalstructure (str): Must be one of sc, fcc, bcc, hcp, diamond, zincblende,


rocksalt, cesiumchloride, fluorite or wurtzite.




a (float): Lattice constant.
c (float): Lattice constant.
c_over_a (float): c/a ratio used for hcp.  Default is ideal ratio: sqrt(8/3).
u (float): Internal coordinate for Wurtzite structure.
orthorhombic (bool): Construct orthorhombic unit cell instead of primitive cell which is the default.
cubic (bool): Construct cubic unit cell if possible.


	Returns

	Required bulk structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
create_atoms(symbols=None, positions=None, numbers=None, tags=None, momenta=None, masses=None, magmoms=None, charges=None, scaled_positions=None, cell=None, pbc=None, celldisp=None, constraint=None, calculator=None, info=None, indices=None, elements=None, dimension=None, species=None, **qwargs)[source]

	Creates a atomistics.structure.atoms.Atoms instance.


	Parameters

	
	elements (list/numpy.ndarray) – List of strings containing the elements or a list of
atomistics.structure.periodic_table.ChemicalElement instances


	numbers (list/numpy.ndarray) – List of atomic numbers of elements


	symbols (list/numpy.ndarray) – List of chemical symbols


	positions (list/numpy.ndarray) – List of positions


	scaled_positions (list/numpy.ndarray) – List of scaled positions (relative coordinates)


	pbc (boolean) – Tells if periodic boundary conditions should be applied


	cell (list/numpy.ndarray) – A 3x3 array representing the lattice vectors of the structure


	momenta (list/numpy.ndarray) – List of momentum values


	tags (list/numpy.ndarray) – A list of tags


	masses (list/numpy.ndarray) – A list of masses


	magmoms (list/numpy.ndarray) – A list of magnetic moments


	charges (list/numpy.ndarray) – A list of point charges


	celldisp – 


	constraint (list/numpy.ndarray) – A list of constraints


	calculator – ASE calculator


	info (list/str) – ASE compatibility


	indices (list/numpy.ndarray) – The list of species indices


	dimension (int) – Dimension of the structure


	species (list) – List of species






	Returns

	The required structure instance



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
create_element(parent_element, new_element_name=None, spin=None, potential_file=None)[source]

	
	Parameters

	
	parent_element (str, int) – The parent element eq. “N”, “O”, “Mg” etc.


	new_element_name (str) – The name of the new parent element (can be arbitrary)


	spin (float) – Value of the magnetic moment (with sign)


	potential_file (str) – Location of the new potential file if necessary






	Returns

	atomistics.structure.periodic_table.ChemicalElement instance










	
create_job(job_type, job_name, delete_existing_job=False)[source]

	Create one of the following jobs:
- ‘StructureContainer’:
- ‘StructurePipeline’:
- ‘AtomisticExampleJob’: example job just generating random number
- ‘ExampleJob’: example job just generating random number
- ‘Lammps’:
- ‘KMC’:
- ‘Sphinx’:
- ‘Vasp’:
- ‘GenericMaster’:
- ‘SerialMaster’: series of jobs run in serial
- ‘AtomisticSerialMaster’:
- ‘ParallelMaster’: series of jobs run in parallel
- ‘KmcMaster’:
- ‘ThermoLambdaMaster’:
- ‘RandomSeedMaster’:
- ‘MeamFit’:
- ‘Murnaghan’:
- ‘MinimizeMurnaghan’:
- ‘ElasticMatrix’:
- ‘ConvergenceVolume’:
- ‘ConvergenceEncutParallel’:
- ‘ConvergenceKpointParallel’:
- ’PhonopyMaster’:
- ‘DefectFormationEnergy’:
- ‘LammpsASE’:
- ‘PipelineMaster’:
- ’TransformationPath’:
- ‘ThermoIntEamQh’:
- ‘ThermoIntDftEam’:
- ‘ScriptJob’: Python script or jupyter notebook job container
- ‘ListMaster’: list of jobs


	Parameters

	
	job_type (str) – job type can be [‘StructureContainer’, ‘StructurePipeline’, ‘AtomisticExampleJob’,
‘ExampleJob’, ‘Lammps’, ‘KMC’, ‘Sphinx’, ‘Vasp’, ‘GenericMaster’,
‘SerialMaster’, ‘AtomisticSerialMaster’, ‘ParallelMaster’, ‘KmcMaster’,
‘ThermoLambdaMaster’, ‘RandomSeedMaster’, ‘MeamFit’, ‘Murnaghan’,
‘MinimizeMurnaghan’, ‘ElasticMatrix’, ‘ConvergenceVolume’,
‘ConvergenceEncutParallel’, ‘ConvergenceKpointParallel’, ’PhonopyMaster’,
‘DefectFormationEnergy’, ‘LammpsASE’, ‘PipelineMaster’,
’TransformationPath’, ‘ThermoIntEamQh’, ‘ThermoIntDftEam’, ‘ScriptJob’,
‘ListMaster’]


	job_name (str) – name of the job






	Returns

	job object depending on the job_type selected



	Return type

	GenericJob










	
static create_object(object_type)[source]

	
	Parameters

	object_type – 





Returns:






	
create_pipeline(job, step_lst, delete_existing_job=False)[source]

	Create a job pipeline


	Parameters

	
	job (AtomisticGenericJob) – Template for the calculation


	step_lst (list) – List of functions which create calculations






	Returns

	



	Return type

	FlexibleMaster










	
create_structure(element, bravais_basis, lattice_constant)[source]

	Create a crystal structure using pyiron’s native crystal structure generator


	Parameters

	
	element (str) – Element name


	bravais_basis (str) – Basis type


	lattice_constant (float/list) – Lattice constants






	Returns

	The required crystal structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
create_surface(element, surface_type, size=(1, 1, 1), vacuum=1.0, center=False, pbc=None, **kwargs)[source]

	Generate a surface based on the ase.build.surface module.


	Parameters

	
	element (str) – Element name


	surface_type (str) – The string specifying the surface type generators available through ase (fcc111,


	etc.) (hcp0001) – 


	size (tuple) – Size of the surface


	vacuum (float) – Length of vacuum layer added to the surface along the z direction


	center (bool) – Tells if the surface layers have to be at the center or at one end along the z-direction


	pbc (list/numpy.ndarray) – List of booleans specifying the periodic boundary conditions along all three
directions. If None, it is set to [True, True, True]


	**kwargs – Additional, arguments you would normally pass to the structure generator like ‘a’, ‘b’,


	etc. ('orthogonal') – 






	Returns

	Required surface



	Return type

	pyiron.atomistics.structure.atoms.Atoms instance










	
get_structure(job_specifier, iteration_step=- 1, wrap_atoms=True)[source]

	Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
there is only one ionic iteration step
:param job_specifier: name of the job or job ID
:type job_specifier: str, int
:param iteration_step: Step for which the structure is requested
:type iteration_step: int
:param wrap_atoms: True if the atoms are to be wrapped back into the unit cell
:type wrap_atoms: bool


	Returns

	atomistics.structure.atoms.Atoms object










	
gui()[source]

	Returns:






	
import_from_path(path, recursive=True, copy_raw_files=False)[source]

	A method to import jobs into pyiron. Currently, it supports VASP and
KMC calculations.


	Parameters

	
	path (str) – The path of the directory to import


	recursive (bool) – True if sub-directories to be imported.


	copy_raw_files (bool) – True if the raw files are to be copied.













	
import_single_calculation(project_to_import_from, rel_path=None, job_type='Vasp', copy_raw_files=False)[source]

	A method to import a single calculation jobs into pyiron. Currently, it suppor
ts VASP and KMC calculations.
:param rel_path:
:param project_to_import_from:
:param job_type: Type of the calculation which is going to be imported.
:type job_type: str
:param copy_raw_files: True if raw files are to be imported.
:type copy_raw_files: bool






	
static inspect_emperical_potentials()[source]

	




	
static inspect_periodic_table()[source]

	




	
static inspect_pseudo_potentials()[source]

	




	
load_from_jobpath(job_id=None, db_entry=None, convert_to_object=True)[source]

	Internal function to load an existing job either based on the job ID or based on the database entry dictionary.


	Parameters

	
	job_id (int) – Job ID - optional, but either the job_id or the db_entry is required.


	db_entry (dict) – database entry dictionary - optional, but either the job_id or the db_entry is required.


	convert_to_object (bool) – convert the object to an pyiron object or only access the HDF5 file - default=True
accessing only the HDF5 file is about an order of magnitude faster, but only
provides limited functionality. Compare the GenericJob object to JobCore object.






	Returns

	Either the full GenericJob object or just a reduced JobCore object



	Return type

	GenericJob, JobCore










	
load_from_jobpath_string(job_path, convert_to_object=True)[source]

	Internal function to load an existing job either based on the job ID or based on the database entry dictionary.


	Parameters

	
	job_path (str) – string to reload the job from an HDF5 file - ‘/root_path/project_path/filename.h5/h5_path’


	convert_to_object (bool) – convert the object to an pyiron object or only access the HDF5 file - default=True
accessing only the HDF5 file is about an order of magnitude faster, but only
provides limited functionality. Compare the GenericJob object to JobCore object.






	Returns

	Either the full GenericJob object or just a reduced JobCore object



	Return type

	GenericJob, JobCore
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pyiron.quickff.quickff module


	
class pyiron.quickff.quickff.QuickFF(project, job_name)[source]

	Bases: pyiron.atomistics.job.atomistic.AtomisticGenericJob


	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual hamiltonians.






	
detect_ffatypes(ffatypes=None, ffatype_rules=None, ffatype_level=None)[source]

	Define atom types by explicitely giving them through the
ffatypes keyword, defining atype rules using the ATSELECT
language implemented in Yaff (see the Yaff documentation at
http://molmod.github.io/yaff/ug_atselect.html) or by specifying
the ffatype_level employing the built-in routine in QuickFF.






	
from_hdf(hdf=None, group_name=None)[source]

	Recreates instance from the hdf5 file
:param hdf: Path to the hdf5 file
:type hdf: str
:param group_name: Name of the group which contains the object
:type group_name: str






	
get_structure(iteration_step=- 1, wrap_atoms=True)[source]

	Overwrite the get_structure routine from AtomisticGenericJob because we want to avoid
defining a unit cell when one does not exist






	
get_yaff_ff(rcut=28.345892008818783, alpha_scale=3.2, gcut_scale=1.5, smooth_ei=True)[source]

	




	
get_yaff_system()[source]

	




	
log()[source]

	




	
read_abinitio(fn)[source]

	




	
set_ei(fn)[source]

	




	
set_vdw(fn)[source]

	




	
to_hdf(hdf=None, group_name=None)[source]

	Store the GenericJob in an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
write_input()[source]

	Write the input files for the external executable. This method has to be implemented in the individual
hamiltonians.










	
class pyiron.quickff.quickff.QuickFFInput(input_file_name=None)[source]

	Bases: pyiron_base.generic.parameters.GenericParameters


	
load_default()[source]

	Loading the default settings for the input file.










	
pyiron.quickff.quickff.collect_output(fn_pars, fn_sys)[source]

	




	
pyiron.quickff.quickff.write_chk(input_dict, working_directory='.')[source]

	




	
pyiron.quickff.quickff.write_config(input_dict, working_directory='.')[source]

	




	
pyiron.quickff.quickff.write_pars(pars, fn, working_directory='.')[source]
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pyiron.quickff package


Submodules



	pyiron.quickff.quickff module








Module contents
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pyiron.sphinx.base module


	
class pyiron.sphinx.base.Group(*args, **kwargs)[source]

	Bases: pyiron_base.generic.inputlist.InputList

Dictionary-like object to store SPHInX inputs.

Attributes (sub-groups, parameters, & flags) can be set
and accessed via dot notation, or as standard dictionary
key/values.

to_{job_type} converts the Group to the format
expected by the given DFT code in its input files.


	
remove(name)[source]

	




	
set(name, content)[source]

	




	
set_flag(flag, val=True)[source]

	




	
set_group(name, content=None)[source]

	




	
set_parameter(parameter, val)[source]

	




	
to_sphinx(content='__self__', indent=0)[source]

	








	
class pyiron.sphinx.base.InputWriter[source]

	Bases: object

The Sphinx Input writer is called to write the
Sphinx specific input files.


	
copy_potentials(potformat='JTH', xc=None, cwd=None, pot_path_dict=None, modified_elements=None)[source]

	Copy potential files


	Parameters

	
	potformat (str) – 


	xc (str/None) – 


	cwd (str/None) – 


	pot_path_dict (dict) – 


	modified_elements (dict) – 













	
property id_pyi_to_spx

	




	
property id_spx_to_pyi

	




	
write_spin_constraints(file_name='spins.in', cwd=None, spins_list=None)[source]

	Write a text file containing a list of all spins named spins.in -
which is used for the external control scripts.


	Parameters

	
	file_name (str) – name of the file to be written (optional)


	cwd (str) – the current working directory (optinal)


	spins_list (list) – the input to write, if no input is
given the default input will be written. (optional)

















	
class pyiron.sphinx.base.Output(job)[source]

	Bases: object

Handles the output from a Sphinx simulation.


	
collect(directory='/home/docs/checkouts/readthedocs.org/user_builds/pyiron/checkouts/pyiron-0.3.23/docs')[source]

	The collect function, collects all the output from a Sphinx simulation.


	Parameters

	directory (str) – the directory to collect the output from.










	
collect_charge_density(file_name, cwd)[source]

	




	
collect_electrostatic_potential(file_name, cwd)[source]

	




	
collect_energy_dat(file_name='energy.dat', cwd=None)[source]

	
	Parameters

	
	file_name – 


	cwd – 








Returns:






	
collect_energy_struct(file_name='energy-structOpt.dat', cwd=None)[source]

	
	Parameters

	
	file_name – 


	cwd – 








Returns:






	
collect_eps_dat(file_name='eps.dat', cwd=None)[source]

	
	Parameters

	
	file_name – 


	cwd – 








Returns:






	
collect_relaxed_hist(file_name='relaxHist.sx', cwd=None)[source]

	
	Parameters

	
	file_name – 


	cwd – 








Returns:






	
collect_residue_dat(file_name='residue.dat', cwd=None)[source]

	
	Parameters

	
	file_name – 


	cwd – 








Returns:






	
collect_sphinx_log(file_name='sphinx.log', cwd=None, check_consistency=True)[source]

	
	Parameters

	
	file_name – 


	cwd – 


	check_consistency (bool) – 








Returns:






	
collect_spins_dat(file_name='spins.dat', cwd=None)[source]

	
	Parameters

	
	file_name – 


	cwd – 








Returns:






	
from_hdf(hdf)[source]

	Load output from an HDF5 file






	
static splitter(arr, counter)[source]

	




	
to_hdf(hdf, force_update=False)[source]

	Store output in an HDF5 file


	Parameters

	
	hdf – HDF5 group


	force_update (bool) – 

















	
class pyiron.sphinx.base.SphinxBase(project, job_name)[source]

	Bases: pyiron.dft.job.generic.GenericDFTJob

Class to setup and run Sphinx simulations.

Inherits pyiron.atomistics.job.generic.GenericJob. The functions in
these modules are written such that the function names and attributes
are very Pyiron-generic (get_structure(), molecular_dynamics(),
version) but internally handle Sphinx specific input and output.

Alternatively, because SPHInX inputs are built on a group-based
format, users have the option to set specific groups and parameters
directly, e.g.

`python
# Modify/add a new parameter via
job.input.PAWHamiltonian.nEmptyStates = 15
job.input.PAWHamiltonian.dipoleCorrection = True
# or
job.input.PAWHamiltonian.set("nEmptyStates", 15)
job.input.PAWHamiltonian.set("dipoleCorrection", True)
# Modify/add a sub-group via
job.input.initialGuess.rho.charged = {"charge": 2, "z": 25}
# or
job.input.initialGuess.rho.set("charged", {"charge": 2, "z": 25})
`


	Parameters

	
	project – Project object (defines path where job will be
created and stored)


	job_name (str) – name of the job (must be unique within
this project path)









	
calc_md(temperature=None, n_ionic_steps=1000, n_print=1, time_step=1.0, retain_charge_density=False, retain_electrostatic_potential=False, **kwargs)[source]

	




	
calc_minimize(electronic_steps=60, ionic_steps=None, max_iter=None, pressure=None, algorithm=None, retain_charge_density=False, retain_electrostatic_potential=False, ionic_energy=None, ionic_forces=None, ionic_energy_tolerance=0.0, ionic_force_tolerance=0.01, volume_only=False)[source]

	Setup the hamiltonian to perform ionic relaxations.

The convergence goal can be set using either the
ionic_energy_tolerance as a limit for fluctuations in energy or the
ionic_force_tolerance.

Loads defaults for all Sphinx input groups, including a
ricQN-based main Group.


	Parameters

	
	retain_electrostatic_potential – 


	retain_charge_density – 


	algorithm – 


	pressure – 


	max_iter – 


	electronic_steps (int) – maximum number of electronic steps
per electronic convergence


	ionic_steps (int) – maximum number of ionic steps


	ionic_energy (float) – convergence goal in terms of
energy (depreciated use ionic_energy_tolerance instead)


	ionic_energy_tolerance (float) – convergence goal in terms of
energy (optional)


	ionic_forces (float) – convergence goal in terms of
forces (depreciated use ionic_force_tolerance instead)


	ionic_force_tolerance (float) – convergence goal in terms of
forces (optional)


	volume_only (bool) – 













	
calc_static(electronic_steps=100, algorithm=None, retain_charge_density=False, retain_electrostatic_potential=False)[source]

	Setup the hamiltonian to perform a static SCF run.

Loads defaults for all Sphinx input groups, including a static
main Group.


	Parameters

	
	electronic_steps (int) – max # of electronic steps


	retain_electrostatic_potential – 


	retain_charge_density – 


	algorithm (str) – CCG or blockCCG (not implemented)


	electronic_steps – maximum number of electronic steps
which can be used to achieve convergence













	
check_setup()[source]

	Checks whether certain parameters (such as plane wave cutoff radius in DFT) are changed from the pyiron standard
values to allow for a physically meaningful results. This function is called manually or only when the job is
submitted to the queueing system.






	
static check_vasp_potentials()[source]

	




	
collect_errors()[source]

	Collects errors from the Sphinx run






	
collect_logfiles()[source]

	Collect errors and warnings.






	
collect_output(force_update=False)[source]

	Collects the outputs and stores them to the hdf file






	
collect_warnings()[source]

	Collects warnings from the Sphinx run






	
compress(files_to_compress=None)[source]

	Compress the output files of a job object.


	Parameters

	files_to_compress (list) – A list of files to compress (optional)










	
convergence_check()[source]

	Checks if job has converged according to given cutoffs.






	
property exchange_correlation_functional

	




	
property fix_spin_constraint

	




	
from_directory(directory, file_name='structure.sx')[source]

	




	
from_hdf(hdf=None, group_name=None)[source]

	Recreates instance from the hdf5 file


	Parameters

	
	hdf (str) – Path to the hdf5 file


	group_name (str) – Name of the group which contains the object













	
get_charge_density()[source]

	Gets the charge density from the hdf5 file. This value is normalized by the volume


	Returns

	pyiron.atomistics.volumetric.generic.VolumetricData










	
get_electrostatic_potential()[source]

	Gets the electrostatic potential from the hdf5 file.


	Returns

	pyiron.atomistics.volumetric.generic.VolumetricData










	
get_kpoints()[source]

	




	
get_n_ir_reciprocal_points(is_time_reversal=True, symprec=1e-05, ignore_magmoms=False)[source]

	




	
get_scf_group(maxSteps=None, keepRhoFixed=False, dEnergy=None, algorithm='blockCCG')[source]

	SCF group setting for SPHInX
for all args refer to calc_static or calc_minimize






	
get_structure_group(keep_angstrom=False)[source]

	create a Sphinx Group object based on self.structure


	Parameters

	keep_angstrom (bool) – Store distances in Angstroms or Bohr










	
get_version_float()[source]

	




	
property id_pyi_to_spx

	




	
property id_spx_to_pyi

	




	
list_potentials()[source]

	Lists all the possible POTCAR files for the elements in the structure depending on the XC functional


	Returns

	a list of available potentials



	Return type

	list










	
load_basis_group()[source]

	Load the basis Group.

The group is populated using setdefault to avoid
overwriting values that were previously (intentionally)
modified.






	
load_default_groups()[source]

	Populates input groups with the default values.

Nearly every default simply points to a variable stored in
self.input.

Does not load job.input.structure or job.input.pawPot.
These groups should usually be modified via job.structure,
in which case they will be set at the last minute when
the job is run. These groups can be synced to job.structure
at any time using job.load_structure_group() and
job.load_species_group().






	
load_default_input()[source]

	Set defaults for generic parameters and create sphinx input groups.






	
load_guess_group(update_spins=True)[source]

	Load the initialGuess Group.

The group is populated using setdefault to avoid
overwriting values that were previously (intentionally)
modified.


	Parameters

	update_spins (bool) – whether or not to reload the
atomicSpin groups based on the latest structure.
Defaults to True.










	
load_hamilton_group()[source]

	Load the PAWHamiltonian Group.

The group is populated using setdefault to avoid
overwriting values that were previously (intentionally)
modified.






	
load_main_group()[source]

	Load the main Group.

The group is populated based on the type of calculation and settings in
the self.input.






	
load_species_group(check_overlap=True, potformat='VASP')[source]

	Build the species Group object based on self.structure


	Parameters

	
	check_overlap (bool) – Whether to check overlap
(see set_check_overlap)


	potformat (str) – type of pseudopotentials that will be
read. Options are JTH or VASP.













	
load_structure_group(keep_angstrom=False)[source]

	Build + load the structure group based on self.structure


	Parameters

	keep_angstrom (bool) – Store distances in Angstroms or Bohr










	
property plane_wave_cutoff

	




	
property potential

	




	
property potential_list

	




	
property potential_view

	




	
restart(job_name=None, job_type=None, from_charge_density=True, from_wave_functions=True)[source]

	Restart a new job created from an existing calculation.
:param project: Project instance at which the new job should be created
:type project: pyiron.project.Project instance
:param job_name: Job name
:type job_name: str
:param job_type: Job type
:type job_type: str


	Returns

	New job



	Return type

	new_ham










	
restart_for_band_structure_calculations(job_name=None)[source]

	Restart a new job created from an existing calculation
by reading the charge density for band structures.


	Parameters

	job_name (str/None) – Job name



	Returns

	new job instance



	Return type

	pyiron.sphinx.sphinx.sphinx










	
restart_from_charge_density(job_name=None, job_type='Sphinx', band_structure_calc=False)[source]

	Restart a new job created from an existing calculation
by reading the charge density.


	Parameters

	
	job_name (str/None) – Job name


	job_type (str/None) – Job type. If not specified a Sphinx
job type is assumed (actually this is
all that’s currently supported)


	band_structure_calc (bool) – has to be True for band
structure calculations.






	Returns

	new job instance



	Return type

	pyiron.sphinx.sphinx.sphinx










	
restart_from_wave_functions(job_name=None, job_type='Sphinx')[source]

	Restart a new job created from an existing calculation
by reading the wave functions.


	Parameters

	
	job_name (str) – Job name


	job_type (str) – Job type. If not specified a Sphinx
job type is assumed (actually this is
all that’s currently supported.)






	Returns

	new job instance



	Return type

	pyiron.sphinx.sphinx.sphinx










	
set_check_overlap(check_overlap=True)[source]

	
	Parameters

	check_overlap (bool) – Whether to check overlap






	Comments:
	Certain PAW-pseudo-potentials have an intrinsic pathology:
their PAW overlap operator is not generally positive definite
(i.e., the PAW-corrected norm of a wavefunction could become
negative). SPHInX usually refuses to use such problematic
potentials. This behavior can be overridden by setting
check_overlap to False.










	
set_convergence_precision(ionic_energy_tolerance=None, ionic_force_tolerance=None, ionic_energy=None, electronic_energy=None, ionic_forces=None)[source]

	Sets the electronic and ionic convergence precision.

For ionic convergence either the energy or the force
precision is required.


	Parameters

	
	ionic_energy (float) – Ionic energy convergence precision
(depreciated use ionic_energy_tolerance instead)


	ionic_energy_tolerance (float) – Ionic energy convergence precision


	electronic_energy (float) – Electronic energy convergence
precision


	ionic_forces (float) – Ionic force convergence precision
(depreciated use ionic_force_tolerance instead)


	ionic_force_tolerance (float) – Ionic force convergence precision













	
set_empty_states(n_empty_states=None)[source]

	Function to set the number of empty states.


	Parameters

	
	n_empty_states (int/None) – Number of empty states.


	None (If) – 


	it to 'auto'. (sets) – 









	Comments:
	If this number is too low, the algorithm will not be
able to able to swap wave functions near the chemical
potential. If the number is too high, computation time
will be wasted for the higher energy states and
potentially lead to a memory problem.

In contrast to VASP, this function sets only the number
of empty states and not the number of total states.

The default value is 0.5*NIONS+3 for non-magnetic systems
and 1.5*NIONS+3 for magnetic systems










	
set_input_to_read_only()[source]

	This function enforces read-only mode for the input classes,
but it has to be implemented in the individual classes.






	
set_mixing_parameters(method=None, n_pulay_steps=None, density_mixing_parameter=None, spin_mixing_parameter=None)[source]

	
	Parameters

	
	method ('PULAY' or 'LINEAR') – mixing method (default: PULAY)


	n_pulay_steps (int) – number of previous densities to use for
the Pulay mixing (default: 7)


	density_mixing_parameter (float) – mixing proportion m defined by

rho^n = (m-1)*rho^(n-1)+m*preconditioner*rho_(opt) (default: 1)




	spin_mixing_parameter (float) – linear mixing parameter for
spin densities (default: 1)









	comments:
	A low value of density mixing parameter may lead
to a more stable convergence, but will slow down
the calculation if set too low.

Further information can be found on the website:
https://sxrepo.mpie.de










	
set_occupancy_smearing(smearing=None, width=None)[source]

	Set how the finite temperature smearing is applied in
determining partial occupancies


	Parameters

	
	smearing (str) – Type of smearing (only fermi is
implemented anything else will be ignored)


	width (float) – Smearing width (eV) (default: 0.2)













	
property structure

	Returns:






	
to_hdf(hdf=None, group_name=None)[source]

	Stores the instance attributes into the hdf5 file


	Parameters

	
	hdf (str) – Path to the hdf5 file


	group_name (str) – Name of the group which contains the object













	
validate_ready_to_run()[source]

	Checks whether parameters are set appropriately. It does not
mean the simulation won’t run if it returns False.






	
write_input()[source]

	Generate all the required input files for the Sphinx job.

Creates:
structure.sx: structure associated w/ job
all pseudopotential files
spins.in (if necessary): constrained spin moments
input.sx: main input file with all sub-groups

Automatically called by job.run()
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pyiron.sphinx.interactive module


	
class pyiron.sphinx.interactive.SphinxInt2(project, job_name)[source]

	Bases: pyiron.sphinx.interactive.SphinxInteractive






	
class pyiron.sphinx.interactive.SphinxInteractive(project, job_name)[source]

	Bases: pyiron.sphinx.base.SphinxBase, pyiron.atomistics.job.interactive.GenericInteractive


	
calc_minimize(electronic_steps=None, ionic_steps=None, max_iter=None, pressure=None, algorithm=None, retain_charge_density=False, retain_electrostatic_potential=False, ionic_energy_tolerance=0.0, ionic_force_tolerance=0.01, ionic_energy=None, ionic_forces=None, volume_only=False)[source]

	Setup the hamiltonian to perform ionic relaxations.

The convergence goal can be set using either the
ionic_energy_tolerance as a limit for fluctuations in energy or the
ionic_force_tolerance.

Loads defaults for all Sphinx input groups, including a
ricQN-based main Group.


	Parameters

	
	retain_electrostatic_potential – 


	retain_charge_density – 


	algorithm – 


	pressure – 


	max_iter – 


	electronic_steps (int) – maximum number of electronic steps
per electronic convergence


	ionic_steps (int) – maximum number of ionic steps


	ionic_energy (float) – convergence goal in terms of
energy (depreciated use ionic_energy_tolerance instead)


	ionic_energy_tolerance (float) – convergence goal in terms of
energy (optional)


	ionic_forces (float) – convergence goal in terms of
forces (depreciated use ionic_force_tolerance instead)


	ionic_force_tolerance (float) – convergence goal in terms of
forces (optional)


	volume_only (bool) – 













	
calc_static(electronic_steps=100, blockSize=8, dSpinMoment=1e-08, algorithm=None, retain_charge_density=False, retain_electrostatic_potential=False)[source]

	Function to setup the hamiltonian to perform static SCF DFT runs


	Parameters

	
	retain_electrostatic_potential – 


	retain_charge_density – 


	algorithm – 


	electronic_steps (int) – maximum number of electronic steps, which can be used to achieve convergence













	
collect_output(force_update=False)[source]

	Collects the outputs and stores them to the hdf file






	
get_structure(iteration_step=- 1, wrap_atoms=True)[source]

	Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
there is only one ionic iteration step
:param iteration_step: Step for which the structure is requested
:type iteration_step: int
:param wrap_atoms: True if the atoms are to be wrapped back into the unit cell
:type wrap_atoms: bool


	Returns

	The required structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
interactive_cells_getter()[source]

	




	
interactive_close()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job. After the
interactive execution, the job can be closed using the interactive_close function.






	
interactive_energy_pot_getter()[source]

	




	
interactive_energy_tot_getter()[source]

	




	
interactive_fetch()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job. To access the
output data during the execution the interactive_fetch function is used.






	
interactive_forces_getter()[source]

	




	
interactive_initialize_interface()[source]

	




	
interactive_magnetic_forces_getter()[source]

	




	
interactive_positions_getter()[source]

	




	
interactive_positions_setter(positions)[source]

	




	
interactive_spin_constraints_getter()[source]

	




	
interactive_spin_constraints_setter(spins)[source]

	




	
interactive_spins_getter()[source]

	




	
load_main_group()[source]

	Load the main Group.

The group is populated based on the type of calculation and settings in
the self.input.






	
run_if_interactive()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job.






	
run_if_interactive_non_modal()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job.






	
property structure

	Returns:










	
class pyiron.sphinx.interactive.SphinxOutput(job)[source]

	Bases: pyiron.atomistics.job.interactive.GenericInteractiveOutput


	
check_band_occupancy(plot=True)[source]

	Check whether there are still empty bands available.


	Parameters

	plot (bool) – plots occupancy of the last step



	Returns

	True if there are still empty bands
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pyiron.sphinx.potential module


	
class pyiron.sphinx.potential.SphinxJTHPotentialFile(xc=None, selected_atoms=None)[source]

	Bases: pyiron.vasp.potential.VaspPotentialAbstract

The Potential class is derived from the PotentialAbstract class, but instead of loading the potentials from a list,
the potentials are loaded from a file.


	Parameters

	xc (str) – Exchange correlation functional [‘PBE’, ‘LDA’]






	
add_new_element(parent_element, new_element)[source]

	Adding a new user defined element with a different POTCAR file. It is assumed that the file exists


	Parameters

	
	parent_element (str) – Parent element


	new_element (str) – Name of the new element (the name of the folder where the new POTCAR file exists

















	
pyiron.sphinx.potential.find_potential_file(path)[source]
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pyiron.sphinx.sphinx module


	
class pyiron.sphinx.sphinx.Sphinx(project, job_name)[source]

	Bases: pyiron.sphinx.interactive.SphinxInteractive

Class to setup and run Sphinx simulations which is a derivative of pyiron_atomistics.job.generic.GenericJob.
The functions in these modules are written in such the function names and attributes are very generic
(get_structure(), molecular_dynamics(), version) but the functions are written to handle Sphinx specific input and
output.


	Parameters

	
	project – Project object (defines path where job will be created and stored)


	job_name (str) – name of the job (must be unique within this project path)
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pyiron.sphinx.structure module


	
pyiron.sphinx.structure.read_atoms(filename='structure.sx')[source]

	
	Parameters

	filename (str) – Filename of the sphinx structure file



	Returns

	pyiron.objects.structure.atoms.Atoms instance
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pyiron.sphinx.volumetric_data module


	
class pyiron.sphinx.volumetric_data.SphinxVolumetricData[source]

	Bases: pyiron.atomistics.volumetric.generic.VolumetricData

General class for parsing and manipulating volumetric static within Sphinx.

The basic idea of the Base class is adapted from the pymatgen vasp
VolumetricData class:

http://pymatgen.org/_modules/pymatgen/io/vasp/outputs.html#VolumetricData


	
property diff_data

	Volumtric difference data (3D)


	Type

	numpy.ndarray










	
from_file(filename, normalize=True)[source]

	Parses volumetric data from a sphinx binary (.sxb) file.


	Parameters

	
	filename (str) – Path of file to parse


	normalize (boolean) – Flag to normalize by the volume of the cell













	
from_hdf(hdf, group_name='volumetric_data')[source]

	Extract a VolumetricData instance from an HDF5 file.


	Parameters

	
	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – The HDF
file/path to read the data


	group_name (str) – The name of the group under which
the data have been stored






	Returns

	
	The
	VolumetricData instance









	Return type

	pyiron.atomistics.volumetric.generic.VolumetricData










	
to_hdf(hdf, group_name='volumetric_data')[source]

	Writes the data as a group to a HDF5 file


	Parameters

	
	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – The
HDF file/path to write the data


	group_name (str) – The name of the group under which
the data must be stored













	
property total_data

	Total volumtric data (3D)


	Type

	numpy.ndarray
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pyiron.sphinx package


Submodules



	pyiron.sphinx.base module

	pyiron.sphinx.interactive module

	pyiron.sphinx.potential module

	pyiron.sphinx.sphinx module

	pyiron.sphinx.structure module

	pyiron.sphinx.volumetric_data module








Module contents
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pyiron.table.datamining module


	
class pyiron.table.datamining.TableJob(project, job_name)[source]

	Bases: pyiron_base.table.datamining.TableJob
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pyiron.table.funct module


	
pyiron.table.funct.get_average_waves(job)[source]

	




	
pyiron.table.funct.get_convergence_check(job)[source]

	




	
pyiron.table.funct.get_e_band(job)[source]

	




	
pyiron.table.funct.get_e_conv_level(job)[source]

	




	
pyiron.table.funct.get_ekin_error(job)[source]

	




	
pyiron.table.funct.get_elements(job)[source]

	




	
pyiron.table.funct.get_encut(job)[source]

	




	
pyiron.table.funct.get_energy_free(job)[source]

	




	
pyiron.table.funct.get_energy_free_per_atom(job)[source]

	




	
pyiron.table.funct.get_energy_int(job)[source]

	




	
pyiron.table.funct.get_energy_int_per_atom(job)[source]

	




	
pyiron.table.funct.get_energy_pot(job)[source]

	




	
pyiron.table.funct.get_energy_pot_per_atom(job)[source]

	




	
pyiron.table.funct.get_energy_tot(job)[source]

	




	
pyiron.table.funct.get_energy_tot_per_atom(job)[source]

	




	
pyiron.table.funct.get_equilibrium_parameters(job)[source]

	




	
pyiron.table.funct.get_f_states(job)[source]

	




	
pyiron.table.funct.get_forces(job)[source]

	




	
pyiron.table.funct.get_incar(job)[source]

	




	
pyiron.table.funct.get_ismear(job)[source]

	




	
pyiron.table.funct.get_job_id(job)[source]

	




	
pyiron.table.funct.get_job_name(job)[source]

	




	
pyiron.table.funct.get_magnetic_structure(job)[source]

	




	
pyiron.table.funct.get_majority(lst, minority=False)[source]

	




	
pyiron.table.funct.get_majority_crystal_structure(job)[source]

	




	
pyiron.table.funct.get_majority_species(job)[source]

	




	
pyiron.table.funct.get_n_equ_kpts(job)[source]

	




	
pyiron.table.funct.get_n_kpts(job)[source]

	




	
pyiron.table.funct.get_number_of_final_electronic_steps(job)[source]

	




	
pyiron.table.funct.get_number_of_ionic_steps(job)[source]

	




	
pyiron.table.funct.get_number_of_species(job)[source]

	




	
pyiron.table.funct.get_plane_waves(job)[source]

	




	
pyiron.table.funct.get_sigma(job)[source]

	




	
pyiron.table.funct.get_structure(job)[source]

	




	
pyiron.table.funct.get_total_number_of_atoms(job)[source]

	




	
pyiron.table.funct.get_volume(job)[source]

	




	
pyiron.table.funct.get_volume_per_atom(job)[source]
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pyiron.table package


Submodules



	pyiron.table.datamining module

	pyiron.table.funct module








Module contents
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pyiron.testing.executable module


	
class pyiron.testing.executable.ExampleExecutable[source]

	Bases: object

Simple python executable that resembles the behavior of a real job, i.e., it processes input files, generates
output files and can perform restarts. Will be mainly used to test the genericJob class.


	
get_energy(alat)[source]

	Based on the lattice constant a random energy is calculated.


	Parameters

	alat (float) – lattice constant



	Returns

	list of n random energy values, where n equals self._count



	Return type

	(list)










	
read_restart()[source]

	Read a restart file for a continous simulation divided into multiple jobs.






	
run()[source]

	Run executes the job as part of a subprocess. The input is written to an input file, then the executable is
executed and finally the output file is collected and converted to HDF5 format for future processing.






	
run_lib(input_dict)[source]

	Run lib executes the job directly in Python instead of calling a separate subprocess, this is faster for all
Python jobs but not available for non Python jobs. No input or output files are generated when running in
library mode, instead all input is provided as an input dictionary and the output is returned as a list.


	Parameters

	input_dict (dict) – input consisting of [“alpha”, “alat”, “count”]



	Returns

	alat(float), count(int), energy(list)



	Return type

	list










	
write_restart()[source]

	Write a restart file for a continous simulation divided into multiple jobs.
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pyiron.testing.randomatomistic module


	
class pyiron.testing.randomatomistic.AtomisticExampleJob(project, job_name)[source]

	Bases: pyiron.testing.randomatomistic.ExampleJob, pyiron.atomistics.job.interactive.GenericInteractive

ExampleJob generating a list of random numbers to simulate energy fluctuations.


	Parameters

	
	project (ProjectHDFio) – ProjectHDFio instance which points to the HDF5 file the job is stored in


	job_name (str) – name of the job, which has to be unique within the project









	
.. attribute:: job_name

	name of the job, which has to be unique within the project






	
.. attribute:: status

	
	execution status of the job, can be one of the following [initialized, appended, created, submitted, running,
	aborted, collect, suspended, refresh, busy, finished]










	
.. attribute:: job_id

	unique id to identify the job in the pyiron database






	
.. attribute:: parent_id

	job id of the predecessor job - the job which was executed before the current one in the current job series






	
.. attribute:: master_id

	job id of the master job - a meta job which groups a series of jobs, which are executed either in parallel or in
serial.






	
.. attribute:: child_ids

	list of child job ids - only meta jobs have child jobs - jobs which list the meta job as their master






	
.. attribute:: project

	Project instance the jobs is located in






	
.. attribute:: project_hdf5

	ProjectHDFio instance which points to the HDF5 file the job is stored in






	
.. attribute:: job_info_str

	short string to describe the job by it is job_name and job ID - mainly used for logging






	
.. attribute:: working_directory

	working directory of the job is executed in - outside the HDF5 file






	
.. attribute:: path

	path to the job as a combination of absolute file system path and path within the HDF5 file.






	
.. attribute:: version

	Version of the hamiltonian, which is also the version of the executable unless a custom executable is used.






	
.. attribute:: executable

	Executable used to run the job - usually the path to an external executable.






	
.. attribute:: library_activated

	For job types which offer a Python library pyiron can use the python library instead of an external executable.






	
.. attribute:: server

	Server object to handle the execution environment for the job.






	
.. attribute:: queue_id

	the ID returned from the queuing system - it is most likely not the same as the job ID.






	
.. attribute:: logger

	logger object to monitor the external execution and internal pyiron warnings.






	
.. attribute:: restart_file_list

	list of files which are used to restart the calculation from these files.






	
.. attribute:: job_type

	
	Job type object with all the available job types: [‘ExampleJob’, ‘SerialMaster’, ‘ParallelMaster’, ‘ScriptJob’,
	‘ListMaster’]










	
from_hdf(hdf=None, group_name=None)[source]

	Restore the ExampleJob object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
get_structure(iteration_step=- 1, wrap_atoms=True)[source]

	Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
there is only one ionic iteration step


	Parameters

	
	iteration_step (int) – Step for which the structure is requested


	wrap_atoms (bool) – True if the atoms are to be wrapped back into the unit cell






	Returns

	The required structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
interactive_cells_getter()[source]

	




	
interactive_computation_time_getter()[source]

	




	
interactive_energy_pot_getter()[source]

	




	
interactive_energy_tot_getter()[source]

	




	
interactive_execute()[source]

	




	
interactive_forces_getter()[source]

	




	
interactive_indices_getter()[source]

	




	
interactive_initialize_interface()[source]

	




	
interactive_positions_getter()[source]

	




	
interactive_pressures_getter()[source]

	




	
interactive_steps_getter()[source]

	




	
interactive_stress_getter()[source]

	




	
interactive_temperatures_getter()[source]

	




	
interactive_unwrapped_positions_getter()[source]

	




	
interactive_volume_getter()[source]

	




	
run_if_interactive()[source]

	Run the job as Python library and store the result in the HDF5 File.


	Returns

	job ID



	Return type

	int










	
set_input_to_read_only()[source]

	This function enforces read-only mode for the input classes, but it has to be implement in the individual
classes.






	
property structure

	Returns:






	
to_hdf(hdf=None, group_name=None)[source]

	Store the ExampleJob object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional

















	
class pyiron.testing.randomatomistic.ExampleInput(input_file_name=None)[source]

	Bases: pyiron_base.generic.parameters.GenericParameters

Input class for the ExampleJob based on the GenericParameters class.


	Parameters

	input_file_name (str) – Name of the input file - optional






	
load_default()[source]

	Loading the default settings for the input file.










	
class pyiron.testing.randomatomistic.ExampleJob(project, job_name)[source]

	Bases: pyiron_base.job.generic.GenericJob

ExampleJob generating a list of random numbers to simulate energy fluctuations.


	Parameters

	
	project (ProjectHDFio) – ProjectHDFio instance which points to the HDF5 file the job is stored in


	job_name (str) – name of the job, which has to be unique within the project









	
.. attribute:: job_name

	name of the job, which has to be unique within the project






	
.. attribute:: status

	
	execution status of the job, can be one of the following [initialized, appended, created, submitted, running,
	aborted, collect, suspended, refresh, busy, finished]










	
.. attribute:: job_id

	unique id to identify the job in the pyiron database






	
.. attribute:: parent_id

	job id of the predecessor job - the job which was executed before the current one in the current job series






	
.. attribute:: master_id

	job id of the master job - a meta job which groups a series of jobs, which are executed either in parallel or in
serial.






	
.. attribute:: child_ids

	list of child job ids - only meta jobs have child jobs - jobs which list the meta job as their master






	
.. attribute:: project

	Project instance the jobs is located in






	
.. attribute:: project_hdf5

	ProjectHDFio instance which points to the HDF5 file the job is stored in






	
.. attribute:: job_info_str

	short string to describe the job by it is job_name and job ID - mainly used for logging






	
.. attribute:: working_directory

	working directory of the job is executed in - outside the HDF5 file






	
.. attribute:: path

	path to the job as a combination of absolute file system path and path within the HDF5 file.






	
.. attribute:: version

	Version of the hamiltonian, which is also the version of the executable unless a custom executable is used.






	
.. attribute:: executable

	Executable used to run the job - usually the path to an external executable.






	
.. attribute:: library_activated

	For job types which offer a Python library pyiron can use the python library instead of an external executable.






	
.. attribute:: server

	Server object to handle the execution environment for the job.






	
.. attribute:: queue_id

	the ID returned from the queuing system - it is most likely not the same as the job ID.






	
.. attribute:: logger

	logger object to monitor the external execution and internal pyiron warnings.






	
.. attribute:: restart_file_list

	list of files which are used to restart the calculation from these files.






	
.. attribute:: job_type

	
	Job type object with all the available job types: [‘ExampleJob’, ‘SerialMaster’, ‘ParallelMaster’, ‘ScriptJob’,
	‘ListMaster’]










	
collect_logfiles()[source]

	Collect the errors from the info.log file and store them in the HDF5 file






	
collect_output()[source]

	Parse the output files of the example job and store the results in the HDF5 File.






	
collect_output_log(file_name='output.log')[source]

	general purpose routine to extract output from logfile


	Parameters

	file_name (str) – output.log - optional










	
collect_warnings()[source]

	Collect the warnings if any were written to the info.log file and store them in the HDF5 file






	
from_hdf(hdf=None, group_name=None)[source]

	Restore the ExampleJob object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
interactive_close()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job. After the
interactive execution, the job can be closed using the interactive_close function.






	
run_if_interactive()[source]

	Run the job as Python library and store the result in the HDF5 File.


	Returns

	job ID



	Return type

	int










	
set_input_to_read_only()[source]

	This function enforces read-only mode for the input classes, but it has to be implement in the individual
classes.






	
to_hdf(hdf=None, group_name=None)[source]

	Store the ExampleJob object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
write_input()[source]

	Call routines that generate the codespecifc input files
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pyiron.testing package


Submodules



	pyiron.testing.executable module

	pyiron.testing.randomatomistic module








Module contents
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pyiron.thermodynamics.hessian module


	
class pyiron.thermodynamics.hessian.HessianJob(project, job_name)[source]

	Bases: pyiron.atomistics.job.interactive.GenericInteractive


	
calculate_forces()[source]

	




	
from_hdf(hdf=None, group_name=None)[source]

	Restore the ExampleJob object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
interactive_cells_getter()[source]

	




	
interactive_cells_setter(cell)[source]

	




	
interactive_close()[source]

	Returns:






	
interactive_collect()[source]

	




	
interactive_energy_pot_getter()[source]

	




	
interactive_energy_tot_getter()[source]

	




	
interactive_forces_getter()[source]

	




	
interactive_initialize_interface()[source]

	




	
interactive_positions_getter()[source]

	




	
interactive_positions_setter(positions)[source]

	




	
interactive_pressures_getter()[source]

	




	
interactive_volume_getter()[source]

	




	
run_if_interactive()[source]

	Run the job as Python library and store the result in the HDF5 File.


	Returns

	job ID



	Return type

	int










	
run_static()[source]

	The run static function is called by run to execute the simulation.






	
set_elastic_moduli(bulk_modulus=0, shear_modulus=0)[source]

	




	
set_force_constants(force_constants)[source]

	




	
set_reference_structure(structure)[source]

	




	
property structure

	Returns:






	
to_hdf(hdf=None, group_name=None)[source]

	Store the ExampleJob object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
validate_ready_to_run()[source]

	Returns:
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pyiron.thermodynamics.interfacemethod module

pyiron based implementation of the coexistence method. Currently this functionality is primarly used as part
of the melting point simulation protocol which is available at:
https://github.com/pyiron/pyiron_meltingpoint


	
pyiron.thermodynamics.interfacemethod.analyse_minimized_structure(ham)[source]

	
	Parameters

	ham (GenericJob) – 





Returns:






	
pyiron.thermodynamics.interfacemethod.analyse_structure(structure, mode='total', diamond=False)[source]

	Use either common neighbor analysis or the diamond structure detector


	Parameters

	
	structure (pyiron.structure.atoms.Atoms) – The structure to analyze.


	mode ("total"/"numeric"/"str") – Controls the style and level
of detail of the output.
- total : return number of atoms belonging to each structure
- numeric : return a per atom list of numbers- 0 for unknown,


1 fcc, 2 hcp, 3 bcc and 4 icosa





	str : return a per atom string of sructures







	diamond (bool) – Flag to either use the diamond structure detector or
the common neighbor analysis.






	Returns

	(depends on mode)










	
pyiron.thermodynamics.interfacemethod.calc_temp_iteration(basis, temperature_next, project_parameter, timestep, nve_run_time_steps, fit_range, center, debug_plot=True)[source]

	
	Parameters

	
	basis – 


	temperature_next – 


	project_parameter – 


	timestep – 


	nve_run_time_steps – 


	fit_range – 


	center – 


	debug_plot – 








Returns:






	
pyiron.thermodynamics.interfacemethod.check_diamond(structure)[source]

	Utility function to check if the structure is fcc, bcc, hcp or diamond


	Parameters

	structure (pyiron.structure.atoms.Atoms) – Atomistic Structure object to check



	Returns

	true if diamond else false



	Return type

	bool










	
pyiron.thermodynamics.interfacemethod.check_for_holes(temperature_next, strain_value_lst, nve_run_time_steps, project_parameter, debug_plot=True)[source]

	
	Parameters

	
	temperature_next – 


	strain_value_lst – 


	nve_run_time_steps – 


	project_parameter – 


	debug_plot – 








Returns:






	
pyiron.thermodynamics.interfacemethod.create_job_template(job_name, structure, project_parameter)[source]

	Create a job template using the project_parameter dictionary. The dictionary has to contain the following keys:
- job_type: Type of Simulation code to be used
- project: Project object used to create the job
- potential: Interatomic Potential
- queue (optional): HPC Job queue to be used


	Parameters

	
	job_name (str) – Name of the job object


	structure (pyiron.structure.atoms.Atoms) – Atomistic Structure object to be set to the job as input sturcture


	project_parameter (dict) – Dictionary with the project parameters






	Returns

	New job object



	Return type

	GenericJob










	
pyiron.thermodynamics.interfacemethod.fix_iso(job)[source]

	Add couple xyz to the fix_ensemble inside LAMMPS


	Parameters

	job (LAMMPS) – Lammps job object



	Returns

	Return updated job object



	Return type

	LAMMPS










	
pyiron.thermodynamics.interfacemethod.fix_z_dir(job)[source]

	Rather than fixing all directions only fix the z-direction during an NPT simulation


	Parameters

	job (LAMMPS) – Lammps job object



	Returns

	Return updated job object



	Return type

	LAMMPS










	
pyiron.thermodynamics.interfacemethod.freeze_one_half(basis)[source]

	Split the structure into two parts along the z-axis and then freeze the position of the atoms
of the upper part (z>0.5) by setting selective dynamics to False.


	Parameters

	basis (pyiron.structure.atoms.Atoms) – Atomistic structure object



	Returns

	Atomistic structure object with half of the atoms fixed



	Return type

	pyiron.structure.atoms.Atoms










	
pyiron.thermodynamics.interfacemethod.generate_random_seed(project_parameter)[source]

	Generate random seed for project parameters


	Parameters

	project_parameter (dict) – 



	Returns

	The project parameters dictionary including the key ‘seed’



	Return type

	dict










	
pyiron.thermodynamics.interfacemethod.generate_structure(project_parameter)[source]

	
	Parameters

	project_parameter – 





Returns:






	
pyiron.thermodynamics.interfacemethod.get_center_point(strain_result_lst=None, pressure_result_lst=None, center=None)[source]

	
	Parameters

	
	strain_result_lst – 


	pressure_result_lst – 


	center – 








Returns:






	
pyiron.thermodynamics.interfacemethod.get_initial_melting_temperature_guess(project_parameter, ham_minimize_vol, temperature_next=None)[source]

	
	Parameters

	
	project_parameter – 


	ham_minimize_vol – 


	temperature_next – 








Returns:






	
pyiron.thermodynamics.interfacemethod.get_nve_job_name(temperature_next, strain, steps_lst, nve_run_time_steps)[source]

	
	Parameters

	
	temperature_next – 


	strain – 


	steps_lst – 


	nve_run_time_steps – 








Returns:






	
pyiron.thermodynamics.interfacemethod.get_press(ham, step=20)[source]

	
	Parameters

	
	ham – 


	step – 








Returns:






	
pyiron.thermodynamics.interfacemethod.get_strain_lst(fit_range=0.02, points=21, strain_result_lst=None, pressure_result_lst=None, center=None)[source]

	
	Parameters

	
	fit_range – 


	points – 


	strain_result_lst – 


	pressure_result_lst – 


	center – 








Returns:






	
pyiron.thermodynamics.interfacemethod.get_voronoi_volume(temperature_next, strain_lst, nve_run_time_steps, project_parameter)[source]

	
	Parameters

	
	temperature_next – 


	strain_lst – 


	nve_run_time_steps – 


	project_parameter – 








Returns:






	
pyiron.thermodynamics.interfacemethod.half_velocity(job, temperature)[source]

	Rather than setting twice the kinetic energy at the beginning of a molecular dynamics simulation reduce the
velocity to half the initial velocity. This is required to continue MD claculation.


	Parameters

	
	job (LAMMPS) – Lammps job object


	temperature (float) – Temperature of the molecular dynamics calculation in K






	Returns

	Return updated job object



	Return type

	LAMMPS










	
pyiron.thermodynamics.interfacemethod.initialise_iterators(project_parameter)[source]

	
	Parameters

	project_parameter – 





Returns:






	
pyiron.thermodynamics.interfacemethod.minimize_pos(structure, project_parameter, max_iter=1000)[source]

	Minimize the positions in a given structure using the job type defined in the project_parameters, which
contains the following keys:
- job_type: Type of Simulation code to be used
- project: Project object used to create the job
- potential: Interatomic Potential
- queue (optional): HPC Job queue to be used


	Parameters

	
	structure (pyiron.structure.atoms.Atoms) – Atomistic Structure object to be set to the job as input sturcture


	project_parameter (dict) – Dictionary wtih the project parameters


	max_iter (int) – Maximum number of steps during minimization






	Returns

	job object used to execute the calculation










	
pyiron.thermodynamics.interfacemethod.minimize_vol(structure, project_parameter, max_iter=1000)[source]

	Minimize the volume for a given structure using the job type defined in the project_parameters, which
contains the following keys:
- job_type: Type of Simulation code to be used
- project: Project object used to create the job
- potential: Interatomic Potential
- queue (optional): HPC Job queue to be used


	Parameters

	
	structure (pyiron.structure.atoms.Atoms) – Atomistic Structure object to be set to the job as input sturcture


	project_parameter (dict) – Dictionary with the project parameters


	max_iter (int) – Maximum number of steps during minimization






	Returns

	job object used to execute the calculation










	
pyiron.thermodynamics.interfacemethod.next_calc(structure, temperature, project_parameter, run_time_steps=10000)[source]

	Calculate NPT ensemble at a given temperature using the job defined in the project parameters:
- job_type: Type of Simulation code to be used
- project: Project object used to create the job
- potential: Interatomic Potential
- queue (optional): HPC Job queue to be used


	Parameters

	
	structure (pyiron.structure.atoms.Atoms) – Atomistic Structure object to be set to the job as input sturcture


	temperature (float) – Temperature of the Molecular dynamics calculation


	project_parameter (dict) – Dictionary with the project parameters


	run_time_steps (int) – Number of Molecular dynamics steps






	Returns

	Final Atomistic Structure object










	
pyiron.thermodynamics.interfacemethod.next_step_funct(number_of_atoms, key_max, structure_left, structure_right, temperature_left, temperature_right, distribution_initial_half, structure_after_minimization, run_time_steps, project_parameter)[source]

	
	Parameters

	
	number_of_atoms – 


	key_max – 


	structure_left – 


	structure_right – 


	temperature_left – 


	temperature_right – 


	distribution_initial_half – 


	structure_after_minimization – 


	run_time_steps – 


	project_parameter – 








Returns:






	
pyiron.thermodynamics.interfacemethod.npt_liquid(temperature_solid, temperature_liquid, basis, project_parameter, timestep=1.0)[source]

	Calculate NPT ensemble at a given temperature while initally freezing the position of the atoms
of the upper part (z>0.5) and afterwards calculating the full sample at a lower temperature.
These steps are used to construct the solid liquid interface as part of the coexistence approach.
For the calculations the job object is defined in the project parameters:
- job_type: Type of Simulation code to be used
- project: Project object used to create the job
- potential: Interatomic Potential
- queue (optional): HPC Job queue to be used


	Parameters

	
	temperature_solid (flaot) – Temperature to simulate the whole structure


	temperature_liquid (float) – Temperature to simulate the upper half of the structure


	basis (pyiron.structure.atoms.Atoms) – Atomistic Structure object to be set to the job as input sturcture


	project_parameter (dict) – Dictionary with the project parameters


	timestep (float) – Molecular dynamics time step






	Returns

	job object used to execute the calculation










	
pyiron.thermodynamics.interfacemethod.npt_solid(temperature, basis, project_parameter, timestep=1.0)[source]

	Calculate NPT ensemble at a given temperature using the job defined in the project parameters:
- job_type: Type of Simulation code to be used
- project: Project object used to create the job
- potential: Interatomic Potential
- queue (optional): HPC Job queue to be used


	Parameters

	
	temperature (float) – Temperature of the Molecular dynamics calculation


	basis (pyiron.structure.atoms.Atoms) – Atomistic Structure object to be set to the job as input sturcture


	project_parameter (dict) – Dictionary with the project parameters


	timestep (float) – Molecular dynamics time step






	Returns

	job object used to execute the calculation










	
pyiron.thermodynamics.interfacemethod.plot_equilibration(temperature_next, strain_lst, nve_run_time_steps, project_parameter, debug_plot=True)[source]

	
	Parameters

	
	temperature_next – 


	strain_lst – 


	nve_run_time_steps – 


	project_parameter – 


	debug_plot – 








Returns:






	
pyiron.thermodynamics.interfacemethod.plot_melting_point_prediction(strain_value_lst, pressure_value_lst, temperature_value_lst, boundary_value=0.25, debug_plot=True)[source]

	
	Parameters

	
	strain_value_lst – 


	pressure_value_lst – 


	temperature_value_lst – 


	boundary_value – 


	debug_plot – 








Returns:






	
pyiron.thermodynamics.interfacemethod.plot_solid_liquid_ratio(temperature_next, strain_lst, nve_run_time_steps, project_parameter, debug_plot=True)[source]

	
	Parameters

	
	temperature_next – 


	strain_lst – 


	nve_run_time_steps – 


	project_parameter – 


	debug_plot – 








Returns:






	
pyiron.thermodynamics.interfacemethod.ratio_selection(strain_lst, ratio_lst, pressure_lst, temperature_lst, ratio_boundary, debug_plot=True)[source]

	
	Parameters

	
	strain_lst – 


	ratio_lst – 


	pressure_lst – 


	temperature_lst – 


	ratio_boundary – 


	debug_plot – 








Returns:






	
pyiron.thermodynamics.interfacemethod.remove_selective_dynamics(basis)[source]

	If the selective dyanmics tag is set, allow all atoms to move by setting selective dynamics to True


	Parameters

	basis (pyiron.structure.atoms.Atoms) – Atomistic structure object



	Returns

	Atomistic structure object with selective dynamics set to True



	Return type

	Atoms










	
pyiron.thermodynamics.interfacemethod.round_temperature_next(temperature_next)[source]

	Round temperature to the last two dicits


	Parameters

	temperature_next (float) – Temperature



	Returns

	rounded temperature



	Return type

	float










	
pyiron.thermodynamics.interfacemethod.set_server(job, project_parameter)[source]

	Set the potential, queue and cpu_cores defined in the project_parameter dictionary to the job object.


	Parameters

	
	job (GenericJob) – Job object


	project_parameter (dict) – Dictionary with the keys potential and cpu_cores and optionally queue






	Returns

	Updated job object



	Return type

	GenericJob










	
pyiron.thermodynamics.interfacemethod.setup_liquid_job(job_name, basis, temperature, project_parameter, timestep=1.0)[source]

	Calculate NPT ensemble at a given temperature while freezing the position of the atoms
of the upper part (z>0.5) amd the using the job defined in the project parameters:
- job_type: Type of Simulation code to be used
- project: Project object used to create the job
- potential: Interatomic Potential
- queue (optional): HPC Job queue to be used


	Parameters

	
	job_name (str) – Job name for the liquid calculation


	basis (pyiron.structure.atoms.Atoms) – Atomistic Structure object to be set to the job as input sturcture


	temperature (float) – Temperature of the Molecular dynamics calculation


	project_parameter (dict) – Dictionary with the project parameters


	timestep (float) – Molecular dynamics time step






	Returns

	job object used to execute the calculation










	
pyiron.thermodynamics.interfacemethod.strain_circle(basis_relative, temperature_next, nve_run_time_steps, project_parameter, timestep=1.0, strain_result_lst=None, pressure_result_lst=None, center=None, fit_range=0.02)[source]

	
	Parameters

	
	basis_relative – 


	temperature_next – 


	nve_run_time_steps – 


	project_parameter – 


	timestep – 


	strain_result_lst – 


	pressure_result_lst – 


	center – 


	fit_range – 








Returns:






	
pyiron.thermodynamics.interfacemethod.validate_convergence(pr, temperature_left, temperature_next, temperature_right, enable_iteration, timestep_iter, timestep_lst, timestep, fit_range_iter, fit_range_lst, fit_range, nve_run_time_steps_iter, nve_run_time_steps_lst, nve_run_time_steps, strain_result_lst, pressure_result_lst, step_count, step_dict, boundary_value, ratio_boundary, convergence_goal, output_file='melting.json')[source]

	
	Parameters

	
	pr – 


	temperature_left – 


	temperature_next – 


	temperature_right – 


	enable_iteration – 


	timestep_iter – 


	timestep_lst – 


	timestep – 


	fit_range_iter – 


	fit_range_lst – 


	fit_range – 


	nve_run_time_steps_iter – 


	nve_run_time_steps_lst – 


	nve_run_time_steps – 


	strain_result_lst – 


	pressure_result_lst – 


	step_count – 


	step_dict – 


	boundary_value – 


	ratio_boundary – 


	convergence_goal – 


	output_file – 








Returns:
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pyiron.thermodynamics.sxphonons module


	
class pyiron.thermodynamics.sxphonons.SxDynMat(project, job_name)[source]

	Bases: pyiron_base.job.generic.GenericJob


	
property child_id_lst

	




	
property child_lst

	




	
collect_logfiles()[source]

	Collect the log files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual hamiltonians.






	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual hamiltonians.






	
get_hesse_matrix()[source]

	




	
static matrix_to_str(matrix)[source]

	Function to convert an numpy matrix to an Sphinx input compatible matrix.


	Parameters

	matrix (numpy.d2type) – the matrix to be converted



	Returns

	the matrix representation in the Sphinx input.



	Return type

	str










	
static vector_to_str(vector)[source]

	Function to convert an numpy vector to an Sphinx input compatible vector.


	Parameters

	vector (numpy.d2type) – the vector to be converted



	Returns

	the vector representation in the Sphinx input.



	Return type

	str










	
write_input()[source]

	Write the input files for the external executable. This method has to be implemented in the individual
hamiltonians.






	
write_sxdynmat(file_name='sxdynmat.sx', cwd=None)[source]

	








	
class pyiron.thermodynamics.sxphonons.SxHarmPotTst(project, job_name)[source]

	Bases: pyiron.atomistics.job.atomistic.AtomisticGenericJob


	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual hamiltonians.






	
from_hdf(hdf=None, group_name=None)[source]

	Restore the ExampleJob object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
get_hesse_matrix()[source]

	




	
property md_job

	




	
set_input_to_read_only()[source]

	This function enforces read-only mode for the input classes, but it has to be implement in the individual
classes.






	
to_hdf(hdf=None, group_name=None)[source]

	Store the ExampleJob object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
validate_ready_to_run()[source]

	Returns:






	
write_harmpot(cwd, file_name='harmpot.sx')[source]

	




	
write_input()[source]

	Write the input files for the external executable. This method has to be implemented in the individual
hamiltonians.






	
write_structure(cwd, file_name='structure_wrapper.sx')[source]

	








	
class pyiron.thermodynamics.sxphonons.SxPhonons(project, job_name)[source]

	Bases: pyiron.atomistics.master.parallel.AtomisticParallelMaster


	
collect_output()[source]

	Returns:






	
get_hesse_matrix()[source]

	




	
run_static()[source]

	The run_static function is executed within the GenericJob class and depending on the run_mode of the
Parallelmaster and its child jobs a more specific run function is selected.










	
class pyiron.thermodynamics.sxphonons.SxPhononsJobGenerator(master)[source]

	Bases: pyiron_base.master.parallel.JobGenerator


	
static job_name(parameter)[source]

	Return new job name from parameter object.  The next child job created
will have this name.  Subclasses may override this to give custom job
names.


	Parameters

	parameter (type) – current parameter object drawn from :attribute:`.parameter_list`.



	Returns

	job name for the next child job



	Return type

	str










	
modify_job(job, parameter)[source]

	Modify next job with the parameter object.  job is already the newly
created job object cloned from the template job, so this function has
to return the same instance, but may (and should) modify it.


	Parameters

	
	job (GenericJob) – new job instance


	parameter (type) – current parameter object drawn from :attribute:`.parameter_list`.






	Returns

	must be the given job



	Return type

	GenericJob










	
property parameter_list

	Returns:
(list)










	
class pyiron.thermodynamics.sxphonons.SxUniqDispl(project, job_name)[source]

	Bases: pyiron.atomistics.job.atomistic.AtomisticGenericJob


	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual hamiltonians.






	
extract_structure(working_directory)[source]

	




	
from_hdf(hdf=None, group_name=None)[source]

	Restore the ExampleJob object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
property id_pyi_to_spx

	




	
property id_spx_to_pyi

	




	
list_structures()[source]

	




	
set_input_to_read_only()[source]

	This function enforces read-only mode for the input classes, but it has to be implement in the individual
classes.






	
to_hdf(hdf=None, group_name=None)[source]

	Store the ExampleJob object in the HDF5 File


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
write_input()[source]

	Write the input files for the external executable. This method has to be implemented in the individual
hamiltonians.






	
write_structure(cwd, file_name='structure_wrapper.sx')[source]
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pyiron.thermodynamics package


Submodules



	pyiron.thermodynamics.hessian module

	pyiron.thermodynamics.interfacemethod module

	pyiron.thermodynamics.sxphonons module








Module contents
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pyiron.vasp.base module


	
class pyiron.vasp.base.DFTOutput[source]

	Bases: object

This class stores the DFT specific output


	
log_dict

	A dictionary of all tags and values of DFT data


	Type

	dict










	
from_hdf(hdf)[source]

	Reads the attributes and reconstructs the object from a hdf file
:param hdf: The hdf5 instance






	
to_hdf(hdf)[source]

	Save the object in a HDF5 file


	Parameters

	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – HDF path to which the object is to be saved














	
class pyiron.vasp.base.GenericOutput[source]

	Bases: object

This class stores the generic output like different structures, energies and forces from a simulation in a highly
generic format. Usually the user does not have to access this class.


	
log_dict

	A dictionary of all tags and values of generic data (positions, forces, etc)


	Type

	dict










	
property bands

	




	
from_hdf(hdf)[source]

	Reads the attributes and reconstructs the object from a hdf file
:param hdf: The hdf5 instance






	
to_hdf(hdf)[source]

	Save the object in a HDF5 file


	Parameters

	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – HDF path to which the object is to be saved














	
class pyiron.vasp.base.Incar(input_file_name=None, table_name='incar')[source]

	Bases: pyiron_base.generic.parameters.GenericParameters

Class to control the INCAR file of a vasp simulation


	
load_default()[source]

	Loads the default file content










	
class pyiron.vasp.base.Input[source]

	Bases: object

Handles setting the input parameters for a VASP job.


	
incar

	.vasp.vasp.Incar instance to handle the INCAR file inputs in VASP






	
kpoints

	vasp.vasp.Kpoints instance to handle the KPOINTS file inputs in VASP






	
potcar

	vasp.vasp.Potcar instance to set the appropriate POTCAR files for the simulation





Ideally, the user would not have to access the Input instance unless the user wants to set an extremely specific
VASP tag which can’t se set using functions in Vasp().

Examples

>>> atoms =  CrystalStructure("Pt", BravaisBasis="fcc", a=3.98)
>>> ham = VaspBase("trial")
>>> ham.structure = atoms
>>> ham.calc_static()
>>> assert(atoms==ham.structure)
>>> assert(ham.input.incar["ISIF"]==-1)






	
from_hdf(hdf)[source]

	Reads the attributes and reconstructs the object from a hdf file


	Parameters

	hdf – The hdf5 instance










	
to_hdf(hdf)[source]

	Save the object in a HDF5 file


	Parameters

	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – HDF path to which the object is to be saved










	
write(structure, modified_elements, directory=None)[source]

	Writes all the input files to a specified directory


	Parameters

	
	structure (atomistics.structure.atoms.Atoms instance) – Structure to be written


	directory (str) – The working directory for the VASP run

















	
class pyiron.vasp.base.Kpoints(input_file_name=None, table_name='kpoints')[source]

	Bases: pyiron_base.generic.parameters.GenericParameters

Class to control the KPOINTS file of a vasp simulation


	
from_hdf(hdf, group_name=None)[source]

	Restore the GenericParameters from an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object


	group_name (str) – HDF5 subgroup name - optional













	
load_default()[source]

	Loads the default file content






	
set_kmesh_by_density(structure)[source]

	




	
set_kpoints_file(method=None, size_of_mesh=None, shift=None, n_path=None, path=None)[source]

	Sets appropriate tags and values in the KPOINTS file
:param method: Type of meshing scheme (Gamma, MP, Manual or Line)
:type method: str
:param size_of_mesh: List of size 1x3 specifying the required mesh size
:type size_of_mesh: list/numpy.ndarray
:param shift: List of size 1x3 specifying the user defined shift from the Gamma point
:type shift: list
:param n_path: Number of points per trace for line mode
:type n_path: int
:param path: List of tuples including path coorinate and name.
:type path: list






	
to_hdf(hdf, group_name=None)[source]

	Store the GenericParameters in an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object


	group_name (str) – HDF5 subgroup name - optional

















	
class pyiron.vasp.base.Output[source]

	Bases: object

Handles the output from a VASP simulation.


	
electronic_structure

	Gives the electronic structure of the system






	
electrostatic_potential

	Gives the electrostatic/local potential of the system






	
charge_density

	Gives the charge density of the system






	
collect(directory='/home/docs/checkouts/readthedocs.org/user_builds/pyiron/checkouts/pyiron-0.3.23/docs', sorted_indices=None)[source]

	Collects output from the working directory


	Parameters

	
	directory (str) – Path to the directory


	sorted_indices (np.array/None) – 













	
from_hdf(hdf)[source]

	Reads the attributes and reconstructs the object from a hdf file
:param hdf: The hdf5 instance






	
property structure

	Getter for the output structure






	
to_hdf(hdf)[source]

	Save the object in a HDF5 file


	Parameters

	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – HDF path to which the object is to be saved














	
class pyiron.vasp.base.VaspBase(project, job_name)[source]

	Bases: pyiron.dft.job.generic.GenericDFTJob

Class to setup and run and analyze VASP simulations which is a derivative of pyiron.objects.job.generic.GenericJob.
The functions in these modules are written in such the function names and attributes are very generic
(get_structure(), molecular_dynamics(), version) but the functions are written to handle VASP specific input/output.


	Parameters

	
	project (pyiron.project.Project instance) – Specifies the project path among other attributes


	job_name (str) – Name of the job









	
input

	Instance which handles the input


	Type

	pyiron.vasp.vasp.Input









Examples

Let’s say you need to run a vasp simulation where you would like to control the input parameters manually. To
set up a static dft run with Gaussian smearing and a k-point MP mesh of [6, 6, 6]. You would have to set it up
as shown below:

>>> ham = VaspBase(job_name="trial_job")
>>> ham.input.incar[IBRION] = -1
>>> ham.input.incar[ISMEAR] = 0
>>> ham.input.kpoints.set_kpoints_file(size_of_mesh=[6, 6, 6])





However, the according to pyiron’s philosophy, it is recommended to avoid using code specific tags like IBRION,
ISMEAR etc. Therefore the recommended way to set this calculation is as follows:

>>> ham = VaspBase(job_name="trial_job")
>>> ham.calc_static()
>>> ham.set_occupancy_smearing(smearing="gaussian")
>>> ham.set_kpoints(mesh=[6, 6, 6])
The exact same tags as in the first examples are set automatically.






	
append_charge_density(job_specifier=None, path=None)[source]

	Append charge density file (CHGCAR)


	Parameters

	
	job_specifier (str/int) – name of the job or job ID


	path (str) – path to CHGCAR file













	
append_wave_function(job_specifier=None, path=None)[source]

	Append wave function file (WAVECAR)


	Parameters

	
	job_specifier (str/int) – name of the job or job ID


	path (str) – path to WAVECAR file













	
calc_md(temperature=None, n_ionic_steps=1000, n_print=1, time_step=1.0, retain_charge_density=False, retain_electrostatic_potential=False, **kwargs)[source]

	Sets appropriate tags for molecular dynamics in VASP


	Parameters

	
	temperature (int/float/list) – Temperature/ range of temperatures in Kelvin


	n_ionic_steps (int) – Maximum number of ionic steps


	n_print (int) – Prints outputs every n_print steps


	time_step (float) – time step (fs)


	retain_charge_density (bool) – True id the charge density should be written


	retain_electrostatic_potential (bool) – True if the electrostatic potential should be written













	
calc_minimize(electronic_steps=60, ionic_steps=100, max_iter=None, pressure=None, algorithm=None, retain_charge_density=False, retain_electrostatic_potential=False, ionic_energy=None, ionic_forces=None, ionic_energy_tolerance=None, ionic_force_tolerance=None, volume_only=False)[source]

	Function to setup the hamiltonian to perform ionic relaxations using DFT. The ISIF tag has to be supplied
separately.


	Parameters

	
	electronic_steps (int) – Maximum number of electronic steps


	ionic_steps (int) – Maximum number of ionic


	max_iter (int) – Maximum number of iterations


	pressure (float) – External pressure to be applied


	algorithm (str) – Type of VASP algorithm to be used “Fast”/”Accurate”


	retain_charge_density (bool) – True if the charge density should be written


	retain_electrostatic_potential (boolean) – True if the electrostatic potential should be written


	ionic_energy_tolerance (float) – Ionic energy convergence criteria (eV)


	ionic_force_tolerance (float) – Ionic forces convergence criteria (overwrites ionic energy) (ev/A)


	ionic_energy (float) – Same as ionic_energy_tolerance (deprecated)


	ionic_forces (float) – Same as ionic_force_tolerance (deprecated)


	volume_only (bool) – Option to relax only the volume (keeping the relative coordinates fixed













	
calc_static(electronic_steps=100, algorithm=None, retain_charge_density=False, retain_electrostatic_potential=False)[source]

	Function to setup the hamiltonian to perform static SCF DFT runs.


	Parameters

	
	electronic_steps (int) – Maximum number of electronic steps


	algorithm (str) – Type of VASP algorithm to be used “Fast”/”Accurate”


	retain_charge_density (bool) – True if


	retain_electrostatic_potential (bool) – True/False













	
cleanup(files_to_remove=('WAVECAR', 'CHGCAR', 'CHG', 'vasprun.xml'))[source]

	Removes excess files (by default: WAVECAR, CHGCAR, CHG)






	
collect_errors()[source]

	Collects errors from the VASP run






	
collect_logfiles()[source]

	Collect errors and warnings.






	
collect_output()[source]

	Collects the outputs and stores them to the hdf file






	
collect_warnings()[source]

	Collects warnings from the VASP run






	
compress(files_to_compress=None)[source]

	Compress the output files of a job object.


	Parameters

	files_to_compress (list) – A list of files to compress (optional)










	
convergence_check()[source]

	Validate the convergence of the calculation.


	Returns

	If the calculation is converged



	Return type

	(bool)










	
copy_hamiltonian(job_name)[source]

	Copies a job to new one with a different name.


	Parameters

	job_name (str) – Job name



	Returns

	New job



	Return type

	pyiron.vasp.vasp.Vasp










	
property exchange_correlation_functional

	The exchange correlation functional used (LDA or GGA)






	
property fix_spin_constraint

	Tells if the type of constraints the spins have for this calculation


	Type

	bool










	
property fix_symmetry

	




	
from_directory(directory)[source]

	The Vasp instance is created by parsing the input and output from the specified directory


	Parameters

	directory (str) – Path to the directory










	
from_hdf(hdf=None, group_name=None)[source]

	Recreates instance from the hdf5 file


	Parameters

	
	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – The HDF file/path to read the data from


	group_name (str) – The name of the group under which the data must be stored as













	
get_charge_density()[source]

	Gets the charge density from the hdf5 file. This value is normalized by the volume


	Returns

	atomistics.volumetric.generic.VolumetricData instance










	
get_eddrmm_handling()[source]

	
	Returns

	status of EDDRMM handling



	Return type

	str










	
get_electrostatic_potential()[source]

	Gets the electrostatic potential from the hdf5 file.


	Returns

	atomistics.volumetric.generic.VolumetricData instance










	
get_final_structure_from_file(filename='CONTCAR')[source]

	Get the final structure of the simulation usually from the CONTCAR file


	Parameters

	filename (str) – Path to the CONTCAR file in VASP



	Returns

	The final structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
get_icharg_value(icharg=None, self_consistent_calc=None)[source]

	Gives the correct ICHARG value for the restart calculation.


	Parameters

	
	icharg (int/None) – If given, this value will be checked for validity and returned.


	self_consistent_calc (bool/None) – If ‘True’ returns 1, if ‘False’ returns 11,
if ‘None’ returns based on the job either 1 or 11.






	Returns

	the icharg tag



	Return type

	int










	
get_kpoints()[source]

	




	
get_magnetic_moments(iteration_step=- 1)[source]

	Gives the magnetic moments of a calculation for each iteration step.


	Parameters

	iteration_step (int) – Step for which the structure is requested



	Returns

	array of final magmetic moments or None if no magnetic moment is given



	Return type

	numpy.ndarray/None










	
get_nelect()[source]

	Returns the number of electrons in the systems


	Returns

	Number of electrons in the system



	Return type

	float










	
get_rwigs()[source]

	Gets the radii of Wigner-Seitz cell. (RWIGS tag)


	Returns

	dictionary of radii



	Return type

	dict










	
list_potentials()[source]

	Lists all the possible POTCAR files for the elements in the structure depending on the XC functional


	Returns

	a list of available potentials



	Return type

	list










	
property plane_wave_cutoff

	Plane wave energy cutoff in eV






	
property potential

	




	
property potential_available

	




	
property potential_list

	




	
property potential_view

	




	
property publication

	




	
reset_output()[source]

	Resets the output instance






	
restart(job_name=None, job_type=None)[source]

	Restart a new job created from an existing Vasp calculation.


	Parameters

	
	job_name (str) – Job name


	job_type (str) – Job type. If not specified a Vasp job type is assumed






	Returns

	New job



	Return type

	new_ham (vasp.vasp.Vasp instance)










	
restart_for_band_structure_calculations(job_name=None)[source]

	Restart a new job created from an existing Vasp calculation by reading the charge density
for band structure calculations.


	Parameters

	job_name (str/None) – Job name



	Returns

	New job



	Return type

	new_ham (vasp.vasp.Vasp instance)










	
restart_from_charge_density(job_name=None, job_type=None, icharg=None, self_consistent_calc=None)[source]

	Restart a new job created from an existing Vasp calculation by reading the charge density.


	Parameters

	
	job_name (str/None) – Job name


	job_type (str/None) – Job type. If not specified a Vasp job type is assumed


	icharg (int/None) – If given, this value will be checked for validity and returned.


	self_consistent_calc (bool/None) – If ‘True’ returns 1, if ‘False’ returns 11,
if ‘None’ returns based on the job either 1 or 11.






	Returns

	New job



	Return type

	new_ham (vasp.vasp.Vasp instance)










	
restart_from_wave_and_charge(job_name=None, job_type=None, icharg=None, self_consistent_calc=None, istart=1)[source]

	Restart a new job created from an existing Vasp calculation by reading the charge density and the wave
function.


	Parameters

	
	job_name (str/None) – Job name


	job_type (str/None) – Job type. If not specified a Vasp job type is assumed


	icharg (int/None) – If given, this value will be checked for validity and returned.


	self_consistent_calc (bool/None) – If ‘True’ returns 1, if ‘False’ returns 11,
if ‘None’ returns based on the job either 1 or 11.


	istart (int) – Vasp ISTART tag






	Returns

	New job



	Return type

	new_ham (vasp.vasp.Vasp instance)










	
restart_from_wave_functions(job_name=None, job_type=None, istart=1)[source]

	Restart a new job created from an existing Vasp calculation by reading the wave functions.


	Parameters

	
	job_name (str/None) – Job name


	job_type (str/None) – Job type. If not specified a Vasp job type is assumed


	istart (int) – Vasp ISTART tag






	Returns

	New job



	Return type

	new_ham (vasp.vasp.Vasp instance)










	
set_algorithm(algorithm='Fast', ialgo=None)[source]

	Sets the type of electronic minimization algorithm


	Parameters

	
	algorithm (str) – Algorithm defined by VASP (Fast, Normal etc.)


	ialgo (int) – Sets the IALGO tag in VASP. If not none, this overwrites algorithm













	
set_convergence_precision(ionic_energy_tolerance=0.001, electronic_energy=1e-07, ionic_force_tolerance=0.01, ionic_energy=None, ionic_forces=None)[source]

	Sets the electronic and ionic convergence precision. For ionic convergence either the energy or the force
precision is required


	Parameters

	
	ionic_energy_tolerance (float) – Ionic energy convergence precision (eV)


	electronic_energy (float/NoneType) – Electronic energy convergence precision (eV)


	ionic_force_tolerance (float) – Ionic force convergence precision (eV/A)


	ionic_energy (float/NoneType) – Same as ionic_energy_tolerance (deprecated)


	ionic_forces (float/NoneType) – Same as ionic_force_tolerance (deprecated)













	
set_coulomb_interactions(interaction_type=2, ldau_print=True)[source]

	Write the on-site Coulomb interactions in the INCAR file


	Parameters

	
	interaction_type (int) – Type of Coulombic interaction
1 - Asimov method
2 - Dudarev method


	ldau_print (boolean) – True/False













	
set_dipole_correction(direction=2, dipole_center=None)[source]

	Apply a dipole correction using the dipole layer method proposed by Neugebauer & Scheffler [https://doi.org/10.1103/PhysRevB.46.16067]


	Parameters

	
	direction (int) – Direction along which the field has to be applied (0, 1, or 2)


	dipole_center (list/numpy.ndarray) – Position of the center of the dipole (not the center of the vacuum) in
relative coordinates













	
set_eddrmm_handling(status='warn')[source]

	Sets the way, how EDDRMM warning is handled.


	Parameters

	status (str) – new status of EDDRMM handling (can be ‘warn’, ‘ignore’, or ‘restart’)










	
set_electric_field(e_field=0.1, direction=2, dipole_center=None)[source]

	Set an external electric field using the dipole layer method proposed by Neugebauer & Scheffler [https://doi.org/10.1103/PhysRevB.46.16067]


	Parameters

	
	e_field (float) – Magnitude of the external electric field (eV/A)


	direction (int) – Direction along which the field has to be applied (0, 1, or 2)


	dipole_center (list/numpy.ndarray) – Position of the center of the dipole (not the center of the vacuum) in
relative coordinates













	
set_empty_states(n_empty_states=None)[source]

	Sets the number of empty states in the calculation
:param n_empty_states: Required number of empty states
:type n_empty_states: int






	
set_fft_mesh(nx=None, ny=None, nz=None)[source]

	Set the number of points in the respective directions for the 3D FFT mesh used for computing the charge density
or electrostatic potentials. In VASP, using PAW potentials, this refers to the “finer fft mesh”. If no values
are set, the default settings from Vasp are used to set the number of grid points.


	Parameters

	
	nx (int) – Number of points on the x-grid


	ny (int) – Number of points on the y-grid


	nz (int) – Number of points on the z-grid













	
set_for_band_structure_calc(num_points, structure=None, read_charge_density=True)[source]

	Sets up the input for a non self-consistent bandstructure calculation


	Parameters

	
	num_points (int) – Number of k-points along the total BZ path


	structure (atomistics.structure.atoms.Atoms instance) – Structure for which the bandstructure is to be
generated. (default is the input structure)


	read_charge_density (boolean) – If True, a charge density from a previous SCF run is used (recommended)













	
set_input_to_read_only()[source]

	This function enforces read-only mode for the input classes, but it has to be implement in the individual
classes.






	
set_mixing_parameters(method=None, n_pulay_steps=None, density_mixing_parameter=None, spin_mixing_parameter=None)[source]

	
	Parameters

	
	method (str) – 


	n_pulay_steps (int) – 


	density_mixing_parameter (float) – 


	spin_mixing_parameter (float) – 













	
set_occupancy_smearing(smearing='fermi', width=0.2, ismear=None)[source]

	Set how the finite temperature smearing is applied in determining partial occupancies


	Parameters

	
	smearing (str) – Type of smearing (fermi/gaussian etc.)


	width (float) – Smearing width (eV)


	ismear (int) – Directly sets the ISMEAR tag. Overwrites the smearing tag













	
set_rwigs(rwigs_dict)[source]

	Sets the radii of Wigner-Seitz cell. (RWIGS tag)


	Parameters

	rwigs_dict (dict) – Dictionary of species and corresponding radii.
(structure has to be defined before)










	
set_spin_constraint(lamb, rwigs_dict, direction=False, norm=False)[source]

	Sets spin constrains including ‘LAMBDA’ and ‘RWIGS’.


	Parameters

	
	lamb (float) – LAMBDA tag


	rwigs_dict (dict) – Dictionary of species and corresponding radii.
(structure has to be defined before)


	direction (bool) – (True/False) constrain spin direction.


	norm (bool) – (True/False) constrain spin norm (magnitude).













	
property sorted_indices

	How the original atom indices are ordered in the vasp format (species by species)






	
property spin_constraints

	Returns True if the calculation is spin constrained






	
stop_calculation(next_electronic_step=False)[source]

	Call to stop the VASP calculation


	Parameters

	next_electronic_step (bool) – True if the next electronic step should be calculated










	
property structure

	Returns:






	
to_hdf(hdf=None, group_name=None)[source]

	Stores the instance attributes into the hdf5 file


	Parameters

	
	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – The HDF file/path to write the data to


	group_name (str) – The name of the group under which the data must be stored as













	
validate_ready_to_run()[source]

	Returns:






	
property write_charge_density

	True if the charge density file CHGCAR file is/should be written






	
property write_electrostatic_potential

	True if the local potential or electrostatic potential LOCPOT file is/should be written






	
write_input()[source]

	Call routines that generate the INCAR, POTCAR, KPOINTS and POSCAR input files






	
write_magmoms()[source]

	Write the magnetic moments in INCAR from that assigned to the species






	
property write_resolved_dos

	True if the resolved DOS should be written (in the vasprun.xml file)






	
property write_wave_funct

	True if the wave function file WAVECAR file is/should be written










	
exception pyiron.vasp.base.VaspCollectError[source]

	Bases: ValueError






	
pyiron.vasp.base.get_k_mesh_by_cell(cell, kspace_per_in_ang=0.1)[source]

	
	Parameters

	
	cell – 


	kspace_per_in_ang – 








Returns:
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pyiron.vasp.interactive module


	
class pyiron.vasp.interactive.DFTOutput[source]

	Bases: pyiron.vasp.base.DFTOutput

This class stores the DFT specific output


	
log_dict

	A dictionary of all tags and values of DFT data


	Type

	dict










	
to_hdf(hdf)[source]

	Save the object in a HDF5 file


	Parameters

	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – HDF path to which the object is to be saved














	
class pyiron.vasp.interactive.GenericOutput[source]

	Bases: pyiron.vasp.base.GenericOutput

This class stores the generic output like different structures, energies and forces from a simulation in a highly
generic format. Usually the user does not have to access this class.


	
log_dict

	A dictionary of all tags and values of generic data (positions, forces, etc)


	Type

	dict










	
to_hdf(hdf)[source]

	Save the object in a HDF5 file


	Parameters

	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – HDF path to which the object is to be saved














	
class pyiron.vasp.interactive.Output[source]

	Bases: pyiron.vasp.base.Output

Handles the output from a VASP simulation.


	
electronic_structure

	Gives the electronic structure of the system






	
electrostatic_potential

	Gives the electrostatic/local potential of the system






	
charge_density

	Gives the charge density of the system










	
class pyiron.vasp.interactive.VaspInteractive(project, job_name)[source]

	Bases: pyiron.vasp.base.VaspBase, pyiron.atomistics.job.interactive.GenericInteractive


	
calc_md(temperature=None, n_ionic_steps=1000, n_print=1, time_step=1.0, retain_charge_density=False, retain_electrostatic_potential=False, **kwargs)[source]

	Sets appropriate tags for molecular dynamics in VASP


	Parameters

	
	temperature (int/float/list) – Temperature/ range of temperatures in Kelvin


	n_ionic_steps (int) – Maximum number of ionic steps


	n_print (int) – Prints outputs every n_print steps


	time_step (float) – time step (fs)


	retain_charge_density (bool) – True id the charge density should be written


	retain_electrostatic_potential (bool) – True if the electrostatic potential should be written













	
calc_minimize(electronic_steps=400, ionic_steps=100, max_iter=None, pressure=None, algorithm=None, retain_charge_density=False, retain_electrostatic_potential=False, ionic_energy=None, ionic_forces=None, ionic_energy_tolerance=None, ionic_force_tolerance=None, volume_only=False)[source]

	Function to setup the hamiltonian to perform ionic relaxations using DFT. The ISIF tag has to be supplied
separately.


	Parameters

	
	electronic_steps (int) – Maximum number of electronic steps


	ionic_steps (int) – Maximum number of ionic


	max_iter (int) – Maximum number of iterations


	pressure (float) – External pressure to be applied


	algorithm (str) – Type of VASP algorithm to be used “Fast”/”Accurate”


	retain_charge_density (bool) – True if the charge density should be written


	retain_electrostatic_potential (boolean) – True if the electrostatic potential should be written


	ionic_energy_tolerance (float) – Ionic energy convergence criteria (eV)


	ionic_force_tolerance (float) – Ionic forces convergence criteria (overwrites ionic energy) (ev/A)


	ionic_energy (float) – Same as ionic_energy_tolerance (deprecated)


	ionic_forces (float) – Same as ionic_force_tolerance (deprecated)


	volume_only (bool) – Option to relax only the volume (keeping the relative coordinates fixed













	
get_structure(iteration_step=- 1, wrap_atoms=True)[source]

	Gets the structure from a given iteration step of the simulation (MD/ionic relaxation). For static calculations
there is only one ionic iteration step
:param iteration_step: Step for which the structure is requested
:type iteration_step: int
:param wrap_atoms: True if the atoms are to be wrapped back into the unit cell
:type wrap_atoms: bool


	Returns

	The required structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
interactive_close()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job. After the
interactive execution, the job can be closed using the interactive_close function.






	
interactive_energy_pot_getter()[source]

	




	
interactive_energy_tot_getter()[source]

	




	
property interactive_enforce_structure_reset

	




	
interactive_fetch()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job. To access the
output data during the execution the interactive_fetch function is used.






	
interactive_forces_getter()[source]

	




	
interactive_initialize_interface()[source]

	




	
interactive_positions_setter(positions)[source]

	




	
run_if_interactive()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job.






	
run_if_interactive_non_modal()[source]

	For jobs which executables are available as Python library, those can also be executed with a library call
instead of calling an external executable. This is usually faster than a single core python job.






	
property structure

	Returns:






	
validate_ready_to_run()[source]

	Returns:
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pyiron.vasp.metadyn module


	
class pyiron.vasp.metadyn.MetadynInput[source]

	Bases: pyiron.vasp.base.Input


	
from_hdf(hdf)[source]

	Reads the attributes and reconstructs the object from a hdf file


	Parameters

	hdf – The hdf5 instance










	
to_hdf(hdf)[source]

	Save the object in a HDF5 file


	Parameters

	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – HDF path to which the object is to be saved










	
write(structure, modified_elements, directory=None)[source]

	Writes all the input files to a specified directory


	Parameters

	
	structure (atomistics.structure.atoms.Atoms instance) – Structure to be written


	directory (str) – The working directory for the VASP run

















	
class pyiron.vasp.metadyn.MetadynOutput[source]

	Bases: pyiron.vasp.base.Output


	
collect(directory='/home/docs/checkouts/readthedocs.org/user_builds/pyiron/checkouts/pyiron-0.3.23/docs', sorted_indices=None)[source]

	Collects output from the working directory


	Parameters

	
	directory (str) – Path to the directory


	sorted_indices (np.array/None) – 













	
to_hdf(hdf)[source]

	Save the object in a HDF5 file


	Parameters

	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – HDF path to which the object is to be saved














	
class pyiron.vasp.metadyn.VaspMetadyn(project, job_name)[source]

	Bases: pyiron.vasp.vasp.Vasp

Class to setup and run and analyze VASP and VASP metadynamics simulations. For more details see the appropriate VASP
documentation [https://cms.mpi.univie.ac.at/vasp/vasp/Advanced_MD_techniques.html]

This class is a derivative of pyiron.objects.job.generic.GenericJob. The functions in these modules are written in
such the function names and attributes are very generic (get_structure(), molecular_dynamics(), version) but the
functions are written to handle VASP specific input/output.


	Parameters

	
	project (pyiron.project.Project instance) – Specifies the project path among other attributes


	job_name (str) – Name of the job








Examples

Let’s say you need to run a vasp simulation where you would like to control the input parameters manually. To
set up a static dft run with Gaussian smearing and a k-point MP mesh of [6, 6, 6]. You would have to set it up
as shown below:

>>> ham = Vasp(job_name="trial_job")
>>> ham.input.incar[IBRION] = -1
>>> ham.input.incar[ISMEAR] = 0
>>> ham.input.kpoints.set(size_of_mesh=[6, 6, 6])





However, the according to pyiron’s philosophy, it is recommended to avoid using code specific tags like IBRION,
ISMEAR etc. Therefore the recommended way to set this calculation is as follows:

>>> ham = Vasp(job_name="trial_job")
>>> ham.calc_static()
>>> ham.set_occupancy_smearing(smearing="gaussian")
>>> ham.set_kpoints(mesh=[6, 6, 6])
The exact same tags as in the first examples are set automatically.






	
from_hdf(hdf=None, group_name=None)[source]

	Recreates instance from the hdf5 file


	Parameters

	
	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – The HDF file/path to read the data from


	group_name (str) – The name of the group under which the data must be stored as













	
set_complex_constraint(name, constraint_type, coefficient_dict, biased=False, increment=0.0)[source]

	Set complex constraints based on defined primitive constraints.


	Parameters

	
	name (str) – Name of the complex constraint


	constraint_type (str) – Type of the constraint  (has to be part of supported_complex_constraints


	coefficient_dict (dict) – Dictionary containing the primitive constraint name as the key and the
constraint coefficient as the values


	biased (bool) – True if potential bias is to be applied (biased MD and metadynamics calculations)


	increment (float) – Increment in the constraint variable at every time step













	
set_primitive_constraint(name, constraint_type, atom_indices, biased=False, increment=0.0)[source]

	Function to set primitive geometric constraints  in VASP.


	Parameters

	
	name (str) – Name of the constraint


	constraint_type (str) – Type of the constraint  (has to be part of supported_primitive_constraints


	atom_indices (int/list/numpy.ndarray) – Indices of the atoms for which the constraint should be applied


	biased (bool) – True if potential bias is to be applied (biased MD and metadynamics calculations)


	increment (float) – Increment in the constraint variable at every time step













	
to_hdf(hdf=None, group_name=None)[source]

	Stores the instance attributes into the hdf5 file


	Parameters

	
	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – The HDF file/path to write the data to


	group_name (str) – The name of the group under which the data must be stored as













	
write_constraints()[source]

	Function to write constraint parameters in the INCAR and ICONST files






	
write_input()[source]

	Call routines that generate the INCAR, POTCAR, KPOINTS and POSCAR input files
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pyiron.vasp.oszicar module


	
class pyiron.vasp.oszicar.Oszicar[source]

	Bases: object

This module is used to parse VASP OSZICAR files.


	
parse_dict

	A dictionary with all the useful quantities parsed from an OSZICAR file after from_file() is
executed


	Type

	dict










	
from_file(filename='OSZICAR')[source]

	




	
static get_energy_pot(lines)[source]

	











            

          

      

      

    

  

  
    
    
    pyiron.vasp.outcar module
    

    
 
  

    
      
          
            
  


pyiron.vasp.outcar module


	
class pyiron.vasp.outcar.Outcar[source]

	Bases: object

This module is used to parse VASP OUTCAR files.


	
parse_dict

	A dictionary with all the useful quantities parsed from an OUTCAR file after from_file() is
executed


	Type

	dict










	
from_file(filename='OUTCAR')[source]

	Parse and store relevant quantities from the OUTCAR file into parse_dict.


	Parameters

	filename (str) – Filename of the OUTCAR file to parse










	
from_hdf(hdf, group_name='outcar')[source]

	Load output from an HDF5 file


	Parameters

	
	hdf (pyiron_base.generic.hdfio.FileHDFio) – HDF5 group or file


	group_name (str) – Name of the HDF5 group













	
static get_all_total_energies(filename='OUTCAR', lines=None)[source]

	Gets the energy at every electronic step


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file






	Returns

	A list of energie for every electronic step at every ionic step



	Return type

	list










	
static get_band_properties(filename='OUTCAR', lines=None)[source]

	




	
static get_broyden_mixing_mesh(filename='OUTCAR', lines=None)[source]

	Gets the Broyden mixing mesh size


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file






	Returns

	Mesh size



	Return type

	int










	
get_cells(filename='OUTCAR', lines=None)[source]

	Gets the cell size and shape for every ionic step from the OUTCAR file


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file






	Returns

	A 3x3xM array of the cell shape in $AA$

where M is the number of time steps





	Return type

	numpy.ndarray










	
static get_dipole_moments(filename='OUTCAR', lines=None)[source]

	Get the electric dipole moment at every electronic step


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file






	Returns

	A list of dipole moments in (eA) for each electronic step



	Return type

	list










	
static get_elastic_constants(filename='OUTCAR', lines=None)[source]

	




	
static get_energy_sigma_0(filename='OUTCAR', lines=None)[source]

	Gets the total energy for every ionic step from the OUTCAR file


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file






	Returns

	A 1xM array of the total energies in $eV$

where M is the number of time steps





	Return type

	numpy.ndarray










	
static get_energy_without_entropy(filename='OUTCAR', lines=None)[source]

	Gets the total energy for every ionic step from the OUTCAR file


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file






	Returns

	A 1xM array of the total energies in $eV$

where M is the number of time steps





	Return type

	numpy.ndarray










	
static get_fermi_level(filename='OUTCAR', lines=None)[source]

	Getting the Fermi-level (Kohn_Sham) from the OUTCAR file


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file






	Returns

	The Kohn-Sham Fermi level in eV



	Return type

	float










	
get_forces(filename='OUTCAR', lines=None, n_atoms=None)[source]

	Gets the forces for every ionic step from the OUTCAR file


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file


	n_atoms (int/None) – number of ions in OUTCAR






	Returns

	A Nx3xM array of forces in $eV / AA$

where N is the number of atoms and M is the number of time steps





	Return type

	numpy.ndarray










	
static get_irreducible_kpoints(filename='OUTCAR', reciprocal=True, weight=True, planewaves=True, lines=None)[source]

	Function to extract the irreducible kpoints from the OUTCAR file


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	reciprocal (bool) – Get either the reciprocal or the cartesian coordinates


	weight (bool) – Get the weight assigned to the irreducible kpoints


	planewaves (bool) – Get the planewaves assigned to the irreducible kpoints


	lines (list/None) – lines read from the file






	Returns

	An array of k-points



	Return type

	numpy.ndarray










	
static get_kinetic_energy_error(filename='OUTCAR', lines=None)[source]

	Get the kinetic energy error


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file






	Returns

	The kinetic energy error in eV



	Return type

	float










	
static get_magnetization(filename='OUTCAR', lines=None)[source]

	Gets the magnetization


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file






	Returns

	A list with the mgnetization values



	Return type

	list










	
static get_nelect(filename='OUTCAR', lines=None)[source]

	Returns the number of electrons in the simulation


	Parameters

	
	filename (str) – OUTCAR filename


	lines (list/None) – lines read from the file






	Returns

	The number of electrons in the simulation



	Return type

	float










	
static get_number_of_atoms(filename='OUTCAR', lines=None)[source]

	Returns the number of ions in the simulation


	Parameters

	
	filename (str) – OUTCAR filename


	lines (list/None) – lines read from the file






	Returns

	The number of ions in the simulation



	Return type

	int










	
get_positions(filename='OUTCAR', lines=None, n_atoms=None)[source]

	Gets the positions for every ionic step from the OUTCAR file


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file


	n_atoms (int/None) – number of ions in OUTCAR






	Returns

	A Nx3xM array of positions in $AA$

where N is the number of atoms and M is the number of time steps





	Return type

	numpy.ndarray










	
get_positions_and_forces(filename='OUTCAR', lines=None, n_atoms=None)[source]

	Gets the forces and positions for every ionic step from the OUTCAR file


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file


	n_atoms (int/None) – number of ions in OUTCAR






	Returns

	[positions, forces] (sequence)
numpy.ndarray: A Nx3xM array of positions in $AA$
numpy.ndarray: A Nx3xM array of forces in $eV / AA$

where N is the number of atoms and M is the number of time steps












	
static get_steps(filename='OUTCAR', lines=None)[source]

	
	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file






	Returns

	Steps during the simulation



	Return type

	numpy.ndarray










	
static get_stresses(filename='OUTCAR', lines=None, si_unit=True)[source]

	
	Parameters

	
	filename (str) – Input filename


	lines (list/None) – lines read from the file


	si_unit (bool) – True SI units are used






	Returns

	An array of stress values



	Return type

	numpy.ndarray










	
static get_temperatures(filename='OUTCAR', lines=None)[source]

	Gets the temperature at each ionic step (applicable for MD)


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file






	Returns

	An array of temperatures in Kelvin



	Return type

	numpy.ndarray










	
get_time(filename='OUTCAR', lines=None)[source]

	Time after each simulation step (for MD)


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file






	Returns

	An array of time values in fs



	Return type

	numpy.ndarray










	
static get_total_energies(filename='OUTCAR', lines=None)[source]

	Gets the total energy for every ionic step from the OUTCAR file


	Parameters

	
	filename (str) – Filename of the OUTCAR file to parse


	lines (list/None) – lines read from the file






	Returns

	A 1xM array of the total energies in $eV$

where M is the number of time steps





	Return type

	numpy.ndarray










	
to_hdf(hdf, group_name='outcar')[source]

	Store output in an HDF5 file


	Parameters

	
	hdf (pyiron_base.generic.hdfio.FileHDFio) – HDF5 group or file


	group_name (str) – Name of the HDF5 group













	
to_hdf_minimal(hdf, group_name='outcar')[source]

	Store minimal output in an HDF5 file (output unique to OUTCAR)


	Parameters

	
	hdf (pyiron_base.generic.hdfio.FileHDFio) – HDF5 group or file


	group_name (str) – Name of the HDF5 group
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pyiron.vasp.potential module


	
class pyiron.vasp.potential.Potcar(input_file_name=None, table_name='potcar')[source]

	Bases: pyiron_base.generic.parameters.GenericParameters


	
load_default()[source]

	Load defaults resets the dataset in the background to be empty






	
modify(**modify)[source]

	Modify values for existing parameters. The command is called as modify(param1=val1, param2=val2, …)


	Parameters

	
	separator (str) – needed if the parameter name contains special characters such as par:
use then as input: modify(separator=”:”, par=val) - optional


	append_if_not_present (bool) – do not raise an exception but append the parameter in practice use set(par=val)
- default=False


	**modify_dict (dict) – dictionary of parameter names and values













	
pot_path_dict = {'GGA': 'paw-gga-pbe', 'LDA': 'paw-lda', 'PBE': 'paw-gga-pbe'}

	




	
potcar_set_structure(structure, modified_elements)[source]

	




	
write_file(file_name, cwd=None)[source]

	
	Parameters

	
	file_name – 


	cwd – 








Returns:










	
class pyiron.vasp.potential.VaspPotential(selected_atoms=None)[source]

	Bases: object

The Potential class is derived from the PotentialAbstract class, but instead of loading the potentials from a list,
the potentials are loaded from a file.


	Parameters

	path (str) – path to the potential list










	
class pyiron.vasp.potential.VaspPotentialAbstract(potential_df=None, default_df=None, selected_atoms=None)[source]

	Bases: pyiron.atomistics.job.potentials.PotentialAbstract


	Parameters

	
	potential_df – 


	default_df – 


	selected_atoms – 









	
default()[source]

	




	
find(element)[source]

	Find the potentials


	Parameters

	element (set, str) – element or set of elements for which you want the possible LAMMPS potentials



	Returns

	of possible potentials for the element or the combination of elements



	Return type

	list










	
find_default(element)[source]

	




	
list()[source]

	List the available potentials


	Returns

	of possible potentials for the element or the combination of elements



	Return type

	list










	
list_potential_names()[source]

	








	
class pyiron.vasp.potential.VaspPotentialFile(xc=None, selected_atoms=None)[source]

	Bases: pyiron.vasp.potential.VaspPotentialAbstract

The Potential class is derived from the PotentialAbstract class, but instead of loading the potentials from a list,
the potentials are loaded from a file.


	Parameters

	xc (str) – Exchange correlation functional [‘PBE’, ‘LDA’]






	
add_new_element(parent_element, new_element)[source]

	Adding a new user defined element with a different POTCAR file. It is assumed that the file exists


	Parameters

	
	parent_element (str) – Parent element


	new_element (str) – Name of the new element (the name of the folder where the new POTCAR file exists

















	
class pyiron.vasp.potential.VaspPotentialSetter(element_lst)[source]

	Bases: object


	
to_dict()[source]

	








	
pyiron.vasp.potential.find_potential_file(path)[source]

	




	
pyiron.vasp.potential.get_enmax_among_potentials(*names, return_list=False, xc='PBE')[source]

	Given potential names without XC information or elemental symbols, look over all the corresponding POTCAR files and
find the largest ENMAX value.

e.g. get_enmax_among_potentials(‘Mg’, ‘Al_GW’, ‘Ca_pv’, ‘Ca_sv’, xc=’LDA’)


	Parameters

	
	*names (str) – Names of potentials or elemental symbols


	return_list (bool) – Whether to return the list of all ENMAX values (in the same order as names as a second
return value after providing the largest value). (Default is False.)


	xc ("GGA"/"PBE"/"LDA") – The exchange correlation functional for which the POTCARs were generated.
(Default is “PBE”.)






	Returns

	The largest ENMAX among the POTCAR files for all the requested names.
[optional](list): The ENMAX value corresponding to each species.



	Return type

	(float)










	
pyiron.vasp.potential.get_enmax_among_species(symbol_lst, return_list=False, xc='PBE')[source]

	DEPRECATED: Please use get_enmax_among_potentials.

Given a list of species symbols, finds the largest applicable encut.


	Parameters

	
	symbol_lst (list) – The list of species symbols.


	return_list (bool) – Whether to return the list of all ENMAX values (in the same order as species_lst along with
the largest value). (Default is False.)


	xc ("GGA"/"PBE"/"LDA") – The exchange correlation functional for which the POTCARs were generated. (Default is “PBE”.)






	Returns

	The largest ENMAX among the POTCAR files for all the species.
[optional](list): The ENMAX value corresponding to each species.



	Return type

	(float)










	
pyiron.vasp.potential.strip_xc_from_potential_name(name)[source]
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pyiron.vasp.procar module


	
class pyiron.vasp.procar.Procar[source]

	Bases: object

This module contains routines to parse VASP PROCAR files.


	
from_file(filename)[source]
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pyiron.vasp.report module


	
class pyiron.vasp.report.Report[source]

	Bases: object

This module is used to parse VASP REPORT files


	
from_file(filename='REPORT')[source]

	Reads values from files and stores it in the parse_dict attribute


	Parameters

	filename (str) – Path to the file that needs to be parsed
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pyiron.vasp.structure module


	
pyiron.vasp.structure.atoms_from_string(string, read_velocities=False, species_list=None)[source]

	Routine to convert a string list read from a input/output structure file and convert into Atoms instance


	Parameters

	
	string (list) – A list of strings (lines) read from the POSCAR/CONTCAR/CHGCAR/LOCPOT file


	read_velocities (bool) – True if the velocities from a CONTCAR file should be read (predictor corrector)


	species_list (list/numpy.ndarray) – A list of species of the atoms






	Returns

	The required structure object



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
pyiron.vasp.structure.get_species_list_from_potcar(filename='POTCAR')[source]

	Generates the species list from a POTCAR type file


	Parameters

	filename (str) – Input filename



	Returns

	A list of species symbols



	Return type

	list










	
pyiron.vasp.structure.manip_contcar(filename, new_filename, add_pos)[source]

	Manipulate a CONTCAR/POSCAR file by adding something to the positions


	Parameters

	
	filename (str) – Filename/path of the input file


	new_filename (str) – Filename/path of the output file


	add_pos (list/numpy.ndarray) – Array of values to be added to the positions of the input













	
pyiron.vasp.structure.read_atoms(filename='CONTCAR', return_velocities=False, species_list=None, species_from_potcar=False)[source]

	Routine to read structural static from a POSCAR type file


	Parameters

	
	filename (str) – Input filename


	return_velocities (bool) – True if the predictor corrector velocities are read (only from MD output)


	species_list (list/numpy.ndarray) – A list of the species (if not present in the POSCAR file or a POTCAR in the


	directory) (same) – 


	species_from_potcar (bool) – True if the species list should be read from the POTCAR file in the same directory






	Returns

	The generated structure object



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
pyiron.vasp.structure.vasp_sorter(structure)[source]

	Routine to sort the indices of a structure as it would be when written to a POSCAR file


	Parameters

	structure (pyiron.atomistics.structure.atoms.Atoms) – The structure whose indices need to be sorted



	Returns

	A list of indices which is sorted by the corresponding species for writing to POSCAR



	Return type

	list










	
pyiron.vasp.structure.write_poscar(structure, filename='POSCAR', write_species=True, cartesian=True)[source]

	Writes a POSCAR type file from a structure object


	Parameters

	
	structure (pyiron.atomistics.structure.atoms.Atoms) – The structure instance to be written to the POSCAR format


	filename (str) – Output filename


	write_species (bool) – True if the species should be written to the file


	cartesian (bool) – True if the positions are written in Cartesian coordinates
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pyiron.vasp.vasp module


	
class pyiron.vasp.vasp.Vasp(project, job_name)[source]

	Bases: pyiron.vasp.interactive.VaspInteractive

Class to setup and run and analyze VASP simulations which is a derivative of pyiron.objects.job.generic.GenericJob.
The functions in these modules are written in such the function names and attributes are very generic
(get_structure(), molecular_dynamics(), version) but the functions are written to handle VASP specific input/output.


	Parameters

	
	project (pyiron.project.Project instance) – Specifies the project path among other attributes


	job_name (str) – Name of the job








Examples

Let’s say you need to run a vasp simulation where you would like to control the input parameters manually. To
set up a static dft run with Gaussian smearing and a k-point MP mesh of [6, 6, 6]. You would have to set it up
as shown below:

>>> ham = Vasp(job_name="trial_job")
>>> ham.input.incar[IBRION] = -1
>>> ham.input.incar[ISMEAR] = 0
>>> ham.input.kpoints.set_kpoints_file(size_of_mesh=[6, 6, 6])





However, the according to pyiron’s philosophy, it is recommended to avoid using code specific tags like IBRION,
ISMEAR etc. Therefore the recommended way to set this calculation is as follows:

>>> ham = Vasp(job_name="trial_job")
>>> ham.calc_static()
>>> ham.set_occupancy_smearing(smearing="gaussian")
>>> ham.set_kpoints(mesh=[6, 6, 6])
The exact same tags as in the first examples are set automatically.
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pyiron.vasp.vasprun module


	
class pyiron.vasp.vasprun.Vasprun[source]

	Bases: object

This module is used to parse vasprun.xml files and store the data consistent with the pyiron input/output storage
formats.


	
vasprun_dict

	
	Dictionary containing all information from the calculation parsed from the vasprun.xml
	file. If you consider a simulation with N atoms and M ionic steps





‘positions’ (numpy.ndarray): MxNx3 array containing all the relative positions
‘cell’ (numpy.ndarray): Mx3x3 array containing all the size and shape of cells at every iteration point
‘forces’ (numpy.ndarray): MxNx3 array containing all the forces in eV/A
‘total_energies’ (numpy.ndarray): 1xM array containing all the total energies in eV


	Type

	dict










	
from_file(filename='vasprun.xml')[source]

	Parsing vasprun.xml from the working directory


	Parameters

	filename (str) – Path to the vasprun file










	
get_electronic_structure()[source]

	Get’s the electronic structure from the VASP calculation


	Returns

	The electronic structure object



	Return type

	pyiron.atomistics.waves.electronic.ElectronicStructure










	
get_final_structure()[source]

	Gets the final structure from the simulation


	Returns

	The final structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
get_initial_structure()[source]

	Gets the initial structure from the simulation


	Returns

	The initial structure



	Return type

	pyiron.atomistics.structure.atoms.Atoms










	
parse_atom_information_to_dict(node, d)[source]

	Parses atom information from a node to a dictionary


	Parameters

	
	node (xml.etree.Element instance) – The node to parse


	d (dict) – The dictionary to which data is to be parsed













	
parse_calc_to_dict(node, d)[source]

	Parses ionic step data from a node to a dictionary


	Parameters

	
	node (xml.etree.Element instance) – The node to parse


	d (dict) – The dictionary to which data is to be parsed













	
parse_eigenvalues_to_dict(node, d)[source]

	Parses eigenvalue and occupancy data from a node to a dictionary


	Parameters

	
	node (xml.etree.Element instance) – The node to parse


	d (dict) – The dictionary to which data is to be parsed













	
parse_fermi_level_to_dict(node, d)[source]

	Parses fermi level from a node to a dictionary


	Parameters

	
	node (xml.etree.Element instance) – The node to parse


	d (dict) – The dictionary to which data is to be parsed













	
static parse_item_to_dict(node, d)[source]

	Parses values from an item to a dictionary


	Parameters

	
	node (etree.Element instance) – Node to be parsed


	d (dict) – The dictionary to which data is to be parsed






	Returns

	d (dictionary)










	
parse_kpoints_to_dict(node, d)[source]

	Parses k-points data from a node to a dictionary


	Parameters

	
	node (xml.etree.Element instance) – The node to parse


	d (dict) – The dictionary to which data is to be parsed













	
parse_parameters(node, d)[source]

	Parses parameter data from a node to a dictionary


	Parameters

	
	node (xml.etree.Element instance) – The node to parse


	d (dict) – The dictionary to which data is to be parsed













	
parse_partial_dos_to_dict(node, d)[source]

	Parses partial dos data from a node to a dictionary


	Parameters

	
	node (xml.etree.Element instance) – The node to parse


	d (dict) – The dictionary to which data is to be parsed













	
parse_projected_dos_to_dict(node, d)[source]

	Parses partial dos data from a node to a dictionary


	Parameters

	
	node (xml.etree.Element instance) – The node to parse


	d (dict) – The dictionary to which data is to be parsed













	
parse_recursively(node, d, key_name=None)[source]

	Parses recursively from a node to a dictionary


	Parameters

	
	node (xml.etree.Element instance) – The node to parse


	d (dict) – The dictionary to which data is to be parsed


	key_name (str) – Forcefully assign a key name in case it is not present in the xml file













	
parse_root_to_dict()[source]

	Parses from the main xml root.






	
parse_scf(node)[source]

	Parses the total energy and dipole moments for a VASP calculation


	Parameters

	node – (xml.etree.Element instance): The node to parse



	Returns

	Dictionary to containing parsed data



	Return type

	d (dict)










	
parse_structure_to_dict(node, d)[source]

	Parses structure from a node to a dictionary


	Parameters

	
	node (xml.etree.Element instance) – The node to parse


	d (dict) – The dictionary to which data is to be parsed













	
parse_total_dos_to_dict(node, d)[source]

	Parses total dos data from a node to a dictionary


	Parameters

	
	node (xml.etree.Element instance) – The node to parse


	d (dict) – The dictionary to which data is to be parsed

















	
exception pyiron.vasp.vasprun.VasprunError[source]

	Bases: ValueError






	
exception pyiron.vasp.vasprun.VasprunWarning[source]

	Bases: UserWarning






	
pyiron.vasp.vasprun.clean_character(a, remove_char=' ')[source]

	
	Parameters

	
	a (str) – String to be cleaned


	remove_char (str) – Character to be replaced






	Returns

	The clean string



	Return type

	str










	
pyiron.vasp.vasprun.clean_key(a, remove_char=' ')[source]

	Replaces blanck spaces from a string for a dictionary key with “_”


	Parameters

	
	a (str) – String to be cleaned


	remove_char (str) – Character to be replaced






	Returns

	The clean string



	Return type

	str










	
pyiron.vasp.vasprun.get_float_with_exception(text, exception_value=0.0)[source]

	Converts a text into a corresponding float or returns exception_value if it can’t do this


	Parameters

	
	text (str/numpy.str_) – String to convert to float


	exception_value (float/None) – Value to be returned if you can’t text to a float






	Returns

	Exception value



	Return type

	float/None
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pyiron.vasp.vaspsol module


	
class pyiron.vasp.vaspsol.VaspSol(project, job_name)[source]

	Bases: pyiron.vasp.vasp.Vasp
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pyiron.vasp.volumetric_data module


	
class pyiron.vasp.volumetric_data.VaspVolumetricData[source]

	Bases: pyiron.atomistics.volumetric.generic.VolumetricData

General class for parsing and manipulating volumetric static within VASP. The basic idea of the Base class is
adapted from the pymatgen vasp VolumtricData class

http://pymatgen.org/_modules/pymatgen/io/vasp/outputs.html#VolumetricData


	
property diff_data

	Volumtric difference data (3D)


	Type

	numpy.ndarray










	
from_file(filename, normalize=True)[source]

	Parsing the contents of from a file


	Parameters

	
	filename (str) – Path of file to parse


	normalize (boolean) – Flag to normalize by the volume of the cell













	
from_hdf(hdf, group_name='volumetric_data')[source]

	Recreating the VolumetricData instance by reading data from the HDF5 files


	Parameters

	
	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – The HDF file/path to write the data to


	group_name (str) – The name of the group under which the data must be stored as






	Returns

	The VolumetricData instance



	Return type

	pyiron.atomistics.volumetric.generic.VolumetricData










	
to_hdf(hdf, group_name='volumetric_data')[source]

	Writes the data as a group to a HDF5 file


	Parameters

	
	hdf (pyiron_base.generic.hdfio.ProjectHDFio) – The HDF file/path to write the data to


	group_name (str) – The name of the group under which the data must be stored as













	
property total_data

	Total volumtric data (3D)


	Type

	numpy.ndarray
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pyiron.vasp package


Submodules



	pyiron.vasp.base module

	pyiron.vasp.interactive module

	pyiron.vasp.metadyn module

	pyiron.vasp.oszicar module

	pyiron.vasp.outcar module

	pyiron.vasp.potential module

	pyiron.vasp.procar module

	pyiron.vasp.report module

	pyiron.vasp.structure module

	pyiron.vasp.vasp module

	pyiron.vasp.vasprun module

	pyiron.vasp.vaspsol module

	pyiron.vasp.volumetric_data module








Module contents
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pyiron package


Subpackages



	pyiron.atomistics package
	Subpackages
	pyiron.atomistics.generic package
	Submodules

	Module contents





	pyiron.atomistics.job package
	Submodules

	Module contents





	pyiron.atomistics.master package
	Submodules

	Module contents





	pyiron.atomistics.nma package
	Submodules

	Module contents





	pyiron.atomistics.structure package
	Submodules

	Module contents





	pyiron.atomistics.thermodynamics package
	Submodules

	Module contents





	pyiron.atomistics.volumetric package
	Submodules

	Module contents









	Module contents





	pyiron.dft package
	Subpackages
	pyiron.dft.job package
	Submodules

	Module contents





	pyiron.dft.master package
	Submodules

	Module contents





	pyiron.dft.waves package
	Submodules

	Module contents









	Module contents





	pyiron.gaussian package
	Submodules
	pyiron.gaussian.gaussian module





	Module contents





	pyiron.gpaw package
	Submodules
	pyiron.gpaw.gpaw module

	pyiron.gpaw.pyiron_ase module





	Module contents





	pyiron.interactive package
	Submodules
	pyiron.interactive.activation_relaxation_technique module

	pyiron.interactive.scipy_minimizer module

	pyiron.interactive.sxextoptint module





	Module contents





	pyiron.lammps package
	Submodules
	pyiron.lammps.base module

	pyiron.lammps.control module

	pyiron.lammps.interactive module

	pyiron.lammps.lammps module

	pyiron.lammps.potential module

	pyiron.lammps.structure module





	Module contents





	pyiron.quickff package
	Submodules
	pyiron.quickff.quickff module





	Module contents





	pyiron.sphinx package
	Submodules
	pyiron.sphinx.base module

	pyiron.sphinx.interactive module

	pyiron.sphinx.potential module

	pyiron.sphinx.sphinx module

	pyiron.sphinx.structure module

	pyiron.sphinx.volumetric_data module





	Module contents





	pyiron.table package
	Submodules
	pyiron.table.datamining module

	pyiron.table.funct module





	Module contents





	pyiron.testing package
	Submodules
	pyiron.testing.executable module

	pyiron.testing.randomatomistic module





	Module contents





	pyiron.thermodynamics package
	Submodules
	pyiron.thermodynamics.hessian module

	pyiron.thermodynamics.interfacemethod module

	pyiron.thermodynamics.sxphonons module





	Module contents





	pyiron.vasp package
	Submodules
	pyiron.vasp.base module

	pyiron.vasp.interactive module

	pyiron.vasp.metadyn module

	pyiron.vasp.oszicar module

	pyiron.vasp.outcar module

	pyiron.vasp.potential module

	pyiron.vasp.procar module

	pyiron.vasp.report module

	pyiron.vasp.structure module

	pyiron.vasp.vasp module

	pyiron.vasp.vasprun module

	pyiron.vasp.vaspsol module

	pyiron.vasp.volumetric_data module





	Module contents





	pyiron.yaff package
	Submodules
	pyiron.yaff.yaff module





	Module contents












Submodules



	pyiron.project module








Module contents


	
pyiron.install()[source]
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pyiron.yaff package


Submodules



	pyiron.yaff.yaff module








Module contents
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pyiron.yaff.yaff module


	
class pyiron.yaff.yaff.Yaff(project, job_name)[source]

	Bases: pyiron.atomistics.job.atomistic.AtomisticGenericJob


	
calc_md(temperature=None, pressure=None, nsteps=1000, time_step=41.341373336646825, n_print=5, timecon_thermo=4134.137333664683, timecon_baro=41341.37333664682)[source]

	Set an MD calculation within Yaff. Nosé Hoover chain is used by default.

Arguments


	temperature (None/float): Target temperature. If set to None, an NVE calculation is performed.
	It is required when the pressure is set





pressure (None/float): Target pressure. If set to None, an NVE or an NVT calculation is performed.
nsteps (int): Number of md steps
time_step (float): Step size between two steps.
n_print (int):  Print frequency
timecon_thermo (float): The time associated with the thermostat adjusting the temperature.
timecon_baro (float): The time associated with the barostat adjusting the temperature.






	
calc_minimize(cell=False, gpos_tol=1e-08, dpos_tol=1e-06, grvecs_tol=1e-08, drvecs_tol=1e-06, max_iter=1000, n_print=5)[source]

	Set up an optimization calculation.

Arguments

cell (bool): Set True if the cell also has to be optimized
gpos_tol (float): Convergence criterion for RMS of gradients towards atomic coordinates
dpos_tol (float): Convergence criterion for RMS of differences of atomic coordinates
grvecs_tol (float): Convergence criterion for RMS of gradients towards cell parameters
drvecs_tol (float): Convergence criterion for RMS of differences of cell parameters
max_iter (int): Maximum number of optimization steps
n_print (int):  Print frequency






	
calc_static()[source]

	Set up a static force field calculation.






	
collect_output()[source]

	Collect the output files of the external executable and store the information in the HDF5 file. This method has
to be implemented in the individual hamiltonians.






	
detect_ffatypes(ffatypes=None, ffatype_rules=None, ffatype_level=None)[source]

	Define atom types by explicitely giving them through the
ffatypes keyword, defining atype rules using the ATSELECT
language implemented in Yaff (see the Yaff documentation at
http://molmod.github.io/yaff/ug_atselect.html) or by specifying
the ffatype_level employing the built-in routine in QuickFF.






	
from_hdf(hdf=None, group_name=None)[source]

	Recreates instance from the hdf5 file
:param hdf: Path to the hdf5 file
:type hdf: str
:param group_name: Name of the group which contains the object
:type group_name: str






	
get_structure(iteration_step=- 1, wrap_atoms=True)[source]

	Overwrite the get_structure routine from AtomisticGenericJob because we want to avoid
defining a unit cell when one does not exist






	
get_yaff_ff(system=None)[source]

	




	
get_yaff_system(snapshot=0)[source]

	




	
load_chk(fn)[source]

	Load the atom types, atom type ids and structure by reading a .chk file.

Arguments

fn      the path to the chk file






	
log()[source]

	




	
mtd_sum_hills_1d(fn=None)[source]

	Creates a fes.dat file for plotting the free energy surface after a mtd simulation.

Arguments

fn      path to the hills file or hills files (comma separated)






	
plot(ykey, xkey='generic/steps', xunit='au', yunit='au', ref=None, linestyle='-', rolling_average=False)[source]

	




	
plot_multi(ykeys, xkey='generic/steps', xunit='au', yunit='au', ref=None, linestyle='-', rolling_average=False)[source]

	




	
set_mtd(ics, height, sigma, pace, fn='HILLS', fn_colvar='COLVAR', stride=10, temp=300)[source]

	Setup a Metadynamics run using PLUMED along the internal coordinates
defined in the ICs argument.

Arguments


	ics     a list of entries defining each internal coordinate. Each
	of these entries should be of the form (kind, [i, j, …])

Herein, kind defines the kind of IC as implemented in PLUMED:


i.e. distance, angle, torsion, volume, cell, … see
https://www.plumed.org/doc-v2.5/user-doc/html/_colvar.html
for more information).




and [i, j, …] is a list of atom indices, starting from 0, involved in this
IC. If no atom indices are required for e.g. volume, provide an empty list.

An example for a 1D metadynamica using the distance between
atoms 2 and 4:


ics = [(‘distance’, [2,4])]






	height  the height of the Gaussian hills, can be a single value
	(the gaussian hills for each IC have identical height) or
a list of values, one for each IC defined.



	sigmas  the sigma of the Gaussian hills, can be a single value
	(the gaussian hills for each IC have identical height) or
a list of values, one for each IC defined.



	pace    the number of steps after which the gaussian hills are
	updated.





fn      the PLUMED output file for the gaussian hills


	fn_colvar
	the PLUMED output file for logging of collective variables



	stride  the number of steps after which the internal coordinate
	values and bias are printed to the COLVAR output file.





temp    the system temperature






	
set_us(ics, kappa, loc, fn_colvar='COLVAR', stride=10, temp=300)[source]

	Setup an Umbrella sampling run using PLUMED along the internal coordinates
defined in the ICs argument.

Arguments


	ics     a list of entries defining each an internal coordinate. Each
	of these entries should be of the form (kind, [i, j, …])

Herein, kind defines the kind of IC as implemented in PLUMED:


i.e. distance, angle, torsion, volume, cell, … see
https://www.plumed.org/doc-v2.5/user-doc/html/_colvar.html
for more information).




and [i, j, …] is a list of atom indices, starting from 0, involved in this
IC. If no atom indices are required for e.g. volume, provide an empty list.

An example for a 1D metadynamica using the distance between
atoms 2 and 4:


ics = [(‘distance’, [2,4])]






	kappa   the value of the force constant of the harmonic bias potential,
	can be a single value (the harmonic bias potential for each IC has identical kappa)
or a list of values, one for each IC defined.



	loc     the location of the umbrella
	(should have a length equal to the number of ICs)



	fn_colvar
	the PLUMED output file for logging of collective variables



	stride  the number of steps after which the internal coordinate
	values and bias are printed to the COLVAR output file.





temp    the system temperature






	
to_hdf(hdf=None, group_name=None)[source]

	Store the GenericJob in an HDF5 file


	Parameters

	
	hdf (ProjectHDFio) – HDF5 group object - optional


	group_name (str) – HDF5 subgroup name - optional













	
write_input()[source]

	Write the input files for the external executable. This method has to be implemented in the individual
hamiltonians.










	
class pyiron.yaff.yaff.YaffInput(input_file_name=None)[source]

	Bases: pyiron_base.generic.parameters.GenericParameters


	
load_default()[source]

	Loading the default settings for the input file.










	
pyiron.yaff.yaff.collect_output(output_file)[source]

	




	
pyiron.yaff.yaff.hdf2dict(h5)[source]

	




	
pyiron.yaff.yaff.read_colvar(output_file, output_dict)[source]

	




	
pyiron.yaff.yaff.write_chk(input_dict, working_directory='.')[source]

	




	
pyiron.yaff.yaff.write_pars(input_dict, working_directory='.')[source]

	




	
pyiron.yaff.yaff.write_plumed_enhanced(input_dict, working_directory='.')[source]

	




	
pyiron.yaff.yaff.write_yhess(input_dict, working_directory='.')[source]

	




	
pyiron.yaff.yaff.write_ynpt(input_dict, working_directory='.')[source]

	




	
pyiron.yaff.yaff.write_ynve(input_dict, working_directory='.')[source]

	




	
pyiron.yaff.yaff.write_ynvt(input_dict, working_directory='.')[source]

	




	
pyiron.yaff.yaff.write_yopt(input_dict, working_directory='.')[source]

	




	
pyiron.yaff.yaff.write_yopt_cell(input_dict, working_directory='.')[source]

	




	
pyiron.yaff.yaff.write_ysp(input_dict, working_directory='.')[source]
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HDF5 Serialization Architecture


Structure

Each hierachical object lives under its own group in the hdf, i.e. objects that
are attributes of another must have their own sub-group in that larger objects
group.  In its group each object must store



	‘TYPE’ equal to str(type(self))
this provides the module path and class name from which pyiron will load
a class


	‘NAME’ equal to type(self).__name__
the unqualified class name, informational only








	They may also store
	
	‘HDF_VERSION’ equal to a version string with format MAJOR.MINOR.PATCH
the version of the structure of the type in HDF5; all classes
must be able to read from HDF5 with at least the same MAJOR release, but
explicit breaking behaviour should be very rare


	‘VERSION’ equal to a version string with format MAJOR.MINOR.PATCH
the version of the functionality of the class; higher version must not
change the HDF5 structure unless they also change HDF_VERSION








For example a class defined like this
.. code-block:

class Foo:
    def __init__(self, parameter):
        self.bar = Bar()
        self.baz = Baz()
        self.parameter = parameter





should be serialized as
.. code-block:

foo/
foo/TYPE
foo/NAME
foo/VERSION
foo/HDF_VERSION
foo/parameter
foo/bar/
foo/bar/TYPE
foo/bar/NAME
foo/bar/VERSION
foo/bar/HDF_VERSION
foo/baz/
foo/baz/TYPE
foo/baz/NAME
foo/baz/VERSION
foo/baz/HDF_VERSION








Writing to HDF5

Each type must define a to_hdf(self, hdf, group_name = None) method that
takes the given hdf object, creates a subgroup called group_name in it (if
given) and then serializes itself to this group.  Some objects may keep a
default ProjectHDFio object during their lifetime (e.g. jobs), in this case
hdf maybe an optional parameter.




Reading from HDF5

Each type must define a from_hdf(self, hdf, group_name = None) method and may
define a from_hdf_args(cls, hdf).  from_hdf() restores the state of the
already initialized object from the information stored in the HDF5 file.
from_hdf_args() reads the required parameters to instantiate the object from
HDF5 and returns them in a dict.

To read an object from a given ProjectHDFio path, call the to_object()
method.  This will first call import_class to read the class object, then
make_from_hdf() to instantiate it, if the class defines from_hd_args() it
will be called to supply the correct init parameters.  to_object() can also
be supplied with additional paraters to overrride the ones written to HDF5, in
particular it will always provide job_name and project.  However only those
parameters that are needed (i.e. declared by that classes’ __init__()) will
be passed.
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Indices and tables


	Index


	Module Index
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	generic



	tag

	dimension

	description

	VASP

	SPHInX

	LAMMPS





	time

	Nstep

	simulation time ( fs )

	
	
	x



	steps

	Nstep

	time steps

	
	
	x



	unwrapped_positions

	Nstep x Natom x 3

	unwrapped atom coordinates ( Å )

	x

	x

	x



	positions

	Nstep x Natom x 3

	wrapped atom coordinates ( Å )

	x

	x

	x



	velocities

	Nstep x Natom x 3

	velocity of each atom ( Å/fs )

	
	
	


	forces

	Nstep x Natom x 3

	force on each atom ( eV/Å )

	x

	x

	x



	cells

	Nstep x 3 x 3

	cell dimensions (cf. VASP website) ( Å )

	x

	x

	x



	energy_tot

	Nstep

	total energy of the system ( eV )

	x

	x

	x



	energy_kin

	Nstep

	kinetic energy of the system ( eV )

	x

	
	


	energy_pot

	Nstep

	potential energy of the system ( eV )

	x

	
	


	pressures

	Nstep x 3 x 3

	pressures ( GPa )

	
	
	x



	temperature

	Nstep

	temperature ( K )

	x

	
	x



	volume

	Nstep ?

	supercell volume ( Å3 )

	x

	x

	x



	atom_voronoi

	Nstep x Natom

	Voronoi volume of each atom ( Å3 )

	
	
	


	atom_stress

	Nstep x Natom x 3 x 3

	stress per atom x atomic volume ( eV )

	
	
	x



	atom_centro

	Nstep x Natom

	centro-symmetry parameter ( Å2 )

	
	
	


	atom_displace

	Nstep x Natom x 3

	displacement of each atom with respect to the initial position ( Å )

	
	
	


	computation_time

	Nstep

	computation time of the simulation ( s )

	
	x

	















	dft



	tag

	dimension

	description

	VASP

	SPHInX

	LAMMPS





	(scf_)energy_int

	Nstep

	internal energy ( eV )

	
	x

	


	(scf_)energy_free

	Nstep

	free energy, same as energy_tot in generic ( eV )

	x

	x

	


	(scf_)energy_zero

	Nstep

	extrapolated energy, sigma 
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[1]:






%matplotlib inline
import numpy as np
import pylab as plt
from pyiron import Project








[2]:






pr=Project('FreeEnergy')
pot = '1995--Angelo-J-E--Ni-Al-H--LAMMPS--ipr1'
# pr.remove_jobs_silently(recursive=True)








[3]:






alat = 3.5
basis = pr.create_ase_bulk('Ni')
ham = pr.create_job(pr.job_type.Lammps, 'ref')
ham.structure = basis
ham.potential = pot
murn = pr.create_job(job_type=pr.job_type.Murnaghan, job_name='murnaghan')
murn.ref_job = ham
murn.run()













The job murnaghan was saved and received the ID: 207
The job strain_0_9 was saved and received the ID: 208
The job strain_0_92 was saved and received the ID: 209
The job strain_0_94 was saved and received the ID: 210
The job strain_0_96 was saved and received the ID: 211
The job strain_0_98 was saved and received the ID: 212
The job strain_1_0 was saved and received the ID: 213
The job strain_1_02 was saved and received the ID: 214
The job strain_1_04 was saved and received the ID: 215
The job strain_1_06 was saved and received the ID: 216
The job strain_1_08 was saved and received the ID: 217
The job strain_1_1 was saved and received the ID: 218
job_id:  208 finished
job_id:  209 finished
job_id:  210 finished
job_id:  211 finished
job_id:  212 finished
job_id:  213 finished
job_id:  214 finished
job_id:  215 finished
job_id:  216 finished
job_id:  217 finished
job_id:  218 finished







[4]:






print (murn['output/equilibrium_b_prime'])
print (murn['output/equilibrium_volume']**(1/3))













4.204514938124235
2.2174331116927366







[5]:






murn.plot()












[image: ../../_images/source_notebooks_Thermodynamics_QHA_4_0.png]





[6]:






T_debye_low, T_debye_high = murn.fit.debye_temperature
print (T_debye_low)













[445.76166752 442.54156191 439.35906614 436.21357484 433.10449505
 430.03124589 426.99325828 423.98997461 421.02084851 418.08534454
 415.18293795 412.31311439 409.47536969 406.6692096  403.89414956
 401.14971446 398.43543845 395.75086465 393.09554504 390.46904014
 387.87091893 385.30075853 382.75814413 380.24266873 377.75393296
 375.29154497 372.85512018 370.44428118 368.05865752 365.69788558
 363.36160842 361.04947562 358.76114315 356.49627319 354.25453404
 352.03559999 349.83915112 347.66487325 345.51245779 343.38160161
 341.27200692 339.18338118 337.11543696 335.06789185 333.04046836
 331.03289378 329.04490013 327.07622401 325.12660655 323.1957933 ]







[7]:






plt.plot(murn.fit.volume, T_debye_high, label='high')
plt.plot(murn.fit.volume, T_debye_low, label='low')
plt.title('$T_{Debye}$ vs volume for Moruzzi low and high parameter')
plt.xlabel('Volume [$\AA^3$]')
plt.ylabel('$T_{Debye}$ [K]')
plt.legend();
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[8]:






pes = pr.create_object(object_type=pr.object_type.ThermoBulk)
pes.temperatures = np.linspace(1, 1500, 200)
pes.volumes = murn.fit.volume
pes.energies = murn.fit.polynomial()
pes.energies += murn.fit.energy_vib(T=pes.temperatures, low_T_limit=True).T








[9]:






plt.plot(pes.volumes, pes.energies[0])
plt.plot(pes.volumes, pes.energies[30])








[9]:







[<matplotlib.lines.Line2D at 0x7fc03a382460>]
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[10]:






pes.plot_contourf(show_min_erg_path=True);












[image: ../../_images/source_notebooks_Thermodynamics_QHA_9_0.png]





[11]:






pes_fine = pes.copy()
pes_fine.set_volumes(volume_min=murn.equilibrium_volume, volume_max=murn.equilibrium_volume*1.1, volume_steps=100)
murn.fit.volume = pes_fine.volumes
murn_fine = pes_fine.copy()
murn_fine.energies = murn.fit.polynomial()
pes_fine.energies = murn_fine.energies + murn.fit.energy_vib(T=pes_fine.temperatures, low_T_limit=True).T








[12]:






print (pes_fine.temperatures)













[1.00000000e+00 8.53266332e+00 1.60653266e+01 2.35979899e+01
 3.11306533e+01 3.86633166e+01 4.61959799e+01 5.37286432e+01
 6.12613065e+01 6.87939698e+01 7.63266332e+01 8.38592965e+01
 9.13919598e+01 9.89246231e+01 1.06457286e+02 1.13989950e+02
 1.21522613e+02 1.29055276e+02 1.36587940e+02 1.44120603e+02
 1.51653266e+02 1.59185930e+02 1.66718593e+02 1.74251256e+02
 1.81783920e+02 1.89316583e+02 1.96849246e+02 2.04381910e+02
 2.11914573e+02 2.19447236e+02 2.26979899e+02 2.34512563e+02
 2.42045226e+02 2.49577889e+02 2.57110553e+02 2.64643216e+02
 2.72175879e+02 2.79708543e+02 2.87241206e+02 2.94773869e+02
 3.02306533e+02 3.09839196e+02 3.17371859e+02 3.24904523e+02
 3.32437186e+02 3.39969849e+02 3.47502513e+02 3.55035176e+02
 3.62567839e+02 3.70100503e+02 3.77633166e+02 3.85165829e+02
 3.92698492e+02 4.00231156e+02 4.07763819e+02 4.15296482e+02
 4.22829146e+02 4.30361809e+02 4.37894472e+02 4.45427136e+02
 4.52959799e+02 4.60492462e+02 4.68025126e+02 4.75557789e+02
 4.83090452e+02 4.90623116e+02 4.98155779e+02 5.05688442e+02
 5.13221106e+02 5.20753769e+02 5.28286432e+02 5.35819095e+02
 5.43351759e+02 5.50884422e+02 5.58417085e+02 5.65949749e+02
 5.73482412e+02 5.81015075e+02 5.88547739e+02 5.96080402e+02
 6.03613065e+02 6.11145729e+02 6.18678392e+02 6.26211055e+02
 6.33743719e+02 6.41276382e+02 6.48809045e+02 6.56341709e+02
 6.63874372e+02 6.71407035e+02 6.78939698e+02 6.86472362e+02
 6.94005025e+02 7.01537688e+02 7.09070352e+02 7.16603015e+02
 7.24135678e+02 7.31668342e+02 7.39201005e+02 7.46733668e+02
 7.54266332e+02 7.61798995e+02 7.69331658e+02 7.76864322e+02
 7.84396985e+02 7.91929648e+02 7.99462312e+02 8.06994975e+02
 8.14527638e+02 8.22060302e+02 8.29592965e+02 8.37125628e+02
 8.44658291e+02 8.52190955e+02 8.59723618e+02 8.67256281e+02
 8.74788945e+02 8.82321608e+02 8.89854271e+02 8.97386935e+02
 9.04919598e+02 9.12452261e+02 9.19984925e+02 9.27517588e+02
 9.35050251e+02 9.42582915e+02 9.50115578e+02 9.57648241e+02
 9.65180905e+02 9.72713568e+02 9.80246231e+02 9.87778894e+02
 9.95311558e+02 1.00284422e+03 1.01037688e+03 1.01790955e+03
 1.02544221e+03 1.03297487e+03 1.04050754e+03 1.04804020e+03
 1.05557286e+03 1.06310553e+03 1.07063819e+03 1.07817085e+03
 1.08570352e+03 1.09323618e+03 1.10076884e+03 1.10830151e+03
 1.11583417e+03 1.12336683e+03 1.13089950e+03 1.13843216e+03
 1.14596482e+03 1.15349749e+03 1.16103015e+03 1.16856281e+03
 1.17609548e+03 1.18362814e+03 1.19116080e+03 1.19869347e+03
 1.20622613e+03 1.21375879e+03 1.22129146e+03 1.22882412e+03
 1.23635678e+03 1.24388945e+03 1.25142211e+03 1.25895477e+03
 1.26648744e+03 1.27402010e+03 1.28155276e+03 1.28908543e+03
 1.29661809e+03 1.30415075e+03 1.31168342e+03 1.31921608e+03
 1.32674874e+03 1.33428141e+03 1.34181407e+03 1.34934673e+03
 1.35687940e+03 1.36441206e+03 1.37194472e+03 1.37947739e+03
 1.38701005e+03 1.39454271e+03 1.40207538e+03 1.40960804e+03
 1.41714070e+03 1.42467337e+03 1.43220603e+03 1.43973869e+03
 1.44727136e+03 1.45480402e+03 1.46233668e+03 1.46986935e+03
 1.47740201e+03 1.48493467e+03 1.49246734e+03 1.50000000e+03]







[13]:






pes_fine_high = pes_fine.copy()
pes_fine_high.energies = murn_fine.energies + murn.fit.energy_vib(T=pes_fine_high.temperatures,
                                                                  low_T_limit=False).T








[14]:






# print (pes_fine_high.temperatures)








[15]:






ax = pes_fine_high.plot_contourf()
ax = pes_fine_high.plot_min_energy_path('g--', ax=ax, label='high T limit')
ax = pes_fine.plot_min_energy_path('k--', ax=ax, label='low T limit')
ax.legend(loc='lower right');












[image: ../../_images/source_notebooks_Thermodynamics_QHA_14_0.png]





[16]:






pes_fine.contour_pressure()












[image: ../../_images/source_notebooks_Thermodynamics_QHA_15_0.png]





[17]:






pes_fine.plot_free_energy()












[image: ../../_images/source_notebooks_Thermodynamics_QHA_16_0.png]





[18]:






pes_fine.plot_entropy()












[image: ../../_images/source_notebooks_Thermodynamics_QHA_17_0.png]





[19]:






pes_fine.num_atoms = 3
pes_fine.plot_heat_capacity(to_kB=True)












[image: ../../_images/source_notebooks_Thermodynamics_QHA_18_0.png]





[20]:






pes_QHA = pes_fine.copy()
pes_QHA.set_volumes(volume_min=np.min(pes_QHA.volumes), volume_max=np.max(pes_QHA.volumes), volume_steps=7)

alat_lst = pes_QHA.volumes**(1/3)
print (alat_lst)













[2.21743311 2.22968437 2.24180246 2.25379094 2.26565321 2.27739256
 2.28901211]
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Band structure calculations

In this notebook we will see, how to calculate band structures using pyiron.


[1]:






from pyiron import Project
from ase.spacegroup import crystal
import matplotlib.pyplot as plt
import seekpath as sp
import numpy as np
%config InlineBackend.figure_format = 'retina'








[2]:






pr = Project("band_structure")










Structures with seekpath

First we see how seekpath [https://github.com/giovannipizzi/seekpath] works! Therefore we create firts a structure using pyiron.


Create structure with pyiron


[4]:






structure_Fe = pr.create_structure("Fe", "bcc", 2.81)








[5]:






structure_Fe.plot3d()




























[6]:






structure_Fe








[6]:







Fe: [0. 0. 0.]
Fe: [1.405 1.405 1.405]
pbc: [ True  True  True]
cell:
[[2.81000000e+00 0.00000000e+00 0.00000000e+00]
 [1.72062875e-16 2.81000000e+00 0.00000000e+00]
 [1.72062875e-16 1.72062875e-16 2.81000000e+00]]









Create structure with seekpath

For seekpath we need a tuple containing 1. The cell in \(3\times3\) array 2. The scaled positions 3. List of ints to distinguish the atom types (indices of pyiron structure) as input structure.


[7]:






input_sp = (structure_Fe.cell, structure_Fe.get_scaled_positions(), structure_Fe.indices)







Just to see how the output looks like, let us do…


[8]:






sp.get_path(input_sp)








[8]:







{'point_coords': {'GAMMA': [0.0, 0.0, 0.0],
  'H': [0.5, -0.5, 0.5],
  'P': [0.25, 0.25, 0.25],
  'N': [0.0, 0.0, 0.5]},
 'path': [('GAMMA', 'H'),
  ('H', 'N'),
  ('N', 'GAMMA'),
  ('GAMMA', 'P'),
  ('P', 'H'),
  ('P', 'N')],
 'has_inversion_symmetry': True,
 'augmented_path': False,
 'bravais_lattice': 'cI',
 'bravais_lattice_extended': 'cI1',
 'conv_lattice': array([[2.81, 0.  , 0.  ],
        [0.  , 2.81, 0.  ],
        [0.  , 0.  , 2.81]]),
 'conv_positions': array([[0. , 0. , 0. ],
        [0.5, 0.5, 0.5]]),
 'conv_types': array([0, 0], dtype=int32),
 'primitive_lattice': array([[-1.405,  1.405,  1.405],
        [ 1.405, -1.405,  1.405],
        [ 1.405,  1.405, -1.405]]),
 'primitive_positions': array([[0., 0., 0.]]),
 'primitive_types': array([0], dtype=int32),
 'reciprocal_primitive_lattice': [[1.6776982741209693e-16,
   2.236009006113732,
   2.236009006113732],
  [2.236009006113732, 0.0, 2.236009006113732],
  [2.236009006113732, 2.236009006113732, 0.0]],
 'inverse_primitive_transformation_matrix': array([[0, 1, 1],
        [1, 0, 1],
        [1, 1, 0]]),
 'primitive_transformation_matrix': array([[-0.5,  0.5,  0.5],
        [ 0.5, -0.5,  0.5],
        [ 0.5,  0.5, -0.5]]),
 'volume_original_wrt_conv': 0.9999999999999999,
 'volume_original_wrt_prim': 1.9999999999999998,
 'spacegroup_number': 229,
 'spacegroup_international': 'Im-3m'}






The code creates automatically the conventional and primitive cell with all high-symmetry points and a suggested path taking all high-symmetry paths into account.

Keep in mind: The high-symmetry points and paths make only sence for the primitive cell! Therefore we run all calculations in the primitive cell created by seekpath.




Create a structure

We use the same structure as before!




Create new structure (primitive cell) with high-symmetry points and paths

For the following command all arguments valid for seekpath are supported. Look at the docstring and at seekpath.


[9]:






structure_Fe_sp = structure_Fe.create_line_mode_structure()








[10]:






structure_Fe_sp.plot3d()


















[11]:






structure_Fe_sp








[11]:







Fe: [0. 0. 0.]
pbc: [ True  True  True]
cell:
[[-1.405  1.405  1.405]
 [ 1.405 -1.405  1.405]
 [ 1.405  1.405 -1.405]]






We see, that the structure is now the primitive cell containing only one atom.


[12]:






structure_Fe_sp.get_high_symmetry_points()








[12]:







{'GAMMA': [0.0, 0.0, 0.0],
 'H': [0.5, -0.5, 0.5],
 'P': [0.25, 0.25, 0.25],
 'N': [0.0, 0.0, 0.5]}







[13]:






structure_Fe_sp.get_high_symmetry_path()








[13]:







{'full': [('GAMMA', 'H'),
  ('H', 'N'),
  ('N', 'GAMMA'),
  ('GAMMA', 'P'),
  ('P', 'H'),
  ('P', 'N')]}






The path is stored like this. Here you can also add paths to the dictionary.

Each tuple gives a start and end point for this specific trace. Thus also disonnected paths are possible to calculate.


[14]:






structure_Fe_sp.add_high_symmetry_path({"my_path": [("GAMMA", "H"), ("GAMMA", "P")]})








[15]:






structure_Fe_sp.get_high_symmetry_path()








[15]:







{'full': [('GAMMA', 'H'),
  ('H', 'N'),
  ('N', 'GAMMA'),
  ('GAMMA', 'P'),
  ('P', 'H'),
  ('P', 'N')],
 'my_path': [('GAMMA', 'H'), ('GAMMA', 'P')]}









Create jobs

We need two jobs for a band structure! The first gives us the correct Fermi energy and the charge densities used for the second calculations.




Create job for charge density

This is only a small example for BS calculations. Could be that the input parameter like cutoff etc. does not make much sense… for real physics…


[16]:






def setup_hamiltonian_sphinx(project, jobname, structure, chgcar_file=""):

    #version 1.0 (08.03.2019)

    #Name und typ
    ham = project.create_job(job_type='Sphinx', job_name=jobname)

    #parameter für xc functional
    ham.exchange_correlation_functional = 'PBE'

    #struktur
    ham.structure = structure
    ham.load_default_groups()

    ham.set_encut(450)
    ham.set_empty_states(6)
    ham.set_convergence_precision(electronic_energy=1e-8)
    ham.set_occupancy_smearing(width=0.2)

    #parameter für kpoints
    ham.set_kpoints([8, 8, 8])

    return ham








[17]:






ham_spx_chg = setup_hamiltonian_sphinx(pr, "Fe_spx_CHG", structure_Fe_sp)








Run it!


[18]:






ham_spx_chg.run()













The job Fe_spx_CHG was saved and received the ID: 4







[19]:






pr.get_jobs_status()








[19]:







finished    1
Name: status, dtype: int64











Create second job

We restart the fist job with the following command. Then the charge density of the first job is taken for the second!


[20]:






ham_spx_bs = ham_spx_chg.restart_for_band_structure_calculations(job_name="Fe_spx_BS")







ham_spx_bs = ham_spx_chg.restart_from_charge_density(
             job_name="Fe_spx_BS",
             job_type=None,
             band_structure_calc=True
         )
Set line mode for k-points

To set the correct path, we have to give the name of the path (in our example either full or my_path) and the number of points for each subpath (would be for n_path=100and path_name="my_path" 200 k-points in total)


[21]:






ham_spx_bs.set_kpoints(scheme="Line", path_name="full", n_path=100)













/srv/conda/envs/notebook/lib/python3.7/site-packages/pyiron/base/generic/parameters.py:285: UserWarning: The input in GenericParameters changed, while the state of the job was already finished.
  "The input in GenericParameters changed, while the state of the job was already finished."






A parameter usefull for BS calculations. Look at the sphinx manual for details.


[22]:






ham_spx_bs.input["nSloppy"] = 6










Run it!


[23]:






ham_spx_bs.run()













The job Fe_spx_BS was saved and received the ID: 5







[24]:






pr.get_jobs_status()








[24]:







finished    2
Name: status, dtype: int64











Store the data!

The energy values are stored in the following paths of the hdf5 file.


[25]:






energy_sphinx = ham_spx_bs['output/generic/dft/bands_eigen_values'][-1]
ef_sphinx = ham_spx_chg['output/generic/dft/bands_e_fermi'][-1]
energy_sphinx -= ef_sphinx










Plot it!

Now we can easily plot it!


[26]:






plt.plot(energy_sphinx[:-1], 'b-')
plt.axhline(y=0, ls='--', c='k')
plt.xlim(0, len(energy_sphinx));
plt.ylim(-10,40);












[image: ../../_images/source_notebooks_bandstructure_55_0.png]
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Implementation of Gamma Surface calculation

The Gamma Surface calculation requires multiple calculations, therefore we use the ParallelMaster Class and implement a ParallelMaster for Gamma Surface calculations.


[1]:






import numpy as np
import matplotlib.pylab as plt








[2]:






from pyiron import Project










Class templates

We import two additional classes the AtomisticParallelMaster and the JobGenerator


[3]:






from pyiron.atomistics.master.parallel import AtomisticParallelMaster
from pyiron_base.master.parallel import JobGenerator








JobGenerator

The JobGenerator has three primary functions: * parameter_list() which generates a list of parameters, each parameter can then be executed in parallel. * job_name() a function to rename the temlate job using one parameter out of the parameter list. * modify_job() the function which modifies the job based on one parameter out of the parameter list. Finally there is one additional function to construct the structures the get_structure() function.


[4]:






class GammaJobGenerator(JobGenerator):
    @property
    def parameter_list(self):
        """

        Returns:
            (list)
        """
        parameter_lst = []
        structure = self._master.ref_job.structure
        x_max = structure.cell[0, 0]
        y_max = structure.cell[1, 1]
        x_vec = np.linspace(0, x_max, self._master.input["n_mesh_x"])
        y_vec = np.linspace(0, y_max, self._master.input["n_mesh_y"])
        for x in x_vec:
            for y in y_vec:
                parameter_lst.append([structure.copy(), x,y])
        return parameter_lst

    @staticmethod
    def job_name(parameter):
        return 'x_{:.4}_y_{:.4}'.format(parameter[1], parameter[2]).replace('.', '_')

    def modify_job(self, job, parameter):
        job.structure = self.get_structure(structure=parameter[0], x=parameter[1], y=parameter[2])
        return job

    @staticmethod
    def get_structure(structure, x, y):
        z = structure.positions[:, 2]
        z_0 = np.mean(z)
        structure.positions[z < z_0, 0] += x
        structure.positions[z < z_0, 1] += y
        structure.add_tag(selective_dynamics=[False, False, True])
        structure.pbc[2] = True
        return structure










ParallelMaster

The ParallelMaster includes the JobGenerator as an object and in addition adds auxiliary functions to simplify the interaction of the user with the class. In this case these are the collect_output() function which summarizes the results of the individual collection as well as two plot functions the regular plot() function and the plot2d() function to visualise the results. In general the ParallelMaster primarly implements the functionality to aggregate the data once the calculation
is finished.


[5]:






class GammaSurface(AtomisticParallelMaster):
    def __init__(self, project, job_name):
        super(GammaSurface, self).__init__(project, job_name)
        self.__name__ = "GammaSurface"
        self.__version__ = "0.0.1"
        self.input["n_mesh_x"] = 10
        self.input["n_mesh_y"] = 10
        self._job_generator = GammaJobGenerator(self)
        self._output = {}

    def collect_output(self):
        if self.server.run_mode.interactive:
            ham = self.project_hdf5.inspect(self.child_ids[0])
            self._job_generator.parameter_list
            erg_lst = ham["output/generic/energy_tot"]
            _, x_lst, y_lst = zip(*self._job_generator.parameter_list)
        else:
            erg_lst, x_lst, y_lst = [], [], []
            for job_id in self.child_ids:
                ham = self.project_hdf5.inspect(job_id)
                erg_lst.append(ham["output/generic/energy_tot"][-1])
                job_name = ham.job_name
                x_lst.append(float(job_name.split("_y_")[0].split("x_")[1].replace('_', '.')))
                y_lst.append(float(job_name.split("_y_")[1].replace('_', '.')))
        self._output["energy"] = erg_lst
        self._output["x"] = x_lst
        self._output["y"] = y_lst
        with self.project_hdf5.open("output") as hdf5_out:
            for key, val in self._output.items():
                hdf5_out[key] = val

    def plot(self):
        if len(self._output) > 0:
            plt.plot(self._output["y"], self._output["energy"], 'x-');

    def plot2d(self):
        plt.imshow(np.reshape(self._output["energy"], (self.input["n_mesh"][0],-1)))












Example Project

To demonstrate the useage of the newly implemented class we create a small example project.


[6]:






pr = Project("Gamma_parallel")








Execution

We use interactive LAMMPS jobs and calculate the gamma surface for two fcc crystal orientations namely 111 and 100.


[8]:






surface_list = ['fcc111', 'fcc100']
fig, ax_list = plt.subplots(ncols=2, nrows=1, sharex=True)

potential = '2009--Mendelev-M-I--Al-Mg--LAMMPS--ipr1'
for i, surf in enumerate(surface_list):
    with pr.open(surf) as pr_test:
        ax= ax_list[i]
        Al = pr_test.create_surface('Al', surf, (1,2,12), vacuum=10, orthogonal=True)
        ref_job = pr_test.create_job(pr_test.job_type.Lammps, 'ref_job')
        ref_job.structure = Al
        ref_job.potential = potential
        ref_job.calc_minimize()
        ref_job.interactive_enforce_structure_reset = True
        ref_job.server.run_mode.interactive = True
        gs = ref_job.create_job(GammaSurface, "gamma_" + surf)
        gs.input["n_mesh_x"] = 5
        gs.input["n_mesh_y"] = 19
        gs.run()
        ax.contourf(np.reshape(gs._output["energy"], (gs.input["n_mesh_x"],-1)))













The job gamma_fcc111 was saved and received the ID: 1
The job gamma_fcc111_ref_job was saved and received the ID: 2
The job gamma_fcc100 was saved and received the ID: 3
The job gamma_fcc100_ref_job was saved and received the ID: 4











[image: ../../_images/source_notebooks_gamma_surface_parallel_master_12_1.png]
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[1]:






from pyiron import Project








[2]:






pr = Project('FeC')








[4]:






basis = pr.create_structure('Fe', 'bcc', 2.78)








[5]:






basis[1] = 'C'








[6]:






job = pr.create_job(pr.job_type.Lammps, 'lammpsFeC')








[7]:






job.structure = basis








[8]:






job.potential = '2008--Hepburn-D-J--Fe-C--LAMMPS--ipr1'








[9]:






job.run()













The job lammpsFeC was saved and received the ID: 3







[10]:






job.output.energy_tot








[10]:







array([-7.47519366])







[11]:






job.output.energy_pot








[11]:







array([-7.47519366])







[12]:






job.output.positions








[12]:







array([[[0.  , 0.  , 0.  ],
        [1.39, 1.39, 1.39]]])







[13]:






job.output.cells








[13]:







array([[[2.78000000e+00, 1.15608312e-32, 1.15608312e-32],
        [0.00000000e+00, 2.78000000e+00, 1.15608312e-32],
        [0.00000000e+00, 0.00000000e+00, 2.78000000e+00]]])







[14]:






job.output.pressures








[14]:







array([[[ 3.53781395e+01, -1.09310765e-15, -1.09310765e-15],
        [-1.09310765e-15,  3.53781395e+01, -1.35829945e-15],
        [-1.09310765e-15, -1.35829945e-15,  3.53781395e+01]]])







[15]:






job.output.temperature








[15]:







array([0])







[16]:






job.output.forces








[16]:







array([[[-2.22044605e-16, -9.02056208e-17,  2.08166817e-17],
        [ 0.00000000e+00,  0.00000000e+00, -1.11022302e-16]]])







[17]:






job.output.steps








[17]:







array([0])







[18]:






job.output.time








[18]:







array([], dtype=float64)







[19]:






job.output.volume








[19]:







array([21.484952])







[20]:






job.output.unwrapped_positions








[20]:







array([[[0.  , 0.  , 0.  ],
        [1.39, 1.39, 1.39]]])
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[1]:






from pyiron import Project








[2]:






def calc_minimize(job):
    job_mini = job.copy_to(
        new_job_name=job.job_name + '_mini',
        new_database_entry=False
    )
    job_mini.calc_minimize(pressure=0)
    return job_mini








[3]:






def calc_murnaghan(job):
    job_murn = job.copy_to(
        new_job_name=job.job_name + '_murn_lmp',
        new_database_entry=False
    )
    return job_murn.create_job(
        job_type=pr.job_type.Murnaghan,
        job_name=job.job_name + '_murn'
    )








[4]:






def calc_phonons_for_each_structure(job):
    job_phono = job.copy_to(
        new_job_name=job.job_name + '_phono_lmp',
        new_database_entry=False
    )
    phono = job_phono.create_job(
        job_type=pr.job_type.PhonopyJob,
        job_name=job.job_name + '_phono'
    )
    return phono.create_job(
        job_type=pr.job_type.StructureListMaster,
        job_name='struct_master'
    )








[5]:






pr = Project('calculation')
potential = '2008--Hepburn-D-J--Fe-C--LAMMPS--ipr1'
element = 'Fe'








[6]:






structure = pr.create_ase_bulk(element, cubic=True)








[7]:






job = pr.create_job(pr.job_type.Lammps, 'lmp')
job.structure = structure
job.potential = potential
# job.server.run_mode.interactive = True








[8]:






job_lst_master = job.create_pipeline(
    step_lst=[
        calc_minimize,
        calc_murnaghan,
        calc_phonons_for_each_structure,
    ]
)








[9]:






job_lst_master.run()













The job lstmaster was saved and received the ID: 77
The job lmp_mini was saved and received the ID: 78
The job lmp_murn was saved and received the ID: 79
The job lmp_murn_lmp_murn_lmp was saved and received the ID: 80












/Users/jan/PycharmProjects/pyiron_mpie/pyiron/pyiron/lammps/interactive.py:349: UserWarning: Warning: setting upper trangular matrix might slow down the calculation
  "Warning: setting upper trangular matrix might slow down the calculation"
/Users/jan/PycharmProjects/pyiron_mpie/pyiron/pyiron/lammps/interactive.py:108: UserWarning: Warning: setting upper trangular matrix might slow down the calculation
  "Warning: setting upper trangular matrix might slow down the calculation"












The job struct_master was saved and received the ID: 81
The job struct_0 was saved and received the ID: 82
The job struct_0_lmp_phono_lmp was saved and received the ID: 83
The job struct_1 was saved and received the ID: 84
The job struct_1_lmp_phono_lmp was saved and received the ID: 85
The job struct_2 was saved and received the ID: 86
The job struct_2_lmp_phono_lmp was saved and received the ID: 87
The job struct_3 was saved and received the ID: 88
The job struct_3_lmp_phono_lmp was saved and received the ID: 89
The job struct_4 was saved and received the ID: 90
The job struct_4_lmp_phono_lmp was saved and received the ID: 91
The job struct_5 was saved and received the ID: 92
The job struct_5_lmp_phono_lmp was saved and received the ID: 93
The job struct_6 was saved and received the ID: 94
The job struct_6_lmp_phono_lmp was saved and received the ID: 95
The job struct_7 was saved and received the ID: 96
The job struct_7_lmp_phono_lmp was saved and received the ID: 97
The job struct_8 was saved and received the ID: 98
The job struct_8_lmp_phono_lmp was saved and received the ID: 99
The job struct_9 was saved and received the ID: 100
The job struct_9_lmp_phono_lmp was saved and received the ID: 101
The job struct_10 was saved and received the ID: 102
The job struct_10_lmp_phono_lmp was saved and received the ID: 103







[10]:






pr.job_table()








[10]:
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[1]:






from pyiron import Project








[2]:






pr = Project('sqs')








[4]:






ni_fcc = pr.create_ase_bulk("Ni", cubic=True)
ni_fcc.set_repeat([2,2,2])








[5]:






job = pr.create_job(pr.job_type.SQSJob, "ni_cr_fcc_sqs")
job.structure = ni_fcc
job.input['mole_fractions'] = {"Ni": 0.8, 'Cr': 0.2}
job.input['iterations'] = 1e6
job.server.cores = 2
job.run()













The job ni_cr_fcc_sqs was saved and received the ID: 1
Mole fractions were corrected to: {'Cr': 0.1875, 'Ni': 0.8125}
Threads used: 2







[6]:






job["output"]








[6]:







{'groups': ['structures'], 'nodes': ['cycle_time', 'decmp', 'iterations']}







[7]:






job["output/cycle_time"]








[7]:







2.912881374359131e-06







[8]:






job["output/decmp"]








[8]:







[{'Cr-Ni': [0.008547008547007184,
   0.021367521367521458,
   -0.03133903133903149,
   0.010683760683760729,
   -0.04615384615384613]}]







[9]:






job["output/iterations"]








[9]:







1000000.0







[10]:






pr.job_table()








[10]:
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Test your pyiron installation

The goal of this notebooks is to evaluate your pyiron installation - to identify which components are working and which are might need some additional configuration.




Your operation system


[1]:






import sys
sys.platform  # ['linux', 'darwin', 'win32']








[1]:







'linux'









Test pyiron

Install pyiron from conda-forge:

conda install -c conda-forge pyiron






[2]:






! conda list pyiron













# packages in environment at /srv/conda/envs/notebook:
#
# Name                    Version                   Build  Channel
pyiron                    0.2.11             pyh9f0ad1d_0    conda-forge







Install location

List where conda is installed:


[3]:






import pyiron
pyiron.__file__  # location where pyiron is installed








[3]:







'/srv/conda/envs/notebook/lib/python3.7/site-packages/pyiron/__init__.py'









Your .pyiron configuration

Check pyiron configuration, if pyiron is not configured, configure it using:

python
>>> import pyiron
>>> pyiron.install()






[4]:






from pyiron_base import Settings
s = Settings()
s._configuration








[4]:







{'user': 'pyiron',
 'resource_paths': ['/home/jovyan/resources'],
 'project_paths': ['/home/jovyan/'],
 'sql_connection_string': 'sqlite:////home/jovyan/resources/sqlite.db',
 'sql_table_name': 'jobs_pyiron',
 'sql_view_connection_string': None,
 'sql_view_table_name': None,
 'sql_view_user': None,
 'sql_view_user_key': None,
 'sql_file': '/home/jovyan/resources/sqlite.db',
 'sql_host': None,
 'sql_type': 'SQLite',
 'sql_user_key': None,
 'sql_database': None,
 'project_check_enabled': True,
 'disable_database': False}









Your pyiron working directory

pyiron restricts the users to execute notebooks only in the project_paths. We check if the current working directory is part of the project_paths.


[5]:






from pyiron import Project
pr = Project('.')












NGLview for visualizing atomistic structures

NGLView is used for visualisation of atomistic structures. First we check if NGLview was installed using conda:


[6]:






! conda list nglview













# packages in environment at /srv/conda/envs/notebook:
#
# Name                    Version                   Build  Channel
nglview                   2.7.5              pyh5ca1d4c_0    conda-forge






For jupyter notebooks nglview can be installed using:

conda install -c conda-forge nglview
jupyter nbextension install nglview --py --sys-prefix
jupyter nbextension enable nglview --py --sys-prefix





For jupyterlab the installation is slightly different:

conda install -c conda-forge nodejs nglview
jupyter labextension install @jupyter-widgets/jupyterlab-manager --no-build
jupyter labextension install nglview-js-widgets






[7]:






import nglview
nglview.demo()  # You should see a molecule which you can rotate in 3D






























Simulation codes

pyiron does not include any simulation codes, these have to be installed separatley:


Lammps

We start with installing Lammps directly from Anaconda (the conda-forge channel provides the executables for Linux and Mac Os X):

conda install -c conda-forge lammps





For windows Lammps is available from the pyiron conda channel:

conda install -c pyiron lammps






[8]:






! conda list lammps













# packages in environment at /srv/conda/envs/notebook:
#
# Name                    Version                   Build  Channel
lammps                    2020.03.03         py37_mpich_2    conda-forge







[9]:






from pyiron import Project
pr = Project('lammps')
lmp = pr.create_job(pr.job_type.Lammps, 'static')
lmp.structure = pr.create_structure('Fe', 'bcc', 2.55)
lmp.potential = '2008--Hepburn-D-J--Fe-C--LAMMPS--ipr1'
lmp.run()  # The job static was saved and received the ID: 1













The job static was saved and received the ID: 1









Lammps interactive

The conda-forge channel includes the Lammps executables as well as the Lammps library, unfortunatley this is not available for windows. Therefore for Windows we recommend installing pyiron using the Linux subsystem.


[10]:






from pyiron import Project
pr = Project('lammps')
lmp = pr.create_job(pr.job_type.Lammps, 'interactive')
lmp.structure = pr.create_structure('Fe', 'bcc', 2.55)
lmp.potential = '2008--Hepburn-D-J--Fe-C--LAMMPS--ipr1'
lmp.server.run_mode.interactive = True
lmp.run()  # The job interactive was saved and received the ID: 1
print(lmp.output.energy_tot)  # [-6.38884508]
lmp.run()
print(lmp.output.energy_tot) # [-6.38884508 -6.38884508]
lmp.interactive_close()













The job interactive was saved and received the ID: 1
[-6.38884508 -6.38884508 -6.38884508]
[-6.38884508 -6.38884508 -6.38884508 -6.38884508]









Sphinx

The Sphinx DFT code is developed at the MPIE and it can be installed for Linux using the conda-forge channel:

conda install -c conda-forge sphinxdft






[11]:






! conda list sphinxdft













# packages in environment at /srv/conda/envs/notebook:
#
# Name                    Version                   Build  Channel
sphinxdft                 2.6.1                h6ced99e_5    conda-forge







[12]:






from pyiron import Project
pr = Project('sphinx')
lmp = pr.create_job(pr.job_type.Sphinx, 'static')
lmp.structure = pr.create_structure('Fe', 'bcc', 2.55)
lmp.run()  # The job static was saved and received the ID: 2













The job static was saved and received the ID: 2
The files are already compressed!









GPAW

Besides Sphinx is GPAW a second opensource DFT code available for pyiron. For both Mac Os X and Linux GPAW is available from conda-forge available:

conda install -c conda-forge






[13]:






! conda list gpaw













# packages in environment at /srv/conda/envs/notebook:
#
# Name                    Version                   Build  Channel
gpaw                      19.8.1             py37_nompi_0    conda-forge







[14]:






from pyiron import Project
pr = Project('gpaw')
lmp = pr.create_job(pr.job_type.Gpaw, 'static')
lmp.structure = pr.create_structure('Fe', 'bcc', 2.55)
lmp.run()  # The job static was saved and received the ID: 3













The job static was saved and received the ID: 3







[ ]:




















            

          

      

      

    

  

  
    
    
    <no title>
    

    
 
  

    
      
          
            
  


[1]:






from pyiron import Project
import numpy as np








[2]:






pr = Project('SPX_CHECK_ALL')








[3]:






a_Fe = 2.83
a_Al = 4.024








[4]:






job = pr.create_job(pr.job_type.Sphinx, 'spx_Fe_nonmag')
job.structure = pr.create_structure('Fe', 'bcc', a_Fe)
job.calc_static()
job.run()













The job spx_Fe_nonmag was saved and received the ID: 1







[5]:






if np.linalg.norm(job['output/generic/forces'])>1.0e-4:
    raise ValueError('Forces wrong')








[6]:






if np.linalg.norm(job.structure.positions-job['output/generic/positions'][-1])>1.0e-4:
    raise ValueError('Positions not correctly parsed')








[7]:






if np.linalg.norm(job.structure.cell-job['output/generic/cells'][-1])>1.0e-4:
    raise ValueError('Cells not correctly parsed')








[8]:






if 'atom_spins' in job['output/generic/dft'].list_nodes():
    raise AssertionError('spins present')








[9]:






if np.abs(job['output/generic/volume']-np.linalg.det(job.structure.cell)) > 1.0e-4:
    raise ValueError('Volume wrong')








[10]:






if np.linalg.norm(job.structure.positions-job['output/generic/positions'][0])>1.0e-4:
    raise ValueError('Positions not parsed properly')








[11]:






job = pr.create_job(pr.job_type.Sphinx, 'spx_Fe_ferro')
job.structure = pr.create_structure('Fe', 'bcc', a_Fe)
job.structure.set_initial_magnetic_moments([2, 2])
job.calc_static()
job.run()













The job spx_Fe_ferro was saved and received the ID: 2







[12]:






if pr.inspect('spx_Fe_ferro')['output/generic/energy_tot'][0]-pr.inspect('spx_Fe_nonmag')['output/generic/energy_tot'][0]>0:
    raise ValueError('BCC Fe erromagnetic state has lower energy than nonmagnetic state')








[13]:






job = pr.create_job(pr.job_type.Sphinx, 'spx_Fe_ferro_C')
job.structure = pr.create_structure('Fe', 'bcc', a_Fe)
job.structure.set_initial_magnetic_moments([2, 2])
job.structure += pr.create_atoms(elements=['C'], positions=[[0, 0, 0.5*a_Fe]], magmoms=[0])
job.calc_static()
job.run()













The job spx_Fe_ferro_C was saved and received the ID: 3







[14]:






if np.linalg.norm(job.structure.positions-job['output/generic/positions'][-1])>1.0e-4:
    raise ValueError('Positions not correctly parsed')








[15]:






job = pr.create_job(pr.job_type.Sphinx, 'spx_Al')
job.structure = pr.create_structure('Al', 'fcc', a_Al)
job.calc_static()
job.run()













The job spx_Al was saved and received the ID: 4







[16]:






job = job.restart()
job.run()













WARNING:
job.input.structure != job.structure. The current job.structure will overwrite any changes you may might have made to job.input.structure in the meantime. To disable this overwrite, set job.input.structure.locked = True. To disable this warning, call job.load_structure_group() after making changes to job.structure.
The job spx_Al_restart was saved and received the ID: 5







[17]:






if 'spx_Al_restart' not in list(pr.job_table().job):
    raise AssertionError('restart job not found')








[18]:






if np.abs(pr.inspect('spx_Al')['output/generic/energy_tot'][-1]-pr.inspect('spx_Al_restart')['output/generic/energy_tot'][-1])>1.0e-3:
    raise ValueError('Energy value after restart too different')








[19]:






job = pr.create_job(pr.job_type.Sphinx, 'spx_Al_minimize')
job.structure = pr.create_structure('Al', 'fcc', a_Al)
job.structure.positions[0,0] += 0.01
job.calc_minimize()
job.run()













The job spx_Al_minimize was saved and received the ID: 6












/srv/conda/envs/notebook/lib/python3.7/site-packages/pyiron/base/generic/hdfio.py:694: VisibleDeprecationWarning: Creating an ndarray from ragged nested sequences (which is a list-or-tuple of lists-or-tuples-or ndarrays with different lengths or shapes) is deprecated. If you meant to do this, you must specify 'dtype=object' when creating the ndarray
  np.array([np.array(v) for v in value]),







[20]:






E = job['output/generic/energy_tot']
if E[0]-E[1]<0:
    raise AssertionError('Energy not decreased')








[21]:






job = pr.create_job(pr.job_type.Sphinx, 'spx_check_overlap')
job.structure = pr.create_structure('Fe', 'bcc', 2.832)
job.set_check_overlap(False)
job.calc_static()
job.run()













The job spx_check_overlap was saved and received the ID: 7







[22]:






job = pr.create_job(pr.job_type.Sphinx, 'spx_symmetry')
job.structure = pr.create_structure('Fe', 'bcc', 2.832)
job.fix_symmetry = False
job.calc_static()
job.run()













The job spx_symmetry was saved and received the ID: 8







[23]:






job = pr.create_job(pr.job_type.Sphinx, 'spx_Fe_ferro_constraint')
job.structure = pr.create_structure('Fe', 'bcc', a_Fe)
job.structure.set_initial_magnetic_moments([2, 2])
job.fix_spin_constraint = True
job.calc_static()
job.run()













The job spx_Fe_ferro_constraint was saved and received the ID: 9







[24]:






if np.linalg.norm(job['output/generic/dft/atom_spins']-job.structure.get_initial_magnetic_moments())>1.0e-4:
    raise AssertionError('Magnetic moments either not properly parsed or constraining not working')








[25]:






job = pr.create_job(pr.job_type.Sphinx, 'spx_Al_submit')
job.structure = pr.create_structure('Al', 'fcc', a_Al)
job.calc_static()
# job.server.queue = 'impi_hy'
job.run()













The job spx_Al_submit was saved and received the ID: 10







[26]:






job = pr.create_job(pr.job_type.Sphinx, 'spx_Al_save_memory')
job.structure = pr.create_structure('Al', 'fcc', a_Al)
job.input['SaveMemory'] = True
job.calc_static()
job.run()













The job spx_Al_save_memory was saved and received the ID: 11







[27]:






job = pr.create_job(pr.job_type.Sphinx, 'spx_Al_interactive')
job.structure = pr.create_structure('Al', 'fcc', a_Al)
job.structure.positions[0,0] += 0.01
job.server.run_mode.interactive = True
job.calc_static()
minim = job.create_job(pr.job_type.SxExtOptInteractive, 'sxextopt_Al')
minim.run()













The job sxextopt_Al was saved and received the ID: 12
The job spx_Al_interactive was saved and received the ID: 13
Ending calculation












/srv/conda/envs/notebook/lib/python3.7/site-packages/pyiron/base/generic/hdfio.py:694: VisibleDeprecationWarning: Creating an ndarray from ragged nested sequences (which is a list-or-tuple of lists-or-tuples-or ndarrays with different lengths or shapes) is deprecated. If you meant to do this, you must specify 'dtype=object' when creating the ndarray
  np.array([np.array(v) for v in value]),
/srv/conda/envs/notebook/lib/python3.7/site-packages/h5io/_h5io.py:610: VisibleDeprecationWarning: Creating an ndarray from ragged nested sequences (which is a list-or-tuple of lists-or-tuples-or ndarrays with different lengths or shapes) is deprecated. If you meant to do this, you must specify 'dtype=object' when creating the ndarray
  return np.array(array_restore)







[28]:






job = pr.create_job(pr.job_type.Sphinx, 'nonmodal2')
job.structure = pr.create_structure('Al', 'fcc', a_Al)
job.calc_static()
job.save()
job_reload = pr.load(job.job_name)
job_reload.run()













The job nonmodal2 was saved and received the ID: 14







[29]:






job['output/generic/dft/bands_e_fermi']








[29]:







array([6.013783, 5.85485 ])







[30]:






spx = pr.create_job('Sphinx', 'spx_sxextopt_Fe')
spx.structure = pr.create_structure('Fe', 'bcc', 2)
spx.structure.set_initial_magnetic_moments([2, 2])
spx.server.run_mode.interactive = True
spx.calc_static()
sxextopt = pr.create_job('SxExtOptInteractive', 'sxextopt_Fe')
sxextopt.ref_job = spx

sxextopt.save()
sxextopt = pr.load('sxextopt_Fe')
sxextopt.run()













The job sxextopt_Fe was saved and received the ID: 15
WARNING:
job.input.structure != job.structure. The current job.structure will overwrite any changes you may might have made to job.input.structure in the meantime. To disable this overwrite, set job.input.structure.locked = True. To disable this warning, call job.load_structure_group() after making changes to job.structure.
The job spx_sxextopt_Fe was saved and received the ID: 16












/srv/conda/envs/notebook/lib/python3.7/site-packages/pyiron/sphinx/interactive.py:134: UserWarning: Spin constraint not set -> set fix_spin_constraint = True
  warnings.warn("Spin constraint not set -> set fix_spin_constraint = True")












Ending calculation












/srv/conda/envs/notebook/lib/python3.7/site-packages/pyiron/base/generic/hdfio.py:694: VisibleDeprecationWarning: Creating an ndarray from ragged nested sequences (which is a list-or-tuple of lists-or-tuples-or ndarrays with different lengths or shapes) is deprecated. If you meant to do this, you must specify 'dtype=object' when creating the ndarray
  np.array([np.array(v) for v in value]),
/srv/conda/envs/notebook/lib/python3.7/site-packages/h5io/_h5io.py:610: VisibleDeprecationWarning: Creating an ndarray from ragged nested sequences (which is a list-or-tuple of lists-or-tuples-or ndarrays with different lengths or shapes) is deprecated. If you meant to do this, you must specify 'dtype=object' when creating the ndarray
  return np.array(array_restore)







[31]:






if not all(pr.job_table().status=='finished'):
    jt = pr.job_table()
    print(jt[jt.status!='finished'])
    raise AssertionError('Some simulations failed')








[32]:






pr.remove(enable=True)








[ ]:
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