

    
      
          
            
  
ESTEEM: Explicit Solvent Toolkit for Electronic Excitations of Molecules

ESTEEM is an open source package for calculations of excited state and spectroscopic properties of molecules in solvent environments, developed by Nicholas Hine [https://warwick.ac.uk/fac/sci/physics/staff/academic/nicholashine/] at the University of Warwick.

It is built upon the python framework provided by the Atomic Simulation Environment [https://wiki.fysik.dtu.dk/ase/index.html] and can call upon a number of different electronic structure and molecular dynamics codes, and machine-learning techniques.

The project is currently at a pre-release stage but I plan to release it soon with full documentation. The code’s git repository [https://bitbucket.org/ndmhine/esteem] on bitbucket contains the latest development version and can be used to report any issues.

The Explicit Solvent methodology that has been adapted to a workflow in ESTEEM is based on the ideas described in the papers below.
If you find this project useful, I would appreciate if you cite these works:


M.A.P. Turner, M.D. Horbury, V.G. Stavros, N.D.M. Hine, Determination of secondary species in solution through pump-selective transient absorption spectroscopy and explicit-solvent TDDFT, J. Phys. Chem. A 123, 873 (2019). [https://pubs.acs.org/doi/10.1021/acs.jpca.8b11013]

T.J. Zuehlsdorff, P.D. Haynes, M.C. Payne, and N.D.M. Hine, Predicting solvatochromic shifts and colours of a solvated organic dye: The example of Nile Red, J. Chem. Phys. 146, 124504 (2017) [https://aip.scitation.org/doi/10.1063/1.4979196]




I hope to make ESTEEM installable via pip soon. This means you would be able to install with just:

$ pip3 install esteem





But this is not available yet.

Acknowledgements: Some parts of ESTEEM are based on earlier python scripting by members of my research group including Tim Zuehlsdorff, David Turban and Matt Turner.
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Introduction and Background

An excellent introduction to the use of “explicit” representation of a solvent environment in the context of theoretical spectroscopy calculations can be found in Tim Zuehlsdorff and Christine Isborn’s 2019 review:

Modeling absorption spectra of molecules in solution, Int J. Quant. Chem. 119, e25719
https://onlinelibrary.wiley.com/doi/full/10.1002/qua.25719

ESTEEM is an attempt to harness the flexibility provided by ASE, and the ease with which one can create “calculators” to perform atomistic simulation tasks, and use it to provide an API for explicit solvent calculations, including setting them up, running them on HPC systems, and analysing and plotting the results.


Explicit Solvent Calculations

The main explicit solvent code works on the basis of a set of predefined tasks representing steps in the workflow of a calculation of a solute in explicit solvent. These tasks are:



	Calculate the structure and electronic excitations of a solute molecule in gas-phase and/or implicit solvent.


	Calculate the structure (and excitations, if required) of the solvent molecules as above.


	Solvate the solute molecule, i.e. surround it by a realistic, well-equilibrated representation of the solvent in a large periodic box.


	Take a series of snapshots of the geometry of the solvated system during a long Molecular Dynamics trajectory, separated by a time interval long enough to decorrelate the snapshot geometries.


	Extract clusters from the snapshots of the solvated system, centered on the solute molecule, containing the solute molecule and all solvent molecules within a certain distance of the solute.


	Perform a Theoretical Spectroscopy (eg TDDFT) calculation on each extracted cluster. The size may necessitate the use of Linear-Scaling TDDFT.


	Optionally, process the solute spectra generated in step 1 to determine a “spectral warp” mapping the result of one spectroscopy calculation (usually with a computationally-inexpensive level of theory) onto another (a state-of-the-art calculation with a high level of theory).


	Produce a final predicted spectrum for the solvated system, by averaging over the extracted clusters. The spectral warp can be applied to each snapshot. This spectrum can be used to predict the colour of the molecule in solvent, or to identify what is present in a mixture.







In ESTEEM, steps 1. and 2. are performed by the ‘Solutes’ module, steps 3. and 4. are performed by the ‘Solvate’ module, steps 5. and 6. are performed by the ‘Clusters’ module, and steps 7. and 8. are performed by the ‘Spectra’ module.

A workflow for ESTEEM usually takes the form of a single python script which both defines the calculation parameters and calls driver routines which perform the above tasks.



Machine Learning Potential Energy Surfaces

The ESTEEM code also has functionality for machine learning of potential energy surfaces of molecules. This is still under development and not so extensively documented at the present time.





          

      

      

    

  

    
      
          
            
  
Installation

ESTEEM is a python-based project, originally written within Jupyter notebooks, and is tightly integrated with the Atomic Simulation Environment (ASE). This integration means that a range of electronic structure, molecular dynamics and machine-learning packages with calculators available in ASE can be used by ESTEEM to perform its tasks. ASE functionality is accessed via Wrapper modules which create default settings for a package. These packages are each individually optional, though there is little that can be done without at least one MD code and one electronic structure code.

Apart from the calculators, the code has the following dependencies:



	Python, version 3.6 or above


	ASE


	NumPy


	Matplotlib for graphical outputs







Compiling the Python files from the ipynb notebooks requires IPython (though this may be dropped in future).


Manual installation

Currently the best way to install the code is to clone the git repository. In future I hope to make a PyPI package so that “pip install esteem” will work.

Install ASE.

It is highly advisable to use an up-to-date version of ASE. Many calculator bugs in relevant calculators have been fixed in versions 3.18-3.20 so older versions may well fail. This should be done before installing ESTEEM as currently ESTEEM will attempt to apply a tiny bugfix to ASE.

There are instructions at the ASE [https://wiki.fysik.dtu.dk/ase] website for installing ASE.
The following commands can be used to verify that ASE and other dependencies can be loaded successfully:

$ python3
>>> import ase
>>> import numpy
>>> import scipy
>>> import matplotlib





Clone the Bitbucket repository.

ESTEEM is still evolving, so releases are not yet numbered. Versions can be identified by their commit string.

The latest version of the code can be downloaded via the project’s bitbucket page [https://bitbucket.org/ndmhine/esteem/]., but to ensure updates can be applied easily, it is better to clone the repository with git. Check out the code with:

$ git clone https://ndmhine@bitbucket.org/ndmhine/esteem.git





Starting in whatever path you wish to install to. This will create a directory called ‘esteem’.

Convert notebooks into pure python

After you have downloaded the code, the fastest way to do this conversion is via the ‘setup.py’ script:

$ python setup.py





If that works, you should have a set of .py files in the esteem directory.

If the code changes, downloading updates can be achieved with:

$ git pull





after which you need to compile the notebooks again with the setup.py script.

Set the environment

You need to let Python know where to find the ESTEEM modules.
The following line can be added to your ‘.bashrc’ (or anywhere else that gets run automatically), with the appropriate path substituted for ‘~/’ if required:

$ export PYTHONPATH=~/esteem:$PYTHONPATH





To check this works, start python and type the below command, checking that the location listed
by the second command is what you expect:

>>> import esteem.drivers
>>> print(esteem.drivers.__file__)









          

      

      

    

  

    
      
          
            
  
Using ESTEEM

There are two main modes of using ESTEEM: via the command-line tools, and via a script or notebook that imports the python driver modules. Both are useful under different circumstances: the command-line tools allow you to explore various options to discover what works, whereas a script allows you to create a documented, reproducible, adjustable workflow.

The overall model is: Solutes module -> Solvate module -> Clusters module -> Spectra module.

The use of spectral warping will require the Solutes module module to have been run twice, with different levels of theory (eg different XC functionals).


Command-line tools

Command-line use is helpful for setup and testing: naturally you must not run any large calculations on the login node of your HPC cluster! The scripts of ESTEEM can be invoked with commands such as this:

$ python ~/esteem/esteem/tasks/solutes.py --namefile my_solutes --basis 6-311++G** --func PBE0





where my_solutes refers to a file which contains a list of the solutes to process. solvate can be replaced by any of the other tasks, namely solvate, clusters, spectra (as well as qmd_trajectories, ml_training, ml_testing, ml_trajectories for the Machine-Learning part of the package). If you intend to use this a lot, it might be simpler to make everything in ~/esteem/esteem/tasks/ executable with chmod +x ~/esteem/esteem/tasks/*.py and add this directory to your $PATH. That way you can simplify the above to:

$ solutes.py --namefile my_solutes --basis 6-311++G** --func PBE0





Help on the arguments for each of the commands can be found in the documentation or by invoking the command-line help text:

$ python ~/esteem/esteem/tasks/solvate.py --help





which gives a listing of all the available input variables and their default values.

Refer to the bash script in /examples to see an example of how to use the command line tools to perform steps of a calculation. It would be pperfectly possible to run a whole set of calculations this way, but the reality is that explicit solvent calculations are both computationally demanding, and demanding of human attention and intervention. If you find you need to repeat some part of the calculation, it would be fiddly to reproduce the whole chain of steps correctly.

In complex cases, there may be many combinations of solute and solvent to investigate, or you may need to perform a range of calculations for different combinations of XC functional, basis, various radii and other sizes, MD temperature etc etc. This is where writing a workflow script becomes highly preferable, and is the main use case of ESTEEM for generating publishable results.



Scripting with ESTEEM

Creating a workflow script or notebook to use ESTEEM in a semi-automated fashion only requires a small amount of coding. Even so, it may be preferable to start from one of the examples and modify it appropriately. The basic idea is that a single python script sets up all the calculation parameters, then picks which job to perform based on command line arguments. This script is also capable of writing HPC job submission scripts for SLURM or PBS which invoke specific tasks in parallel. Array jobs are particularly useful in this context, as will be discussed later.

Let’s say we want to define the solute to be catechol and set up calculations in explicit cyclohexane and methanol, and put the workflow in a script called cate.py. The necessary components of a workflow script or notebook are as follows:

First we define a dictionary whose keys are short-form names of the solutes you want to use. It is advisable to keep the names in here short, as otherwise filenames become very long. The entries for each key are long-form names for labelling plots and other outputs. If you wish the molecular structures to be downloaded from an existing database (see get_xyz_files in solutes), these can be full IUPAC names:

all_solutes = {'cate': 'catechol'}





Next we define a similar dictionary for the solvent molecules:

all_solvents = {'cycl': 'cyclohexane', 'meth': 'methanol'}





We import the top level ‘drivers’ module of ESTEEM:

from esteem import drivers





We generate a set of default arguments for each of the main tasks of the code, in args objects:

solutes_args, solvate_args, clusters_args, spectra_args = drivers.get_default_args()





We can now modify the members of each of these args according to our needs. Their members are the same as the command line arguments of the scripts as discussed above. For example, here we set the basis and functional for the Solutes task, choose a small box for the solvate task, and a small cluster radius for the clusters task:

solutes_args.basis = '6-311++G**'
solutes_args.func = 'PBE0'
solvate_args.boxsize = 15
clusters_args.radius = 3





We initialise any wrapper settings by calling setup routines for the wrappers we need (these may become classes in the near future). Here we are using Amber for MD, and NWChem for DFT and TDDFT:

from esteem.wrappers import amber
solvate_wrapper = amber.AmberWrapper()
from esteem.wrappers import nwchem
nwchem.nwchem_setup()
solutes_wrapper = nwchem.NWChemWrapper()
from esteem.wrappers import onetep
clusters_wrapper = onetep.OnetepWrapper()





We set up choices enabling the code to write job scripts defining appropriate parallelisation (templates for machines in use by my group are provided in drivers, and can be copied and modified as required):

make_script = drivers.make_sbatch
solutes_script_settings = drivers.nanosim_1node
solvate_script_settings = drivers.nanosim_1node
clusters_script_settings = drivers.nanosim_1node
# make any changes you need to the script settings here





Finally, we invoke the top-level driver of ESTEEM, which unfortunately has a rather long argument list concatenating all the things we have just set up:

drivers.main(all_solutes,all_solvents,
             solutes_args,solvate_args,clusters_args,spectra_args,
             solutes_wrapper,solvate_wrapper,clusters_wrapper,
             make_script,solutes_script_settings,solvate_script_settings,clusters_script_settings)





This top-level driver then works out, from the rest of the command-line arguments with which the script was invoked, what part of the calculation to invoke. For example, a script to invoke the solutes task for catechol (shortname cate)  One of the most useful tasks is ‘scripts’, which writes HPC submission scripts for all the other tasks.


	Let’s say I named my top-level script ‘cate.py’, I would write scripts with::

	$ python cate.py scripts



	Then submit the resulting scripts to my queuing system, for example::

	$ sbatch cate_solutes_sub



	Internally, this job script will invoke the top-level script again, with a specific task::

	$ python cate.py solutes cate





which runs the Solutes task.


	After the invocation of the top-level driver, you might want to have the your script quit python::

	exit()





so that in the same file you can define other post-processing functions or interactive cells in a notebook which require access to the workflow settings, but which you do not want to run every time the script is invoked.



Providing multiple sets of arguments

In the example above we provided a single set of arguments for each of the tasks. However, we might want to run with several sets of options, for example to investigate convergence with respect to basis size, check different XC functionals, run MD at different temperatures, or converge the cluster excitations with respect to cluster radius.

To enable this sort of study, if any of the argument lists to Drivers.main are python dictionaries, then the command-line argument target decides which entry in that dictionary to use. The scripts task will write a job script for each possible target in the list appropriate to each task.

It is recommended to make a set of “master” arguments first, copy that list and change what you need. The routine deepcopy is useful for this:

from copy import deepcopy
all_clusters_args = {}
for rad in [0,3,6,9]:
    target = f'solvR{rad}'
    all_clusters_args[target] = deepcopy(clusters_args)
    all_clusters_args[target].radius = rad





Then you simply pass ‘all_clusters_args’ rather than ‘clusters_args’ in the call to drivers.main()



Example Scripts


	The package contains several example scripts of increasing complexity to illustrate the functionality of the code:

	
	cate.py - a simple script as described above to run solvated catechol in cyclohexane and methanol


	cate_full.py - a more complex script that includes PBE and PBE0 solutes calculations, followed by a test of different solvent shell radii, and a spectral warp of the cluster results from PBE to PBE0.








The page on Examples of using ESTEEM gives a walkthrough of how to submit these to a computing cluster with SLURM.



Locating binaries for packages

By default, ESTEEM assumes that any dependency codes have been loaded via a module system, and are available by their standard executable names from the command line, for example “nwchem”, “onetep”, “sander” to invoke NWChem, ONETEP and Amber’s sander tool, respectively.


	If this is not the case, for example if you have installed the codes yourself, you can adjust names of the executables when you setup the calculator::

	>>> onetep.onetep_setup(onetep_cmd='~/onetep/bin/onetep.archer2',mpirun='srun',set_pseudo_path='~/NCP17_PBE_OTF/',set_pseudo_suffix="_NCP17_PBE_OTF.usp")









More details can be found in the documentation pages for each wrapper.





          

      

      

    

  

    
      
          
            
  
Parallel Execution

Most HPC clusters run a job queue, usually based on either SLURM or PBS. ESTEEM can write job scripts for either of these, but I use SLURM on most of the machines I have access to so this is likely to be better-tested.

All the job scripts created by ESTEEM write to a log, with the name <seed>_<task>_<array_id>.log, for example cate_solvate_3.log for the 3rd job of the solvate task from the cate workflow script. This output is mirrored to the SLURM/PBS output file.

After running the scripts task for your workflow, you will see a different script for each combination of task and target (ie argument set). Each of these scripts is capable of running that task for all of the solute molecules, or all of the combinations of solute and solvent (as appropriate to the task). If you submit the job script with no array job specification, all the tasks will run sequentially, looping over solutes (and solvents, if applicable to the task).


Identifying array task IDs

Let’s say we have 2 different solute molecules, and 3 possible solutes:

all_solutes = {'cate': 'catechol', 'tert': '4-tert-butylcatechol'}
all_solvents = {'watr': 'water', 'cycl': 'cyclohexane', 'meth': 'methanol'}





These become zero-indexed lists when the script is run, so within the solutes task, array task ID 0 refers to cate, and task ID 1 refers to tert.

In solvate, the number of possible task IDs is the product of the solutes and solvents, i.e. 6 here. Task ID 0 is cate_watr, task ID 1 is cate_cycl, 3 is tert_watr etc, up to 5, tert_meth.

In clusters, one first runs a top-level setup job, then the actual job script for a calculation is submitted from a directory that the top-level job has set up for you, which will have the name ‘{solute}_{solvent}_{exc_suffix}’. Therefore the array task ID’s refer to which cluster index is to be calculated. These should range from 0 to solvate_args.nsnaps - 1 as they are zero-indexed. If you have, say, 200 snapshots, you might wish at first just to run every 10th snapshot.



Array job submission

Array jobs, which are supported by most modern queuing systems, are very useful for many of the tasks in ESTEEM.

The syntax for array job for a range of job numbers in SLURM is (here we are running the solvate task for all 6 of our combinations of solute and solvent):

$ sbatch --array=0-5 cate_solvate_sub





To run a maximum of 3 tasks at a time, you can append %3 to the range:

$ sbatch --array=0-5%3 cate_solvate_sub





To run every 10th entry among all the extracted clusters jobs between 0 and 90, we can append :10 to the range:

$ sbatch --array=0-90:10 cate_clusters_sub





Most of the tasks in ESTEEM are set up to automatically resume a half-finished run, so if some jobs have timed out and failed, you may want to restart a specific selection. Let’s say we wanted to restart jobs 3,5 and 7 of the solutes task:

$ sbatch --array=3,5,7 cate_solutes_sub







Predefined script settings

If you prefer, you can write your own HPC job script and invoke your workflow script, which should then launch parallel jobs inheriting the number of nodes, number of processes per node and number of cores per process from the job environment.

However, ESTEEM also comes with some predefined parallelisation setups that can can be supplied to the drivers from your workflow script. At present these represent the machines I have access to as of 2020. I am happy to add new definitions to this list for regular users of the code.

For example, if I wanted to launch on the nanosim queue on the University of Warwick’s SCRTP Cluster of Workstations, I could use the drivers.nanosim_1node predefined settings dictionary. The definition is in drivers.py:

nanosim_1node = {'account': 'phspvr',
                 'partition': 'nanosim',
                 'nodes': 1,
                 'ntask': 24,
                 'ncpu': 1,
                 'time': '48:00:00',
                 'mem': '2679mb'}





If I wanted to tweak something (let’s say the run time and the account name), I could do:

script_settings = deepcopy(nanosim_1node)
script_settings['time'] = '24:00:00'
script_settings['account']: 'mstdjh'





Existing definitions insider drivers.py include athena_1node, athena_4node, athena_10node, nanosim_1node, nanosim_1core, archer2_1node. Please feel free to modify these or write your own. A list of arguments understood by the make_sbatch routine can be found in its entry in the drivers documentation.





          

      

      

    

  

    
      
          
            
  
Examples of using ESTEEM

In Using ESTEEM we wrote the following short script, cate.py, to run catechol in water:

from esteem import drivers
from esteem import parallel
from esteem.wrappers import nwchem, amber, onetep

# List solutes and solvents and get default arguments
all_solutes = {'cate': 'catechol'}
all_solvents = {'cycl': 'cyclohexane', 'meth': 'methanol'}
solutes_args, solvate_args, clusters_args, spectra_args = drivers.get_default_args()

# Some simple overrides for a quick job
solutes_args.basis = '6-31G'
solutes_args.func = 'PBE'
solutes_args.directory = 'PBE'
solvate_args.boxsize = 18
solvate_args.ewaldcut = 10
solvate_args.nsnaps = 20
clusters_args.radius = 3

# Setup parallel execution of tasks
make_script = parallel.make_sbatch
solutes_script_settings = parallel.athena_1node
solvate_script_settings = parallel.athena_1node
clusters_script_settings = parallel.athena_1node
solutes_wrapper = nwchem.NWChemWrapper()
solvate_wrapper = amber.AmberWrapper()
clusters_wrapper = onetep.OnetepWrapper()
solutes_wrapper.setup()

# Run main driver
drivers.main(all_solutes,all_solvents,
             solutes_args,solvate_args,clusters_args,spectra_args,
             solutes_wrapper,solvate_wrapper,clusters_wrapper,
             make_script,solutes_script_settings,solvate_script_settings,
             clusters_script_settings)
exit()






The following section addresses how we would use that script to run a complete explicit solvent workflow.

First, we generate job submission scripts:

$ python cate.py scripts cate





scripts is the ‘task’, and cate is the ‘seed’ for the calculation (which should match the name of the script).

This will produce five job submission scripts: cate_solutes_sub, cate_solvents_sub, cate_solvate_sub, cate_clusters_sub and cate_spectra_sub.


Solutes and Solvents Tasks

Let’s run the first two at the same time. I will assume we are using SLURM rather than PBS throughout this example:

$ sbatch cate_solutes_sub
$ sbatch cate_solvents_sub





As directed in the script above, this will launch the Solutes task for the list of solutes (1 entry: cate) and the list solvents (2 entries: cycl and meth).

These will create a new directory PBE_6-31G and run NWChem geometry optimisation and TDDFT calculations in there, first in gas phase then in implicit solvent. If your cluster does not allow wget to access the Chemical Structure Resolver, you will need to supply initial guess structures in PBE_6-31G/xyz for all three molecules. The output file for the geometry optimisations will be PBE_6-31G/geom/cate/geom.nwo and the resulting structure will be in PBE_6-31G/opt. Calculations will be repeated in water using the COSMO implicit solvent model to produce the final geometry PBE_6-31G/is_opt_watr.



Solvate Task

We now want to run the MD task. If we just ran:

$ sbatch cate_solvate_sub





This would launch the Solvate task twice, one after the other, for the two different solvents. A more likely scenario is that we want to run these as two separate jobs, so we can use an array task:

$ sbatch --array=0-1 cate_solvate_sub





Which launches two jobs, one for catechol in cyclohexane, one for catechol in ethanol. The results will go in separate directories, cate_cycl_md and cate_meth_md.
There are many output files in each directory, for the different steps of setup and different MD runs, but the most important ones are the ‘trajectory’ of snapshots: cate_cycl_solv.traj and cate_meth_solv.traj which get used by the next step.



Clusters Task

The clusters task is next. We can run its setup task from the command line:

$ python cate.py clusters cate





This is a short task that sets up directories - it will set up cate_cycl_exc and cate_meth_exc in this case. In each it will put a script. Change into the first directory and list the contents:

$ cd cate_cycl_exc
$ ls





You should see four files: cate.xyz, cycl.xyz, cate_cycl_solv.traj and cate_cycl_exc_sub. The latter is the job script which can be used to launch a calculation for each of the snapshot clusters.

We would launch 10 calculations on equally-spaced snapshots from 0 to 90 (ie 0,10,20,30,…,90) as follows:


$ sbatch –array=0-90:10 cate_cycl_exc_sub




The result will be a ONETEP calculation for each cluster. You can check their progress with squeue and tail *.out.

Once they have finished, they will produce files with names such as cate_cycl_solv000.out (and any other output files produced by the code) you can run the Spectra task to generate plots.
You may want to inspect a few of these to check the behaviour is as expected.



Spectra Task

This is where the raw results from the Clusters task get turned into spectra for plotting purposes. You can run this task interactively at the command line to generate .png files on your compute cluster:

$ python cate.py spectra cate





or, if you prefer, you can transfer all the .out files from the clusters run back to another machine for interactive analysis in a notebook, by calling routines such as spectra_driver()





          

      

      

    

  

    
      
          
            
  
Task drivers in ESTEEM

The task drivers in ESTEEM provide a means of looping over multiple sets of
arguments for a given task, such that a set of calculations can be performed
consistently over, for example, many combinations of molecule and solvent,
or many different temperatures, or a range of cluster sizes.

There is also a main driver, drivers.main(), which determines which of
the other drivers should be run, based on the command-line arguments. Invoking
this main driver is the standard way of using ESTEEM in scripts.

However, for more advanced functionality, you can call the other drivers manually
from your scripts. This page documents the main driver and the individual
task drivers.

Drivers to run ESTEEM tasks in serial or parallel on a range of inputs.

These inputs will consist of solutes, solvents or pairs of solutes and solvent, depending on the task.


	
esteem.drivers.main(all_solutes, all_solvents, all_solutes_tasks={}, all_solvate_tasks={}, all_clusters_tasks={}, all_spectra_tasks={}, all_qmd_tasks={}, all_mltrain_tasks={}, all_mltest_tasks={}, all_mltraj_tasks={}, make_script=<function make_sbatch>)

	Main driver routine which chooses other tasks to run as appropriate.

Control of what driver is actually called depends on command-line arguments with which the script
was invoked: ‘python <seed>.py <task> <seed> <target>’


	all_solutes: dict of strings

	Keys are shortnames of the solutes. Entries are the full names.



	all_solvents: dict of strings

	Keys are shortnames of the solvents. Entries are the full names.



	all_solutes_tasks: namespace or class

	Argument list for the Solutes task - see solutes_driver documentation below for more detail.



	all_solvate_tasks: namespace or class

	Argument list for the Solvate task - see solvate_driver documentation below for more detail.



	all_clusters_tasks: namespace or class

	Argument list for the Clusters task - see clusters_driver documentation below for more detail.



	all_spectra_tasks: namespace or class

	Argument list for the Spectra task - see spectra_driver documentation below for more detail.



	make_script: dict of strings

	Routine that can write a job submission script. Usually parallel.make_sbatch.










	
esteem.drivers.solutes_driver(all_solutes, all_solvents, task)

	Driver to run a range of DFT/TDDFT calculations on a range of solutes.
If the script is run as an array task, it performs the task for the
requested solute only.


	all_solutes: dict of strings

	Keys are shortnames of the solutes. Entries are the full names.



	all_solvents: dict of strings

	Keys are shortnames of the solvents (implicit only, here). Entries are the full names.



	task: SolutesTask class

	Argument list for the whole Solutes job - see Solutes module documentation for more detail.

Arguments used only within the driver routine include:

task.directory: Directory prefix for where output of this particular ‘target’ of the Solutes
calculation will be written










	
esteem.drivers.solvents_driver(all_solvents, task)

	Driver to run a range of DFT/TDDFT calculations on a range of solvent molecules.
See the Solutes module documentation for more info on what tasks are run.


	all_solutes: dict of strings

	Keys are shortnames of the solutes. Entries are the full names.



	all_solvents: dict of strings

	Keys are shortnames of the solvents. Entries are the full names.



	task: SolutesTask class

	Argument list for the whole Solutes job - see Solutes module documentation for more detail.

Arguments used only within the driver routine include:

task.directory: Directory prefix for where output of this particular ‘target’ of the Solutes
calculation will be written



	wrapper: namespace or class

	Functions that will be used in the Solutes task - see Solutes module documentation for more detail.










	
esteem.drivers.solvate_driver(all_solutes, all_solvents, seed, task, make_sbatch=None)

	Driver to run set up and run MD on solvated boxes containing a solute molecule and solvent.
If the script is run as an array task, it performs the task for the requested solute/solute pair
only, out of the nsolutes * nsolvents possible combinations.


	all_solutes: dict of strings

	Keys are shortnames of the solutes. Entries are the full names.



	all_solvents: dict of strings

	Keys are shortnames of the solvents. Entries are the full names.



	task: SolvateTask class

	Argument list for the whole clusters job - see Solvate module documentation for more detail.

Arguments used within this routine include:

task.md_suffix: Directory suffix for where the MD runs will take place

task.md_geom_prefix: Directory prefix for where the geometries from the Solutes calculation should be obtained.



	wrapper: class

	Wrapper that will be used in the Solvate task - see Solvate module documentation for more detail.










	
esteem.drivers.clusters_driver(all_solutes, all_solvents, seed, task, make_sbatch=None)

	Driver to extract isolated clusters from solvated models, for a range of solute/solvent pairs.

Takes MD results from the directory {solute}_{solvent}_{task.md_suffix} and performs excitation
calculation in the directory {solute}_{solvent}_{task.exc_suffix}.

If invoked from the base directory, rather than the excitation directory, it sets up the
excitation directory and writes a job script then exits.

If invoked from the excitation directory, it performs the excitation calculations for all
the extracted clusters. If the script is run as an array task, it performs the task for the
requested cluster only.

Arguments


	all_solutes: dict of strings

	Keys are shortnames of the solutes. Entries are the full names.



	all_solvents: dict of strings

	Keys are shortnames of the solvents. Entries are the full names.



	seed: str

	Overall ‘seed’ name for the run - used in creation of job scripts for the calculation



	task: ClustersTask class

	Argument list for the whole clusters job - see Clusters module documentation for more detail.

Arguments used predominantly in the driver rather than the task main routine include:

task.md_suffix: Directory where MD outputs are to be found.

task.exc_suffix: Directory where results of Cluster excitation calculations will go.



	make_sbatch: function

	Function that writes a job submission script for the clusters jobs





Output:


On first run, from the base directory of the project, the script will create subdirectories
for each solute-solvent pair, with path ‘{solute}_{solvent}_{exc_suffix}’. The default value
of exc_suffix is ‘exc’.

To each directory, this routine will copy the trajectory file 
‘{solute}_{solvent}_{md_suffix}/{solute}_{solvent}_solv.traj’
which consists of task.nsnaps snapshots.

It will then create a job script using make_sbatch and settings with the
name ‘{solute}_{solvent}_{exc_suffix}_sub’ and exit.

The user then needs to run the individual job scripts from each subdirectory, probably
as a job array: the array task ID should range from 0 to task.nsnaps - 1

The output of those runs will be the excited state energies of the clusters, which
can be averaged over in the Spectra task.









	
esteem.drivers.spectra_driver(all_solutes, all_solvents, task)

	Driver to plot spectra (and calculate spectral warping parameters) for a range of solute/solvent pairs


	all_solutes: dict of strings

	Keys are shortnames of the solutes. Entries are the full names.



	all_solvents: dict of strings

	Keys are shortnames of the solvents. Entries are the full names.



	task: SpectraTask class

	Argument list for the whole spectra job - see Spectra module documentation for more detail.

Arguments used only in the driver include:

task.exc_suffix: Directory in which results of excitation calculations performed
by the Clusters task can be found. The pattern used to find matches is:
‘{solute}_{solvent}_{exc_suffix}/{solute}_{solvent}_solv*.out’

task.warp_origin_ref_peak_range: Peak range searched when looking for ‘reference’ peaks.
in the origin spectrum for spectral warping.

task.warp_dest_ref_peak_range: Peak range searched when looking for ‘reference’ peaks.
in the destination spectrum for spectral warping.

task.warp_broad: Broadening to be applied to origin and destination spectra.

task.warp_inputformat: Format of the files to be loaded for origin and destination spectra.
[TODO: May need to be adjusted to allow separate task.warp_ref_inputformat and task.warp_dest_inputformat]

task.warp_files: File pattern to search for when looking for origin and destination spectra
for spectral warping.

task.merge_solutes: Dictionary: each entry should be a list of solute names that will be merged into the
corresponding key












          

      

      

    

  

    
      
          
            
  
Solutes module


SolutesTask


	
class esteem.tasks.solutes.SolutesTask(**kwargs)

	
	
run(namelist)

	Main routine for the Solutes task. Iterates through the sub-tasks, some of which are optional:

Geometry optimisation, rotamer checks, rotation to plane, excited state calculations,
and vibrational frequency calculations.


	namelist: list of str

	Short names of the solutes to be optimised. Initial geometries
should be present in ‘./xyz’ directory.



	self: namespace or class

	Member variables contain argument list for the whole job, with members including:

solvent, target, rotate, rotamers, vibrations, charges, directory
solvent_settings, basis, func, nroots

Generate default arguments first with a call to solutes.make_parser(), then adjust the
member variables as required.



	wrapper: class

	Wrapper for running components of the job, with members including:

singlepoint, geom_opt, excitations, freq





Outputs for each species:


In the directory ‘xyz’: initial geometries (either input, or from get_xyz_files)

In the directory ‘geom’: outputs of geometry optimisations.

In the directory ‘opt’: optimised gas-phase geometries.

In the directory ‘is_opt’: optimised implicit solvent geometries. These may be used as inputs for the Solvate task.

In the directory ‘is_tddft_{solvent}’: implicit solvent tddft results. These may be used as inputs for spectral warping in the Spectra task.









	
get_xyz_files(namelist, out_path)

	Downloads initial geometries from the NCI’s webserver cactus, based on their IUPAC names.

These geometries are usually not great, but are a reasonable starting point for optimisation.

Visit https://cactus.nci.nih.gov/chemical/structure to see what works and check your names before use.

Uses wget, so if the machine you are using does not have access to this command,
this routine will fail, in which case put starting point geometries in the directory
‘xyz’.


	namelist: dict

	Keys are shortnames (eg “cate”), entries are full names (eg “catechol” or “1,2-dihydroxybenzene”)



	out_path: str

	String for directory name where xyz files will be written (eg “xyz”). Created if not present










	
geom_opt_all(solute_names, in_path, out_path, geom_opt_func, calc_params, driver_tol='default', solvent=None, charges={})

	Geometry optimise all of a list of solutes


	solute_names: list of str

	Short names of the solutes to be optimised



	in_path: str

	Directory where .xyz files are expected to be found. Any not present are skipped.



	out_path: str

	Directory where optimised structure .xyz files are written. Created if not present.



	geom_opt_func: function

	A function wrapping creation of an ASE calculator and using it to perform geometry optimisation.



	calc_params: dict

	Contents varies between different wrappers, but generally specifies basis, functional etc



	driver_tol: str

	Geometry optimisation tolerance level (eg in NWChem)



	target: int

	Excited state index, or None for ground state



	solvent: str

	Implicit solvent name, or None for gas-phase



	charges: dict

	Keys are strings corresponding to some or all of the entries in solute names, entries are net charges on each molecule










	
find_best_rotas(solute_names, in_path, out_path, singlepoint_func, geom_opt_func, calc_params, solvent=None, charges={})

	Finds the lowest energy rotamer for each of a list of solutes.
Proceeds by identifying -OH groups attached to C-C units, and tries ‘flipping’ the dihedral, then optimising
the resulting geometry if it within a certain tolerance of the original energy. If any lower energy structure
is found, this will be returned instead of the original one.


	solute_names: list of str

	Short names of the solutes to be tested



	in_path: str

	Directory where .xyz files are expected to be found. Any not present are skipped.



	out_path: str

	Directory where best rotamer structure .xyz files are written. Created if not present.



	singlepoint_func: function

	A function wrapping creation of an ASE calculator and using it to perform a singlepoint calculation.



	geom_opt_func: function

	A function wrapping creation of an ASE calculator and using it to perform geometry optimisation.



	calc_params: dict

	Contents varies between different wrappers, but generally specifies basis, functional etc



	solvent: str

	Implicit solvent name, or None for gas-phase



	charges: dict

	Keys are strings corresponding to some or all of the entries in solute names, entries are net charges on each molecule










	
rotate_all_to_xy_plane(solute_names, in_path, out_path, target=None)

	Rotates each of a list of solutes so that the longest two C-C distances lie in the xy plane.


	solute_names: list of str

	Short names of the solutes to be tested



	in_path: str

	Directory where .xyz files are expected to be found. Any not present are skipped.



	out_path: str

	Directory where rotated structure .xyz files are written. Created if not present.



	target: int

	Excited state index, or None for ground state










	
find_range_sep(solute_names, in_path, out_path, wrapper, calc_params, solvent=None, charges={}, rs_range=[0.1, 0.2, 0.3], all_readonly=False)

	Optimises the range separation parameter gamma in a range-separated Hybrid functional with
Yukawa-switching.
See ‘Using optimally tuned range separated hybrid functionals in ground-state
calculations: Consequences and caveats’,  Andreas Karolewski, Leeor Kronik, and Stephan Kümmel
J. Chem. Phys. 138, 204115 (2013)
https://aip.scitation.org/doi/10.1063/1.4807325
https://pubs.acs.org/doi/abs/10.1021/ct5000617
and ‘Electronic Band Shapes Calculated with Optimally Tuned Range-Separated Hybrid Functionals’
B. Moore, et al, D. Jacquemin, J. Chem. Theory Comput. 2014, 10, 10, 4599
https://pubs.acs.org/doi/10.1021/ct500712w

Minimises J^2 = Sum_i=0^1 [eps_H[N+i] + IP(N+i)))]^2
where IP(N) = E(N-1) - E(N)
so J^2 = Sum_i=0^1 [eps_H[N+i] + E(N-1+i) - E(N+i)]^2


= [eps_H[N] + E(N-1) - E(N)]^2 + [eps_H[N+1] + E(N) - E(N+1)]^2









	
calc_all_excited_states(solute_names, in_path, out_path, excit_func, calc_params, nroots, solvent=None, charges={}, plot_homo=None, plot_lumo=None, plot_trans_den=None)

	Calculate excited states for each of a list of solutes


	solute_names: list of str

	Short names of the solutes to be tested



	in_path: str

	Directory where .xyz files are expected to be found. Any not present are skipped.



	out_path: str

	Directory where output files are written. Created if not present.



	excit_func: function

	A function wrapping creation of an ASE calculator and using it to perform a electronic excitation calculations.



	calc_params: dict

	Contents varies between different wrappers, but generally specifies basis, functional etc



	nroots: int

	Number of excitations to find



	target: int

	Excited state index, or None for ground state



	solvent: str

	Implicit solvent name, or None for gas-phase



	charges: dict

	Keys are strings corresponding to some or all of the entries in solute names, entries are net charges on each molecule










	
calc_vib_freq(solute_names, in_path, out_path, freq_func, calc_params, solvent=None, charges={})

	Calculate vibrational frequencies for each of a list of solutes


	solute_names: list of str

	Short names of the solutes to be tested



	in_path: str

	Directory where .xyz files are expected to be found. Any not present are skipped.



	out_path: str

	Directory where output files are written. Created if not present.



	freq_func: function

	A function wrapping creation of an ASE calculator and using it to perform a vibrational frequency calculation.



	calc_params: dict

	Contents varies between different wrappers, but generally specifies basis, functional etc



	target: int

	Excited state index, or None for ground state



	solvent: str

	Implicit solvent name, or None for gas-phase



	charges: dict

	Keys are strings corresponding to some or all of the entries in solute names, entries are net charges on each molecule










	
chdir()

	Change the current working directory to the specified path.

path may always be specified as a string.
On some platforms, path may also be specified as an open file descriptor.


If this functionality is unavailable, using it raises an exception.









	
getcwd()

	Return a unicode string representing the current working directory.






	
makedirs(name [, mode=0o777][, exist_ok=False])

	Super-mkdir; create a leaf directory and all intermediate ones.  Works like
mkdir, except that any intermediate path segment (not just the rightmost)
will be created if it does not exist. If the target directory already
exists, raise an OSError if exist_ok is False. Otherwise no exception is
raised.  This is recursive.






	
np = <module 'numpy' from '/home/docs/checkouts/readthedocs.org/user_builds/esteem/envs/stable/lib/python3.7/site-packages/numpy/__init__.py'>

	




	
path = <module 'posixpath' from '/home/docs/checkouts/readthedocs.org/user_builds/esteem/envs/stable/lib/python3.7/posixpath.py'>

	




	
read(index: Any = None, format: str = None, parallel: bool = True, do_not_split_by_at_sign: bool = False, **kwargs) → Union[ase.atoms.Atoms, List[ase.atoms.Atoms]]

	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.






	
rotate_and_center_solute(nat_solute=None, boxsize=None)

	Rotates a cluster model so the solute is centered and lies in the xy plane






	
write(images: Union[ase.atoms.Atoms, Sequence[ase.atoms.Atoms]], format: str = None, parallel: bool = True, append: bool = False, **kwargs) → None

	Write Atoms object(s) to file.


	filename: str or file

	Name of the file to write to or a file descriptor.  The name ‘-’
means standard output.



	images: Atoms object or list of Atoms objects

	A single Atoms object or a list of Atoms objects.



	format: str

	Used to specify the file-format.  If not given, the
file-format will be taken from suffix of the filename.



	parallel: bool

	Default is to write on master only.  Use parallel=False to write
from all slaves.



	append: bool

	Default is to open files in ‘w’ or ‘wb’ mode, overwriting
existing files.  In some cases opening the file in ‘a’ or ‘ab’
mode (appending) is useful,
e.g. writing trajectories or saving multiple Atoms objects in one file.
WARNING: If the file format does not support multiple entries without
additional keywords/headers, files created using ‘append=True’
might not be readable by any program! They will nevertheless be
written without error message.





The use of additional keywords is format specific. write() may
return an object after writing certain formats, but this behaviour
may change in the future.











Standalone module routines

Runs DFT and TDDFT calculations on Solute (or Solvent) molecules, in implicit solvent



Command-line usage





          

      

      

    

  

    
      
          
            
  
Solvate module


SolvateTask


	
class esteem.tasks.solvate.SolvateTask(**kwargs)

	
	
setup_amber()

	Handles setup of the solvated model using AmberTools.

The setup has 5 main sections:



	Counterions are set up


	Amber input files for the solute molecule are created


	Amber input files for the solvent molecule are created


	A box of solvent is added to the solute, and counterions added


	Restraints are calculated for the counterions







args: namespace or class


Input variables to the routine - see listing under Command-Line usage for details

Generate with a call to solvate.make_parser()





	wrapper: class

	Wrapper to run calculations of this task










	
setup_lammps()

	Handles setup of the solvated model for a LAMMPS calculation (also uses AmberTools)


	args: namespace or class

	input variables to the routine - see listing under Command-Line usage for details










	
run()

	Handles running of MD on a solvated model using an MD Wrapper (currently Amber or LAMMPS).

There are five phases to the task:

Setup, Heating, Density Equilibration, Equilibration and Snapshot Generation

Constraints are turned on and off as appropriate in different phases:

SHAKE constraints on -H during heating and density equil, no constraints on -H during equil and snapshots

Counterions are restrained from coming too close to the solute


	args: namespace or class

	Argument list for the whole job, with members including:



	wrapper: namespace or class

	Wrapper for running components of the job, with members including:

singlepoint, minimise, heatup, densityeq, equil and snapshots



	Outputs:

	A trajectory file, named ‘{solute}_{solvent}_{md_suffix}/{solute}_{solvent}_solv.traj’ which
contains self.nsnaps geometries of the solvated box, each spaced by self.nsteps steps
of self.timestep units of time (wrapper-dependent).

An example for catechol in water with the default md_suffix















Standalone module routines

Sets up and runs solvated Molecular Dynamics in Explicit Solvent


	
esteem.tasks.solvate.counterion_charge(counterions)

	Calculate the net charge on the solute, given a set of counterions







Command-line usage





          

      

      

    

  

    
      
          
            
  
Clusters module


ClustersTask


	
class esteem.tasks.clusters.ClustersTask(**kwargs)

	
	
run()

	Main routine for processing clusters and running them for excitations.

The steps involved are:


1. Load the trajectory file of MD snapshots, which for a given solvent solute pair 
it expects to find at ‘{solute}_{solvent}_solv.traj’ in the current directory


	‘Carve’ spheres out of the trajectory, that is to say:



	Delete counterions (checking they are not within the sphere first)




b. Delete any whole solvent molecules for which no atoms of the solvent molecule
are within self.radius of any atom in the solute molecule.

c. Label solvent molecules with a tag if they are within self.kernel by the
criteria above.

d. Rotate and center the cluster in the simulation cell, using the two most-distant
pairs of carbon atoms in the solute to find a common ‘plane’ for the solute snapshots.








3. Calculate electronic excitations for each cluster. This can currently be done with the
ONETEP wrapper functions or with NWChem but other wrappers can be added.




Arguments

self: Argument list for the task, with attributes including:


solute, solvent, radius, output, task_id, counterions, charges
kernel, basis, func, boxsize, impsolv,``nroots``, cleanup, continuation





	wrapper: class

	Wrapper to use in the Clusters task





Output:


If self.task_id is None, excited state calculations for the whole trajectory.
If has a int value, then an excited state calculation for just that frame in the trajectory.









	
carve_spheres(soluseed, solvseed, counterions=None, solvent_radius=0.0, kernel_radius=0.0, nmol_solvent_targ=None, boxsize=None, task_id=None)

	Carves out spheres from a periodic solvent model, centered on the solute






	
calc_all_excitations(soluseed, solvseed, traj_carved, excit_func, charge=0, calc_params={}, impsolv=None, nroots=1, writeonly=False, continuation=False, cleanup=False)

	Loop over trajectory frames and do an excited states calculation for each one






	
calc_all_vibrations(soluseed, solvseed, traj_carved, geom_opt_func, freq_func, charge=0, calc_params={}, impsolv=None, nroots=1, writeonly=False, continuation=False, cleanup=False)

	Loop over trajectory frames and do a vibrational frequency calculation for each one











Standalone module routines

Performs processing of Molecular Dynamics Trajectories to extract cluster models centered on the
solute molecule and including all solvent molecules within a given range


	
esteem.tasks.clusters.delete_counterions(t, solvent_radius, nat_tot, nat_solute, nat_counterions)

	Deletes counterions from an Atoms model.
Assumes they appear in the range [nat_solute:nat_solute+nat_counterions]






	
esteem.tasks.clusters.delete_excess_molecules(t, nat_tot, nat_solvent, nat_solute, nmol_solvent_targ)

	Deletes solvent molecules






	
esteem.tasks.clusters.delete_distant_molecules(t, solvent_radius, nat_tot, nat_solvent, nmol_solvent, nat_solute)

	Deletes solvent molecules beyond a certain radius from the solute from an Atoms model
Assumes that the first nat_solute atoms are the solute, and after that solvent
atoms are arranged in nmol_solvent groups of size nat_solvent






	
esteem.tasks.clusters.label_nearby_molecules(t, kernel_radius, nat_tot, nat_solvent, nmol_solvent, nat_solute)

	Adds a tag to solvent molecules within a certain radius from the solute to an Atoms model
Assumes that the first nat_solute atoms are the solute, and after that solvent
atoms are arranged in nmol_solvent groups of size nat_solvent






	
esteem.tasks.clusters.rotate_and_center_solute(t, nat_solute=None, boxsize=None)

	Rotates a cluster model so the solute is centered and lies in the xy plane







Command-line usage





          

      

      

    

  

    
      
          
            
  
Spectra module


SpectraTask


	
class esteem.tasks.spectra.SpectraTask(**kwargs)

	
	
main(fig=None, ax=None, plotlabel=None, rgb=array([0., 0., 0.]))

	Main routine for plotting a spectrum. Capable of applying Gaussian broadening to a stick spectrum to
produce a broadened spectrum, and also of applying spectral warping to shift/scale the stick spectrum.

Arguments:


	args: namespace or class

	All arguments for the job - see documentation below.



	fig, ax: matplotlib objects

	Figure and axis objects for matplotlib.pyplot. Initialised anew if they have value None on entry.



	plotlabel:

	Label to add the key for this dataset.



	rgb:

	Colour of the line/points for this dataset. If set to (-1.0,-1.0,-1.0), the RGB colour will be
calculated from the spectrum.





Returns:


broad_spectrum,spec_plot,fig,ax,all_transition_origins




Output:


Plots the spectrum to ‘args.output’ as a png file if requested.









	
find_spectral_warp_params(dest_spectrum, origin_spectrum, arrow1_pos, arrow2_pos)

	Finds spectral warping parameters via a range of schemes. See spectra documentation page
for more detail.

Arguments


	dest_spectrum: numpy array of floats

	Contains the spectral warp ‘destination’ spectrum (usually a high level of theory that can only be afforded for the solute molecule)



	origin_spectrum: numpy array of floats

	Contains the spectral warp ‘origin’ spectrum (usually a cheap level of theory, same as in the Clusters job)



	args.warp_scheme: str

	The scheme used for the warping. Allowed values: ‘beta’, ‘alphabeta’, ‘betabeta’



	args.warp_origin_ref_peak_range: list of 2 floats

	Peak range searched when looking for ‘reference’ peaks in the origin spectrum for spectral warping.



	args.warp_dest_ref_peak_range: list of 2 floats

	Peak range searched when looking for ‘reference’ peaks in the destination spectrum for spectral warping.



	args.broad:

	Energy gaussian broadening applied to the stick spectra, useful to merge peaks that you want to treat
as one peak in spectral warping.





Returns


[beta], [alpha, beta], [beta1, beta2, omega1o, omega2o]: floats describing spectral warp parameters

Also sets arrow1_pos, arrow2_pos for use in spectral warp plots.














Standalone module routines

Task that generates and plots uv/vis Spectra for solutes in solvent.
Also contains routines to calculate spectral warp parameters and RGB colours from spectra


	
esteem.tasks.spectra.RGB_colour(spectrum, args)

	Finds the RGB colour corresponding to a given absorption spectrum and illumination.


	spectrum: numpy array

	Spectrum for which to find the colour



	args: namespace or class

	Full set of arguments for the spectra task. Relevant to this routine are:

args.XYZresponse and args.illuminant which supply the Color Space XYZ response
spectra and the illuminant spectrum, respectively.

These must be on the same wavelength scale as the spectrum.











Command-line usage





          

      

      

    

  

    
      
          
            
  
Trajectories module

Low-level tools for handling trajectory files.


Python library usage

Functions to help generate and manipulate trajectories


	
esteem.trajectories.generate_md_trajectory(model, seed, target, traj_label, trajname_suffix, md_func, count_snaps, count_equil, md_steps, md_timestep, temp, calc_params, constraints=None, dynamics=None, singlepoint_func=None)

	Runs equilibration followed by statistics generation MD for a given model.

This generic function gets called by both AIMD and by MLMD.


	model: ASE Atoms

	Initial geometry for the MD trajectory



	seed: str

	String containing name of molecule and excited state index



	target: int or None

	Excited state index



	traj_label: character or str

	String labelling trajectory (usually A,B,C..)



	seed: str

	String containing name of molecule and excited state index



	trajname_suffix: str

	String appended to seed_state_traj to give full trajectory filename



	md_func: function

	Wrapper function that runs md_steps steps of MD on model



	count_snaps: int

	Number of snapshot runs



	count_equil: int

	Number of equilibration runs



	md_steps: int

	Number of molecular dynamics timesteps in each run above



	md_timestep: float

	Molecular dynamics timestep within the runs



	temp: float

	Thermostat temperature (NVT ensemble)



	calc_params: 

	Control-parameters for the wrapper (for QM this is the basis, functional, and target;
for ML this is the calculator seed, suffix, prefix and target)



	constraints: wrapper-dependent type

	Variables controlling the constraints



	dynamics: wrapper-dependent type

	Variables controlling the dynamics










	
esteem.trajectories.cycle_step_labels_and_restarts(seed, traj_label, prevdir, currdir, nextdir, prevtarg, currtarg, nexttarg, prevstep, currstep, nextstep, count, prevcount, rst_ext=None)

	Move restart files around so that each step continues from the previous one






	
esteem.trajectories.find_initial_geometry(seed, geom_opt_func, calc_params, which_traj=None)

	Obtains a suitable initial geometry for the current seed and state.
Optimises it if not present.


	seed: str

	String indicating name of molecule, used to find xyz file



	geom_opt_func: function

	Wrapper function that runs a geometry optimisation



	calc_params: 

	Control-parameters for the wrapper (for QM this is the basis, functional, and target;
for ML this is the calculator seed, suffix, prefix and target)










	
esteem.trajectories.recalculate_trajectory(seed, target, traj_label, trajname_suffix, input_target, input_suffix, singlepoint_func, calc_params, input_traj_range=None, output_traj_offset=0, solvent=None)

	Loads snapshots from a trajectory and recalculates the energy and forces with the current settings
seed: str


String containing name of molecule and excited state index





	target: int or None

	Excited state index



	traj_label: character or str

	String labelling trajectory (usually A,B,C..)










	
esteem.trajectories.cycle_restarts(seed, traj_label, trajname_suffix, prevtarg, currtarg, prevstep, currstep)

	Move db files around so that each step continues from the previous one






	
esteem.trajectories.get_trajectory_list(ntraj)

	Returns a list of characters to be used as trajectory labels
Currently ABCDEDFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyz (52)






	
esteem.trajectories.merge_traj(trajnames, trajfile)

	Merges a list of trajectories supplied as a list of filenames,
and writes the result to another trajectory supplied as a filename






	
esteem.trajectories.split_traj(input_traj_file, output_trajs=None, ntrajs=None, randomise=False, start=0, end=-1)

	Takes in a trajectory filename, and splits it into sections, randomly or sequentially






	
esteem.trajectories.fit_atom_energies_to_traj(traj, atom_traj_file)

	Uses linear regression to best fit atom energies to trajectory with varying numbers
of atoms of each species






	
esteem.trajectories.subtract_atom_energies_from_traj(traj, atom_traj, trajout)

	Subtracts the energies associated with isolated atoms from the total energies
in a trajectory






	
esteem.trajectories.compare_traj_to_traj(trajx, trajy, plot_file=None, xlabel=None, ylabel=None)

	Compares two trajectories to each other and calculates statistics for how much they differ in energy and force


	trajx: ASE Trajectory

	Trajectory whose energy is plotted along x-axis



	trajy: ASE Trajectory

	Trajectory whose energy is plotted along y-axis



	plot_file:

	Filename to write plot image to.



	xlabel, ylabel: str

	Axis labels for plots.













          

      

      

    

  

    
      
          
            
  
QMD_Trajectories module


QMDTrajTask


	
class esteem.tasks.qmd_trajectories.QMDTrajTask(**kwargs)

	
	
run()

	Sets up and runs an ab initio molecular dynamics run on a given molecule (whose name is
provided by args.seed) in the ground or excited state (specified by args.target).

Results, including a trajectory file with the stored snapshots, are saved to files
appending args.suffix to the seed and state, for use in future runs.

The run is divided into equilibration (args.nequil runs of args.qmd_steps MD steps
each, with timestep args.qmd_timestep), then snapshot generation (args.nsnap runs of
args.qmd_steps MD steps each, with timestep args.qmd_timestep).

A thermostat (wrapper-dependent) at temperature args.temp means we stay in the NVT ensemble.

Constraints can be applied using args.constraints - the meaning depends on the underlying wrapper.

Optionally can be used to recalculate singlepoint energies for the steps of a pre-existing trajectory.


	args: namespace or class

	Full set of arguments to the QMD_Trajectories task - see below for a listing.

Key arguments include basis, func, qmd_timestep, qmd_steps, nsnap,
nequil, temp, constraints

Generate with a call to qmd_trajectories.make_parser()



	wrapper: namespace or class

	List of functions for running components of the job, with members including:

singlepoint, geom_opt and qmd.















Standalone module routines



Command-line usage





          

      

      

    

  

    
      
          
            
  
ML_Training module


MLTrainingTask


	
class esteem.tasks.ml_training.MLTrainingTask(**kwargs)

	
	
run()

	Main routine for the ML_Training task











Standalone module routines

Defines a task to train a Machine Learning calculator on a trajectory of snapshots
by calling the train() function of the MLWrapper



Command-line usage





          

      

      

    

  

    
      
          
            
  
ML_Testing module


MLTestingTask


	
class esteem.tasks.ml_testing.MLTestingTask(**kwargs)

	
	
run()

	Main routine for the ML_Testing task











Standalone module routines

Defines a task to test a Machine Learning calculator by comparing its results
to those of an existing trajectory or set of trajectories


	
esteem.tasks.ml_testing.compare_calc_to_traj(calc, trajin, trajout_file, plot_file=None, e_offset=0.0)

	Compare the energy and force predictions of a calculator to results in an existing trajectory







Command-line usage





          

      

      

    

  

    
      
          
            
  
ML_Trajectories module


MLTrajTask


	
class esteem.tasks.ml_trajectories.MLTrajTask(**kwargs)

	
	
run()

	Main routine for the ML_Trajectories task











Standalone module routines

Defines a task to use a Machine Learning calculator to generate
Molecular Dynamics trajectories


	
esteem.tasks.ml_trajectories.load_trajectory_dipole(seed_state_str, traj_suffix, ntraj, nsnaps, mdsteps)

	Loads a set of saved trajectory files and extracts the dipole moment as a 
function of time






	
esteem.tasks.ml_trajectories.calculate_ir_spectrum(mu_t, dt, freq_scale_fac, sigma)

	Processes the dipole moment as a function of time for a collection of trajectories
to calculate IR absorption spectrum







Command-line usage





          

      

      

    

  

    
      
          
            
  
Wrappers available in ESTEEM


Available Wrappers:


	Amber Wrapper

	LAMMPS Wrapper

	NWChem Wrapper

	ONETEP Wrapper

	ORCA Wrapper

	PhysNet Wrapper

	AMP Wrapper





A wrapper in ESTEEM is an intermediate layer between a task and ASE calculator.
It allows the task to call upon a number of different electronic structure codes,
without needing to store details of how to invoke each of them within the module
for that task.

The idea is that all the standard calculator setup for a particular theoretical
spectroscopy task can be hidden inside the wrapper, and the functions of the wrapper,
which might include “singlepoint” energy evaluations, geometry optimisation,
or calculation of electronic excitations, can then be passed into the task
as arguments.

The wrappers fall into three categories at present: electronic structure wrappers
(currently NWChem and ONETEP), Molecular Dynamics wrappers (currently Amber
and LAMMPS) and Machine Learning wrappers (currently PhysNet and AMP).
Details of these wrappers can be found on their individual pages.

If you have a new code you would like ESTEEM to be able to use, then adding a new
wrapper for it should be fairly easy, as long as there is already an ASE calculator
for your code. The wrapper is simply a set of default settings for a typical
run - effectively a mapping of arguments passed to the task, to input varibles
passed to the calculator. The arguments might mean very different things to
different calculators: for example the “basis” argument when passed to NWChem is
a single string representing a basis set such as “6-31G*”, whereas when passed
to ONETEP it is a tuple specifying cutoff energy, NGWF radius, and conduction
band energy range.


Molecular dynamics wrappers

Need to specify functions for: singlepoint, minimise, heatup, densityeq, equil, snapshots



Electronic Structure wrappers

Need to specify functions for: singlepoint, geom_opt, excit, freq.
If used in combination with the ML-based tasks, they should also provide run_qmd



Machine Learning wrappers

Need to specify functions for: train, load, geom_opt, run_mlmd




Other Wrappers

Writing a wrapper is a pretty easy task for anyone with ASE and general python skills.
Any electronic structure, MD or Machine-Learning package that already has an ASE
interface can probably be given an appropriate wrapper within a day or so’s work.

I am very happy to accept contributions of new wrappers to the code. Please have a look at
the code most similar package to what you want to add and adapt it as required.


Future Plans

Upon request, if presented with a use case, I could probably find time to add wrappers for
any of the following codes, some of which I am reasonably familiar with already:

CASTEP, QuantumEspresso, SchNarc, CP2K, BigDFT, Gaussian.

Get in touch with me at n.d.m.hine@warwick.ac.uk to discuss the possibilities.





          

      

      

    

  

    
      
          
            
  
Amber Wrapper


	
class esteem.wrappers.amber.AmberWrapper(nprocs=None)

	Sets up the AMBER Calculator (via ASE) for Molecular Dynamics runs


	
prepare_input(seed, netcharge=0, offset=0)

	Prepares input parameters and topologies for Amber calculations






	
add_solvent_box(solute, solvent, counterions, solvatedseed, box_size)

	Loads an Amber mol2 file for a solute and solvent, and creates a solvated box






	
reimage(seed, infile, outfile)

	Runs the cpptraj program with a simple script to center the frame
on residue 1 (the solute) and translate molecules back into the home cell






	
dipole(seed, crdfile)

	Runs the cpptraj program with a simple script to get the dipole
moment from the final trajectory






	
fix_amber_pdb(seed)

	An awk-based hack to fix AMBER pdb files to make them work with ASE






	
singlepoint(model, seed, calc_params={}, forces=False, solvent=None, readonly=False, continuation=False)

	Runs a singlepoint calculation with the Amber ASE calculator






	
geom_opt(model, seed, calc_params={}, solvent=None)

	Runs a geometry optimisation calculation with the Amber ASE calculator






	
heatup(model, seed, calc_params={}, nsteps=100)

	Runs a heatup temperature-ramp calculation with the Amber ASE calculator






	
densityequil(model, seed, calc_params={}, nsteps=100)

	Runs a density equilibration calculation with fixed hydrogens with the Amber ASE calculator






	
equil(model, seed, calc_params={}, nsteps=100)

	Runs an equilibration calculation at constant volume with flexible hydrogens with the Amber ASE calculator






	
snapshots(model, seed, calc_params={}, nsnaps=1, nsteps=100, start=0)

	Runs a long MD trajectory for snapshot generation with the Amber ASE calculator












          

      

      

    

  

    
      
          
            
  
LAMMPS Wrapper

Defines the LAMMPSWrapper class


	
class esteem.wrappers.lammps.LAMMPSWrapper

	Sets up the LAMMPS Calculator (via ASE) for Molecular Dynamics runs


	
lammps_setup(lammps_cmd=None, nprocs=None)

	Prepares run commands etc for LAMMPS calculations






	
load(seed, target=None, prefix='', suffix='', **kwargs)

	Loads an existing AMP Calculator and converts it into a PROPhet-LAMMPS calculator

seed: str

target: int

suffix: str


	kwargs: dict

	other keywords to pass to AMP.load










	
geom_opt(model, seed, calc_params, driver_tol='default', solvent=None, readonly=False)

	Runs a singlepoint calculation with the LAMMPS ASE calculator

model: ASE Atoms

seed: str

suffix: str

dummy: str

target: int or None

solvent: str or None

readonly: bool






	
run_mlmd(model, mdseed, calc_params, md_steps, md_timestep, superstep, temp, solvent=None, restart=False, readonly=False, constraints=None, continuation=None)

	Runs a Molecular Dynamics calculation with the AMP ASE calculator.

model: ASE Atoms

seed: str

target: int

suffix: str

md_steps: int

md_timestep: float

superstep: int

temp: float

target: int or None

solvent: str or None

restart: bool

readonly: bool






	
singlepoint(model, seed, calc_params, target=None, solvent=None, readonly=False)

	Runs a singlepoint calculation with the LAMMPS ASE calculator

model: ASE Atoms

seed: str

suffix: str

dummy: str

target: int or None

solvent: str or None

readonly: bool






	
minimise(solvated, minimised, seed)

	Runs a geometry optimisation calculation with the LAMMPS ASE calculator






	
heatup(minimised, heated, seed, nsteps)

	Runs a heatup temperature-ramp calculation with the LAMMPS ASE calculator






	
densityequil(heated, densityeq, seed, nsteps)

	Runs a density equilibration calculation with fixed hydrogens with the LAMMPS ASE calculator






	
equil(densityeq, equbd, seed, nsteps)

	Runs an equilibration calculation at constant volume with flexible hydrogens with the LAMMPS ASE calculator






	
snapshots(seed, snapin, snapout, nsnaps, nsteps)

	Runs a long MD trajectory for snapshot generation with the LAMMPS ASE calculator












          

      

      

    

  

    
      
          
            
  
NWChem Wrapper


	
class esteem.wrappers.nwchem.NWChemWrapper

	Sets up and runs the NWChem Calculator (via ASE) for DFT and TDDFT calculations


	
setup(nprocs=None, nwchem_cmd=None, nwchem_top=None)

	Sets up the internal variables of the NWChemWrapper class, including run command






	
cleanup(seed)

	Cleans up temporary files created by a NWChem run that are of no further use






	
singlepoint(model, label, calc_params={}, solvent=None, charge=0, spin=0, forces=False, continuation=False, readonly=False, calconly=False, cleanup=True)

	Runs a singlepoint calculation with the NWChem ASE calculator






	
geom_opt(model_opt, label, calc_params={}, driver_tol='default', solvent=None, continuation=False, charge=0, readonly=False, calconly=False, cleanup=True)

	Runs a Geometry Optimisation calculation with the NWChem ASE calculator






	
freq(model_opt, label, calc_params={}, solvent=None, charge=0, temp=300, writeonly=False, readonly=False, continuation=False, cleanup=True)

	Runs a Vibrational Frequency calculation with the NWChem ASE calculator






	
run_qmd(model, steplabel, calc_params, qmd_steps, qmd_timestep, superstep, temp, solvent=None, charge=0, continuation=False, readonly=False, constraints=None, dynamics=None, cleanup=True)

	Runs a Quantum Molecular Dynamics calculation with the NWChem ASE calculator






	
excitations(model, label, calc_params={}, nroots=1, solvent=None, charge=0, writeonly=False, readonly=False, continuation=False, cleanup=True, plot_homo=None, plot_lumo=None, plot_trans_den=None)

	Calculates TDDFT excitations with the NWChem ASE calculator






	
read_excitations(calc)

	Read Excitations from nwchem calculator.






	
read_freq(calc)

	Read Vibrational Frequencies and Normal Modes from results of nwchem calculator.












          

      

      

    

  

    
      
          
            
  
ONETEP Wrapper


	
class esteem.wrappers.onetep.OnetepWrapper

	Sets up and runs the ONETEP Calculator (via ASE) for DFT and TDDFT calculations


	
setup(nprocs=None, mthreads=None, onetep_cmd=None, mpirun=None, set_pseudo_path=None, set_pseudo_suffix=None)

	Sets up the internal variables of the OnetepWrapper Class






	
singlepoint(model, label, calc_params, solvent=None, charge=0, forces=False, restart=False, readonly=False, writeonly=False, calconly=False)

	Runs a singlepoint calculation with the ONETEP ASE calculator






	
geom_opt(model_opt, label, calc_params, driver_tol='default', solvent=None, charge=0, readonly=False, writeonly=False, calconly=False)

	Runs a Geometry Optimisation calculation with the ONETEP ASE calculator






	
excitations(model, label, nroots=1, solvent=None, charge=0, writeonly=False, readonly=False, continuation=False, cleanup=False)

	Calculates TDDFT excitations with the ONETEP ASE calculator






	
path = <module 'posixpath' from '/home/docs/checkouts/readthedocs.org/user_builds/esteem/envs/stable/lib/python3.7/posixpath.py'>

	










          

      

      

    

  

    
      
          
            
  
ORCA Wrapper


	
class esteem.wrappers.orca.ORCAWrapper

	Sets up and runs the ORCA Calculator (via ASE) for DFT and TDDFT calculations


	
setup(nprocs=None, orca_cmd=None, ORCA_top=None)

	Sets up the internal variables of the ORCAWrapper class, including run command






	
cleanup(seed)

	Cleans up temporary files created by a ORCA run that are of no further use






	
singlepoint(model, label, calc_params={}, solvent=None, charge=0, spin=0, forces=False, continuation=False, readonly=False, calconly=False, cleanup=True)

	Runs a singlepoint calculation with the ORCA ASE calculator






	
geom_opt(model_opt, label, calc_params={}, driver_tol='default', solvent=None, continuation=False, charge=0, readonly=False, calconly=False, cleanup=True)

	Runs a Geometry Optimisation calculation with the ORCA ASE calculator






	
freq(model_opt, label, calc_params={}, solvent=None, charge=0, temp=300, writeonly=False, readonly=False, continuation=False, cleanup=True)

	Runs a Vibrational Frequency calculation with the ORCA ASE calculator






	
run_qmd(model, steplabel, calc_params, qmd_steps, qmd_timestep, superstep, temp, solvent=None, charge=0, continuation=False, readonly=False, constraints=None, dynamics=None, cleanup=True)

	Runs a Quantum Molecular Dynamics calculation with the ORCA ASE calculator






	
excitations(model, label, calc_params={}, nroots=1, solvent=None, charge=0, writeonly=False, readonly=False, continuation=False, cleanup=True, plot_homo=None, plot_lumo=None, plot_trans_den=None)

	Calculates TDDFT excitations with the ORCA ASE calculator






	
read_excitations(calc)

	Read Excitations from ORCA calculator.






	
read_freq(calc)

	Read Vibrational Frequencies and Normal Modes from results of ORCA calculator.












          

      

      

    

  

    
      
          
            
  
PhysNet Wrapper


	
class esteem.wrappers.physnet.PhysNetWrapper(**kwargs)

	Sets up, trains and runs a PhysNet Neural Network Calculator to represent a
potential energy surface.


	
load(seed, target=None, prefix='', suffix='', atoms=None)

	Loads an existing PhysNet Calculator

seed: str

target: int

suffix: str


	kwargs: dict

	other keywords










	
train(seed, prefix='', suffix='', trajfile='', target=None, restart=False, **kwargs)

	Runs training for PhysNet model using an input trajectory as training points

seed: str

target: int

suffix: str

trajfile: str

restart: bool

kwargs: dict






	
run_mlmd(model, mdseed, calc_params, md_steps, md_timestep, superstep, temp, solvent=None, restart=False, readonly=False, constraints=None, dynamics=None, continuation=None)

	Runs a Molecular Dynamics calculation with the PhysNet ASE calculator.

model: ASE Atoms

seed: str

calc_params: dict

md_steps: int

md_timestep: float

superstep: int

temp: float

target: int or None

solvent: str or None

restart: bool

readonly: bool






	
geom_opt(model, seed, calc_params, driver_tol='default', solvent=None, charge=0, spin=0, writeonly=False, readonly=False, continuation=False, cleanup=False, traj=None)

	Runs a geometry optimisation calculation with the PhysNet ASE calculator

model: ASE Atoms

seed: str

calc_params: dict

dummy: str

driver_tol:

target: int or None

solvent: str or None

readonly: bool






	
freq(model_opt, seed, calc_params, solvent=None, charge=0, temp=300, writeonly=False, readonly=False, continuation=False, cleanup=True)

	Runs a Vibrational Frequency calculation with the PhysNet ASE calculator

model_opt: ASE Atoms

seed: str

suffix: str

dummy: str

driver_tol:

target: int or None

solvent: str or None

temp: float

readonly: bool






	
singlepoint(model, seed, calc_params, solvent=None, charge=0, spin=0, readonly=False, cleanup=True)

	Runs a singlepoint calculation with the PhysNet ASE calculator

model: ASE Atoms

seed: str

suffix: str

dummy: str

target: int or None

solvent: str or None

readonly: bool












          

      

      

    

  

    
      
          
            
  
AMP Wrapper

Defines the AMPWrapper Class


	
class esteem.wrappers.amp.AMPWrapper

	Sets up and runs the AMP Calculator (via ASE) to use a neural-network representation of a
potential energy surface.


	
load(seed, target=None, prefix='', suffix='', **kwargs)

	Loads an existing AMP Calculator

seed: str

target: int

suffix: str


	kwargs: dict

	other keywords to pass to AMP.load










	
train(seed, prefix='', suffix='', trajfile='', target=None, restart=False, **kwargs)

	Runs training for AMP ASE calculator using an input trajectory as training points

seed: str

target: int

suffix: str

trajfile: str

restart: bool

kwargs: dict






	
run_mlmd(model, mdseed, calc_params, md_steps, md_timestep, superstep, temp, solvent=None, restart=False, readonly=False, constraints=None, dynamics=None, continuation=None)

	Runs a Molecular Dynamics calculation with the AMP ASE calculator.

model: ASE Atoms

seed: str

calc_params: dict

md_steps: int

md_timestep: float

superstep: int

temp: float

target: int or None

solvent: str or None

restart: bool

readonly: bool






	
geom_opt(model, seed, calc_params, driver_tol='default', solvent=None, readonly=False)

	Runs a geometry optimisation calculation with the AMP ASE calculator

model: ASE Atoms

seed: str

calc_params: dict

dummy: str

driver_tol:

target: int or None

solvent: str or None

readonly: bool






	
freq(model_opt, seed, calc_params, solvent=None, charge=0, temp=300, writeonly=False, readonly=False, continuation=False, cleanup=True)

	Runs a Vibrational Frequency calculation with the AMP ASE calculator

model_opt: ASE Atoms

seed: str

suffix: str

dummy: str

driver_tol:

target: int or None

solvent: str or None

temp: float

readonly: bool






	
singlepoint(model, seed, suffix, dummy, target=None, solvent=None, readonly=False)

	Runs a singlepoint calculation with the AMP ASE calculator

model: ASE Atoms

seed: str

suffix: str

dummy: str

target: int or None

solvent: str or None

readonly: bool
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L


  	
      	label_nearby_molecules() (in module esteem.tasks.clusters)


      	lammps_setup() (esteem.wrappers.lammps.LAMMPSWrapper method)


      	LAMMPSWrapper (class in esteem.wrappers.lammps)


  

  	
      	load() (esteem.wrappers.amp.AMPWrapper method)

      
        	(esteem.wrappers.lammps.LAMMPSWrapper method)


        	(esteem.wrappers.physnet.PhysNetWrapper method)


      


      	load_trajectory_dipole() (in module esteem.tasks.ml_trajectories)


  





M


  	
      	main() (esteem.tasks.spectra.SpectraTask method)

      
        	(in module esteem.drivers)


      


      	makedirs() (esteem.tasks.solutes.SolutesTask method)


      	merge_traj() (in module esteem.trajectories)


  

  	
      	minimise() (esteem.wrappers.lammps.LAMMPSWrapper method)


      	MLTestingTask (class in esteem.tasks.ml_testing)


      	MLTrainingTask (class in esteem.tasks.ml_training)


      	MLTrajTask (class in esteem.tasks.ml_trajectories)


  





N


  	
      	np (esteem.tasks.solutes.SolutesTask attribute)


  

  	
      	NWChemWrapper (class in esteem.wrappers.nwchem)


  





O


  	
      	OnetepWrapper (class in esteem.wrappers.onetep)


  

  	
      	ORCAWrapper (class in esteem.wrappers.orca)


  





P


  	
      	path (esteem.tasks.solutes.SolutesTask attribute)

      
        	(esteem.wrappers.onetep.OnetepWrapper attribute)


      


  

  	
      	PhysNetWrapper (class in esteem.wrappers.physnet)


      	prepare_input() (esteem.wrappers.amber.AmberWrapper method)


  





Q


  	
      	QMDTrajTask (class in esteem.tasks.qmd_trajectories)


  





R


  	
      	read() (esteem.tasks.solutes.SolutesTask method)


      	read_excitations() (esteem.wrappers.nwchem.NWChemWrapper method)

      
        	(esteem.wrappers.orca.ORCAWrapper method)


      


      	read_freq() (esteem.wrappers.nwchem.NWChemWrapper method)

      
        	(esteem.wrappers.orca.ORCAWrapper method)


      


      	recalculate_trajectory() (in module esteem.trajectories)


      	reimage() (esteem.wrappers.amber.AmberWrapper method)


      	RGB_colour() (in module esteem.tasks.spectra)


      	rotate_all_to_xy_plane() (esteem.tasks.solutes.SolutesTask method)


      	rotate_and_center_solute() (esteem.tasks.solutes.SolutesTask method)

      
        	(in module esteem.tasks.clusters)


      


  

  	
      	run() (esteem.tasks.clusters.ClustersTask method)

      
        	(esteem.tasks.ml_testing.MLTestingTask method)


        	(esteem.tasks.ml_training.MLTrainingTask method)


        	(esteem.tasks.ml_trajectories.MLTrajTask method)


        	(esteem.tasks.qmd_trajectories.QMDTrajTask method)


        	(esteem.tasks.solutes.SolutesTask method)


        	(esteem.tasks.solvate.SolvateTask method)


      


      	run_mlmd() (esteem.wrappers.amp.AMPWrapper method)

      
        	(esteem.wrappers.lammps.LAMMPSWrapper method)


        	(esteem.wrappers.physnet.PhysNetWrapper method)


      


      	run_qmd() (esteem.wrappers.nwchem.NWChemWrapper method)

      
        	(esteem.wrappers.orca.ORCAWrapper method)


      


  





S


  	
      	setup() (esteem.wrappers.nwchem.NWChemWrapper method)

      
        	(esteem.wrappers.onetep.OnetepWrapper method)


        	(esteem.wrappers.orca.ORCAWrapper method)


      


      	setup_amber() (esteem.tasks.solvate.SolvateTask method)


      	setup_lammps() (esteem.tasks.solvate.SolvateTask method)


      	singlepoint() (esteem.wrappers.amber.AmberWrapper method)

      
        	(esteem.wrappers.amp.AMPWrapper method)


        	(esteem.wrappers.lammps.LAMMPSWrapper method)


        	(esteem.wrappers.nwchem.NWChemWrapper method)


        	(esteem.wrappers.onetep.OnetepWrapper method)


        	(esteem.wrappers.orca.ORCAWrapper method)


        	(esteem.wrappers.physnet.PhysNetWrapper method)


      


  

  	
      	snapshots() (esteem.wrappers.amber.AmberWrapper method)

      
        	(esteem.wrappers.lammps.LAMMPSWrapper method)


      


      	solutes_driver() (in module esteem.drivers)


      	SolutesTask (class in esteem.tasks.solutes)


      	solvate_driver() (in module esteem.drivers)


      	SolvateTask (class in esteem.tasks.solvate)


      	solvents_driver() (in module esteem.drivers)


      	spectra_driver() (in module esteem.drivers)


      	SpectraTask (class in esteem.tasks.spectra)


      	split_traj() (in module esteem.trajectories)


      	subtract_atom_energies_from_traj() (in module esteem.trajectories)


  





T


  	
      	train() (esteem.wrappers.amp.AMPWrapper method)

      
        	(esteem.wrappers.physnet.PhysNetWrapper method)


      


  





W


  	
      	write() (esteem.tasks.solutes.SolutesTask method)


  







          

      

      

    

  

    
      
          
            
  All modules for which code is available

	ase.io.formats

	esteem.drivers

	esteem.tasks.clusters

	esteem.tasks.ml_testing

	esteem.tasks.ml_training

	esteem.tasks.ml_trajectories

	esteem.tasks.qmd_trajectories

	esteem.tasks.solutes

	esteem.tasks.solvate

	esteem.tasks.spectra

	esteem.trajectories

	esteem.wrappers.amber

	esteem.wrappers.amp

	esteem.wrappers.lammps

	esteem.wrappers.nwchem

	esteem.wrappers.onetep

	esteem.wrappers.orca

	esteem.wrappers.physnet

	os

	posix




          

      

      

    

  

    
      
          
            
  Source code for os

r"""OS routines for NT or Posix depending on what system we're on.

This exports:
  - all functions from posix or nt, e.g. unlink, stat, etc.
  - os.path is either posixpath or ntpath
  - os.name is either 'posix' or 'nt'
  - os.curdir is a string representing the current directory (always '.')
  - os.pardir is a string representing the parent directory (always '..')
  - os.sep is the (or a most common) pathname separator ('/' or '\\')
  - os.extsep is the extension separator (always '.')
  - os.altsep is the alternate pathname separator (None or '/')
  - os.pathsep is the component separator used in $PATH etc
  - os.linesep is the line separator in text files ('\r' or '\n' or '\r\n')
  - os.defpath is the default search path for executables
  - os.devnull is the file path of the null device ('/dev/null', etc.)

Programs that import and use 'os' stand a better chance of being
portable between different platforms.  Of course, they must then
only use functions that are defined by all platforms (e.g., unlink
and opendir), and leave all pathname manipulation to os.path
(e.g., split and join).
"""

#'
import abc
import sys
import stat as st

from _collections_abc import _check_methods

_names = sys.builtin_module_names

# Note:  more names are added to __all__ later.
__all__ = ["altsep", "curdir", "pardir", "sep", "pathsep", "linesep",
           "defpath", "name", "path", "devnull", "SEEK_SET", "SEEK_CUR",
           "SEEK_END", "fsencode", "fsdecode", "get_exec_path", "fdopen",
           "popen", "extsep"]

def _exists(name):
    return name in globals()

def _get_exports_list(module):
    try:
        return list(module.__all__)
    except AttributeError:
        return [n for n in dir(module) if n[0] != '_']

# Any new dependencies of the os module and/or changes in path separator
# requires updating importlib as well.
if 'posix' in _names:
    name = 'posix'
    linesep = '\n'
    from posix import *
    try:
        from posix import _exit
        __all__.append('_exit')
    except ImportError:
        pass
    import posixpath as path

    try:
        from posix import _have_functions
    except ImportError:
        pass

    import posix
    __all__.extend(_get_exports_list(posix))
    del posix

elif 'nt' in _names:
    name = 'nt'
    linesep = '\r\n'
    from nt import *
    try:
        from nt import _exit
        __all__.append('_exit')
    except ImportError:
        pass
    import ntpath as path

    import nt
    __all__.extend(_get_exports_list(nt))
    del nt

    try:
        from nt import _have_functions
    except ImportError:
        pass

else:
    raise ImportError('no os specific module found')

sys.modules['os.path'] = path
from os.path import (curdir, pardir, sep, pathsep, defpath, extsep, altsep,
    devnull)

del _names


if _exists("_have_functions"):
    _globals = globals()
    def _add(str, fn):
        if (fn in _globals) and (str in _have_functions):
            _set.add(_globals[fn])

    _set = set()
    _add("HAVE_FACCESSAT",  "access")
    _add("HAVE_FCHMODAT",   "chmod")
    _add("HAVE_FCHOWNAT",   "chown")
    _add("HAVE_FSTATAT",    "stat")
    _add("HAVE_FUTIMESAT",  "utime")
    _add("HAVE_LINKAT",     "link")
    _add("HAVE_MKDIRAT",    "mkdir")
    _add("HAVE_MKFIFOAT",   "mkfifo")
    _add("HAVE_MKNODAT",    "mknod")
    _add("HAVE_OPENAT",     "open")
    _add("HAVE_READLINKAT", "readlink")
    _add("HAVE_RENAMEAT",   "rename")
    _add("HAVE_SYMLINKAT",  "symlink")
    _add("HAVE_UNLINKAT",   "unlink")
    _add("HAVE_UNLINKAT",   "rmdir")
    _add("HAVE_UTIMENSAT",  "utime")
    supports_dir_fd = _set

    _set = set()
    _add("HAVE_FACCESSAT",  "access")
    supports_effective_ids = _set

    _set = set()
    _add("HAVE_FCHDIR",     "chdir")
    _add("HAVE_FCHMOD",     "chmod")
    _add("HAVE_FCHOWN",     "chown")
    _add("HAVE_FDOPENDIR",  "listdir")
    _add("HAVE_FDOPENDIR",  "scandir")
    _add("HAVE_FEXECVE",    "execve")
    _set.add(stat) # fstat always works
    _add("HAVE_FTRUNCATE",  "truncate")
    _add("HAVE_FUTIMENS",   "utime")
    _add("HAVE_FUTIMES",    "utime")
    _add("HAVE_FPATHCONF",  "pathconf")
    if _exists("statvfs") and _exists("fstatvfs"): # mac os x10.3
        _add("HAVE_FSTATVFS", "statvfs")
    supports_fd = _set

    _set = set()
    _add("HAVE_FACCESSAT",  "access")
    # Some platforms don't support lchmod().  Often the function exists
    # anyway, as a stub that always returns ENOSUP or perhaps EOPNOTSUPP.
    # (No, I don't know why that's a good design.)  ./configure will detect
    # this and reject it--so HAVE_LCHMOD still won't be defined on such
    # platforms.  This is Very Helpful.
    #
    # However, sometimes platforms without a working lchmod() *do* have
    # fchmodat().  (Examples: Linux kernel 3.2 with glibc 2.15,
    # OpenIndiana 3.x.)  And fchmodat() has a flag that theoretically makes
    # it behave like lchmod().  So in theory it would be a suitable
    # replacement for lchmod().  But when lchmod() doesn't work, fchmodat()'s
    # flag doesn't work *either*.  Sadly ./configure isn't sophisticated
    # enough to detect this condition--it only determines whether or not
    # fchmodat() minimally works.
    #
    # Therefore we simply ignore fchmodat() when deciding whether or not
    # os.chmod supports follow_symlinks.  Just checking lchmod() is
    # sufficient.  After all--if you have a working fchmodat(), your
    # lchmod() almost certainly works too.
    #
    # _add("HAVE_FCHMODAT",   "chmod")
    _add("HAVE_FCHOWNAT",   "chown")
    _add("HAVE_FSTATAT",    "stat")
    _add("HAVE_LCHFLAGS",   "chflags")
    _add("HAVE_LCHMOD",     "chmod")
    if _exists("lchown"): # mac os x10.3
        _add("HAVE_LCHOWN", "chown")
    _add("HAVE_LINKAT",     "link")
    _add("HAVE_LUTIMES",    "utime")
    _add("HAVE_LSTAT",      "stat")
    _add("HAVE_FSTATAT",    "stat")
    _add("HAVE_UTIMENSAT",  "utime")
    _add("MS_WINDOWS",      "stat")
    supports_follow_symlinks = _set

    del _set
    del _have_functions
    del _globals
    del _add


# Python uses fixed values for the SEEK_ constants; they are mapped
# to native constants if necessary in posixmodule.c
# Other possible SEEK values are directly imported from posixmodule.c
SEEK_SET = 0
SEEK_CUR = 1
SEEK_END = 2

# Super directory utilities.
# (Inspired by Eric Raymond; the doc strings are mostly his)

def makedirs(name, mode=0o777, exist_ok=False):
    """makedirs(name [, mode=0o777][, exist_ok=False])

    Super-mkdir; create a leaf directory and all intermediate ones.  Works like
    mkdir, except that any intermediate path segment (not just the rightmost)
    will be created if it does not exist. If the target directory already
    exists, raise an OSError if exist_ok is False. Otherwise no exception is
    raised.  This is recursive.

    """
    head, tail = path.split(name)
    if not tail:
        head, tail = path.split(head)
    if head and tail and not path.exists(head):
        try:
            makedirs(head, exist_ok=exist_ok)
        except FileExistsError:
            # Defeats race condition when another thread created the path
            pass
        cdir = curdir
        if isinstance(tail, bytes):
            cdir = bytes(curdir, 'ASCII')
        if tail == cdir:           # xxx/newdir/. exists if xxx/newdir exists
            return
    try:
        mkdir(name, mode)
    except OSError:
        # Cannot rely on checking for EEXIST, since the operating system
        # could give priority to other errors like EACCES or EROFS
        if not exist_ok or not path.isdir(name):
            raise

def removedirs(name):
    """removedirs(name)

    Super-rmdir; remove a leaf directory and all empty intermediate
    ones.  Works like rmdir except that, if the leaf directory is
    successfully removed, directories corresponding to rightmost path
    segments will be pruned away until either the whole path is
    consumed or an error occurs.  Errors during this latter phase are
    ignored -- they generally mean that a directory was not empty.

    """
    rmdir(name)
    head, tail = path.split(name)
    if not tail:
        head, tail = path.split(head)
    while head and tail:
        try:
            rmdir(head)
        except OSError:
            break
        head, tail = path.split(head)

def renames(old, new):
    """renames(old, new)

    Super-rename; create directories as necessary and delete any left
    empty.  Works like rename, except creation of any intermediate
    directories needed to make the new pathname good is attempted
    first.  After the rename, directories corresponding to rightmost
    path segments of the old name will be pruned until either the
    whole path is consumed or a nonempty directory is found.

    Note: this function can fail with the new directory structure made
    if you lack permissions needed to unlink the leaf directory or
    file.

    """
    head, tail = path.split(new)
    if head and tail and not path.exists(head):
        makedirs(head)
    rename(old, new)
    head, tail = path.split(old)
    if head and tail:
        try:
            removedirs(head)
        except OSError:
            pass

__all__.extend(["makedirs", "removedirs", "renames"])

def walk(top, topdown=True, onerror=None, followlinks=False):
    """Directory tree generator.

    For each directory in the directory tree rooted at top (including top
    itself, but excluding '.' and '..'), yields a 3-tuple

        dirpath, dirnames, filenames

    dirpath is a string, the path to the directory.  dirnames is a list of
    the names of the subdirectories in dirpath (excluding '.' and '..').
    filenames is a list of the names of the non-directory files in dirpath.
    Note that the names in the lists are just names, with no path components.
    To get a full path (which begins with top) to a file or directory in
    dirpath, do os.path.join(dirpath, name).

    If optional arg 'topdown' is true or not specified, the triple for a
    directory is generated before the triples for any of its subdirectories
    (directories are generated top down).  If topdown is false, the triple
    for a directory is generated after the triples for all of its
    subdirectories (directories are generated bottom up).

    When topdown is true, the caller can modify the dirnames list in-place
    (e.g., via del or slice assignment), and walk will only recurse into the
    subdirectories whose names remain in dirnames; this can be used to prune the
    search, or to impose a specific order of visiting.  Modifying dirnames when
    topdown is false has no effect on the behavior of os.walk(), since the
    directories in dirnames have already been generated by the time dirnames
    itself is generated. No matter the value of topdown, the list of
    subdirectories is retrieved before the tuples for the directory and its
    subdirectories are generated.

    By default errors from the os.scandir() call are ignored.  If
    optional arg 'onerror' is specified, it should be a function; it
    will be called with one argument, an OSError instance.  It can
    report the error to continue with the walk, or raise the exception
    to abort the walk.  Note that the filename is available as the
    filename attribute of the exception object.

    By default, os.walk does not follow symbolic links to subdirectories on
    systems that support them.  In order to get this functionality, set the
    optional argument 'followlinks' to true.

    Caution:  if you pass a relative pathname for top, don't change the
    current working directory between resumptions of walk.  walk never
    changes the current directory, and assumes that the client doesn't
    either.

    Example:

    import os
    from os.path import join, getsize
    for root, dirs, files in os.walk('python/Lib/email'):
        print(root, "consumes", end="")
        print(sum([getsize(join(root, name)) for name in files]), end="")
        print("bytes in", len(files), "non-directory files")
        if 'CVS' in dirs:
            dirs.remove('CVS')  # don't visit CVS directories

    """
    top = fspath(top)
    dirs = []
    nondirs = []
    walk_dirs = []

    # We may not have read permission for top, in which case we can't
    # get a list of the files the directory contains.  os.walk
    # always suppressed the exception then, rather than blow up for a
    # minor reason when (say) a thousand readable directories are still
    # left to visit.  That logic is copied here.
    try:
        # Note that scandir is global in this module due
        # to earlier import-*.
        scandir_it = scandir(top)
    except OSError as error:
        if onerror is not None:
            onerror(error)
        return

    with scandir_it:
        while True:
            try:
                try:
                    entry = next(scandir_it)
                except StopIteration:
                    break
            except OSError as error:
                if onerror is not None:
                    onerror(error)
                return

            try:
                is_dir = entry.is_dir()
            except OSError:
                # If is_dir() raises an OSError, consider that the entry is not
                # a directory, same behaviour than os.path.isdir().
                is_dir = False

            if is_dir:
                dirs.append(entry.name)
            else:
                nondirs.append(entry.name)

            if not topdown and is_dir:
                # Bottom-up: recurse into sub-directory, but exclude symlinks to
                # directories if followlinks is False
                if followlinks:
                    walk_into = True
                else:
                    try:
                        is_symlink = entry.is_symlink()
                    except OSError:
                        # If is_symlink() raises an OSError, consider that the
                        # entry is not a symbolic link, same behaviour than
                        # os.path.islink().
                        is_symlink = False
                    walk_into = not is_symlink

                if walk_into:
                    walk_dirs.append(entry.path)

    # Yield before recursion if going top down
    if topdown:
        yield top, dirs, nondirs

        # Recurse into sub-directories
        islink, join = path.islink, path.join
        for dirname in dirs:
            new_path = join(top, dirname)
            # Issue #23605: os.path.islink() is used instead of caching
            # entry.is_symlink() result during the loop on os.scandir() because
            # the caller can replace the directory entry during the "yield"
            # above.
            if followlinks or not islink(new_path):
                yield from walk(new_path, topdown, onerror, followlinks)
    else:
        # Recurse into sub-directories
        for new_path in walk_dirs:
            yield from walk(new_path, topdown, onerror, followlinks)
        # Yield after recursion if going bottom up
        yield top, dirs, nondirs

__all__.append("walk")

if {open, stat} <= supports_dir_fd and {scandir, stat} <= supports_fd:

    def fwalk(top=".", topdown=True, onerror=None, *, follow_symlinks=False, dir_fd=None):
        """Directory tree generator.

        This behaves exactly like walk(), except that it yields a 4-tuple

            dirpath, dirnames, filenames, dirfd

        `dirpath`, `dirnames` and `filenames` are identical to walk() output,
        and `dirfd` is a file descriptor referring to the directory `dirpath`.

        The advantage of fwalk() over walk() is that it's safe against symlink
        races (when follow_symlinks is False).

        If dir_fd is not None, it should be a file descriptor open to a directory,
          and top should be relative; top will then be relative to that directory.
          (dir_fd is always supported for fwalk.)

        Caution:
        Since fwalk() yields file descriptors, those are only valid until the
        next iteration step, so you should dup() them if you want to keep them
        for a longer period.

        Example:

        import os
        for root, dirs, files, rootfd in os.fwalk('python/Lib/email'):
            print(root, "consumes", end="")
            print(sum([os.stat(name, dir_fd=rootfd).st_size for name in files]),
                  end="")
            print("bytes in", len(files), "non-directory files")
            if 'CVS' in dirs:
                dirs.remove('CVS')  # don't visit CVS directories
        """
        if not isinstance(top, int) or not hasattr(top, '__index__'):
            top = fspath(top)
        # Note: To guard against symlink races, we use the standard
        # lstat()/open()/fstat() trick.
        if not follow_symlinks:
            orig_st = stat(top, follow_symlinks=False, dir_fd=dir_fd)
        topfd = open(top, O_RDONLY, dir_fd=dir_fd)
        try:
            if (follow_symlinks or (st.S_ISDIR(orig_st.st_mode) and
                                    path.samestat(orig_st, stat(topfd)))):
                yield from _fwalk(topfd, top, isinstance(top, bytes),
                                  topdown, onerror, follow_symlinks)
        finally:
            close(topfd)

    def _fwalk(topfd, toppath, isbytes, topdown, onerror, follow_symlinks):
        # Note: This uses O(depth of the directory tree) file descriptors: if
        # necessary, it can be adapted to only require O(1) FDs, see issue
        # #13734.

        scandir_it = scandir(topfd)
        dirs = []
        nondirs = []
        entries = None if topdown or follow_symlinks else []
        for entry in scandir_it:
            name = entry.name
            if isbytes:
                name = fsencode(name)
            try:
                if entry.is_dir():
                    dirs.append(name)
                    if entries is not None:
                        entries.append(entry)
                else:
                    nondirs.append(name)
            except OSError:
                try:
                    # Add dangling symlinks, ignore disappeared files
                    if entry.is_symlink():
                        nondirs.append(name)
                except OSError:
                    pass

        if topdown:
            yield toppath, dirs, nondirs, topfd

        for name in dirs if entries is None else zip(dirs, entries):
            try:
                if not follow_symlinks:
                    if topdown:
                        orig_st = stat(name, dir_fd=topfd, follow_symlinks=False)
                    else:
                        assert entries is not None
                        name, entry = name
                        orig_st = entry.stat(follow_symlinks=False)
                dirfd = open(name, O_RDONLY, dir_fd=topfd)
            except OSError as err:
                if onerror is not None:
                    onerror(err)
                continue
            try:
                if follow_symlinks or path.samestat(orig_st, stat(dirfd)):
                    dirpath = path.join(toppath, name)
                    yield from _fwalk(dirfd, dirpath, isbytes,
                                      topdown, onerror, follow_symlinks)
            finally:
                close(dirfd)

        if not topdown:
            yield toppath, dirs, nondirs, topfd

    __all__.append("fwalk")

# Make sure os.environ exists, at least
try:
    environ
except NameError:
    environ = {}

def execl(file, *args):
    """execl(file, *args)

    Execute the executable file with argument list args, replacing the
    current process. """
    execv(file, args)

def execle(file, *args):
    """execle(file, *args, env)

    Execute the executable file with argument list args and
    environment env, replacing the current process. """
    env = args[-1]
    execve(file, args[:-1], env)

def execlp(file, *args):
    """execlp(file, *args)

    Execute the executable file (which is searched for along $PATH)
    with argument list args, replacing the current process. """
    execvp(file, args)

def execlpe(file, *args):
    """execlpe(file, *args, env)

    Execute the executable file (which is searched for along $PATH)
    with argument list args and environment env, replacing the current
    process. """
    env = args[-1]
    execvpe(file, args[:-1], env)

def execvp(file, args):
    """execvp(file, args)

    Execute the executable file (which is searched for along $PATH)
    with argument list args, replacing the current process.
    args may be a list or tuple of strings. """
    _execvpe(file, args)

def execvpe(file, args, env):
    """execvpe(file, args, env)

    Execute the executable file (which is searched for along $PATH)
    with argument list args and environment env, replacing the
    current process.
    args may be a list or tuple of strings. """
    _execvpe(file, args, env)

__all__.extend(["execl","execle","execlp","execlpe","execvp","execvpe"])

def _execvpe(file, args, env=None):
    if env is not None:
        exec_func = execve
        argrest = (args, env)
    else:
        exec_func = execv
        argrest = (args,)
        env = environ

    if path.dirname(file):
        exec_func(file, *argrest)
        return
    saved_exc = None
    path_list = get_exec_path(env)
    if name != 'nt':
        file = fsencode(file)
        path_list = map(fsencode, path_list)
    for dir in path_list:
        fullname = path.join(dir, file)
        try:
            exec_func(fullname, *argrest)
        except (FileNotFoundError, NotADirectoryError) as e:
            last_exc = e
        except OSError as e:
            last_exc = e
            if saved_exc is None:
                saved_exc = e
    if saved_exc is not None:
        raise saved_exc
    raise last_exc


def get_exec_path(env=None):
    """Returns the sequence of directories that will be searched for the
    named executable (similar to a shell) when launching a process.

    *env* must be an environment variable dict or None.  If *env* is None,
    os.environ will be used.
    """
    # Use a local import instead of a global import to limit the number of
    # modules loaded at startup: the os module is always loaded at startup by
    # Python. It may also avoid a bootstrap issue.
    import warnings

    if env is None:
        env = environ

    # {b'PATH': ...}.get('PATH') and {'PATH': ...}.get(b'PATH') emit a
    # BytesWarning when using python -b or python -bb: ignore the warning
    with warnings.catch_warnings():
        warnings.simplefilter("ignore", BytesWarning)

        try:
            path_list = env.get('PATH')
        except TypeError:
            path_list = None

        if supports_bytes_environ:
            try:
                path_listb = env[b'PATH']
            except (KeyError, TypeError):
                pass
            else:
                if path_list is not None:
                    raise ValueError(
                        "env cannot contain 'PATH' and b'PATH' keys")
                path_list = path_listb

            if path_list is not None and isinstance(path_list, bytes):
                path_list = fsdecode(path_list)

    if path_list is None:
        path_list = defpath
    return path_list.split(pathsep)


# Change environ to automatically call putenv(), unsetenv if they exist.
from _collections_abc import MutableMapping

class _Environ(MutableMapping):
    def __init__(self, data, encodekey, decodekey, encodevalue, decodevalue, putenv, unsetenv):
        self.encodekey = encodekey
        self.decodekey = decodekey
        self.encodevalue = encodevalue
        self.decodevalue = decodevalue
        self.putenv = putenv
        self.unsetenv = unsetenv
        self._data = data

    def __getitem__(self, key):
        try:
            value = self._data[self.encodekey(key)]
        except KeyError:
            # raise KeyError with the original key value
            raise KeyError(key) from None
        return self.decodevalue(value)

    def __setitem__(self, key, value):
        key = self.encodekey(key)
        value = self.encodevalue(value)
        self.putenv(key, value)
        self._data[key] = value

    def __delitem__(self, key):
        encodedkey = self.encodekey(key)
        self.unsetenv(encodedkey)
        try:
            del self._data[encodedkey]
        except KeyError:
            # raise KeyError with the original key value
            raise KeyError(key) from None

    def __iter__(self):
        # list() from dict object is an atomic operation
        keys = list(self._data)
        for key in keys:
            yield self.decodekey(key)

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

    def __repr__(self):
        return 'environ({{{}}})'.format(', '.join(
            ('{!r}: {!r}'.format(self.decodekey(key), self.decodevalue(value))
            for key, value in self._data.items())))

    def copy(self):
        return dict(self)

    def setdefault(self, key, value):
        if key not in self:
            self[key] = value
        return self[key]

try:
    _putenv = putenv
except NameError:
    _putenv = lambda key, value: None
else:
    if "putenv" not in __all__:
        __all__.append("putenv")

try:
    _unsetenv = unsetenv
except NameError:
    _unsetenv = lambda key: _putenv(key, "")
else:
    if "unsetenv" not in __all__:
        __all__.append("unsetenv")

def _createenviron():
    if name == 'nt':
        # Where Env Var Names Must Be UPPERCASE
        def check_str(value):
            if not isinstance(value, str):
                raise TypeError("str expected, not %s" % type(value).__name__)
            return value
        encode = check_str
        decode = str
        def encodekey(key):
            return encode(key).upper()
        data = {}
        for key, value in environ.items():
            data[encodekey(key)] = value
    else:
        # Where Env Var Names Can Be Mixed Case
        encoding = sys.getfilesystemencoding()
        def encode(value):
            if not isinstance(value, str):
                raise TypeError("str expected, not %s" % type(value).__name__)
            return value.encode(encoding, 'surrogateescape')
        def decode(value):
            return value.decode(encoding, 'surrogateescape')
        encodekey = encode
        data = environ
    return _Environ(data,
        encodekey, decode,
        encode, decode,
        _putenv, _unsetenv)

# unicode environ
environ = _createenviron()
del _createenviron


def getenv(key, default=None):
    """Get an environment variable, return None if it doesn't exist.
    The optional second argument can specify an alternate default.
    key, default and the result are str."""
    return environ.get(key, default)

supports_bytes_environ = (name != 'nt')
__all__.extend(("getenv", "supports_bytes_environ"))

if supports_bytes_environ:
    def _check_bytes(value):
        if not isinstance(value, bytes):
            raise TypeError("bytes expected, not %s" % type(value).__name__)
        return value

    # bytes environ
    environb = _Environ(environ._data,
        _check_bytes, bytes,
        _check_bytes, bytes,
        _putenv, _unsetenv)
    del _check_bytes

    def getenvb(key, default=None):
        """Get an environment variable, return None if it doesn't exist.
        The optional second argument can specify an alternate default.
        key, default and the result are bytes."""
        return environb.get(key, default)

    __all__.extend(("environb", "getenvb"))

def _fscodec():
    encoding = sys.getfilesystemencoding()
    errors = sys.getfilesystemencodeerrors()

    def fsencode(filename):
        """Encode filename (an os.PathLike, bytes, or str) to the filesystem
        encoding with 'surrogateescape' error handler, return bytes unchanged.
        On Windows, use 'strict' error handler if the file system encoding is
        'mbcs' (which is the default encoding).
        """
        filename = fspath(filename)  # Does type-checking of `filename`.
        if isinstance(filename, str):
            return filename.encode(encoding, errors)
        else:
            return filename

    def fsdecode(filename):
        """Decode filename (an os.PathLike, bytes, or str) from the filesystem
        encoding with 'surrogateescape' error handler, return str unchanged. On
        Windows, use 'strict' error handler if the file system encoding is
        'mbcs' (which is the default encoding).
        """
        filename = fspath(filename)  # Does type-checking of `filename`.
        if isinstance(filename, bytes):
            return filename.decode(encoding, errors)
        else:
            return filename

    return fsencode, fsdecode

fsencode, fsdecode = _fscodec()
del _fscodec

# Supply spawn*() (probably only for Unix)
if _exists("fork") and not _exists("spawnv") and _exists("execv"):

    P_WAIT = 0
    P_NOWAIT = P_NOWAITO = 1

    __all__.extend(["P_WAIT", "P_NOWAIT", "P_NOWAITO"])

    # XXX Should we support P_DETACH?  I suppose it could fork()**2
    # and close the std I/O streams.  Also, P_OVERLAY is the same
    # as execv*()?

    def _spawnvef(mode, file, args, env, func):
        # Internal helper; func is the exec*() function to use
        if not isinstance(args, (tuple, list)):
            raise TypeError('argv must be a tuple or a list')
        if not args or not args[0]:
            raise ValueError('argv first element cannot be empty')
        pid = fork()
        if not pid:
            # Child
            try:
                if env is None:
                    func(file, args)
                else:
                    func(file, args, env)
            except:
                _exit(127)
        else:
            # Parent
            if mode == P_NOWAIT:
                return pid # Caller is responsible for waiting!
            while 1:
                wpid, sts = waitpid(pid, 0)
                if WIFSTOPPED(sts):
                    continue
                elif WIFSIGNALED(sts):
                    return -WTERMSIG(sts)
                elif WIFEXITED(sts):
                    return WEXITSTATUS(sts)
                else:
                    raise OSError("Not stopped, signaled or exited???")

    def spawnv(mode, file, args):
        """spawnv(mode, file, args) -> integer

Execute file with arguments from args in a subprocess.
If mode == P_NOWAIT return the pid of the process.
If mode == P_WAIT return the process's exit code if it exits normally;
otherwise return -SIG, where SIG is the signal that killed it. """
        return _spawnvef(mode, file, args, None, execv)

    def spawnve(mode, file, args, env):
        """spawnve(mode, file, args, env) -> integer

Execute file with arguments from args in a subprocess with the
specified environment.
If mode == P_NOWAIT return the pid of the process.
If mode == P_WAIT return the process's exit code if it exits normally;
otherwise return -SIG, where SIG is the signal that killed it. """
        return _spawnvef(mode, file, args, env, execve)

    # Note: spawnvp[e] isn't currently supported on Windows

    def spawnvp(mode, file, args):
        """spawnvp(mode, file, args) -> integer

Execute file (which is looked for along $PATH) with arguments from
args in a subprocess.
If mode == P_NOWAIT return the pid of the process.
If mode == P_WAIT return the process's exit code if it exits normally;
otherwise return -SIG, where SIG is the signal that killed it. """
        return _spawnvef(mode, file, args, None, execvp)

    def spawnvpe(mode, file, args, env):
        """spawnvpe(mode, file, args, env) -> integer

Execute file (which is looked for along $PATH) with arguments from
args in a subprocess with the supplied environment.
If mode == P_NOWAIT return the pid of the process.
If mode == P_WAIT return the process's exit code if it exits normally;
otherwise return -SIG, where SIG is the signal that killed it. """
        return _spawnvef(mode, file, args, env, execvpe)


    __all__.extend(["spawnv", "spawnve", "spawnvp", "spawnvpe"])


if _exists("spawnv"):
    # These aren't supplied by the basic Windows code
    # but can be easily implemented in Python

    def spawnl(mode, file, *args):
        """spawnl(mode, file, *args) -> integer

Execute file with arguments from args in a subprocess.
If mode == P_NOWAIT return the pid of the process.
If mode == P_WAIT return the process's exit code if it exits normally;
otherwise return -SIG, where SIG is the signal that killed it. """
        return spawnv(mode, file, args)

    def spawnle(mode, file, *args):
        """spawnle(mode, file, *args, env) -> integer

Execute file with arguments from args in a subprocess with the
supplied environment.
If mode == P_NOWAIT return the pid of the process.
If mode == P_WAIT return the process's exit code if it exits normally;
otherwise return -SIG, where SIG is the signal that killed it. """
        env = args[-1]
        return spawnve(mode, file, args[:-1], env)


    __all__.extend(["spawnl", "spawnle"])


if _exists("spawnvp"):
    # At the moment, Windows doesn't implement spawnvp[e],
    # so it won't have spawnlp[e] either.
    def spawnlp(mode, file, *args):
        """spawnlp(mode, file, *args) -> integer

Execute file (which is looked for along $PATH) with arguments from
args in a subprocess with the supplied environment.
If mode == P_NOWAIT return the pid of the process.
If mode == P_WAIT return the process's exit code if it exits normally;
otherwise return -SIG, where SIG is the signal that killed it. """
        return spawnvp(mode, file, args)

    def spawnlpe(mode, file, *args):
        """spawnlpe(mode, file, *args, env) -> integer

Execute file (which is looked for along $PATH) with arguments from
args in a subprocess with the supplied environment.
If mode == P_NOWAIT return the pid of the process.
If mode == P_WAIT return the process's exit code if it exits normally;
otherwise return -SIG, where SIG is the signal that killed it. """
        env = args[-1]
        return spawnvpe(mode, file, args[:-1], env)


    __all__.extend(["spawnlp", "spawnlpe"])


# Supply os.popen()
def popen(cmd, mode="r", buffering=-1):
    if not isinstance(cmd, str):
        raise TypeError("invalid cmd type (%s, expected string)" % type(cmd))
    if mode not in ("r", "w"):
        raise ValueError("invalid mode %r" % mode)
    if buffering == 0 or buffering is None:
        raise ValueError("popen() does not support unbuffered streams")
    import subprocess, io
    if mode == "r":
        proc = subprocess.Popen(cmd,
                                shell=True,
                                stdout=subprocess.PIPE,
                                bufsize=buffering)
        return _wrap_close(io.TextIOWrapper(proc.stdout), proc)
    else:
        proc = subprocess.Popen(cmd,
                                shell=True,
                                stdin=subprocess.PIPE,
                                bufsize=buffering)
        return _wrap_close(io.TextIOWrapper(proc.stdin), proc)

# Helper for popen() -- a proxy for a file whose close waits for the process
class _wrap_close:
    def __init__(self, stream, proc):
        self._stream = stream
        self._proc = proc
    def close(self):
        self._stream.close()
        returncode = self._proc.wait()
        if returncode == 0:
            return None
        if name == 'nt':
            return returncode
        else:
            return returncode << 8  # Shift left to match old behavior
    def __enter__(self):
        return self
    def __exit__(self, *args):
        self.close()
    def __getattr__(self, name):
        return getattr(self._stream, name)
    def __iter__(self):
        return iter(self._stream)

# Supply os.fdopen()
def fdopen(fd, *args, **kwargs):
    if not isinstance(fd, int):
        raise TypeError("invalid fd type (%s, expected integer)" % type(fd))
    import io
    return io.open(fd, *args, **kwargs)


# For testing purposes, make sure the function is available when the C
# implementation exists.
def _fspath(path):
    """Return the path representation of a path-like object.

    If str or bytes is passed in, it is returned unchanged. Otherwise the
    os.PathLike interface is used to get the path representation. If the
    path representation is not str or bytes, TypeError is raised. If the
    provided path is not str, bytes, or os.PathLike, TypeError is raised.
    """
    if isinstance(path, (str, bytes)):
        return path

    # Work from the object's type to match method resolution of other magic
    # methods.
    path_type = type(path)
    try:
        path_repr = path_type.__fspath__(path)
    except AttributeError:
        if hasattr(path_type, '__fspath__'):
            raise
        else:
            raise TypeError("expected str, bytes or os.PathLike object, "
                            "not " + path_type.__name__)
    if isinstance(path_repr, (str, bytes)):
        return path_repr
    else:
        raise TypeError("expected {}.__fspath__() to return str or bytes, "
                        "not {}".format(path_type.__name__,
                                        type(path_repr).__name__))

# If there is no C implementation, make the pure Python version the
# implementation as transparently as possible.
if not _exists('fspath'):
    fspath = _fspath
    fspath.__name__ = "fspath"


class PathLike(abc.ABC):

    """Abstract base class for implementing the file system path protocol."""

    @abc.abstractmethod
    def __fspath__(self):
        """Return the file system path representation of the object."""
        raise NotImplementedError

    @classmethod
    def __subclasshook__(cls, subclass):
        if cls is PathLike:
            return _check_methods(subclass, '__fspath__')
        return NotImplemented




          

      

      

    

  

    
      
          
            
  Source code for ase.io.formats

"""File formats.

This module implements the read(), iread() and write() functions in ase.io.
For each file format there is an IOFormat object.

There is a dict, ioformats, which stores the objects.

Example
=======

The xyz format is implemented in the ase/io/xyz.py file which has a
read_xyz() generator and a write_xyz() function.  This and other
information can be obtained from ioformats['xyz'].
"""

import io
import re
import functools
import inspect
import os
import sys
import numbers
import warnings
from pathlib import Path, PurePath
from typing import (
    IO, List, Any, Iterable, Tuple, Union, Sequence, Dict, Optional)

from ase.atoms import Atoms
from importlib import import_module
from ase.parallel import parallel_function, parallel_generator


PEEK_BYTES = 50000


class UnknownFileTypeError(Exception):
    pass


class IOFormat:
    def __init__(self, name: str, desc: str, code: str, module_name: str,
                 encoding: str = None) -> None:
        self.name = name
        self.description = desc
        assert len(code) == 2
        assert code[0] in list('+1')
        assert code[1] in list('BFS')
        self.code = code
        self.module_name = module_name
        self.encoding = encoding

        # (To be set by define_io_format())
        self.extensions: List[str] = []
        self.globs: List[str] = []
        self.magic: List[str] = []
        self.magic_regex: Optional[bytes] = None

    def open(self, fname, mode: str = 'r') -> IO:
        # We might want append mode, too
        # We can allow more flags as needed (buffering etc.)
        if mode not in list('rwa'):
            raise ValueError("Only modes allowed are 'r', 'w', and 'a'")
        if mode == 'r' and not self.can_read:
            raise NotImplementedError('No reader implemented for {} format'
                                      .format(self.name))
        if mode == 'w' and not self.can_write:
            raise NotImplementedError('No writer implemented for {} format'
                                      .format(self.name))
        if mode == 'a' and not self.can_append:
            raise NotImplementedError('Appending not supported by {} format'
                                      .format(self.name))

        if self.isbinary:
            mode += 'b'

        path = Path(fname)
        return path.open(mode, encoding=self.encoding)

    def _buf_as_filelike(self, data: Union[str, bytes]) -> IO:
        encoding = self.encoding
        if encoding is None:
            encoding = 'utf-8'  # Best hacky guess.

        if self.isbinary:
            if isinstance(data, str):
                data = data.encode(encoding)
        else:
            if isinstance(data, bytes):
                data = data.decode(encoding)

        return self._ioclass(data)

    @property
    def _ioclass(self):
        if self.isbinary:
            return io.BytesIO
        else:
            return io.StringIO

    def parse_images(self, data: Union[str, bytes],
                     **kwargs) -> Sequence[Atoms]:
        with self._buf_as_filelike(data) as fd:
            outputs = self.read(fd, **kwargs)
            if self.single:
                assert isinstance(outputs, Atoms)
                return [outputs]
            else:
                return list(self.read(fd, **kwargs))

    def parse_atoms(self, data: Union[str, bytes], **kwargs) -> Atoms:
        images = self.parse_images(data, **kwargs)
        return images[-1]

    @property
    def can_read(self) -> bool:
        return self._readfunc() is not None

    @property
    def can_write(self) -> bool:
        return self._writefunc() is not None

    @property
    def can_append(self) -> bool:
        writefunc = self._writefunc()
        return self.can_write and 'append' in writefunc.__code__.co_varnames

    def __repr__(self) -> str:
        tokens = ['{}={}'.format(name, repr(value))
                  for name, value in vars(self).items()]
        return 'IOFormat({})'.format(', '.join(tokens))

    def __getitem__(self, i):
        # For compatibility.
        #
        # Historically, the ioformats were listed as tuples
        # with (description, code).  We look like such a tuple.
        return (self.description, self.code)[i]

    @property
    def single(self) -> bool:
        """Whether this format is for a single Atoms object."""
        return self.code[0] == '1'

    @property
    def _formatname(self) -> str:
        return self.name.replace('-', '_')

    def _readfunc(self):
        return getattr(self.module, 'read_' + self._formatname, None)

    def _writefunc(self):
        return getattr(self.module, 'write_' + self._formatname, None)

    @property
    def read(self):
        if not self.can_read:
            self._warn_none('read')
            return None

        return self._read_wrapper

    def _read_wrapper(self, *args, **kwargs):
        function = self._readfunc()
        if function is None:
            self._warn_none('read')
            return None
        if not inspect.isgeneratorfunction(function):
            function = functools.partial(wrap_read_function, function)
        return function(*args, **kwargs)

    def _warn_none(self, action):
        msg = ('Accessing the IOFormat.{action} property on a format '
               'without {action} support will change behaviour in the '
               'future and return a callable instead of None.  '
               'Use IOFormat.can_{action} to check whether {action} '
               'is supported.')
        warnings.warn(msg.format(action=action), FutureWarning)

    @property
    def write(self):
        if not self.can_write:
            self._warn_none('write')
            return None

        return self._write_wrapper

    def _write_wrapper(self, *args, **kwargs):
        function = self._writefunc()
        if function is None:
            raise ValueError(f'Cannot write to {self.name}-format')
        return function(*args, **kwargs)

    @property
    def modes(self) -> str:
        modes = ''
        if self.can_read:
            modes += 'r'
        if self.can_write:
            modes += 'w'
        return modes

    def full_description(self) -> str:
        lines = [f'Name:        {self.name}',
                 f'Description: {self.description}',
                 f'Modes:       {self.modes}',
                 f'Encoding:    {self.encoding}',
                 f'Module:      {self.module_name}',
                 f'Code:        {self.code}',
                 f'Extensions:  {self.extensions}',
                 f'Globs:       {self.globs}',
                 f'Magic:       {self.magic}']
        return '\n'.join(lines)

    @property
    def acceptsfd(self) -> bool:
        return self.code[1] != 'S'

    @property
    def isbinary(self) -> bool:
        return self.code[1] == 'B'

    @property
    def module(self):
        if not self.module_name.startswith('ase.io.'):
            raise ValueError('Will only import modules from ase.io, '
                             'not {}'.format(self.module_name))
        try:
            return import_module(self.module_name)
        except ImportError as err:
            raise UnknownFileTypeError(
                f'File format not recognized: {self.name}.  Error: {err}')

    def match_name(self, basename: str) -> bool:
        from fnmatch import fnmatch
        return any(fnmatch(basename, pattern)
                   for pattern in self.globs)

    def match_magic(self, data: bytes) -> bool:
        if self.magic_regex:
            assert not self.magic, 'Define only one of magic and magic_regex'
            match = re.match(self.magic_regex, data, re.M | re.S)
            return match is not None

        from fnmatch import fnmatchcase
        return any(fnmatchcase(data, magic + b'*')  # type: ignore
                   for magic in self.magic)


ioformats: Dict[str, IOFormat] = {}  # These will be filled at run-time.
extension2format = {}


all_formats = ioformats  # Aliased for compatibility only.  Please do not use.
format2modulename = {}  # Left for compatibility only.


def define_io_format(name, desc, code, *, module=None, ext=None,
                     glob=None, magic=None, encoding=None,
                     magic_regex=None):
    if module is None:
        module = name.replace('-', '_')
        format2modulename[name] = module

    def normalize_patterns(strings):
        if strings is None:
            strings = []
        elif isinstance(strings, (str, bytes)):
            strings = [strings]
        else:
            strings = list(strings)
        return strings

    fmt = IOFormat(name, desc, code, module_name='ase.io.' + module,
                   encoding=encoding)
    fmt.extensions = normalize_patterns(ext)
    fmt.globs = normalize_patterns(glob)
    fmt.magic = normalize_patterns(magic)

    if magic_regex is not None:
        fmt.magic_regex = magic_regex

    for ext in fmt.extensions:
        if ext in extension2format:
            raise ValueError('extension "{}" already registered'.format(ext))
        extension2format[ext] = fmt

    ioformats[name] = fmt
    return fmt


def get_ioformat(name: str) -> IOFormat:
    """Return ioformat object or raise appropriate error."""
    if name not in ioformats:
        raise UnknownFileTypeError(name)
    fmt = ioformats[name]
    # Make sure module is importable, since this could also raise an error.
    fmt.module
    return ioformats[name]


# We define all the IO formats below.  Each IO format has a code,
# such as '1F', which defines some of the format's properties:
#
# 1=single atoms object
# +=multiple atoms objects
# F=accepts a file-descriptor
# S=needs a file-name str
# B=like F, but opens in binary mode

F = define_io_format
F('abinit-in', 'ABINIT input file', '1F',
  module='abinit', magic=b'*znucl *')
F('abinit-out', 'ABINIT output file', '1F',
  module='abinit', magic=b'*.Version * of ABINIT')
F('aims', 'FHI-aims geometry file', '1S', ext='in')
F('aims-output', 'FHI-aims output', '+S',
  module='aims', magic=b'*Invoking FHI-aims ...')
F('bundletrajectory', 'ASE bundle trajectory', '+S')
F('castep-castep', 'CASTEP output file', '+F',
  module='castep', ext='castep')
F('castep-cell', 'CASTEP geom file', '1F',
  module='castep', ext='cell')
F('castep-geom', 'CASTEP trajectory file', '+F',
  module='castep', ext='geom')
F('castep-md', 'CASTEP molecular dynamics file', '+F',
  module='castep', ext='md')
F('castep-phonon', 'CASTEP phonon file', '1F',
  module='castep', ext='phonon')
F('cfg', 'AtomEye configuration', '1F')
F('cif', 'CIF-file', '+B', ext='cif')
F('cmdft', 'CMDFT-file', '1F', glob='*I_info')
F('cml', 'Chemical json file', '1F', ext='cml')
F('cp2k-dcd', 'CP2K DCD file', '+B',
  module='cp2k', ext='dcd')
F('cp2k-restart', 'CP2K restart file', '1F',
  module='cp2k', ext='restart')
F('crystal', 'Crystal fort.34 format', '1F',
  ext=['f34', '34'], glob=['f34', '34'])
F('cube', 'CUBE file', '1F', ext='cube')
F('dacapo-text', 'Dacapo text output', '1F',
  module='dacapo', magic=b'*&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&\n')
F('db', 'ASE SQLite database file', '+S')
F('dftb', 'DftbPlus input file', '1S', magic=b'Geometry')
F('dlp4', 'DL_POLY_4 CONFIG file', '1F',
  module='dlp4', ext='config', glob=['*CONFIG*'])
F('dlp-history', 'DL_POLY HISTORY file', '+F',
  module='dlp4', glob='HISTORY')
F('dmol-arc', 'DMol3 arc file', '+S',
  module='dmol')
F('dmol-car', 'DMol3 structure file', '1S',
  module='dmol', ext='car')
F('dmol-incoor', 'DMol3 structure file', '1S',
  module='dmol')
F('elk', 'ELK atoms definition from GEOMETRY.OUT', '1F',
  glob=['GEOMETRY.OUT'])
F('elk-in', 'ELK input file', '1F', module='elk')
F('eon', 'EON CON file', '+F',
  ext='con')
F('eps', 'Encapsulated Postscript', '1S')
F('espresso-in', 'Quantum espresso in file', '1F',
  module='espresso', ext='pwi', magic=[b'*\n&system', b'*\n&SYSTEM'])
F('espresso-out', 'Quantum espresso out file', '+F',
  module='espresso', ext=['out', 'pwo'], magic=b'*Program PWSCF')
F('exciting', 'exciting input', '1F', glob='input.xml')
F('extxyz', 'Extended XYZ file', '+F', ext='xyz')
F('findsym', 'FINDSYM-format', '+F')
F('gamess-us-out', 'GAMESS-US output file', '1F',
  module='gamess_us', magic=b'*GAMESS')
F('gamess-us-in', 'GAMESS-US input file', '1F',
  module='gamess_us')
F('gamess-us-punch', 'GAMESS-US punchcard file', '1F',
  module='gamess_us', magic=b' $DATA', ext='dat')
F('gaussian-in', 'Gaussian com (input) file', '1F',
  module='gaussian', ext=['com', 'gjf'])
F('gaussian-out', 'Gaussian output file', '+F',
  module='gaussian', ext='log', magic=b'*Entering Gaussian System')
F('acemolecule-out', 'ACE output file', '1S',
  module='acemolecule')
F('acemolecule-input', 'ACE input file', '1S',
  module='acemolecule')
F('gen', 'DFTBPlus GEN format', '1F')
F('gif', 'Graphics interchange format', '+S',
  module='animation')
F('gpaw-out', 'GPAW text output', '+F',
  magic=b'*  ___ ___ ___ _ _ _')
F('gpumd', 'GPUMD input file', '1F', glob='xyz.in')
F('gpw', 'GPAW restart-file', '1S',
  magic=[b'- of UlmGPAW', b'AFFormatGPAW'])
F('gromacs', 'Gromacs coordinates', '1F',
  ext='gro')
F('gromos', 'Gromos96 geometry file', '1F', ext='g96')
F('html', 'X3DOM HTML', '1F', module='x3d')
F('json', 'ASE JSON database file', '+F', ext='json', module='db')
F('jsv', 'JSV file format', '1F')
F('lammps-dump-text', 'LAMMPS text dump file', '+F',
  module='lammpsrun', magic_regex=b'.*?^ITEM: TIMESTEP$')
F('lammps-dump-binary', 'LAMMPS binary dump file', '+B',
  module='lammpsrun')
F('lammps-data', 'LAMMPS data file', '1F', module='lammpsdata',
  encoding='ascii')
F('magres', 'MAGRES ab initio NMR data file', '1F')
F('mol', 'MDL Molfile', '1F')
F('mp4', 'MP4 animation', '+S',
  module='animation')
F('mustem', 'muSTEM xtl file', '1F',
  ext='xtl')
F('mysql', 'ASE MySQL database file', '+S',
  module='db')
F('netcdftrajectory', 'AMBER NetCDF trajectory file', '+S',
  magic=b'CDF')
F('nomad-json', 'JSON from Nomad archive', '+F',
  ext='nomad-json')
F('nwchem-in', 'NWChem input file', '1F',
  module='nwchem', ext='nwi')
F('nwchem-out', 'NWChem output file', '+F',
  module='nwchem', ext='nwo',
  magic=b'*Northwest Computational Chemistry Package')
F('octopus-in', 'Octopus input file', '1F',
  module='octopus', glob='inp')
F('proteindatabank', 'Protein Data Bank', '+F',
  ext='pdb')
F('png', 'Portable Network Graphics', '1B')
F('postgresql', 'ASE PostgreSQL database file', '+S', module='db')
F('pov', 'Persistance of Vision', '1S')
# prismatic: Should have ext='xyz' if/when multiple formats can have the same
# extension
F('prismatic', 'prismatic and computem XYZ-file', '1F')
F('py', 'Python file', '+F')
F('sys', 'qball sys file', '1F')
F('qbox', 'QBOX output file', '+F',
  magic=b'*:simulation xmlns:')
F('res', 'SHELX format', '1S', ext='shelx')
F('rmc6f', 'RMCProfile', '1S', ext='rmc6f')
F('sdf', 'SDF format', '1F')
F('siesta-xv', 'Siesta .XV file', '1F',
  glob='*.XV', module='siesta')
F('struct', 'WIEN2k structure file', '1S', module='wien2k')
F('struct_out', 'SIESTA STRUCT file', '1F', module='siesta')
F('traj', 'ASE trajectory', '+B', module='trajectory', ext='traj',
  magic=[b'- of UlmASE-Trajectory', b'AFFormatASE-Trajectory'])
F('turbomole', 'TURBOMOLE coord file', '1F', glob='coord',
  magic=b'$coord')
F('turbomole-gradient', 'TURBOMOLE gradient file', '+F',
  module='turbomole', glob='gradient', magic=b'$grad')
F('v-sim', 'V_Sim ascii file', '1F', ext='ascii')
F('vasp', 'VASP POSCAR/CONTCAR', '1F',
  ext='poscar', glob=['*POSCAR*', '*CONTCAR*'])
F('vasp-out', 'VASP OUTCAR file', '+F',
  module='vasp', glob='*OUTCAR*')
F('vasp-xdatcar', 'VASP XDATCAR file', '+F',
  module='vasp', glob='*XDATCAR*')
F('vasp-xml', 'VASP vasprun.xml file', '+F',
  module='vasp', glob='*vasp*.xml')
F('vti', 'VTK XML Image Data', '1F', module='vtkxml')
F('vtu', 'VTK XML Unstructured Grid', '1F', module='vtkxml', ext='vtu')
F('wout', 'Wannier90 output', '1F', module='wannier90')
F('x3d', 'X3D', '1S')
F('xsd', 'Materials Studio file', '1F')
F('xsf', 'XCrySDen Structure File', '+F',
  magic=[b'*\nANIMSTEPS', b'*\nCRYSTAL', b'*\nSLAB', b'*\nPOLYMER',
         b'*\nMOLECULE', b'*\nATOMS'])
F('xtd', 'Materials Studio file', '+F')
# xyz: No `ext='xyz'` in the definition below.
#      The .xyz files are handled by the extxyz module by default.
F('xyz', 'XYZ-file', '+F')


def get_compression(filename: str) -> Tuple[str, Optional[str]]:
    """
    Parse any expected file compression from the extension of a filename.
    Return the filename without the extension, and the extension. Recognises
    ``.gz``, ``.bz2``, ``.xz``.

    >>> get_compression('H2O.pdb.gz')
    ('H2O.pdb', 'gz')
    >>> get_compression('crystal.cif')
    ('crystal.cif', None)

    Parameters
    ==========
    filename: str
        Full filename including extension.

    Returns
    =======
    (root, extension): (str, str or None)
        Filename split into root without extension, and the extension
        indicating compression format. Will not split if compression
        is not recognised.
    """
    # Update if anything is added
    valid_compression = ['gz', 'bz2', 'xz']

    # Use stdlib as it handles most edge cases
    root, compression = os.path.splitext(filename)

    # extension keeps the '.' so remember to remove it
    if compression.strip('.') in valid_compression:
        return root, compression.strip('.')
    else:
        return filename, None


def open_with_compression(filename: str, mode: str = 'r') -> IO:
    """
    Wrapper around builtin `open` that will guess compression of a file
    from the filename and open it for reading or writing as if it were
    a standard file.

    Implemented for ``gz``(gzip), ``bz2``(bzip2) and ``xz``(lzma).

    Supported modes are:
       * 'r', 'rt', 'w', 'wt' for text mode read and write.
       * 'rb, 'wb' for binary read and write.

    Parameters
    ==========
    filename: str
        Path to the file to open, including any extensions that indicate
        the compression used.
    mode: str
        Mode to open the file, same as for builtin ``open``, e.g 'r', 'w'.

    Returns
    =======
    fd: file
        File-like object open with the specified mode.
    """

    # Compressed formats sometimes default to binary, so force text mode.
    if mode == 'r':
        mode = 'rt'
    elif mode == 'w':
        mode = 'wt'
    elif mode == 'a':
        mode = 'at'

    root, compression = get_compression(filename)

    if compression == 'gz':
        import gzip
        return gzip.open(filename, mode=mode)  # type: ignore
    elif compression == 'bz2':
        import bz2
        return bz2.open(filename, mode=mode)
    elif compression == 'xz':
        import lzma
        return lzma.open(filename, mode)
    else:
        # Either None or unknown string
        return open(filename, mode)


def wrap_read_function(read, filename, index=None, **kwargs):
    """Convert read-function to generator."""
    if index is None:
        yield read(filename, **kwargs)
    else:
        for atoms in read(filename, index, **kwargs):
            yield atoms


NameOrFile = Union[str, PurePath, IO]


def write(
        filename: NameOrFile,
        images: Union[Atoms, Sequence[Atoms]],
        format: str = None,
        parallel: bool = True,
        append: bool = False,
        **kwargs: dict
) -> None:
    """Write Atoms object(s) to file.

    filename: str or file
        Name of the file to write to or a file descriptor.  The name '-'
        means standard output.
    images: Atoms object or list of Atoms objects
        A single Atoms object or a list of Atoms objects.
    format: str
        Used to specify the file-format.  If not given, the
        file-format will be taken from suffix of the filename.
    parallel: bool
        Default is to write on master only.  Use parallel=False to write
        from all slaves.
    append: bool
        Default is to open files in 'w' or 'wb' mode, overwriting
        existing files.  In some cases opening the file in 'a' or 'ab'
        mode (appending) is useful,
        e.g. writing trajectories or saving multiple Atoms objects in one file.
        WARNING: If the file format does not support multiple entries without
        additional keywords/headers, files created using 'append=True'
        might not be readable by any program! They will nevertheless be
        written without error message.

    The use of additional keywords is format specific. write() may
    return an object after writing certain formats, but this behaviour
    may change in the future.

    """

    if isinstance(filename, PurePath):
        filename = str(filename)

    if isinstance(filename, str):
        fd = None
        if filename == '-':
            fd = sys.stdout
            filename = None  # type: ignore
        elif format is None:
            format = filetype(filename, read=False)
            assert isinstance(format, str)
    else:
        fd = filename  # type: ignore
        if format is None:
            try:
                format = filetype(filename, read=False)
                assert isinstance(format, str)
            except UnknownFileTypeError:
                format = None
        filename = None  # type: ignore

    format = format or 'json'  # default is json

    io = get_ioformat(format)

    return _write(filename, fd, format, io, images,
                  parallel=parallel, append=append, **kwargs)


@parallel_function
def _write(filename, fd, format, io, images, parallel=None, append=False,
           **kwargs):
    if isinstance(images, Atoms):
        images = [images]

    if io.single:
        if len(images) > 1:
            raise ValueError('{}-format can only store 1 Atoms object.'
                             .format(format))
        images = images[0]

    if not io.can_write:
        raise ValueError("Can't write to {}-format".format(format))

    # Special case for json-format:
    if format == 'json' and (len(images) > 1 or append):
        if filename is not None:
            return io.write(filename, images, append=append, **kwargs)
        raise ValueError("Can't write more than one image to file-descriptor "
                         'using json-format.')

    if io.acceptsfd:
        open_new = (fd is None)
        try:
            if open_new:
                mode = 'wb' if io.isbinary else 'w'
                if append:
                    mode = mode.replace('w', 'a')
                fd = open_with_compression(filename, mode)
                # XXX remember to re-enable compressed open
                # fd = io.open(filename, mode)
            return io.write(fd, images, **kwargs)
        finally:
            if open_new and fd is not None:
                fd.close()
    else:
        if fd is not None:
            raise ValueError("Can't write {}-format to file-descriptor"
                             .format(format))
        if io.can_append:
            return io.write(filename, images, append=append, **kwargs)
        elif append:
            raise ValueError("Cannot append to {}-format, write-function "
                             "does not support the append keyword."
                             .format(format))
        else:
            return io.write(filename, images, **kwargs)


def read(
        filename: NameOrFile,
        index: Any = None,
        format: str = None,
        parallel: bool = True,
        do_not_split_by_at_sign: bool = False,
        **kwargs
) -> Union[Atoms, List[Atoms]]:
    """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."""

    if isinstance(filename, PurePath):
        filename = str(filename)
    if filename == '-':
        filename = sys.stdin
    if isinstance(index, str):
        try:
            index = string2index(index)
        except ValueError:
            pass

    filename, index = parse_filename(filename, index, do_not_split_by_at_sign)
    if index is None:
        index = -1
    format = format or filetype(filename, read=isinstance(filename, str))

    io = get_ioformat(format)
    if isinstance(index, (slice, str)):
        return list(_iread(filename, index, format, io, parallel=parallel,
                           **kwargs))
    else:
        return next(_iread(filename, slice(index, None), format, io,
                           parallel=parallel, **kwargs))


def iread(
        filename: NameOrFile,
        index: Any = None,
        format: str = None,
        parallel: bool = True,
        do_not_split_by_at_sign: bool = False,
        **kwargs
) -> Iterable[Atoms]:
    """Iterator for reading Atoms objects from file.

    Works as the `read` function, but yields one Atoms object at a time
    instead of all at once."""

    if isinstance(filename, PurePath):
        filename = str(filename)

    if isinstance(index, str):
        index = string2index(index)

    filename, index = parse_filename(filename, index, do_not_split_by_at_sign)

    if index is None or index == ':':
        index = slice(None, None, None)

    if not isinstance(index, (slice, str)):
        index = slice(index, (index + 1) or None)

    format = format or filetype(filename, read=isinstance(filename, str))
    io = get_ioformat(format)

    for atoms in _iread(filename, index, format, io, parallel=parallel,
                        **kwargs):
        yield atoms


@parallel_generator
def _iread(filename, index, format, io, parallel=None, full_output=False,
           **kwargs):

    if not io.can_read:
        raise ValueError("Can't read from {}-format".format(format))

    if io.single:
        start = index.start
        assert start is None or start == 0 or start == -1
        args = ()
    else:
        args = (index,)

    must_close_fd = False
    if isinstance(filename, str):
        if io.acceptsfd:
            mode = 'rb' if io.isbinary else 'r'
            fd = open_with_compression(filename, mode)
            must_close_fd = True
        else:
            fd = filename
    else:
        assert io.acceptsfd
        fd = filename

    # Make sure fd is closed in case loop doesn't finish:
    try:
        for dct in io.read(fd, *args, **kwargs):
            if not isinstance(dct, dict):
                dct = {'atoms': dct}
            if full_output:
                yield dct
            else:
                yield dct['atoms']
    finally:
        if must_close_fd:
            fd.close()


def parse_filename(filename, index=None, do_not_split_by_at_sign=False):
    if not isinstance(filename, str):
        return filename, index

    basename = os.path.basename(filename)
    if do_not_split_by_at_sign or '@' not in basename:
        return filename, index

    newindex = None
    newfilename, newindex = filename.rsplit('@', 1)

    if isinstance(index, slice):
        return newfilename, index
    try:
        newindex = string2index(newindex)
    except ValueError:
        warnings.warn('Can not parse index for path \n'
                      ' "%s" \nConsider set '
                      'do_not_split_by_at_sign=True \nif '
                      'there is no index.' % filename)
    return newfilename, newindex


def match_magic(data: bytes) -> IOFormat:
    data = data[:PEEK_BYTES]
    for ioformat in ioformats.values():
        if ioformat.match_magic(data):
            return ioformat
    raise UnknownFileTypeError('Cannot guess file type from contents')


def string2index(string: str) -> Union[int, slice, str]:
    """Convert index string to either int or slice"""
    if ':' not in string:
        # may contain database accessor
        try:
            return int(string)
        except ValueError:
            return string
    i: List[Optional[int]] = []
    for s in string.split(':'):
        if s == '':
            i.append(None)
        else:
            i.append(int(s))
    i += (3 - len(i)) * [None]
    return slice(*i)


def filetype(
        filename: NameOrFile,
        read: bool = True,
        guess: bool = True,
) -> str:
    """Try to guess the type of the file.

    First, special signatures in the filename will be checked for.  If that
    does not identify the file type, then the first 2000 bytes of the file
    will be read and analysed.  Turn off this second part by using
    read=False.

    Can be used from the command-line also::

        $ ase info filename ...
    """

    orig_filename = filename
    if hasattr(filename, 'name'):
        filename = filename.name  # type: ignore

    ext = None
    if isinstance(filename, str):
        if os.path.isdir(filename):
            if os.path.basename(os.path.normpath(filename)) == 'states':
                return 'eon'
            return 'bundletrajectory'

        if filename.startswith('postgres'):
            return 'postgresql'

        if filename.startswith('mysql') or filename.startswith('mariadb'):
            return 'mysql'

        # strip any compression extensions that can be read
        root, compression = get_compression(filename)
        basename = os.path.basename(root)

        if '.' in basename:
            ext = os.path.splitext(basename)[1].strip('.').lower()

        for fmt in ioformats.values():
            if fmt.match_name(basename):
                return fmt.name

        if not read:
            if ext is None:
                raise UnknownFileTypeError('Could not guess file type')
            ioformat = extension2format.get(ext)
            if ioformat:
                return ioformat.name

            # askhl: This is strange, we don't know if ext is a format:
            return ext

        if orig_filename == filename:
            fd = open_with_compression(filename, 'rb')
        else:
            fd = orig_filename  # type: ignore
    else:
        fd = filename    # type: ignore
        if fd is sys.stdin:
            return 'json'

    data = fd.read(PEEK_BYTES)
    if fd is not filename:
        fd.close()
    else:
        fd.seek(0)

    if len(data) == 0:
        raise UnknownFileTypeError('Empty file: ' + filename)    # type: ignore

    try:
        return match_magic(data).name
    except UnknownFileTypeError:
        pass

    format = None
    if ext in extension2format:
        format = extension2format[ext].name

    if format is None and guess:
        format = ext
    if format is None:
        # Do quick xyz check:
        lines = data.splitlines()
        if lines and lines[0].strip().isdigit():
            return extension2format['xyz'].name

        raise UnknownFileTypeError('Could not guess file type')
    assert isinstance(format, str)
    return format


def index2range(index, length):
    """Convert slice or integer to range.

    If index is an integer, range will contain only that integer."""
    obj = range(length)[index]
    if isinstance(obj, numbers.Integral):
        obj = range(obj, obj + 1)
    return obj




          

      

      

    

  

    
      
          
            
  Source code for esteem.drivers

#!/usr/bin/env python
# coding: utf-8

# In[ ]:


"""
Drivers to run ESTEEM tasks in serial or parallel on a range of inputs.

These inputs will consist of solutes, solvents or pairs of solutes and solvent, depending on the task.
"""


# # Top-level Driver

# In[ ]:


import argparse
from esteem import parallel

[docs]def main(all_solutes,all_solvents,all_solutes_tasks={},all_solvate_tasks={},
         all_clusters_tasks={},all_spectra_tasks={},all_qmd_tasks={},
         all_mltrain_tasks={},all_mltest_tasks={},all_mltraj_tasks={},
         make_script=parallel.make_sbatch):
    """
    Main driver routine which chooses other tasks to run as appropriate.
    
    Control of what driver is actually called depends on command-line arguments with which the script
    was invoked: 'python <seed>.py <task> <seed> <target>'

    all_solutes: dict of strings
        Keys are shortnames of the solutes. Entries are the full names.
    all_solvents: dict of strings
        Keys are shortnames of the solvents. Entries are the full names.
    all_solutes_tasks: namespace or class
        Argument list for the Solutes task - see solutes_driver documentation below for more detail.
    all_solvate_tasks: namespace or class
        Argument list for the Solvate task - see solvate_driver documentation below for more detail.
    all_clusters_tasks: namespace or class
        Argument list for the Clusters task - see clusters_driver documentation below for more detail.
    all_spectra_tasks: namespace or class
        Argument list for the Spectra task - see spectra_driver documentation below for more detail.
    make_script: dict of strings
        Routine that can write a job submission script. Usually parallel.make_sbatch.
    
    """
    
    import sys

    # Parse arguments to script
    parser = argparse.ArgumentParser(description=f'ESTEEM Main driver script')
    parser.add_argument('task')
    parser.add_argument('seed',default=None,type=str)
    parser.add_argument('target',nargs='?',default=None,type=str)
    args = parser.parse_args()
    task = args.task
    scriptname = sys.argv[0].replace(".py","")
    if args.seed is None:
        import sys
        args.seed = scriptname
    seed = args.seed
    target = args.target

    # Special task: set up scripts
    if ('scripts' in task.split()):
        # case where many SolutesTask have been defined
        if isinstance(all_solutes_tasks,dict):
            for targ in all_solutes_tasks:
                all_solutes_tasks[targ].script_settings['scriptname'] = scriptname
                solutes_script_settings = all_solutes_tasks[targ].script_settings
                make_script(seed=seed,task='solutes',target=targ,**solutes_script_settings)
                make_script(seed=seed,task='solvents',target=targ,**solutes_script_settings)
        else: # just one SolutesTask
            all_solutes_tasks.script_settings['scriptname'] = scriptname
            solutes_script_settings = all_solutes_tasks.script_settings
            make_script(seed=seed,task='solutes',target=target,**solutes_script_settings)
            make_script(seed=seed,task='solvents',target=target,**solutes_script_settings)

        for tasks in [all_solvate_tasks,all_clusters_tasks,all_qmd_tasks,
                      all_mltrain_tasks,all_mltest_tasks,all_mltraj_tasks]:
            if tasks is None or tasks=={}:
                continue
            if isinstance(tasks,dict):
                for targ in tasks:
                    tasks[targ].script_settings['scriptname'] = scriptname
                    make_script(seed=seed,task=tasks[targ].task_command,target=targ,**tasks[targ].script_settings)
            else:
                tasks.script_settings['scriptname'] = scriptname
                make_script(seed=seed,task=tasks.task_command,target=targ,**tasks.script_settings)

        return

    # Now run actual task
    if ('solutes' in task.split()):
        solutes_task = get_actual_args(all_solutes_tasks,target,'solutes')
        solutes_driver(all_solutes,all_solvents,solutes_task)
    if ('solvents' in task.split()):
        solutes_task = get_actual_args(all_solutes_tasks,target,'solvents')
        solvents_driver(all_solvents,solutes_task)
    if ('solvate' in task.split()):
        solvate_task = get_actual_args(all_solvate_tasks,target,'solvate')
        solvate_task.script_settings['target'] = target
        solvate_task.script_settings['scriptname'] = scriptname
        solvate_driver(all_solutes,all_solvents,seed,solvate_task,make_script)
    if ('clusters' in task.split()) or ('cluster_scripts' in task.split()):
        clusters_task = get_actual_args(all_clusters_tasks,target,'clusters')
        clusters_task.script_settings['target'] = target
        clusters_task.script_settings['scriptname'] = scriptname
        clusters_driver(all_solutes,all_solvents,seed,clusters_task,make_script)
    if 'atoms' in task.split():
        atomen_task = get_actual_args(all_qmd_tasks,target,'qmd')
        atomen_task.seed = seed
        atomen_task.target = target
        atom_energies_driver(atomen_task)
    if 'qmd' in task.split():
        qmd_task = get_actual_args(all_qmd_tasks,target,'qmd')
        qmd_task.seed = seed
        qmd_driver(qmd_task)
    if ('train' in task.split()) or ('mltrain' in task.split()):
        mltrain_task = get_actual_args(all_mltrain_tasks,target,'mltrain')
        mltrain_task.seed = seed
        mltrain_driver(mltrain_task)
    if ('test' in task.split()) or ('mltest' in task.split()):
        mltest_task = get_actual_args(all_mltest_tasks,target,'mltest')
        mltest_task.seed = seed
        mltest_driver(mltest_task)
    if ('traj' in task.split()) or ('mltraj' in task.split()):
        mltraj_task = get_actual_args(all_mltraj_tasks,target,'mltraj')
        mltraj_task.seed = seed
        mltraj_driver(mltraj_task)
    if ('spectra' in task.split()):
        spectra_task = get_actual_args(all_spectra_tasks,target,'spectra')
        spectra_driver(all_solutes,all_solvents,spectra_task)


# Helper function that extracts the appropriate element from a dictionary    
def get_actual_args(all_args,target,task):
    if isinstance(all_args,dict):
        try:
            args = all_args[target]
        except:
            raise Exception(f"all_{task}_args[{target}] not found. Possible values: {list(all_args.keys())}")
    else:
        args = all_args
    return args


# # Run calculations on individual Solute molecules

# In[ ]:


"""
Drivers to run ESTEEM tasks in serial or parallel on a range of inputs
These inputs will consist of solutes, solvents or pairs of solutes and solvent, depending on the task
"""

from esteem.tasks import solutes
from esteem import parallel
from os import path,chdir,makedirs
from shutil import copytree
  
[docs]def solutes_driver(all_solutes,all_solvents,task):
    """
    Driver to run a range of DFT/TDDFT calculations on a range of solutes.
    If the script is run as an array task, it performs the task for the
    requested solute only.

    all_solutes: dict of strings
        Keys are shortnames of the solutes. Entries are the full names.
    all_solvents: dict of strings
        Keys are shortnames of the solvents (implicit only, here). Entries are the full names.
    task: SolutesTask class
        Argument list for the whole Solutes job - see Solutes module documentation for more detail.
        
        Arguments used only within the driver routine include:

        ``task.directory``: Directory prefix for where output of this particular 'target' of the Solutes
        calculation will be written
    """

    if task.directory is not None:
        if not path.exists(task.directory):
            print(f'Creating directory {task.directory}')
            makedirs(task.directory)
        if not path.exists(task.directory+'/xyz'):
            if path.exists('xyz'):
                copytree('xyz', task.directory+'/xyz')
        chdir(task.directory)

    # Determine if we are in a job array, in which case just run one pair
    task_id = parallel.get_array_task_id()
    if task_id is None:
        solutes_to_run = all_solutes # run everything
    else:
        solute = list(all_solutes)[task_id]
        solutes_to_run = {solute: all_solutes[solute]} # run just one solute

    solute_namelist = task.get_xyz_files(solutes_to_run,"xyz")

    # Geom opts and TDDFT for solutes, then implicit solvent versions in each solvent
    if not all_solvents:
        task.run(solute_namelist)
    else:
        for solvent in all_solvents:
            task.solvent = solvent
            if task.solvent_settings is not None and task.solvent is not None:
                task.solvent = task.solvent_settings
                task.solvent['solvent'] = solvent
            task.run(solute_namelist)
    if task.directory is not None:
        chdir("..")



# # Run calculations on individual Solvent molecules

# In[ ]:


from esteem.tasks import solutes

[docs]def solvents_driver(all_solvents,task):
    """
    Driver to run a range of DFT/TDDFT calculations on a range of solvent molecules.
    See the Solutes module documentation for more info on what tasks are run.
    
    all_solutes: dict of strings
        Keys are shortnames of the solutes. Entries are the full names.
    all_solvents: dict of strings
        Keys are shortnames of the solvents. Entries are the full names.
    task: SolutesTask class
        Argument list for the whole Solutes job - see Solutes module documentation for more detail.
        
        Arguments used only within the driver routine include:

        ``task.directory``: Directory prefix for where output of this particular 'target' of the Solutes
        calculation will be written

    wrapper: namespace or class
        Functions that will be used in the Solutes task - see Solutes module documentation for more detail.
    """

    if task.directory is not None:
        if not path.exists(task.directory):
            print(f'Creating directory {task.directory}')
            makedirs(task.directory)
        if not path.exists(task.directory+'/xyz'):
            if path.exists('xyz'):
                copytree('xyz', task.directory+'/xyz')
        chdir(task.directory)

    solvent_namelist = task.get_xyz_files(all_solvents,"xyz")

    # Geom opts and TDDFT for solvents (in implicit solvent of self)
    for solvent in all_solvents:
        task.solvent = solvent
        if task.solvent_settings is not None:
            task.solvent = task.solvent_settings
            task.solvent['solvent'] = solvent
        task.run([solvent])

    if task.directory is not None:
        chdir("..")



# # Calculate Range Separation Parameters

# In[ ]:


# Temporarily here till moved elsewhere
def range_sep_driver(all_solutes,all_solvents,task,wrapper):
    import os
    from ase.units import Hartree as Ha
    
    if task.directory is not None:
        if not path.exists(task.directory):
            raise Exception(f"Directory not present: {task.directory} (must run solutes task first)")
        chdir(task.directory)

    #from esteem.tasks.solutes import find_range_sep

    solutes = ["AQS"]
    solvent = {'solvent': 'watr', 'cosmo_smd': True, 'cosmo_vem': 0}

    func = "LC-PBE0"
    basis = "6-311++G**"
    charges={"AH2QS": -1, "AQS": -1}
    rs_range = [0.05,0.1,0.15,0.2,0.25,0.3]
    energy,calc,evals,occs=find_range_sep(solutes,"is_opt_watr","rs_opt",nw,basis=basis,
                                          func=func,solvent=solvent,charges=charges,
                                          rs_range=rs_range,all_readonly=True)
    ehomo = {}
    elumo = {}
    seed = solutes[0]
    all_rs = []
    all_Ja = []
    all_Jb = []
    all_J2 = []
    for rsf in rs_range:
        rs = f'{rsf:.2f}'
        if seed in charges:
            charge = charges[seed]
        else:
            charge = 0

        for c in [charge+1,charge-1,charge]:
            # Assume when c==charge, system is closed-shell
            if c != charge:
                occfac = 0.99
                s = 0.5
            else:
                occfac = 1.99
                s = 0
            
            ih = max(np.argwhere(occs[rs,c]>occfac))[0]
            il = min(np.argwhere(occs[rs,c]<occfac))[0]
            ehomo[rs,c] = (evals[rs,c])[ih]
            elumo[rs,c] = (evals[rs,c])[il]
            #except:
            #    print('fail for rs=',rs)
        
        all_rs.append(float(rs))
        IP = energy[rs,charge+1] - energy[rs,charge]
        EH = ehomo[rs,charge]
        all_Ja.append((EH+IP)**2)
        
        IPm = energy[rs,charge] - energy[rs,charge-1]
        EHm = ehomo[rs,charge-1]
        print(f'E_H-IP for rs={rs},Q={charge} is {EH:0.3f}+{IP:0.3f} = {EH+IP:0.3f}',
              f', Q={charge-1} is {EHm:0.3f}+{IPm:0.3f} = {EHm+IPm:0.3f}')
        all_Jb.append((EHm+IPm)**2)
        all_J2.append((EHm+IPm)**2+all_Ja[-1])
        #print(f'-IP for rs={rs},Q={charge} is {-IP}')
    import matplotlib.pyplot as plt
    plt.plot(all_rs,all_Ja)
    #plt.plot(all_rs,all_Jb)
    #plt.plot(all_rs,all_J2)
    plt.show()

    if task.directory is not None:
        chdir("..")


# # Run MD calculations on all pairs of solvent + solute

# In[ ]:


from esteem.tasks import solvate
from shutil import copyfile
import itertools
from os import path,chdir,makedirs

[docs]def solvate_driver(all_solutes,all_solvents,seed,task,make_sbatch=None):
    """
    Driver to run set up and run MD on solvated boxes containing a solute molecule and solvent.
    If the script is run as an array task, it performs the task for the requested solute/solute pair
    only, out of the nsolutes * nsolvents possible combinations.

    all_solutes: dict of strings
        Keys are shortnames of the solutes. Entries are the full names.
    all_solvents: dict of strings
        Keys are shortnames of the solvents. Entries are the full names.
    task: SolvateTask class
        Argument list for the whole clusters job - see Solvate module documentation for more detail.
        
        Arguments used within this routine include:
        
        ``task.md_suffix``: Directory suffix for where the MD runs will take place
        
        ``task.md_geom_prefix``: Directory prefix for where the geometries from the Solutes calculation should be obtained.

    wrapper: class
        Wrapper that will be used in the Solvate task - see Solvate module documentation for more detail.
    """

    md_suffix = task.md_suffix
    md_geom_prefix = task.md_geom_prefix

    # Make list of all combinations of solvent and solute
    all_pairs = list(itertools.product(all_solvents.items(),all_solutes.items()))
    all_paths = [f'{solute}_{solvent}_{md_suffix}' for (solvent,_),(solute,_) in all_pairs]
    base_path = path.basename(getcwd())

    # Determine if we are in a job array, in which case just run one pair
    task_id = parallel.get_array_task_id()
    if task_id is not None:
        all_pairs = [all_pairs[task_id]]
    
    # Iterate over pairs of solvent and solute
    for i,((solvent,fullsolvent),(solute,fullsolute)) in enumerate(all_pairs):
        
        if solute in all_solvents and (solute!=solvent):
            continue

        sol_sol_str = f'{solute} ({fullsolute}) in {solvent} ({fullsolvent})'
        if task_id is None:
            task_str = f'Task {i} of {len(all_pairs)}'
        else:
            task_str = f'Task {task_id}'
        md_path = f'{solute}_{solvent}_{md_suffix}'
        
        # We are in the parent directory of this project, so setup clusters
        # subdirectories if not already present 
        if base_path not in all_paths:
            print(f'{task_str}: Setting up solvate calculation for {sol_sol_str}\n\n')

            # Set up files and directories for MD run
            if not path.exists(md_path):
                print(f'Creating directory {md_path}')
                makedirs(md_path)            

            # Copy in optimised geometry of solute in implicit solvent
            try:
                infile = f'{md_geom_prefix}_{solvent}/{solute}.xyz'
                copyfile(infile,f'{md_path}/{solute}.xyz')
            except FileNotFoundError:
                print(f'Optimised geometry for {solute} in {solvent} not found')
                print(f'Expected: {infile}')
                continue

            # Copy in optimised geometry of solvent in implicit solvent
            try:
                infile = f'{md_geom_prefix}_{solvent}/{solvent}.xyz'
                copyfile(infile,f'{md_path}/{solvent}.xyz')
            except FileNotFoundError:
                print(f'Optimised geometry for {solvent} not found')
                print(f'Expected: {infile}')
                continue

            print(f'Changing directory to {md_path}')
            chdir(md_path)
            
            # Write job script for submission to HPC cluster
            if make_sbatch is not None:
                task.script_settings['jobname'] = f'{solute}_{solvent}_{md_suffix}'
                task.script_settings['execpath'] = '../'
                make_sbatch(seed=seed,task='solvate',**task.script_settings)

            # Go back to base directory
            print(f'Returning to parent directory')
            chdir('..')

        # We are in a subdirectory already so run a particular calculation
        elif base_path==md_path:
            # Now run MD in md_path
            task.solute = solute
            task.solvent = solvent
            task.setup_amber()
            task.run()
            chdir("..")



# # Run Clusters script on MD snapshots to extract region near solute

# In[ ]:


from shutil import copyfile
import itertools
from os import path,chdir,makedirs,getcwd

[docs]def clusters_driver(all_solutes,all_solvents,seed,task,make_sbatch=None):
    """
    Driver to extract isolated clusters from solvated models, for a range of solute/solvent pairs.
    
    Takes MD results from the directory {solute}_{solvent}_{task.md_suffix} and performs excitation
    calculation in the directory {solute}_{solvent}_{task.exc_suffix}.
    
    If invoked from the base directory, rather than the excitation directory, it sets up the
    excitation directory and writes a job script then exits.
    
    If invoked from the excitation directory, it performs the excitation calculations for all
    the extracted clusters. If the script is run as an array task, it performs the task for the
    requested cluster only.
    
    *Arguments*

    all_solutes: dict of strings
        Keys are shortnames of the solutes. Entries are the full names.
    all_solvents: dict of strings
        Keys are shortnames of the solvents. Entries are the full names.
    seed: str
        Overall 'seed' name for the run - used in creation of job scripts for the calculation
    task: ClustersTask class
        Argument list for the whole clusters job - see Clusters module documentation for more detail.
        
        Arguments used predominantly in the driver rather than the task main routine include:
        
        ``task.md_suffix``: Directory where MD outputs are to be found.
        
        ``task.exc_suffix``: Directory where results of Cluster excitation calculations will go.
    make_sbatch: function
        Function that writes a job submission script for the clusters jobs
        
    *Output*:
    
        On first run, from the base directory of the project, the script will create subdirectories
        for each solute-solvent pair, with path '{solute}_{solvent}_{exc_suffix}'. The default value
        of ``exc_suffix`` is 'exc'.
        
        To each directory, this routine will copy the trajectory file 
        '{solute}_{solvent}_{md_suffix}/{solute}_{solvent}_solv.traj'
        which consists of ``task.nsnaps`` snapshots.
        
        It will then create a job script using ``make_sbatch`` and ``settings`` with the
        name '{solute}_{solvent}_{exc_suffix}_sub' and exit.
        
        The user then needs to run the individual job scripts from each subdirectory, probably
        as a job array: the array task ID should range from 0 to ``task.nsnaps - 1``
        
        The output of those runs will be the excited state energies of the clusters, which
        can be averaged over in the Spectra task.
    """
    
    # Iterate over all pairs of solute and solvent, unless in a specific directory already,
    # in which case just run that pair
    md_suffix = task.md_suffix
    exc_suffix = task.exc_suffix
    all_pairs = list(itertools.product(all_solvents.items(),all_solutes.items()))
    all_paths = [f'{solute}_{solvent}_{exc_suffix}' for (solvent,_),(solute,_) in all_pairs]
    base_path = path.basename(getcwd())
    for i,((solvent,fullsolvent),(solute,fullsolute)) in enumerate(all_pairs):
        sol_sol_str = f'{solute} ({fullsolute}) in {solvent} ({fullsolvent})'
        exc_path = f'{solute}_{solvent}_{exc_suffix}'
        
        if solute in all_solvents and (solute!=solvent):
            continue
        
        # We are in the parent directory of this project, so setup clusters
        # subdirectories if not already present 
        if base_path not in all_paths:
            # Check that MD has finished - skip to next file if not
            md_path = f'{solute}_{solvent}_{md_suffix}'
            if not path.exists(md_path):
                print(f'\nSkipping Clusters for: {sol_sol_str} - MD directory not found')
                print(f'Expected: {md_path}')
                continue
            else:
                trajfile = f'{md_path}/{solute}_{solvent}_solv.traj'
                if not path.exists(trajfile):
                    print(f'\nSkipping Clusters for: {sol_sol_str} - trajectory file not found')
                    print(f'Expected: {trajfile}')
                    continue
            print(f'\nTask {i} of {len(all_pairs)}: Setting up clusters calculation for {sol_sol_str}')
            if not path.exists(exc_path):
                print(f'Creating directory {exc_path}')
                makedirs(exc_path)

            # Copy in trajectory file to excitations directory
            try:
                copyfile(trajfile,f'{exc_path}/{solute}_{solvent}_solv.traj')
            except FileNotFoundError:
                print(f'Trajectory file generated by {sol_sol_str} MD not found')
                print(f'Expected: {trajfile}')
                continue
            # Copy the geometries of the solute and solvent to the excitations directory
            # so they can be used in cluster extraction
            try:
                copyfile(f'{md_path}/{solute}.xyz',f'{exc_path}/{solute}.xyz')
                copyfile(f'{md_path}/{solvent}.xyz',f'{exc_path}/{solvent}.xyz')
            except FileNotFoundError:
                print(f'Geometry of {solute} or {solvent} not found in MD directory')
                continue

            print(f'Changing directory to {exc_path}')
            chdir(exc_path)
            
            # Write job script for submission to HPC cluster
            if make_sbatch is not None:
                task.script_settings['jobname'] = f'{solute}_{solvent}_{exc_suffix}'
                task.script_settings['execpath'] = '../'
                make_sbatch(seed=seed,task='clusters',**task.script_settings)

            # Go back to base directory
            chdir('..')

        # We are in a subdirectory already so run a particular calculation
        elif base_path==exc_path:
            print(f'\nProcessing clusters for {fullsolute} in {fullsolvent}')
            # Run Cluster excitation calculation according to value of task_id
            task.solute = solute
            task.solvent = solvent
            if isinstance(task.impsolv,dict):
                task.impsolv['solvent'] = solvent
            else:
                task.impsolv = solvent
            task.task_id = parallel.get_array_task_id()
            task.run()



# In[ ]:


def atom_energies_driver(atomen):

    # Determine if we are in a job array, as this might be necessary for choosing
    # a calculator, for ML tasks
    task_id = parallel.get_array_task_id()
    if task_id is None:
        task_id = 0

    from ase.io import read, Trajectory
    from ase import Atoms
    model_opt = read(atomen.seed+".xyz")
        
    wrapper_is_ml = False 
        #(isinstance(atomen.wrapper,amp.AMPWrapper) 
        #             or isinstance(atomen.wrapper,physnet.PhysNetWrapper))
    if wrapper_is_ml:
        calc_params = {'calc_seed': atomen.seed,
                       'calc_suffix': atomen.calc_suffix,
                       'calc_prefix': '',
                       'target': atomen.target}
    else:
        # QM Wrapper
        calc_params = {'basis':atomen.basis,'func':atomen.func,'target':None}  # TODO

    atom_list = set(model_opt.symbols)
    atom_energies = {}
    atom_traj = Trajectory(f'{atomen.seed}_atoms_{atomen.target}.traj','w')
    for atom in atom_list:
        atom_model = Atoms(atom)
        if atom=='H':
            spin=0.5
        if atom=='O':
            spin=1
        if atom=='N':
            spin=0.5
        if atom=='C':
            spin=0
        if wrapper_is_ml:
            atom_energies[atom],calc = atomen.wrapper.singlepoint(atom_model,
                f'{atomen.seed}',calc_params)
        else:
            atom_energies[atom],calc = atomen.wrapper.singlepoint(atom_model,
                f'{atomen.seed}_{atom}',calc_params,spin=spin)
        atom_traj.write(atom_model)
        print(f'atom_energies[{atom}] = {atom_energies[atom]}')
    atom_traj.close()


def qmd_driver(qmdtraj):
    
    import string
    # Make list of trajectories
    all_trajs = list(string.ascii_uppercase)[0:qmdtraj.ntraj]

    # Determine if we are in a job array, in which case just run one trajectory
    task_id = parallel.get_array_task_id()
    trajs_in_task = qmdtraj.which_trajs
    if task_id is not None:
        if all_trajs[task_id] in trajs_in_task:
            qmdtraj.which_trajs = all_trajs[task_id]
        else:
            raise Exception(f"Requested trajectory {all_trajs[task_id]} is not part of this task.")

    print(qmdtraj)
    qmdtraj.run()

def mltrain_driver(mltrain):

    # Determine if we are in a job array, in which case find task_id
    task_id = parallel.get_array_task_id()
    if task_id is None:
        task_id = 0
    # set random seed based on task_id
    mltrain.train_params['random_seed'] = task_id

    print(mltrain.train_params)
    mltrain.run()
    
def mltest_driver(mltest):
    
    from esteem.wrappers import amp

    # Determine if we are in a job array, in which case just run one trajectory
    task_id = parallel.get_array_task_id()
    if task_id is None:
        task_id = 0

    if isinstance(mltest.wrapper,amp.AMPWrapper):
        calcfn = mltest.wrapper.calc_filename(mltest.seed,mltest.target,prefix=mltest.prefix,suffix=mltest.calc_suffix)
        calc_file = calcfn+ml_wrapper.calc_ext
        mltest.calc_suffix = suffix+"_test"
        calcfn = ml_wrapper.calc_filename(mltest.seed,mltest.target,prefix=mltest.prefix,suffix=mltest.calc_suffix)
        test_calc_file = calcfn+ml_wrapper.calc_ext
        test_calc_log = calcfn+ml_wrapper.log_ext
        if os.path.isfile(calc_file):
            print(f"Copying {calc_file} to {test_calc_file} for testing")
            shutil.copyfile(calc_file,test_calc_file)
        else:
            raise Exception("Calculator file does not exist: ",calc_file)
    
    if mltest.target == 0 or mltest.target is None:
        seed_state_str = mltest.seed+"_gs"
    else:
        seed_state_str = mltest.seed+"_es"+str(mltest.target)

    if mltest.calc_seed is None:
        mltest.calc_seed = mltest.seed

    if isinstance(mltest.which_trajs,dict):
        traj_dict = mltest.which_trajs
        for t in traj_dict:
            mltest.which_trajs = traj_dict[t]
            mltest.plotfile = seed_state_str + '_' + mltest.calc_suffix + '_' + str(t) + '.png'
            mltest.run()
    else: # single trajectory to test
        mltest.run()
    
    if isinstance(mltest.wrapper,amp.AMPWrapper):
        if os.path.isfile(test_calc_log):
            os.remove(test_calc_log)

def mltraj_driver(mltraj):
    from esteem.trajectories import get_trajectory_list

    # Determine if we are in a job array, in which case just run one trajectory
    task_id = parallel.get_array_task_id()
    if task_id is not None:
        mltraj.which_trajs = get_trajectory_list(mltraj.ntraj)[task_id]
    if mltraj.calc_seed is None:
        mltraj.calc_seed = mltraj.seed

    mltraj.run()


# # Plot Spectra from cluster calculations

# In[ ]:


from esteem.tasks import spectra
import glob
import numpy as np

def add_arrows_and_label(warp_params,arrow1_pos,arrow2_pos,s_ax,task):
    
    s_ax.arrow(arrow1_pos[0],arrow1_pos[1],arrow1_pos[2],arrow1_pos[3],
               head_width=0.1, head_length=10, fc='k', ec='k',
               length_includes_head = True)
    if task.warp_scheme == 'alphabeta' or task.warp_scheme == 'betabeta':
        s_ax.arrow(arrow2_pos[0],arrow2_pos[1],arrow2_pos[2],arrow2_pos[3],
                   head_width=0.1, head_length=10, fc='k', ec='k',
                   length_includes_head = True)

    warp_str = ''
    if task.warp_scheme=='alphabeta':
        warp_str = warp_str + f'\u03B1 = {warp_params[0]:0.3f}, '
        warp_str = warp_str + f'\u03B2 = {warp_params[1]:0.3f}'
    elif task.warp_scheme=='betabeta':
        warp_str = warp_str + f'\u03B2 1 = {warp_params[0]:0.3f}, '
        warp_str = warp_str + f'\u03B2 2 = {warp_params[1]:0.3f}'
    else:
        warp_str = warp_str + f'\u03B2 = {warp_params[0]:0.3f}'
    
    return warp_str

[docs]def spectra_driver(all_solutes,all_solvents,task):
    """
    Driver to plot spectra (and calculate spectral warping parameters) for a range of solute/solvent pairs

    all_solutes: dict of strings
        Keys are shortnames of the solutes. Entries are the full names.
    all_solvents: dict of strings
        Keys are shortnames of the solvents. Entries are the full names.
    task: SpectraTask class
        Argument list for the whole spectra job - see Spectra module documentation for more detail.
        
        Arguments used only in the driver include:
        
        ``task.exc_suffix``: Directory in which results of excitation calculations performed
        by the Clusters task can be found. The pattern used to find matches is:
        '{solute}_{solvent}_{exc_suffix}/{solute}_{solvent}_solv*.out'
        
        ``task.warp_origin_ref_peak_range``: Peak range searched when looking for 'reference' peaks.
        in the origin spectrum for spectral warping.
        
        ``task.warp_dest_ref_peak_range``: Peak range searched when looking for 'reference' peaks.
        in the destination spectrum for spectral warping.
        
        ``task.warp_broad``: Broadening to be applied to origin and destination spectra.
        
        ``task.warp_inputformat``: Format of the files to be loaded for origin and destination spectra.
        [TODO: May need to be adjusted to allow separate ``task.warp_ref_inputformat`` and ``task.warp_dest_inputformat``]
        
        ``task.warp_files``: File pattern to search for when looking for origin and destination spectra
        for spectral warping.
        
        ``task.merge_solutes``: Dictionary: each entry should be a list of solute names that will be merged into the
        corresponding key
    """
    import matplotlib.pyplot as pyplot
    
    # Set up lists of solute-solvent pairs
    exc_suffix = task.exc_suffix
    all_pairs = list(itertools.product(all_solvents.items(),all_solutes.items()))

    # Retrieve spectral warping settings from args
    warp_origin_prefix = task.warp_origin_prefix
    warp_dest_prefix = task.warp_dest_prefix
    warp_inputformat = task.warp_inputformat
    warp_files = task.warp_files
    warp_params = []
    store_wavelength = task.wavelength.copy()
    store_broad = task.broad
    store_renorm = task.renorm
    store_inputformat = task.inputformat
    
    if isinstance(task.warp_origin_ref_peak_range,dict):
        all_warp_origin_ref_peak_ranges = task.warp_origin_ref_peak_range
    else:
        all_warp_origin_ref_peak_ranges = None
    if isinstance(task.warp_dest_ref_peak_range,dict):
        all_warp_dest_ref_peak_ranges = task.warp_dest_ref_peak_range
    else:
        all_warp_dest_ref_peak_ranges = None
    if task.warp_broad is not None:
        task.broad = task.warp_broad
    task.renorm = False
    
    # Loop over solvent-solute pairs to find warp params for each pair
    for i,((solvent,fullsolvent),(solute,fullsolute)) in enumerate(all_pairs):

        print('\nSpectral Warping for',solute)
        if all_warp_origin_ref_peak_ranges is not None:
            if solute in all_warp_origin_ref_peak_ranges:
                task.warp_origin_ref_peak_range = all_warp_origin_ref_peak_ranges[solute]
        if all_warp_dest_ref_peak_ranges is not None:
            if solute in all_warp_dest_ref_peak_ranges:
                task.warp_dest_ref_peak_range = all_warp_dest_ref_peak_ranges[solute]
        # if peak ranges for spectral warps are not specified, use full wavelength range
        task.wavelength = store_wavelength
        if task.warp_origin_ref_peak_range is None:
            task.warp_origin_ref_peak_range = task.wavelength.copy()
        if task.warp_dest_ref_peak_range is None:
            task.warp_dest_ref_peak_range = task.wavelength.copy()

        # Process Solute spectra
        task.warp_params = [0.0]
        if task.warp_scheme == 'alphabeta':
            task.warp_params = [1.0,0.0]
        if task.warp_scheme == 'betabeta':
            task.warp_params = [0.0,0.0,0.0,0.0]
        arrow1_pos = [0]*4
        arrow2_pos = [0]*4
        s_fig = None; s_ax = None
                
        # Plot destination spectrum
        # Cut down wavelength according to ref_peak_range values
        task.wavelength = store_wavelength.copy()
        if task.warp_dest_ref_peak_range[0]<task.wavelength[0]:
            task.wavelength[0] = task.warp_dest_ref_peak_range[0]
        if task.warp_dest_ref_peak_range[1]>task.wavelength[1]:
            task.wavelength[1] = task.warp_dest_ref_peak_range[1]
        task.files = [f'{warp_dest_prefix}_{solvent}/{solute}/{warp_files}']
        task.inputformat = warp_inputformat
        dest_spectrum,spec,s_fig,s_ax,trans_orig_dest = task.main(s_fig,s_ax,plotlabel='dest')
        pyplot.setp(spec,color='r')

        # Plot origin spectrum
        task.wavelength = store_wavelength.copy()
        if task.warp_origin_ref_peak_range[0]<task.wavelength[0]:
            task.wavelength[0] = task.warp_origin_ref_peak_range[0]
        if task.warp_origin_ref_peak_range[1]>task.wavelength[1]:
            task.wavelength[1] = task.warp_origin_ref_peak_range[1]
        task.files = [f'{warp_origin_prefix}_{solvent}/{solute}/{warp_files}']
        origin_spectrum,spec,s_fig,s_ax,trans_orig_origin = task.main(s_fig,s_ax,plotlabel='origin')
        pyplot.setp(spec,color='b')
        wp = task.find_spectral_warp_params(dest_spectrum,origin_spectrum,arrow1_pos,arrow2_pos)
        warp_params.append(wp)
        task.warp_params  = warp_params[-1]
        task.wavelength = [min(store_wavelength[0],task.warp_origin_ref_peak_range[0],task.warp_dest_ref_peak_range[0]),
                           max(store_wavelength[1],task.warp_origin_ref_peak_range[1],task.warp_dest_ref_peak_range[1]),
                           task.warp_origin_ref_peak_range[2]]
        warped_spectrum,spec,s_fig,s_ax,_ = task.main(s_fig,s_ax,plotlabel='warped')
        pyplot.setp(spec,color='g')

        s_ax.legend()
        if False:
            warp_str = add_arrows_and_label(wp,arrow1_pos,arrow2_pos,s_ax,task)
            s_ax.set_title(f'Spectral warp params for {fullsolute} in {fullsolvent}: {warp_str} eV')
        
        print(f'Transition origins for {fullsolute} in {fullsolvent}:')
        max_trans = min(len(trans_orig_dest[0]),len(trans_orig_origin[0]))
        for iexc in range(max_trans):
            to = trans_orig_origin[0][iexc]
            td = trans_orig_dest[0][iexc]
            print(f'excitation {iexc+1}: {to[0][1]} eV ({to[0][2]:0.4f}) --> {td[0][1]} eV ({td[0][2]:0.4f})')
            to = [s[:2] for s in to[1:] if abs(s[2])>0.3]
            td = [s[:2] for s in td[1:] if abs(s[2])>0.3]
            print(f'origins    {iexc+1}: {to} --> {td}')
        s_fig.savefig(f'{solute}_{solvent}_check_warp.png')

    c_fig = None; c_ax = None; cluster_spectra = []

    # Restore settings that we over-wrote when doing spectral warping
    task.renorm = store_renorm
    task.wavelength = store_wavelength.copy()
    task.broad = store_broad
    task.inputformat = store_inputformat

    # Now plot explicit solvent spectrum
    for i,((solvent,fullsolvent),(solute,fullsolute)) in enumerate(all_pairs):

        # Find cluster spectra path names 
        exc_suffix = task.exc_suffix
        if isinstance(task.exc_suffix,dict):
            if solute in task.exc_suffix:
                exc_suffix = task.exc_suffix[solute]

        exc_path = f'{solute}_{solvent}_{exc_suffix}'
        if not path.exists(exc_path):
            print(f'\nSkipping Spectra for: {fullsolute} in {fullsolvent}')
            print(f'Directory {exc_path} not found')
            continue
        chdir(exc_path)
        
        # List files matching pattern:
        pattern = f'{solute}_{solvent}_solv*.out'
        task.files = glob.glob(pattern)
        if store_renorm == -1:
            task.renorm = 1.0/float(len(task.files))

        # Check if any other solutes are this solute's merge list, and if so add their files
        if solute in task.merge_solutes:
            for other_solute in task.merge_solutes[solute]:
                other_files = glob.glob(f'../{other_solute}_{solvent}_{exc_suffix}/{other_solute}_{solvent}_solv*.out')
                task.files = task.files + other_files
                
        # Check if this solute is in any other solute's merge list
        found_solute = False
        for other_solute in task.merge_solutes:
            if solute in task.merge_solutes[other_solute]:
                found_solute = True
                continue
        if found_solute:
            chdir('..')
            continue

        # Retrieve spectral warping parameters
        task.warp_params = warp_params[i]

        print(f'\nPlotting Spectra for {fullsolute} in {fullsolvent}')
        print('Cluster files to process: ',len(task.files),task.files)

        rgb = np.array((0,0,1.0))
        if isinstance(task.line_colours,list):
            rgb = task.line_colours[i]
        
        cluster_spectrum,spec,c_fig,c_ax,_ = task.main(c_fig,c_ax,
              plotlabel=f'{fullsolute} in {fullsolvent}',rgb=rgb)
        cluster_spectra.append(cluster_spectrum)
        chdir('..')
        
    if c_fig is not None:
        c_fig.savefig('combined_spectrum.png')

    return cluster_spectra,c_fig,c_ax



# # Helper functions

# In[ ]:


# return args objects with default values for each script
from esteem.tasks import solutes, solvate, clusters, spectra

def get_default_args():
    parser = solutes.make_parser()
    solutes_args = parser.parse_args("")
    parser = solvate.make_parser()
    solvate_args = parser.parse_args(['--solute','a','--solvent','b'])
    parser = clusters.make_parser()
    clusters_args = parser.parse_args(['--solute','a','--solvent','b'])
    parser = spectra.make_parser()
    spectra_args = parser.parse_args("")
    
    return solutes_args, solvate_args, clusters_args, spectra_args





          

      

      

    

  

    
      
          
            
  Source code for esteem.trajectories

#!/usr/bin/env python
# coding: utf-8

# In[ ]:


"""
Functions to help generate and manipulate trajectories
"""


# # Generic MD driver

# In[ ]:


# Generate training (or test) data
from ase.io import read, write
from ase.io.trajectory import Trajectory
from ase.units import Bohr
from ase import units
import numpy as np
from os import path, makedirs, getcwd, chdir, remove
import shutil

def targstr(targ):
    if targ == 0 or targ is None:
        return "gs"
    else:
        return "es"+str(targ)

def output_header(model,prefix):
    if (model.cell!=0.0).all():
        print(f"{prefix}: Step Targ     Potential_Energy          Kinetic_Energy      Stress_[0:2]                   Volume")
    else:
        print(f"{prefix}: Step Targ     Potential_Energy          Kinetic_Energy")

def report_outputs(model,step,targ,prefix):
    pe = model.get_potential_energy()
    if isinstance(pe,list) or isinstance(pe,np.ndarray):
        pe = float(pe[0])
    ke = model.get_kinetic_energy()
    if (model.cell!=0.0).all():
        stress = model.get_stress()[0:3]
        vol = model.cell.volume
        print(f"{prefix}: {step:4} {targ:4} {pe:20.10f} {ke:20.10f} {stress} {vol:20.8f}",flush=True)
    else:
        print(f"{prefix}: {step:4} {targ:4} {pe:20.10f} {ke:20.10f}",flush=True)
    
[docs]def generate_md_trajectory(model,seed,target,traj_label,trajname_suffix,md_func,
                           count_snaps,count_equil,md_steps,md_timestep,temp,
                           calc_params,constraints=None,dynamics=None,
                           singlepoint_func=None):
    """
    Runs equilibration followed by statistics generation MD for a given model.
    
    This generic function gets called by both AIMD and by MLMD.
    
    model: ASE Atoms
        Initial geometry for the MD trajectory
    seed: str
        String containing name of molecule and excited state index
    target: int or None
        Excited state index
    traj_label: character or str
        String labelling trajectory (usually A,B,C..)
    seed: str
        String containing name of molecule and excited state index
    trajname_suffix: str
        String appended to ``seed_state_traj`` to give full trajectory filename
    md_func: function
        Wrapper function that runs ``md_steps`` steps of MD on ``model``
    count_snaps: int
        Number of snapshot runs
    count_equil: int
        Number of equilibration runs
    md_steps: int
        Number of molecular dynamics timesteps in each run above
    md_timestep: float
        Molecular dynamics timestep within the runs
    temp: float
        Thermostat temperature (NVT ensemble)
    calc_params: 
        Control-parameters for the wrapper (for QM this is the basis, functional, and target;
        for ML this is the calculator seed, suffix, prefix and target)
    constraints: wrapper-dependent type
        Variables controlling the constraints
    dynamics: wrapper-dependent type
        Variables controlling the dynamics
    """
    
    if isinstance(target,list):
        all_targets = target
    else:
        all_targets = [target]
    
    rst_ext = '.qmdrst'
    equil_dir = f'{trajname_suffix}_equil'
    snaps_dir = f'{trajname_suffix}_snaps'
    
    # Change to equilibration directory
    if not path.exists(equil_dir):
        print(f"# Creating output directory {equil_dir} for equilibration MD runs")
        try:
            makedirs(equil_dir)
        except FileExistsError:
            print(f"# Possible mid-air collision between jobs - directory {equil_dir} exists")
    origdir = getcwd()
    chdir(equil_dir)

    # Run Equilibration MD
    print("Starting Equilibration MD runs 0 to ",count_equil)
    output_header(model,'EQ')
    targ = all_targets[0]
    seed_state_traj = f"{seed}_{targstr(targ)}_{traj_label}"
    for step in range(0,count_equil):
        steplabel, readonly, cont = cycle_step_labels_and_restarts(
                                     seed,traj_label,None,equil_dir,snaps_dir,
                                     targ,targ,targ,step-1,step,step+1,
                                     count_equil,0,rst_ext)
        dynamics = md_func(model,steplabel,calc_params,md_steps,md_timestep,step,
                temp,solvent=None,constraints=constraints,dynamics=dynamics,
                continuation=cont,readonly=readonly)
        report_outputs(model,step,targ,'EQ')

    # Return to base directory
    chdir(origdir)
    print("Finished Equilibration MD runs")

    outtraj = {}
    for targ in all_targets:
        # Check if output trajectory already exists
        output_traj = f"{seed}_{targstr(targ)}_{traj_label}_{trajname_suffix}.traj"
        if path.isfile(output_traj):
            # Delete it and start afresh
            remove(output_traj)

        # Create output trajectory
        print(f"Opening output trajectory: {output_traj} for writing")
        outtraj[targ] = Trajectory(output_traj,"w")
    
    # Change to snapshots directory
    if not path.exists(snaps_dir):
        print(f"# Creating output directory {snaps_dir} for snapshot MD runs")
        try:
            makedirs(snaps_dir)
        except FileExistsError:
            print(f"# Possible mid-air collision between jobs - directory {snaps_dir} exists")
    chdir(snaps_dir)

    # Run Snapshot MD
    print("Starting Snapshot MD runs 0 to ",count_snaps)
    output_header(model,'MD')
    dynamics.new_traj = True
    for step in range(count_snaps):
        targ = all_targets[0]
        calc_params['target'] = targ
        seed_state_traj = f"{seed}_{targstr(targ)}_{traj_label}"
        steplabel, readonly, cont = cycle_step_labels_and_restarts(
                                     seed,traj_label,equil_dir,snaps_dir,None,
                                     targ,targ,targ,step-1,step,step+1,
                                     count_snaps,count_equil,rst_ext)
        dynamics = md_func(model,steplabel,calc_params,md_steps,md_timestep,count_equil+step,
                temp,solvent=None,constraints=constraints,dynamics=dynamics,
                continuation=cont,readonly=readonly)
        report_outputs(model,step,targ,'MD')
        #if "forces" in model.arrays:
        #    del model.arrays["forces"]
        #write(f"{steplabel}.xyz",model)

        # Write snapshot to trajectory
        outtraj[targ].write(model)

        # Now do excited states, if applicable
        prev_targ = targ
        for i,targ in enumerate(all_targets[1:]):
            # TODO: calculate next_targ properly to enable skipping over finished frames correctly
            if targ == all_targets[-1]:
                next_targ = all_targets[0]
                next_step = step + 1
            else:
                next_targ = all_targets[i+2]
                next_step = step
            steplabel, readonly, cont = cycle_step_labels_and_restarts(
                                         seed,traj_label,snaps_dir,snaps_dir,None,
                                         prev_targ,targ,next_targ,step,step,next_step,
                                         count_snaps,count_equil,rst_ext)
            readonly=False
            if path.isfile(steplabel+'.out') or path.isfile(steplabel+'.nwo'):
                readonly=True
            energy = None; forces = None;
            calc_params['target'] = targ
            energy, forces, _ = singlepoint_func(model,steplabel,calc_params,
                             solvent=None,forces=True,continuation=cont,readonly=readonly)
            print("SP: ",step,i,targ,model.get_potential_energy(), model.positions[0])
            outtraj[targ].write(model)
            prev_targ = targ

    # Return to base directory and close trajectories
    chdir(origdir)
    for targ in all_targets:
        outtraj[targ].close()
    print("Finished Snapshot MD runs")



# Helper functions

[docs]def cycle_step_labels_and_restarts(seed,traj_label,prevdir,currdir,nextdir,
                                   prevtarg,currtarg,nexttarg,prevstep,currstep,nextstep,
                                   count,prevcount,rst_ext=None):
    """Move restart files around so that each step continues from the previous one"""

    db_ext = '.db'

    # Find name of next restart file
    if (nextstep==count) and (nextdir is not None): # case for final step of non-final part
        next_steplabel = f"{seed}_{targstr(nexttarg)}_{traj_label}_{nextdir}{0:04}"
        next_dir = f"../{nextdir}/{next_steplabel}"
    else:
        next_steplabel = f"{seed}_{targstr(nexttarg)}_{traj_label}_{currdir}{nextstep:04}"
        next_dir = next_steplabel
    next_rst = f"{next_dir}/{next_steplabel}{rst_ext}"

    # Find name of previous step restart file
    if (currstep==0) and (prevdir != currdir): # case for first step of new non-initial part
        prev_steplabel = f"{seed}_{targstr(prevtarg)}_{traj_label}_{prevdir}{prevcount-1:04}"
        prev_dir = f"../{prevdir}/{prev_steplabel}"
    else:
        prev_steplabel = f"{seed}_{targstr(prevtarg)}_{traj_label}_{currdir}{prevstep:04}"
        prev_dir = prev_steplabel
    prev_rst = f"{prev_dir}/{prev_steplabel}{rst_ext}"
    prev_db = f"{prev_dir}/{prev_steplabel}{db_ext}"

    # Find name of current step restart file
    curr_steplabel = f"{seed}_{targstr(currtarg)}_{traj_label}_{currdir}{currstep:04}"
    curr_dir = curr_steplabel
    curr_db = f"{curr_dir}/{curr_steplabel}{db_ext}"
    curr_rst = f"{curr_dir}/{curr_steplabel}{rst_ext}"
    
    #if not path.exists(next_dir) and rst_ext is not None:
    #    makedirs(next_dir)

    # Skip this step if the next one had previously started
    readonly = False
    if path.isfile(next_rst):
        readonly = True
    # On final overall step, assume if there is an output file for the last step then
    # we must have finished
    if ((path.isfile(f"{curr_steplabel}.nwo") or path.isfile(f"{curr_steplabel}.out")) and
         nextdir==None and currstep==count-1):
        readonly = True

    # If this step has not previously started, copy in restart file
    cont = False
    prev_rst_present = path.isfile(prev_rst)
    curr_rst_present = path.isfile(curr_rst)
    next_rst_present = path.isfile(next_rst)
    if (path.isfile(prev_rst) and not path.isfile(curr_rst)):
        if not path.exists(curr_dir) and rst_ext is not None:
            makedirs(curr_dir)
        print(f"Copying from {prev_rst} to {curr_rst}")
        print(f"Copying from {prev_db} to {curr_db}")
        shutil.copyfile(prev_rst,curr_rst)
        shutil.copyfile(prev_db,curr_db)
        cont = True
    elif (path.isfile(prev_rst) and path.isfile(curr_rst) and not path.isfile(next_rst)):
        print(f"Resuming from data in {curr_rst} and {curr_db}")
        cont = True

    # Debug printing of whether restart files are present
    if False:
        print(prevstep,targstr(prevtarg),prev_rst,prev_rst_present,'cont=',cont)
        print(currstep,targstr(currtarg),curr_rst,curr_rst_present,'read=',readonly)
        print(nextstep,targstr(nexttarg),next_rst,next_rst_present)
    #print(step,curr_rst,path.isfile(curr_rst),cont)
    return curr_steplabel, readonly, cont



# # Obtain a starting geometry

# In[ ]:


[docs]def find_initial_geometry(seed,geom_opt_func,calc_params,which_traj=None):
    """
    Obtains a suitable initial geometry for the current seed and state.
    Optimises it if not present.
    
    seed: str
        String indicating name of molecule, used to find xyz file
    geom_opt_func: function
        Wrapper function that runs a geometry optimisation
    calc_params: 
        Control-parameters for the wrapper (for QM this is the basis, functional, and target;
        for ML this is the calculator seed, suffix, prefix and target)
    """

    # Construct name for input geometries
    if 'target' in calc_params:
        targ = calc_params['target']
        seed_state_str = f"{seed}_{targstr(targ)}"
    else: 
        seed_state_str = seed

    xyzfile_opt = seed_state_str+'_opt.xyz'
    model_init = None

    # Look for trajectory of starting points
    if which_traj is not None:
        md_init_traj = f'{seed_state_str}_md_init.traj'
        try:
            traj = Trajectory(md_init_traj)
            print(f'MD starting positions trajectory {md_init_traj} found: length {len(traj)}')
            import random
            random.seed(which_traj)
            i = random.randrange(len(traj))
            print(f'MD starting positions taken from snapshot {i} based on random seed {which_traj}')
            model_init = traj[i]
            optimised = True
        except:
            print(f'MD starting positions trajectory {md_init_traj} not found.')

    # Look for existing xyz file with optimised geometry
    if model_init is None:
        try:
            model_init = read(xyzfile_opt)
            print("Optimised geometry found in file: ",xyzfile_opt)
            optimised = True
        except:
            print("Optimised geometry not found, no file: ",xyzfile_opt)
            xyzfile_unopt = seed+'.xyz'
            print("Reading geometry from file: ",xyzfile_unopt)
            model_init = read(xyzfile_unopt)
            optimised = False   

    # Relax to find optimized geometry for this state if not already done
    model = model_init.copy()
    if not optimised:
        print("Optimising geometry for "+seed)
        energy, forces, positions = geom_opt_func(model,seed,calc_params,'default')
        write(xyzfile_opt,model)
    
    return model



# # Recalculate energies based on an existing input trajectory

# In[ ]:


[docs]def recalculate_trajectory(seed,target,traj_label,trajname_suffix,input_target,input_suffix,
                           singlepoint_func,calc_params,input_traj_range=None,output_traj_offset=0,
                           solvent=None):
    """
    Loads snapshots from a trajectory and recalculates the energy and forces with the current settings
    seed: str
        String containing name of molecule and excited state index
    target: int or None
        Excited state index
    traj_label: character or str
        String labelling trajectory (usually A,B,C..)
    """

    # Open input trajectory
    input_traj = f"{seed}_{targstr(input_target)}_{traj_label}_{input_suffix}.traj"
    if not path.isfile(input_traj):
        raise Exception("Input trajectory not found: ",input_traj)
    print(f"Reading from input trajectory {input_traj}")
    intraj = Trajectory(input_traj)

    if isinstance(target,list):
        all_targets = target
    else:
        all_targets = [target]
    
    if input_traj_range is None:
        input_traj_range = range(0,len(intraj))

    outtraj = {}
    for targ in all_targets:
        # Check if output trajectory already exists
        output_traj = f"{seed}_{targstr(targ)}_{traj_label}_{trajname_suffix}.traj"
        if output_traj_offset>0:
            print(f"Not writing to output trajectory as range is subset of trajectory.")
            print(f"Post-process to combine whole trajectory.")
            outtraj[targ] = None
        elif path.isfile(output_traj):
            # Delete it and start afresh
            print(f"Output trajectory {output_traj} already exists: Overwriting!")
            remove(output_traj)
            outtraj[targ] = Trajectory(output_traj,"w")
        else:
            # Create new file for output trajectory
            print(f"Opening output trajectory {output_traj} for writing")
            outtraj[targ] = Trajectory(output_traj,"w")
    
    # Create directory for output files and change to it
    wdir = trajname_suffix
    origdir = getcwd()
    if not path.exists(wdir):
        makedirs(wdir)
    chdir(wdir)

    # Loop over and recalculate each trajectory point
    for i in input_traj_range:
        frame = intraj[i].copy()
        frame.calc = intraj[i].calc
        iout = i + output_traj_offset
        try:
            energy_in, forces_in = (frame.get_potential_energy(),frame.get_forces())
        except:
            # existing trajectory may have no calculator
            energy_in = 0; forces_in = np.array([[0,0,0]]*len(frame))
        cont = False
        for targ in all_targets:
            label = f"{seed}_{targstr(targ)}_{traj_label}_{trajname_suffix}{iout:04}"
            readonly=False
            if path.isfile(label+'.out') or path.isfile(label+'.nwo'):
                readonly=True
            try:
                energy = None; forces = None;
                if cont:
                    cycle_restarts(seed,traj_label,trajname_suffix,prevtarg,targ,iout,iout)
                calc_params['target'] = targ
                energy, forces, _ = singlepoint_func(frame,label,calc_params,
                                 solvent=solvent,forces=True,continuation=cont,readonly=readonly)
                cont = True # After first excitation, assume subsequently can restart
                prevtarg = targ
                print(iout,targ,energy,frame.positions[0],forces[0],frame.calc.results['dipole'])
            except KeyboardInterrupt:
                raise Exception('Keyboard Interrupt')
            # Supply keyword dipole to ensure it gets written or fails
            if outtraj[targ] is not None:
                outtraj[targ].write(frame,dipole=frame.calc.results['dipole'])

    # Return to base directory and close trajectories
    chdir(origdir)
    for targ in all_targets:
        if outtraj[targ] is not None:
            outtraj[targ].close()



[docs]def cycle_restarts(seed,traj_label,trajname_suffix,prevtarg,currtarg,prevstep,currstep):
    """Move db files around so that each step continues from the previous one"""

    db_ext = '.db'

    # Find name of previous step file
    prev_steplabel = f"{seed}_{targstr(prevtarg)}_{traj_label}_{trajname_suffix}{prevstep:04}"
    prev_dir = prev_steplabel
    prev_db = f"{prev_dir}/{prev_steplabel}{db_ext}"

    # Find name of current step restart file
    curr_steplabel = f"{seed}_{targstr(currtarg)}_{traj_label}_{trajname_suffix}{currstep:04}"
    curr_dir = curr_steplabel
    curr_db = f"{curr_dir}/{curr_steplabel}{db_ext}"

    # Copy in db file
    cont = False
    prev_db_present = path.isfile(prev_db)
    curr_db_present = path.isfile(curr_db)
    if (prev_db_present and not curr_db_present):
        if not path.exists(curr_dir) and db_ext is not None:
            makedirs(curr_dir)
        print(f"Copying from {prev_db} to {curr_db}")
        shutil.copyfile(prev_db,curr_db)



# # Other tools to manage trajectories

# In[ ]:


import string

[docs]def get_trajectory_list(ntraj):
    """
    Returns a list of characters to be used as trajectory labels
    Currently ABCDEDFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopqrstuvwxyz (52)
    """
    return list(string.ascii_uppercase+string.ascii_lowercase)[0:ntraj]


# Merge trajectories (if generated separately)
[docs]def merge_traj(trajnames,trajfile):
    """
    Merges a list of trajectories supplied as a list of filenames,
    and writes the result to another trajectory supplied as a filename
    """

    fulltraj = Trajectory(trajfile,'w')

    for tr in trajnames:
        read_traj = Trajectory(tr)
        for frames in read_traj:
            fulltraj.write(frames)

    print("# Merged ",len(fulltraj)," frames: trajectory written to ",trajfile)


[docs]def split_traj(input_traj_file,output_trajs=None,ntrajs=None,randomise=False,start=0,end=-1):
    """
    Takes in a trajectory filename, and splits it into sections, randomly or sequentially
    """
    import numpy as np
    if output_trajs is not None:
        if ntrajs is not None:
            if ntrajs!=len(output_trajs):
                raise Exception('Contradictory inputs to split_traj')
        else:
            ntrajs = len(output_trajs)
    if ntrajs is None and output_trajs is None:
        raise Exception('No outputs specified')
    
    if output_trajs is None:
        output_trajs = [input_traj_file.replace('.traj','_')+str(i)+'.traj' for i in range(ntrajs)]
    
    intraj = Trajectory(input_traj_file)
    outtraj = [Trajectory(output_trajs[i],"w") for i in range(ntrajs)]
    total = len(intraj)
    if end > total:
        raise Exception(f'In split_traj, end was {end}, but trajectory was only size {total}')
    if end<0:
        end = max(total - end - 1,0)
    start = max(start,0)
    total = end-start
    if randomise:
        order = np.random.permutation(total)
    for j in range(start,end):
        k = int((j-start)*ntrajs/total)
        jp = j
        if randomise:
            jp = order[j]
        print(end,start,j,k)
        outtraj[k].write(intraj[j])
    for i in range(ntrajs):
        outtraj[i].close()

    
def atom_energies(atom_traj):
    e_at = {}
    for t in atom_traj:
        if (len(t)>1):
            raise Exception(f'This is not a trajectory of single-atom frames: len(t)={len(t)}')
        at = t[0]
        j = at.symbol
        e_at[j] = t.get_potential_energy()
    return e_at
    
def atom_energy(atoms,e_at):
    e = 0
    for at in atoms.get_chemical_symbols():
        e = e + e_at[at]
    return e

[docs]def fit_atom_energies_to_traj(traj,atom_traj_file):
    """
    Uses linear regression to best fit atom energies to trajectory with varying numbers
    of atoms of each species
    """

    
    

[docs]def subtract_atom_energies_from_traj(traj,atom_traj,trajout):
    """
    Subtracts the energies associated with isolated atoms from the total energies
    in a trajectory
    """
    e_at = atom_energies(atom_traj)
    for t in traj:
        e_raw = t.get_potential_energy()
        t.calc.results["energy"] = e_raw - atom_energy(t,e_at)        
        trajout.write(t)

    
# Compare two trajectories and plot the difference
[docs]def compare_traj_to_traj(trajx,trajy,plot_file=None,xlabel=None,ylabel=None):
    """
    Compares two trajectories to each other and calculates statistics for how much they differ in energy and force
    
    trajx: ASE Trajectory
        Trajectory whose energy is plotted along x-axis
    trajy: ASE Trajectory
        Trajectory whose energy is plotted along y-axis
    plot_file:
        Filename to write plot image to.
    xlabel, ylabel: str
        Axis labels for plots.
    """
    import numpy as np

    e_x = []
    e_y = []
    f_x = []
    f_y = []
    rms_fd = []
    max_fd = []
    
    for i,framex in enumerate(trajx):
        
        # Read in total energy and forces from trajectories
        e_x.append(framex.get_potential_energy())
        f_x.append(framex.get_forces())
        framey = trajy[i]
        e_y.append(framey.get_potential_energy())
        f_y.append(framey.get_forces())

        # Calculate RMS and Max force errors
        rms_fd.append(np.sqrt(np.mean((f_x[-1]-f_y[-1])**2)))
        max_fd.append(np.max(np.sqrt((f_x[-1]-f_y[-1])**2)))

    # Calculate Root Mean Square energy error
    diff = np.array(e_x)-np.array(e_y)
    rms_e_err = np.sqrt((1./len(diff))*np.sum(diff**2))
    max_e_err = np.max(np.abs(diff))
    print(f"# RMS_dE,MAX_dE {rms_e_err:20.12f} {max_e_err:20.12f}")

    # Calculate Root Mean Square of of RMS force difference
    rms_fd = np.array(rms_fd)
    rms_fd_err = np.sqrt((1./len(rms_fd))*np.sum(rms_fd**2))
    max_fd_err = np.max(np.abs(rms_fd))
    print(f"# RMS_dF,MAX_dF {rms_fd_err:20.12f} {max_fd_err:20.12f}")

    stats = {"RMS dE (eV)  ": rms_e_err,
             "RMS dF (eV/A)": rms_fd_err,
             "MAX dE (eV)  ": max_e_err,
             "MAX dF (eV/A)": max_fd_err}
    clabel = 'RMS Force component deviation (eV/Ang)'
    plot_diff(e_x,e_y,rms_fd,xlabel,ylabel,clabel,stats,plot_file)

    return rms_e_err,max_e_err,rms_fd_err,max_fd_err,e_x,e_y,rms_fd


# Scatter Plot
from matplotlib import pyplot
def plot_diff(e_x,e_y,rms_fd,xlabel=None,ylabel=None,clabel=None,stats={},plot_file='show',align_axes=True):

    # Optionally, plot to file or screen
    if plot_file is None:
        return
    # Set up
    fig, ax = pyplot.subplots()
    # Plot data
    im = ax.scatter(e_x,e_y,c=rms_fd)
    cb = fig.colorbar(im)
    cb.set_label(clabel)
    # Plot y=x for comparison
    if align_axes:
        lims = [np.min([ax.get_xlim(), ax.get_ylim()]),
                np.max([ax.get_xlim(), ax.get_ylim()])]
        ax.plot(lims, lims, 'k-', alpha=0.75, zorder=0)
    ax.set_xlabel(xlabel)
    ax.set_ylabel(ylabel)
    stat_str=""
    for s in stats:
        stat_str += f'{s}: {stats[s]:10.4f}\n'
    ax.text(0.02,0.98,stat_str,transform=ax.transAxes,
            horizontalalignment='left',verticalalignment='top',)
    if plot_file=='show':
        fig.show()
    else:
        fig.savefig(plot_file)


# In[ ]:



# #TEMP: testing for subtract_atom_energies_from_traj
# if True:
#     import os
#     from ase.io import Trajectory
#     os.chdir("/home/theory/phspvr/cate_qmd/")
#     atom_traj = Trajectory('cate_atoms.traj')
#     traj = Trajectory('cate_gs_B_training.traj')
#     print(len(traj))
#     trajout = Trajectory('cate_gs_B_training_atsub.traj','w')
#     subtract_atom_energies_from_traj(traj,atom_traj,trajout)
#     trajout.close()


# In[ ]:





# In[ ]:








          

      

      

    

  

    
      
          
            
  Source code for esteem.tasks.clusters

#!/usr/bin/env python
# coding: utf-8

# In[ ]:


"""Performs processing of Molecular Dynamics Trajectories to extract cluster models centered on the
solute molecule and including all solvent molecules within a given range"""


# # Main Routine

# In[ ]:


[docs]class ClustersTask:

    def __init__(self,**kwargs):
        self.wrapper = None
        self.script_settings = None
        self.task_command = 'clusters'
        args = self.make_parser().parse_args("")
        for arg in vars(args):
            setattr(self,arg,getattr(args,arg))

[docs]    def run(self):
        """
        Main routine for processing clusters and running them for excitations.

        The steps involved are:

            1. Load the trajectory file of MD snapshots, which for a given solvent solute pair 
            it expects to find at '{solute}_{solvent}_solv.traj' in the current directory

            2. 'Carve' spheres out of the trajectory, that is to say:

                a. Delete counterions (checking they are not within the sphere first)

                b. Delete any whole solvent molecules for which no atoms of the solvent molecule
                are within ``self.radius`` of any atom in the solute molecule.

                c. Label solvent molecules with a tag if they are within ``self.kernel`` by the
                criteria above.

                d. Rotate and center the cluster in the simulation cell, using the two most-distant
                pairs of carbon atoms in the solute to find a common 'plane' for the solute snapshots.

            3. Calculate electronic excitations for each cluster. This can currently be done with the
            ONETEP wrapper functions or with NWChem but other wrappers can be added.

        *Arguments*

        self: Argument list for the task, with attributes including:

            ``solute``, ``solvent``, ``radius``, ``output``, ``task_id``, ``counterions``, ``charges``
            ``kernel``, ``basis``, ``func``, ``boxsize``, ``impsolv``,``nroots``, ``cleanup``, ``continuation``

        wrapper: class
            Wrapper to use in the Clusters task

        *Output*:

            If ``self.task_id`` is None, excited state calculations for the whole trajectory.
            If has a int value, then an excited state calculation for just that frame in the trajectory. 
        """
        
        from ase.io import Trajectory
        import os

        if self.kernel == 0.0:
            self.kernel = None

        if (self.output=='dat' or self.output=='onetep') and self.basis=='6-31g*':
            # set default basis for ONETEP calculations:
            # 10 a0 NGWFs, 800 eV cutoff, 6 eV cond NGWF energy range
            calc_params = {'ngwf_rad': 10.0,
                           'cutoff': '800 eV',
                           'energy_range': '6 eV',
                           'target': 0,
                           'func': self.func}
            if self.calc_params == {}:
                self.calc_params = self
        if (self.output=='nwo' or self.output=='nwchem' or self.output=='orca'):
            # set default basis for NWChem calculations:
            calc_params = {'basis': self.basis,
                           'func': self.func,
                           'disp': self.disp,
                           'target': None}
            if self.calc_params == {}:
                self.calc_params = calc_params

        # implicit solvent name defaults to solvent name but should usually be specified separately
        if self.impsolv is None:
            self.impsolv = self.solvent
        # Determine charge on molecule (TODO: spin)
        charge = 0
        spin = 0
        if isinstance(self.charges,dict):
            if self.solute in self.charges:
                charge  = self.charges[self.solute]
        if isinstance(self.charges,int) or isinstance(self.charges,str):
            charge  = int(self.charges)

        if True:
            traj_carved, traj_carved_name = self.carve_spheres(self.solute,self.solvent,self.counterions,self.radius,
                          self.kernel,self.max_solvent_mols,self.boxsize,self.task_id)
        else: # hack to deactivate carving and use existing trajectory
            traj_carved = list(enumerate(Trajectory(f'{self.solute}_{self.solvent}_gs_A_carved.traj')))
            traj_carved_name = None

        writeonly = (self.output=="nw") or (self.output=="dat") or (self.output=="xyz")
        print(f'{len(list(traj_carved))} clusters carved from full snapshots.')
        if writeonly:
            print(f'Writing in {self.output} format.')
        else:
            print(f'Calculating excitations using {self.output}.')
        if self.output=="nwi" or self.output=="nwchem" or self.output=="orca":
            from esteem.trajectories import recalculate_trajectory
            seed = f'{self.solute}_{self.solvent}'
            target = list(range(0,self.nroots+1))
            traj_label = 'A'
            trajname_suffix = self.output
            input_target = 0
            # If we are processing the whole trajectory, set the full range and no offset
            if self.task_id is None:
                input_traj_range = None
                output_traj_offset = 0
                input_suffix = 'carved'
            # If we are processing just one frame, set range to 1 and offset to task_id
            else:
                input_traj_range = range(0,1)
                output_traj_offset = self.task_id
                input_suffix = f'carved_{self.task_id:04}'
            # Now run through the trajectory, calculating singlepoint energy for each frame
            recalculate_trajectory(seed,target,traj_label,trajname_suffix,input_target,input_suffix,
                                   self.wrapper.singlepoint,calc_params=calc_params,
                                   input_traj_range=input_traj_range,output_traj_offset=output_traj_offset,
                                   solvent=self.impsolv)
        elif self.output=="dat" or self.output=="onetep":
            self.calc_all_excitations(self.solute,self.solvent,traj_carved,self.wrapper.excitations,charge,
                                 self.calc_params,self.impsolv,self.nroots,writeonly,
                                 self.continuation,self.cleanup)
        elif self.output=="xyz":
            self.write_traj_xyz(self.solute+"_"+self.solvent+"_solv",traj_carved)
        elif self.output=="amber":
            self.write_amber_minimised(self.solute,self.solvent,traj_carved)
        else:
            raise Exception('Error: Unrecognised output format. The value of self.output was: {}'.format(self.output))

        # Delete any temporary trajectory files made during a task-parallel run
        if self.task_id is not None and traj_carved_name is not None:
            os.remove(traj_carved_name)

            
[docs]    def carve_spheres(self,soluseed,solvseed,counterions=None,solvent_radius=0.0,kernel_radius=0.0,
                      nmol_solvent_targ=None,boxsize=None,task_id=None):
        """Carves out spheres from a periodic solvent model, centered on the solute"""
        
        from ase.io import Trajectory, read

        # Determine trajectory names
        traj = Trajectory(f'{soluseed}_{solvseed}_solv.traj')
        traj_carved_name = f'{soluseed}_{solvseed}_gs_A_carved.traj'

        if task_id is not None:
            if task_id >= len(traj) or task_id < 0:
                raise Exception(f"Invalid task_id: {task_id} outside range 0:{len(traj)}")
            traj = [traj[task_id]]
            traj_carved_name = f'{soluseed}_{solvseed}_gs_A_carved_{task_id:04}.traj'
        else:
            task_id = 0
        print(f'Writing carved snapshots to {traj_carved_name}')
        traj_carved = Trajectory(traj_carved_name,'w')

        # Find counterions, if set
        counterion_atoms = Atoms()
        if isinstance(counterions,dict):
            if soluseed in counterions:
                counterion_atoms = Atoms(counterions[soluseed])
        if isinstance(counterions,str):
            counterion_atoms = Atoms(counterions)

        nat_solute = len(read(soluseed+".xyz"))
        nat_solvent = len(read(solvseed+".xyz"))
        nat_counterions = len(counterion_atoms)
        nat_tot = len(traj[0])
        nmol_solvent = int((nat_tot-nat_solute-nat_counterions)/nat_solvent)

        for t in traj:
            carve_sphere(t,solvent_radius,kernel_radius,nat_solute,nat_solvent,
                         nat_counterions,nmol_solvent,nmol_solvent_targ,boxsize)
            # Write model to trajectory
            traj_carved.write(t)

        traj_carved.close()
        traj_carved = Trajectory(traj_carved_name)
        return list(enumerate(traj_carved,start=task_id)),traj_carved_name


[docs]    def calc_all_excitations(self,soluseed,solvseed,traj_carved,excit_func,
                             charge=0,calc_params={},impsolv=None,nroots=1,
                             writeonly=False,continuation=False,cleanup=False):
        """Loop over trajectory frames and do an excited states calculation for each one"""
        for i,t in traj_carved:
            frameseed = f'{soluseed}_{solvseed}_solv{i:04}'
            excitations, energies = excit_func(t,frameseed,nroots=nroots,
                                               calc_params=calc_params,solvent=impsolv,charge=charge,
                                               writeonly=writeonly,continuation=continuation,
                                               cleanup=cleanup)
            print(f'Excitations for {frameseed}: {excitations}')


[docs]    def calc_all_vibrations(self,soluseed,solvseed,traj_carved,geom_opt_func,freq_func,
                            charge=0,calc_params={},impsolv=None,nroots=1,
                            writeonly=False,continuation=False,cleanup=False):

        """Loop over trajectory frames and do a vibrational frequency calculation for each one"""
        for i,t in traj_carved:
            frameseed = f'{soluseed}_{solvseed}_solv{i:04}'
            from ase.constraints import FixAtoms
            c = FixAtoms(indices=[atom.index for atom in t if atom.tag == 0])
            t.set_constraint(c)
            energy,force,positions = geom_opt_func(t,frameseed,
                                                  calc_params=calc_params,solvent=impsolv,charge=charge,
                                                  writeonly=writeonly,continuation=continuation,
                                                  cleanup=cleanup)
            freq_func(t,frameseed,calc_params=calc_params,solvent=impsolv,charge=charge,
                      writeonly=writeonly,continuation=continuation,
                      cleanup=cleanup)
            print(f'Vibrational Frequencies for {frameseed} completed')



    def write_traj_xyz(self,seed,traj_carved):
        for i,t in traj_carved:
            frameseed = f'{seed}{i:04}'
            write(frameseed+".xyz",t)

    # Load routines from Amber.py
    def write_amber_minimised(self,soluseed,solvseed,traj_carved):

        from os import path, makedirs, getcwd, chdir
        from shutil import copyfile
        from ase.io import read, write

        seed = f'{self.solute}_{self.solvent}'
        target = None
        traj_label = 'A'
        trajname_suffix = self.output
        input_target = 0
        if self.task_id is None:
            input_suffix = 'carved'
        else:
            input_suffix = f'carved_{self.task_id:04}'

        # Create directory for output files and change to it
        wdir = trajname_suffix
        origdir = getcwd()
        if not path.exists(wdir):
            makedirs(wdir)
        copyfile(f'{soluseed}.xyz',f'{wdir}/{soluseed}.xyz')
        copyfile(f'{solvseed}.xyz',f'{wdir}/{solvseed}.xyz')
        chdir(wdir)

        nat_solute = len(read(f'{soluseed}.xyz'))
        nat_solvent = len(read(f'{solvseed}.xyz'))
        
        # Set large Ewald cutoff radius
        self.wrapper.cut = 40

        # Prepare Solute inputs
        if not path.exists(f'{soluseed}.prmtop'):
            print(f'Preparing Amber inputs for {soluseed} solute')
            self.wrapper.prepare_input(soluseed,netcharge=0,offset=0)
        else:
            print(f'Using pre-existing Amber inputs for {soluseed} solute')
        solute = read(f'{soluseed}.pdb')
        e0_am_solu = self.wrapper.singlepoint(solute,soluseed)
        print(f'Amber solute ground state energy: {e0_am_solu}')

        # Prepare Solvent inputs
        if not path.exists(f'{solvseed}.prmtop'):
            print(f'Preparing Amber inputs for {solvseed} solvent')
            if solvseed == soluseed:
                offset = 0
            else:
                offset = 99
            self.wrapper.prepare_input(solvseed,netcharge=0,offset=offset)
        else:
            print(f'Using pre-existing Amber inputs for {solvseed} solvent')
        solvent = read(f'{solvseed}.pdb')
        e0_am_solv = self.wrapper.singlepoint(solvent,solvseed)
        print(f'Amber solvent ground state energy: {e0_am_solv}')

        # Write parameter and topology file for this frame via Amber wrapper
        print(f'Creating frame prmtop files for {soluseed} in {solvseed} clusters')
        for i,t in traj_carved:
            nat_tot = len(t)
            nmol_solvent = int((nat_tot-nat_solute)/nat_solvent)
            label = f'{seed}_gs_{traj_label}_{trajname_suffix}{i:04}'
            write(f'{label}.pdb',t)
            if True: # set to false to deactivate writing prmtop and use existing versions
                self.wrapper.make_frame_prmtop(label,t,soluseed,solvseed,nat_solute,nat_solvent,nmol_solvent)
        chdir(origdir) # go back to parent directory as recalculate_trajectory expects to start there

        # Recalculate trajectory energies with Amber wrapper
        from esteem.trajectories import recalculate_trajectory
        calc_params = {}
        recalculate_trajectory(seed,target,traj_label,trajname_suffix,input_target,input_suffix,
                               self.wrapper.singlepoint,calc_params=calc_params)

    def make_parser(self):

        # Parse command line values
        main_help = ('Given a trajectory containing MD snapshots of a solvated \n'+
                     'molecule, carve out spheres of a given radius to produce \n'+
                     'inputs for explicit solvent calculations.')
        epi_help = ('Note: Expects the input trajectory to be named in the format \n'+
                    '<solute>_<solvent>_solv.traj\n'+
                    'Writes output to trajectory <solute>_<solvent>_carved.traj \n'+
                    'and to <solute>_<solvent>_solvXXX.<ext> where XXX is the \n'+
                    'index of the snapshot and <ext> is the file extension of the \n'+
                    'input file for the code being used (specified by -o).')
        from argparse import ArgumentParser, SUPPRESS
        parser = ArgumentParser(description=main_help,epilog=epi_help)
        parser.add_argument('--solute','-u',required=False,type=str,help='Solute name')
        parser.add_argument('--solvent','-v',required=False,type=str,help='Solvent name')
        parser.add_argument('--radius','-r',default=5.0,type=float,help='Maximum distance from any atom of a solvent molecule to atom of a solute molecule for it to be included in cluster')
        parser.add_argument('--kernel','-k',default=0.0,type=float,help='Maximum distance from any atom of a solvent molecule to atom of a solute molecule for it to be included in tddft kernel')
        parser.add_argument('--max_solvent_mols','-M',default=None,type=int,help='Maximum number of solvent molecules to include (chosen randomly)')
        parser.add_argument('--disp','-d',default=None,type=str,help='Dispersion correction (set to True to activate)')
        parser.add_argument('--boxsize','-B',default='50.0',type=float,help='Size of box in which electronic excitation calculation is performed')
        parser.add_argument('--output','-o',default='nw',type=str,help='Format of output: takes values nw, dat, nwchem and onetep (former 2 write input files only, latter 2 perform calculation)')
        parser.add_argument('--nroots','-n',default=5,type=int,help='Number of excitations to calculate')
        parser.add_argument('--task_id','-t',default=None,type=int,help='Task ID of the current job, inherited from driver')
        parser.add_argument('--cleanup','-c',default=False,action='store_true',help='Whether to delete all temporary files after the job')
        parser.add_argument('--continuation','-N',default=False,action='store_true',help='Whether to continue from a previous run of this file')
        parser.add_argument('--counterions','-C',default={},type=str,help='Counterion(s) to add, eg Na')
        parser.add_argument('--charges','-Q',default={},nargs='?',type=dict,help='Charges on molecular species. Not for command-line use')
        parser.add_argument('--md_suffix','-m',default="md",nargs='?',type=str,help=SUPPRESS)
        parser.add_argument('--exc_suffix','-e',default="exc",nargs='?',type=str,help=SUPPRESS)
        parser.add_argument('--calc_params','-Z',default={},nargs='?',type=str,help=SUPPRESS)
        # Wrapper Dependent
        parser.add_argument('--basis','-b',default='6-31g*',nargs='*',type=str,help='Basis string or tuple')
        parser.add_argument('--func','-f',default='PBE',type=str,help='Functional for electronic excitation calculation')
        parser.add_argument('--impsolv','-i',default=None,type=str,help='Implicit solvent string (may differ from solvent name)')

        return parser

    def validate_args(args):
        default_args = make_parser().parse_args(['--solute','a','--solvent','b'])
        for arg in vars(args):
            if arg not in default_args:
                raise Exception(f"Unrecognised argument '{arg}'")



# # Helper Functions to delete/label molecules and rotate clusters

# In[1]:


import numpy as np
from ase import Atoms

def carve_sphere(t,solvent_radius,kernel_radius,nat_solute,nat_solvent,
                 nat_counterions,nmol_solvent,nmol_solvent_targ,boxsize=None):

    nat_tot = len(t)
    # Delete counterions further away than solvent_radius from
    # any solute atom
    if (nat_counterions>0):
        t = delete_counterions(t,solvent_radius,nat_tot,nat_solute,nat_counterions)

    # Delete solvent molecules further away than solvent_radius from
    # any solute atom
    t = delete_distant_molecules(t,solvent_radius,nat_tot-nat_counterions,
                                 nat_solvent,nmol_solvent,nat_solute)
    
    if nmol_solvent_targ is not None:
        t = delete_excess_molecules(t,nat_tot-nat_counterions,nat_solvent,nat_solute,
                                    nmol_solvent_targ)

    # Set a tag of 2 on the nearby solvent molecules within kernel_radius
    # from a solute molecule. Also gives tag 1 to solute molecule atoms.
    t = label_nearby_molecules(t,kernel_radius,nat_tot-nat_counterions,
                               nat_solvent,nmol_solvent,nat_solute)

    # Rotates model so longest axes of solute are in common plane for
    # ease of viewing, and adds a box
    t = rotate_and_center_solute(t,nat_solute,boxsize)

[docs]def delete_counterions(t,solvent_radius,nat_tot,nat_solute,nat_counterions):
    """
    Deletes counterions from an Atoms model.
    Assumes they appear in the range [nat_solute:nat_solute+nat_counterions]
    """

    Rij = np.zeros((nat_counterions,nat_solute))

    # Get entries in matrix of distances between all solute atoms and counterions
    for i in range(nat_solute):
        Rij[:,i] = np.array(t.get_distances(i,range(nat_solute,nat_solute+nat_counterions),mic=True))
    # Reshape to (number of counterions) x (atoms in solute)
    Rij = Rij.reshape((nat_counterions,nat_solute))
    # Turn into Boolean values of whether distance is less than threshold
    flags = (Rij<solvent_radius)
    # Reduce over solute atoms
    flags = np.any(flags,axis=1)
    # Delete all the atoms we don't want
    del_idx = [i for i in range(nat_solute,nat_solute+nat_counterions) if flags[i-nat_solute]==0]
    if len(del_idx)!=nat_counterions:
        print('WARNING: counterion(s) not deleted! Too close to solute')
    del t[del_idx]

    return t



[docs]def delete_excess_molecules(t,nat_tot,nat_solvent,nat_solute,nmol_solvent_targ):
    """
    Deletes solvent molecules
    """
    import random
    nat_tot_cluster = len(t)
    nmol_solvent = int((nat_tot_cluster-nat_solute)/nat_solvent)
    solvent_mols_to_keep = random.sample(range(nmol_solvent),nmol_solvent_targ)
    del_idx = [i for i in range(nat_solute,nat_tot_cluster) 
               if (i-nat_solute)//nat_solvent not in solvent_mols_to_keep]
    del t[del_idx]
    return t



[docs]def delete_distant_molecules(t,solvent_radius,nat_tot,nat_solvent,nmol_solvent,nat_solute):
    """
    Deletes solvent molecules beyond a certain radius from the solute from an Atoms model
    Assumes that the first nat_solute atoms are the solute, and after that solvent
    atoms are arranged in nmol_solvent groups of size nat_solvent
    """

    Rij = np.zeros((nat_solvent*nmol_solvent,nat_solute))
    # Get entries in matrix of distances between all solute and solvent atoms
    for i in range(nat_solute):
        Rij[:,i] = np.array(t.get_distances(i,range(nat_solute,nat_tot),mic=True))
    # Reshape to (number of solvent molecules) x (atoms in each solvent molecule) x (atoms in solute)
    Rij = Rij.reshape((nmol_solvent,nat_solvent,nat_solute))
    # Turn into Boolean values of whether distance is less than threshold
    flags = (Rij<solvent_radius)
    # Reduce over solute atoms each solvent atom could be in range of
    flags = np.any(flags,axis=2)
    # Reduce over solvent atoms in the same molecule as a solvent atom which is in range of a solute atom
    flags = np.any(flags,axis=1)
    # Expand out so there is the same entry for each atom in each molecule
    flags = np.repeat(flags,nat_solvent)
    # Delete all the atoms we don't want
    del_idx = [i for i in range(nat_solute,nat_tot) if flags[i-nat_solute]==0]
    del t[del_idx]

    return t


[docs]def label_nearby_molecules(t,kernel_radius,nat_tot,nat_solvent,nmol_solvent,nat_solute):
    """
    Adds a tag to solvent molecules within a certain radius from the solute to an Atoms model
    Assumes that the first nat_solute atoms are the solute, and after that solvent
    atoms are arranged in nmol_solvent groups of size nat_solvent
    """

    if kernel_radius is None:
        return t
    nat_tot_cluster = len(t)
    nmol_solvent_cluster = int((nat_tot_cluster-nat_solute)/nat_solvent)
    Rij = np.zeros((nat_solvent*nmol_solvent_cluster,nat_solute))
    # Get entries in matrix of distances between all solute and solvent atoms
    if nmol_solvent_cluster>0:
        for i in range(nat_solute):
            Rij[:,i] = np.array(t.get_distances(i,range(nat_solute,nat_tot_cluster),mic=True))
    # Reshape to (number of solvent molecules) x (atoms in each solvent molecule) x (atoms in solute)
    Rij = Rij.reshape((nmol_solvent_cluster,nat_solvent,nat_solute))
    # Turn into Boolean values of whether distance is less than threshold
    flags = (Rij<kernel_radius)
    # Reduce over solute atoms each solvent atom could be in range of
    flags = np.any(flags,axis=2)
    # Reduce over solvent atoms in the same molecule as a solvent atom which is in range of a solute atom
    flags = np.any(flags,axis=1)
    # Expand out so there is the same entry for each atom in each molecule
    flags = np.repeat(flags,nat_solvent)
    # Set all tags to zero
    tags = np.zeros(nat_tot_cluster)
    # Tag the solute molecule as "1"
    tags[0:nat_solute] = 1
    # Tag the rest as "2"
    tags[nat_solute:nat_tot_cluster] = 2
    # Now find those in range kernel_radius and tag them as "0"
    flag_idx = [i for i in range(nat_solute,nat_tot_cluster) if flags[i-nat_solute]==0]
    for i in flag_idx:
        tags[i] = 0
    t.set_tags(tags)

    return t


[docs]def rotate_and_center_solute(t,nat_solute=None,boxsize=None):
    """Rotates a cluster model so the solute is centered and lies in the xy plane"""

    # Extract solute atoms as separate atoms object
    if nat_solute is None:
        nat_solute = len(t)
    solute = t[0:nat_solute]
    
    # any molecule of less than 10 atoms is not rotated
    rotate_threshold = 10
    if nat_solute>rotate_threshold:
        # Choose atoms along long and short axes
        d=solute.get_all_distances()
        for i in range(len(solute)):
            for j in range(len(solute)):
                if not (solute.get_chemical_symbols()[i]=='C' and 
                        solute.get_chemical_symbols()[j]=='C'):
                    d[i,j]=0
        # Find furthest-apart pair of carbon atoms, these define '1' and '4' atoms
        ind = np.unravel_index(np.argmax(d, axis=None), d.shape)
        p1=ind[0]; p4=ind[1]
        # Find next-furthest-apart pair of carbon atoms, defining '2' and '3' atoms
        d[p1,p4]=0; d[p4,p1]=0
        ind2 = np.unravel_index(np.argmax(d, axis=None), d.shape)
        # Ensure consistent orientation by choosing lowest overall index as '1'
        # and set others based on ensuring |p1-p2| < |p1-p3|
        p1 = min(min(ind,ind2)); p4 = max(min(ind,ind2));
        p2 = min(max(ind,ind2)); p3 = max(max(ind,ind2));
        if solute.get_distance(p1,p2)<solute.get_distance(p1,p3):
            p3 = min(max(ind,ind2)); p2 = max(max(ind,ind2))            
        # Rotate so average of p1-p2 and p3-p4 points along x
        vector1 = (t.positions[p1] - t.positions[p2] + 
                  t.positions[p3] - t.positions[p4])
        t.rotate(vector1,(1,0,0))
        # Rotate so average of p1-p3 and p2-p4 points along y
        vector2 = (t.positions[p3] - t.positions[p1] +
                  t.positions[p4] - t.positions[p2])
        t.rotate(vector2,(0,1,0))
        # Rotate so cross product points along z
        vector1 = (t.positions[p1] - t.positions[p2] + 
                  t.positions[p3] - t.positions[p4])
        vector2 = (t.positions[p3] - t.positions[p1] +
                  t.positions[p4] - t.positions[p2])
        t.rotate(np.cross(vector1,vector2),(0,0,1))

    # Translate so center is at middle of box and set cell
    if boxsize is not None:
        # use average of the positions of the carbon atoms defining the longest
        # lengths in the molecule to define the "center"
        if nat_solute>rotate_threshold:
            vector = ((boxsize*0.5,boxsize*0.5,boxsize*0.5) -
                (t.positions[p1]+t.positions[p2]+t.positions[p3]+t.positions[p4])/4)
        else:
            vector = (boxsize*0.5,boxsize*0.5,boxsize*0.5) - solute.get_center_of_mass()
        t.translate(vector)
        t.set_cell(boxsize * np.identity(3))
    else:
        # center molecule on origin
        if nat_solute>rotate_threshold:
            vector = -(t.positions[p1]+t.positions[p2]+t.positions[p3]+t.positions[p4])/4
        else:
            vector = -solute.get_center_of_mass()
        t.translate(vector)
        t.pbc = False
        t.set_cell(None)

    return t


def dist_test(mol):
    all_dist = mol.get_all_distances()
    if (all_dist>5).any() or np.logical_and((all_dist<0.82),(all_dist>0)).any():
        print(all_dist)
        return True
    else:
        return False

def debug_cluster_trajectory(traj,nat_solu,nat_solv,start=0,end=-1,
                             before=20,after=20,badness_test_func=None,radius=None):
    found_one = False
    recent_frames = []
    for j,a in enumerate(traj[start:end]):
        print(j)
        nat = len(a)
        solu = a[0:nat_solu]
        nmol = int((nat - nat_solu)/nat_solv)
        for i in range(nmol):
            solv = a[nat_solu + i*nat_solv:nat_solu+(i+1)*nat_solv]
            if badness_test_func(solv):
                print(f'Bad Molecule found at frame {j} molecule {i}')
                recent_frames = []
                for p in range(-before,after):
                    if radius is not None:
                        t = mdl[start+j+p].copy()
                        solu = t[0:nat_solu].copy()
                        solv = t[nat_solu + i*nat_solv:nat_solu+(i+1)*nat_solv].copy()
                        del t[list(range(0,nat_solu))]
                        del t[list(range(i*nat_solv,(i+1)*nat_solv))]
                        t = solv + t
                        delete_distant_molecules(t,4.0,nat-nat_solu,nat_solv,nmol-1,nat_solv)
                        t = t + solu
                        recent_frames.append(t)
                    else:
                        recent_frames.append(traj[start+j+p][nat_solu + i*nat_solv:nat_solu+(i+1)*nat_solv])
                        #recent_frames.append(traj[start+j+p])
                found_one = True
                break
        if found_one:
            break
            
    return recent_frames


# # Handle inputs

# In[ ]:


if __name__ == '__main__':
    from esteem.wrappers import nwchem
    clus = ClustersTask()
    args = clus.make_parser().parse_args()
    clus.wrapper = nwchem.NWChemWrapper()
    clus.run()





          

      

      

    

  

    
      
          
            
  Source code for esteem.tasks.ml_testing

#!/usr/bin/env python
# coding: utf-8

# In[ ]:


"""Defines a task to test a Machine Learning calculator by comparing its results
to those of an existing trajectory or set of trajectories"""


# # Main Routine

# In[ ]:


# Load essential modules
import sys
import os
import string
from ase.io.trajectory import Trajectory

from esteem.trajectories import merge_traj, get_trajectory_list

[docs]class MLTestingTask:

    def __init__(self,**kwargs):
        self.wrapper = None
        self.script_settings = None
        self.task_command = 'mltest'
        self.train_params = {}
        args = self.make_parser().parse_args("")
        for arg in vars(args):
            setattr(self,arg,getattr(args,arg))

    # Main routine
[docs]    def run(self): 
        """Main routine for the ML_Testing task"""

        # Check input args are valid
        #validate_args(self)

        # Get strings for trajectory names
        if self.calc_seed is None:
            self.calc_seed = self.seed
        trajfn = self.wrapper.calc_filename(self.seed,self.target,prefix=self.calc_prefix,suffix=self.trajname_suffix)
        trajstem = self.wrapper.calc_filename(self.seed,self.target,prefix=self.calc_prefix,suffix="")

        all_trajs = get_trajectory_list(self.ntraj)
        trajname_suffix = self.trajname_suffix
        if self.which_trajs is None:
            which_trajs = all_trajs
        else:
            which_trajs = self.which_trajs
            if "_" in which_trajs:
                trajname_suffix = which_trajs.split("_",1)[1]
                which_trajs = which_trajs.split("_",1)[0]
            #for trajname in which_trajs:
            #    if trajname not in all_trajs:
            #        raise Exception("Invalid trajectory name:",trajname)

        # If all trajectories exist, test against them
        trajnames = [trajstem + s + '_' + trajname_suffix + '.traj'
                     for s in which_trajs]
        print('# Merging trajectories: ',trajnames)
        if not all([os.path.isfile(f) for f in trajnames]):
            raise Exception('# Missing Trajectory file(s): ',
                            [f for f in trajnames if not os.path.isfile(f)])
        if not all([os.path.getsize(f) > 0 for f in trajnames]):
            raise Exception('# Empty Trajectory file(s) found: ',
                            [f for f in trajnames if os.path.getsize(f)==0])

        # Test the ML calculator against the results in the merged trajectory
        intrajfile = trajfn+"_"+self.calc_suffix+"_"+''.join(which_trajs)+'_merged.traj'
        if os.path.isfile(intrajfile):
            print(f'# Merged input trajectory file {intrajfile} already exists. Overwriting!')
        else:
            print(f'# Writing merged input trajectory file {intrajfile}')
        merge_traj(trajnames,intrajfile)
        intraj = Trajectory(intrajfile)
        # Load the calculator
        print("# Reading Calculator")
        if hasattr(self.wrapper,'load'):
            calc = self.wrapper.load(self.calc_seed,self.target,
                                     prefix=self.calc_prefix,
                                     suffix=self.calc_suffix)
        # See if an energy offset is required
        e_offset = 0.0
        if hasattr(self.wrapper,'atom_energies'):
            e_offset = self.wrapper.atom_energies
        output_traj = self.output_traj
        if output_traj is None:
            output_traj = self.calc_suffix + "_"+''.join(which_trajs)+"_test"
        outtrajfile = trajfn+"_"+output_traj+'.traj'
        if os.path.isfile(outtrajfile):
            print(f'# Warning: output trajectory file {outtrajfile} already exists. Overwriting!')
        else:
            print(f'# Writing output trajectory file {outtrajfile}')
        compare_calc_to_traj(calc,intraj,outtrajfile,self.plotfile,e_offset)

        if False: # optional cleanup
            os.remove(intrajfile)
            os.remove(outtrajfile)



    # Generate default arguments and return as parser
    def make_parser(self):

        import argparse

        main_help = ('ML_Testing.py: Test an ML-based Calculator by comparing it to trajectories.')
        epi_help = ('')
        parser = argparse.ArgumentParser(description=main_help,epilog=epi_help)
        parser.add_argument('--seed','-s',type=str,help='Base name stem for the calculation (often the name of the molecule)')
        parser.add_argument('--calc_seed','-Z',default=None,type=str,help='Seed name for the calculator')
        parser.add_argument('--calc_suffix','-S',default="",type=str,help='Suffix for the calculator (often specifies ML hyperparameters)')
        parser.add_argument('--calc_prefix','-P',default="",type=str,help='Prefix for the calculator (often specifies directory)')
        parser.add_argument('--target','-t',default=0,type=int,help='Excited state index, zero for ground state')
        parser.add_argument('--output_traj','-o',default=None,type=str,help='Filename to which to write the calculated trajectory')
        parser.add_argument('--plotfile','-p',default=None,nargs='?',const="TkAgg",type=str,help='Image file to which to write comparison plot')
        parser.add_argument('--trajname_suffix','-T',default='training',type=str,help='Suffix for the trajectory files being tested')
        parser.add_argument('--ntraj','-n',default=1,type=int,help='How many total trajectories (A,B,C...) with this naming are present')
        parser.add_argument('--which-trajs','-w',default=None,type=str,help='Which trajectories (A,B,C...) with this naming are to be tested')

        return parser

    def validate_args(args):
        default_args = make_parser().parse_args(['--seed','a'])
        for arg in vars(args):
            if arg not in default_args:
                raise Exception(f"Unrecognised argument '{arg}'")



# # Comparison of results from trajectory to calculator

# In[1]:


import numpy as np

from esteem.trajectories import compare_traj_to_traj,atom_energy

[docs]def compare_calc_to_traj(calc,trajin,trajout_file,plot_file=None,e_offset=0.0):
    """Compare the energy and force predictions of a calculator to results in an existing trajectory"""

    trajout = Trajectory(trajout_file,'w')

    # Loop over the frames in the input trajectory
    for i,frame in enumerate(trajin):

        # Read in total energy and forces from trajectory
        e_traj = frame.get_potential_energy()
        f_traj = frame.get_forces()
        d_traj = frame.get_dipole_moment()
        
        err=False

        frame.set_calculator(calc)
        
        # May need to set up a box, for some calculators (TODO: when?)
        frame.center(20)

        # Calculate total energy from calculator
        e_calc = frame.get_potential_energy()
        
        # If a list of float32s has been returned, convert to a single float64
        if isinstance(e_calc,np.ndarray):
            e_calc = np.float64(e_calc[0])
            
        # Apply offset energy
        if isinstance(e_offset,float):
            e_calc += e_offset
        elif isinstance(e_offset,dict):
            atom_e = atom_energy(frame,e_offset)
            e_calc += atom_e
        
        # Attempt to store the offset energy in the results array
        try:
            frame.calc.results["energy"] = e_calc
        except:
            frame.calc._last_energy = e_calc
        
        # Calculate forces from calculator
        f_calc = -1
        try:
            f_calc = frame.get_forces()
        except KeyboardInterrupt:
            raise Exception('Keyboard Interrupt')
        except:
            print('# Error calculating force for frame %4d' % i)
            err = True

        # Calculate RMS and Max force errors
        rms_fd = np.sqrt(np.mean((f_traj-f_calc)**2))
        max_fd = np.max(np.sqrt((f_traj-f_calc)**2))
        print('%4d   %12.5f %12.5f     %12.8f     %8.5f  %8.5f' %
              (i, e_traj, e_calc, e_traj-e_calc, rms_fd,max_fd))
        
        # Calculate charges and dipole moment
        try:
            q_calc = frame.get_charges()
            d_calc = frame.get_dipole_moment()
        except:
            print('# Error calculating charges and dipole moment for frame %4d' % i)
            err = True
        
        # Assemble dictionary of properties to write to the output trajectory
        kw = {'dipole': d_calc,
              'charges': q_calc,
              'energy': e_calc,
              'forces': f_calc}

        # Write to trajectory
        trajout.write(frame,**kw)

    trajout.close()

    # Open temporary trajectory for reading
    tmptraj = Trajectory(trajout_file)
    compare_traj_to_traj(trajin,tmptraj,plot_file,'Trajectory Energy (eV)','Calculator Energy (eV)')



# # Command-line driver

# In[ ]:


if __name__ == '__main__':

    from esteem import wrappers
    mltest = MLTestingTask()
   
    # Parse command line values
    args = mltrain.make_parser().parse_args()
    for arg in vars(args):
        setattr(mltrain,arg,getattr(args,arg))
    print('#',args)
    mltest.wrapper = wrappers.amp.AMPWrapper()

    # Run main program
    mltest.run()





          

      

      

    

  

    
      
          
            
  Source code for esteem.tasks.ml_training

#!/usr/bin/env python
# coding: utf-8

# In[ ]:


"""Defines a task to train a Machine Learning calculator on a trajectory of snapshots
by calling the train() function of the MLWrapper"""


# # Main Routine

# In[ ]:


from esteem.trajectories import merge_traj, get_trajectory_list

import sys
import os
import string
from shutil import copyfile

[docs]class MLTrainingTask:

    def __init__(self,**kwargs):
        self.wrapper = None
        self.script_settings = None
        self.task_command = 'mltrain'
        self.train_params = {}
        args = self.make_parser().parse_args("")
        for arg in vars(args):
            setattr(self,arg,getattr(args,arg))

    # Main routine
[docs]    def run(self):
        """Main routine for the ML_Training task"""

        # Check input args are valid
        #validate_args(args)

        trajfn = self.wrapper.calc_filename(self.seed,self.target,prefix=self.calc_prefix,suffix=self.trajname_suffix)
        trajstem = self.wrapper.calc_filename(self.seed,self.target,prefix=self.calc_prefix,suffix="")

        all_trajs = get_trajectory_list(self.ntraj)
        if self.which_trajs is None:
            which_trajs = all_trajs
        else:
            which_trajs = self.which_trajs
            for trajname in self.which_trajs:
                if trajname not in all_trajs:
                    raise Exception("Invalid trajectory name: ",trajname)

        # If we need an atom trajectory, copy it from trajname_suffix to calc_suffix:
        if hasattr(self.wrapper,'atom_energies'):
            atom_traj_file = f'{self.calc_prefix}{self.seed}_atoms_{self.trajname_suffix}.traj'
            if os.path.isfile(atom_traj_file):
                atom_calc_file = f'{self.calc_prefix}{self.seed}_atoms_{self.calc_suffix}.traj'
                print(f'Copying from {atom_traj_file} to {atom_calc_file} for atom energies')
                copyfile(atom_traj_file,atom_calc_file)
            else:
                raise Exception(f'Trajectory file {atom_traj_file} not found for atom energies')

        # If all trajectories exist, merge them
        trajnames = [trajstem + s + '_'+self.trajname_suffix+'.traj' 
                     for s in which_trajs]
        print(f'Trajectories to merge: {trajnames}',flush=True)
        if all([os.path.isfile(f) for f in trajnames]):
            if all([os.path.getsize(f) > 0 for f in trajnames]):
                trajfile = f'{trajfn}_merged_{self.calc_suffix}.traj'
                merge_traj(trajnames,trajfile)
                # Train the ML calculator using this training data
                calc = self.wrapper.train(seed=self.seed,trajfile=trajfile,target=self.target,
                                        suffix=self.calc_suffix,restart=self.restart,**self.train_params)
            else:
                raise Exception('Empty Trajectory file(s) found: ',
                                [f for f in trajnames if os.path.getsize(f)==0])
        else:
            raise Exception('Missing Trajectory files: ',
                            [f for f in trajnames if not os.path.isfile(f)])
        return calc


    def make_parser(self):

        import argparse

        # Parse command line values
        main_help = ('ML_Training.py: Train a ML-based Calculator from QMD trajectory files.')
        epi_help = ('')
        parser = argparse.ArgumentParser(description=main_help,epilog=epi_help)
        parser.add_argument('--seed','-s',type=str,help='Base name stem for the calculation (often the name of the molecule)')
        parser.add_argument('--calc_suffix','-S',default="",type=str,help='Suffix for the calculator (often specifies ML hyperparameters)')
        parser.add_argument('--calc_prefix','-P',default="",type=str,help='Prefix for the calculator (often specifies directory)')
        parser.add_argument('--target','-t',default=0,type=int,help='Excited state index, zero for ground state')
        parser.add_argument('--trajname_suffix','-T',default='training',type=str,help='Suffix for the trajectory on which to train the calculator')
        parser.add_argument('--energy_rmse','-E',default=0.02,type=float,help='RMS Energy deviation for convergence')
        parser.add_argument('--force_rmse','-F',default=0.02,type=float,help='RMS Force deviation for convergence')
        parser.add_argument('--energy_maxresid','-G',default=None,type=float,help='Maximum energy deviation for convergence')
        parser.add_argument('--force_maxresid','-H',default=None,type=float,help='Maximum force deviation for convergence')
        parser.add_argument('--hiddenlayers','-L',default=(10,10,10),nargs='*',type=int,help='Hidden Layer structure ')
        parser.add_argument('--force_coefficient','-f',default=0.04,type=float,help='Weighting of forces (compared to energy) in training')
        parser.add_argument('--overfit','-o',default=0.00,type=float,help='Weighting of forces (compared to energy) in training')
        parser.add_argument('--ntraj','-n',default=1,type=int,help='How many total trajectories (A,B,C...) with this naming are present for training')
        parser.add_argument('--restart','-r',default=False,nargs='?',const=True,type=bool,help='Whether to load a pre-existing calculator and resume training')
        parser.add_argument('--cores','-c',default=1,type=int,help='Number of parallel cores on which to run the training')
        parser.add_argument('--which-trajs','-w',default=None,type=str,help='Which trajectories (A,B,C...) with this naming are to be trained against')
        parser.add_argument('--steps','-A',default=None,type=int,help='Annealer steps')
        parser.add_argument('--Tmax','-u',default=800.0,type=float,help='Annealer starting temperature')
        parser.add_argument('--Tmin','-v',default=0.01,type=float,help='Annealer final temperature')
        parser.add_argument('--cutoff','-d',default=6.5,type=float,help='Gaussian descriptor cutoff')

        return parser

    def validate_args(args):
        default_args = make_parser().parse_args(['--seed','a'])
        for arg in vars(args):
            if arg not in default_args:
                raise Exception(f"Unrecognised argument '{arg}'")



# # Command-line driver

# In[ ]:


if __name__ == '__main__':

    from esteem import wrappers
    mltrain = MLTrainingTask()
    
    # Parse command line values
    args = mltrain.make_parser().parse_args()
    for arg in vars(args):
        setattr(mltrain,arg,getattr(args,arg))
    print('#',args)
    mltrain.wrapper = wrappers.amp.AMPWrapper()

    # Run main program
    mltrain.run()





          

      

      

    

  

    
      
          
            
  Source code for esteem.tasks.ml_trajectories

#!/usr/bin/env python
# coding: utf-8

# In[ ]:


"""Defines a task to use a Machine Learning calculator to generate
Molecular Dynamics trajectories"""


# # Main Routine

# In[ ]:


# Load essential modules
import sys
import os
import string
from ase.io.trajectory import Trajectory
from esteem.trajectories import generate_md_trajectory, find_initial_geometry, get_trajectory_list

[docs]class MLTrajTask:

    def __init__(self,**kwargs):
        self.wrapper = None
        self.script_settings = None
        self.task_command = 'mltraj'
        self.train_params = {}
        args = self.make_parser().parse_args("")
        for arg in vars(args):
            setattr(self,arg,getattr(args,arg))

    # Main routine
[docs]    def run(self):
        """Main routine for the ML_Trajectories task"""

        # Check input args are valid
        #validate_args(self)

        # Make sure trajectory choices are valid
        all_trajs = get_trajectory_list(self.ntraj)
        if self.which_trajs is None:
            which_trajs = all_trajs
        else:
            which_trajs = self.which_trajs
            for traj_label in which_trajs:
                if traj_label not in all_trajs:
                    raise Exception(f"Invalid trajectory name: {traj_label}")

        # Set up calculator parameters dict
        if self.calc_seed is None:
            self.calc_seed = self.seed
        calc_params = {'calc_seed': self.calc_seed,
                       'calc_suffix': self.calc_suffix,
                       'calc_prefix': f'../{self.calc_prefix}', # MD will be run from subdirectory
                       'target': self.target}
        if self.calc_seed is not None:
            calc_params['calc_seed'] = self.calc_seed

        for traj_label in which_trajs:

            # Find (or relax) initial geometry
            calc_params['calc_prefix'] = './'+self.calc_prefix
            model = find_initial_geometry(self.seed,self.wrapper.geom_opt,calc_params,traj_label)

            if self.constraints is not None:
                # Note: for hookean constraint, set a FixBondlength Constraint 
                # first at the right distance which then gets deleted
    #             model.set_constraint(self.constraints)
    #             from ase.constraints import FixBondLengths
    #             if isinstance(self.constraints, FixBondLengths):
    #                 bondlength = self.constraints.bondlengths[0]
    #                 atoms = self.constraints.pairs[0]
    #                 model.set_distance(atoms[0],atoms[1],bondlength,fix=0)
                from ase.constraints import FixBondLengths, Hookean, FixInternals
                set_constraints = []
                for c in self.constraints:
                    if isinstance(c, FixBondLengths):
                        bondlength = c.bondlengths[0]
                        atoms = c.pairs[0]
                        model.set_distance(atoms[0],atoms[1],bondlength,fix=0)
                        model.set_constraint(c)
                    if isinstance(c, Hookean):
                        del model.constraints
                        set_constraints.append(c)
                    if isinstance(c, FixInternals):
                        set_constraints.append(c)
                model.set_constraint(set_constraints)
            print(f"Writing to trajectory {self.seed}_{self.target}_{traj_label}_{self.traj_suffix}.traj")
            # Pass in routine to actually run MD into generic Snapshot MD driver
            calc_params['calc_prefix'] = f'../{self.calc_prefix}'
            generate_md_trajectory(model,self.seed,self.target,traj_label,self.traj_suffix,
                                   self.wrapper.run_mlmd,self.nsnap,self.nequil,
                                   self.md_steps,self.md_timestep,self.temp,
                                   calc_params,dynamics=self.dynamics)


    def make_parser(self):

        import argparse
        from ase.units import AUT

        main_help = ('ML_Trajectories.py: Generate trajectory files using a pre-trained ML-based calculator.\n')
        epi_help = ('')
        parser = argparse.ArgumentParser(description=main_help,epilog=epi_help)
        parser.add_argument('--seed','-s',type=str,help='Base name stem for the calculation (often the name of the molecule)')
        parser.add_argument('--traj_suffix','-S',default="mldyn",type=str,help='Suffix for the trajectory files to be generated')
        parser.add_argument('--calc_seed','-Z',default=None,type=str,help='Seed for the calculator')
        parser.add_argument('--calc_suffix','-C',default='',type=str,help='Suffix for the calculator (often specifies ML hyperparameters)')
        parser.add_argument('--calc_prefix','-P',default='',type=str,help='Prefix for the calculator (often specifies directory)')
        parser.add_argument('--target','-t',default=0,type=int,help='Excited state index, zero for ground state')
        parser.add_argument('--md_timestep','-q',default=10*AUT,type=float,help='Timestep in ASE units')
        parser.add_argument('--md_steps','-Q',default=100,type=int,help='Number of MLMD steps between each snapshot')
        parser.add_argument('--freq','-F',default=False,type=bool,help='Post-process trajectory into IR spectrum')
        parser.add_argument('--temp','-T',default=300.0,type=float,help='Temperature for thermostat')
        parser.add_argument('--ntraj','-n',default=1,type=int,help='Number of separate trajectories in full ensemble')
        parser.add_argument('--nsnap','-N',default=200,type=int,help='Number of snapshots to record in trajectory')
        parser.add_argument('--nequil','-e',default=10,type=int,help='Number of discarded equilibration snapshots before data is recorded')
        parser.add_argument('--which_trajs','-w',default=None,type=str,help='Which of the separate trajectories are to be run in this task')
        parser.add_argument('--constraints','-c',default=None,type=str,help='Constraints (ASE constraints class)')
        parser.add_argument('--dynamics','-d',default=None,type=str,help='Dynamics (ASE Dynamics class)')

        return parser

    def validate_args(args):
        default_args = make_parser().parse_args(['--seed','a'])
        for arg in vars(args):
            if arg not in default_args:
                raise Exception(f"Unrecognised argument '{arg}'")



# In[ ]:


[docs]def load_trajectory_dipole(seed_state_str,traj_suffix,ntraj,nsnaps,mdsteps):
    '''
    Loads a set of saved trajectory files and extracts the dipole moment as a 
    function of time
    '''

    from ase.io import read, Trajectory
    from esteem.trajectories import get_trajectory_list
    import numpy as np
    
    # Storage for result
    mu_t = np.zeros((ntraj,nsnaps*mdsteps,3))
    # Names of trajectories
    chars = get_trajectory_list(ntraj)
    trajname = chars[0]
    # Loop over trajectories, reading them in and storing dipole moments in an array
    for i,trajname in enumerate(chars):
        k=0
        for j in range(0,nsnaps):
            file = f'{traj_suffix}/{seed_state_str}_{trajname}_{traj_suffix}{j:04}.traj'
            traj = Trajectory(file)
            print(file) # progress update
            for f in traj[1:]:
                mu_t[i,k] = f.get_dipole_moment()
                k = k + 1

    return mu_t


[docs]def calculate_ir_spectrum(mu_t,dt,freq_scale_fac,sigma):
    '''
    Processes the dipole moment as a function of time for a collection of trajectories
    to calculate IR absorption spectrum
    '''

    import numpy as np
    
    # Take gradient of mu(t) to get dmu/dt
    mu_dot = np.gradient(mu_t,dt,axis=(1,))

    # Take FFT of dmu/dt and get corresponding frequencies (scaled, eg to cm^-1)
    mu_dot_tilde = np.fft.fftn(mu_dot,axes=(1,))
    omega = np.fft.fftfreq(len(mu_dot[0]),dt)*freq_scale_fac

    # Average over snapshots and take dot product with self to get autocorrelation
    mu_dot_tilde_av = np.average(mu_dot_tilde,axis=0)
    mu_dot_tilde_av_mag = (np.sum(mu_dot_tilde_av*np.conj(mu_dot_tilde_av),axis=1))

    # Convolve with Gaussian of width sigma (in cm^-1)
    gaussian = np.exp(-(omega/sigma)**2/2)
    mu_dot_tilde_av_mag_conv = np.convolve(mu_dot_tilde_av_mag, gaussian, mode="full")
    
    return mu_dot_tilde_av_mag_conv, omega



# # Command-line driver

# In[ ]:


if __name__ == '__main__':

    from esteem import wrappers
    mltraj = MLTrajWrapper()

    # Parse command line values
    args = mltraj.make_parser.parse_args()
    for arg in vars(args):
        setattr(mltrain,arg,getattr(args,arg))
    print('#',args)
    mltraj.wrapper = wrappers.amp.AMPWrapper()

    # Run main program
    main(args,ml_wrapper)





          

      

      

    

  

    
      
          
            
  Source code for esteem.tasks.qmd_trajectories

#!/usr/bin/env python
# coding: utf-8

# # Run main program

# In[ ]:


import sys
import ase.units

from esteem.trajectories import generate_md_trajectory, recalculate_trajectory
from esteem.trajectories import find_initial_geometry, get_trajectory_list


[docs]class QMDTrajTask:

    def __init__(self,**kwargs):
        self.wrapper = None
        self.script_settings = None
        self.task_command = 'qmd'
        self.train_params = {}
        args = self.make_parser().parse_args("")
        for arg in vars(args):
            setattr(self,arg,getattr(args,arg))

    # Main routine
[docs]    def run(self):
        """
        Sets up and runs an ab initio molecular dynamics run on a given molecule (whose name is
        provided by ``args.seed``) in the ground or excited state (specified by ``args.target``).

        Results, including a trajectory file with the stored snapshots, are saved to files
        appending ``args.suffix`` to the seed and state, for use in future runs.

        The run is divided into equilibration (``args.nequil`` runs of ``args.qmd_steps`` MD steps
        each, with timestep ``args.qmd_timestep``), then snapshot generation (``args.nsnap`` runs of
        ``args.qmd_steps`` MD steps each, with timestep ``args.qmd_timestep``).

        A thermostat (wrapper-dependent) at temperature ``args.temp`` means we stay in the NVT ensemble.

        Constraints can be applied using ``args.constraints`` - the meaning depends on the underlying wrapper.

        Optionally can be used to recalculate singlepoint energies for the steps of a pre-existing trajectory.

        args: namespace or class
            Full set of arguments to the QMD_Trajectories task - see below for a listing.

            Key arguments include ``basis``, ``func``, ``qmd_timestep``, ``qmd_steps``, ``nsnap``,
            ``nequil``, ``temp``, ``constraints``

            Generate with a call to qmd_trajectories.make_parser()
        wrapper: namespace or class
            List of functions for running components of the job, with members including:

            ``singlepoint``, ``geom_opt`` and ``qmd``.
        """

        # Check input args are valid
        #validate_args(self)

        # Make sure trajectory choices are valid 
        all_trajs = get_trajectory_list(self.ntraj)
        if self.which_trajs is None:
            which_trajs = all_trajs
        else:
            which_trajs = self.which_trajs
            for traj_label in which_trajs:
                if traj_label not in all_trajs:
                    raise Exception(f"Invalid trajectory name: {traj_label}")

        # Set up calculator parameters dict
        calc_params = {"basis": self.basis,
                       "func": self.func,
                       "target": self.target}

        # Perform QM calculations on an existing trajectory
        if self.input_suffix is not None:
            for traj_label in which_trajs:
                input_target = None # re-do if ever necessary to start from anything else
                input_traj_range = self.input_traj_range
                recalculate_trajectory(self.seed,self.target,traj_label,self.traj_suffix,
                                       input_target,self.input_suffix,
                                       self.wrapper.singlepoint,calc_params,
                                       input_traj_range=input_traj_range)
            return

        # Generate training data in ntraj labelled trajectories
        for traj_label in which_trajs:

            # Find (or relax) initial geometry
            if isinstance(self.target,list):
                targ = self.target[0]
            else:
                targ = self.target
            calc_params['target'] = targ
            model = find_initial_geometry(self.seed,self.wrapper.geom_opt,calc_params)
            if self.constraints is not None:
                if 'spring' in self.constraints:
                    spring = self.constraints['spring']
                    if 'bond' in spring:
                        # Extract atoms indices and bondlength from NWChem constraint
                        # NWChem expects 1-indexed atom numbers, ASE expects 0-indexed
                        # so subtract 1
                        atoms0 = int(spring.split()[1]) - 1 
                        atoms1 = int(spring.split()[2]) - 1
                        bondlength = float(spring.split()[4])*ase.units.Bohr
                        print('Setting distance: ',atoms0,atoms1,bondlength)
                        model.set_distance(atoms0,atoms1,bondlength,fix=0)

            print(f"Performing QMD run: {self.seed}_{self.target}_{traj_label}_{self.traj_suffix}")
            # Pass in routine to actually run MD into generic Snapshot MD driver
            generate_md_trajectory(model,self.seed,self.target,traj_label,self.traj_suffix,
                                   self.wrapper.run_qmd,self.nsnap,self.nequil,
                                   self.qmd_steps,self.qmd_timestep,self.temp,
                                   calc_params,self.constraints,self.wrapper.singlepoint)


 
    # Create parser to read command line values
    def make_parser(self):

        import argparse

        main_help = ('''Generate trajectory files by running QMD or by recalculating
                        energies and forces at previously evaluated trajectory points.''')
        epi_help = ('')
        parser = argparse.ArgumentParser(description=main_help,epilog=epi_help)
        parser.add_argument('--seed','-s',type=str,help='')
        parser.add_argument('--traj_suffix','-S',default='training',type=str,help='String to append to names of trajectories')
        parser.add_argument('--basis','-b',default='6-31g*',type=str,help='Basis set definition (or other run parameter)')
        parser.add_argument('--func','-f',default='PBE',type=str,help='Exchange-Correlation functional (or other run parameter)')
        parser.add_argument('--target','-t',default=None,type=int,help='Excited state index (None for ground state)')
        parser.add_argument('--restart','-r',default=False,type=bool,help='If the trajectory has been run for one excited state already, setting this to true attempts to make the calculator restart at each geometry')
        parser.add_argument('--md_timestep','-q',default=10.0,type=float,help='Molecular dynamics timestep (wrapper-dependent units, fs for NWChem)')
        parser.add_argument('--md_steps','-Q',default=100,type=int,help='Number of timesteps in each molecular dynamics run')
        parser.add_argument('--temp','-T',default=300.0,type=float,help='Thermostat temperature (NVT ensemble)')
        parser.add_argument('--ntraj','-n',default=1,type=int,help='Total number of named (A_Z,a-z) trajectories')
        parser.add_argument('--nsnap','-N',default=200,type=int,help='Number of snapshot runs')
        parser.add_argument('--input_suffix','-I',default=None,type=str,help='Appended string to identify input trajectory: if present, the run will resample an existing trajectory')
        parser.add_argument('--input_traj_range','-R',default=None,type=int,help='Range of snapshots to use from input trajectory')
        parser.add_argument('--nequil','-e',default=10,type=int,help='Number of equilibration runs.')
        parser.add_argument('--which-trajs','-w',default=None,type=str,help='Which trajectories should be generated, named with letters A-Z, a-z')
        parser.add_argument('--constraints','-c',default=None,type=str,help='Constraints (wrapper-dependent)')
        parser.add_argument('--dynamics','-d',default=None,type=str,help='Dynamics (ASE Dynamics class)')

        return parser

        # Notes on defaults:
        # 1 a.u. = 0.02419 fs, 100 steps of 10 aut = 24fs between snapshots

    def validate_args(args):
        default_args = make_parser().parse_args("")
        for arg in vars(args):
            if arg not in default_args:
                raise Exception(f"Unrecognised argument '{arg}'")



# # Handle Inputs

# In[ ]:




if __name__ == '__main__':

    # Set up NWChem by default
    from esteem.wrappers import nwchem
    
    qm_wrapper = nwchem.NWChemWrapper()
    qm_wrapper.nwchem_setup()

    # Parse command line arguments
    parser = make_parser()
    args = parser.parse_args()
    print(args)
    
    # Run main program
    main(args,qm_wrapper)





          

      

      

    

  

    
      
          
            
  Source code for esteem.tasks.solutes

#!/usr/bin/env python
# coding: utf-8

# In[ ]:


"""Runs DFT and TDDFT calculations on Solute (or Solvent) molecules, in implicit solvent"""


# # Main driver routine

# In[ ]:


[docs]class SolutesTask:

    def __init__(self,**kwargs):
        self.wrapper = None
        self.script_settings = None        
        default_args = self.make_parser().parse_args("")
        # Set values of all parameters (defaults unless overridden)
        for arg in vars(default_args):
            if arg in kwargs:
                val = kwargs[arg]
            else:
                val = getattr(default_args,arg)
            setattr(self,arg,val)
    
[docs]    def run(self,namelist):
        """
        Main routine for the Solutes task. Iterates through the sub-tasks, some of which are optional:

        Geometry optimisation, rotamer checks, rotation to plane, excited state calculations,
        and vibrational frequency calculations.

        namelist: list of str
            Short names of the solutes to be optimised. Initial geometries
            should be present in './xyz' directory.
        self: namespace or class
            Member variables contain argument list for the whole job, with members including:

            ``solvent``, ``target``, ``rotate``, ``rotamers``, ``vibrations``, ``charges``, ``directory``
            ``solvent_settings``, ``basis``, ``func``, ``nroots``

            Generate default arguments first with a call to solutes.make_parser(), then adjust the
            member variables as required.
        wrapper: class
            Wrapper for running components of the job, with members including:

            ``singlepoint``, ``geom_opt``, ``excitations``, ``freq``

        *Outputs for each species*:

            In the directory 'xyz': initial geometries (either input, or from get_xyz_files)

            In the directory 'geom': outputs of geometry optimisations.

            In the directory 'opt': optimised gas-phase geometries.

            In the directory 'is_opt': optimised implicit solvent geometries. These may be used as inputs for the Solvate task.

            In the directory 'is_tddft_{solvent}': implicit solvent tddft results. These may be used as inputs for spectral warping in the Spectra task.

        """

        prevdir = "xyz"
        if self.calc_params is None:
            self.calc_params = {}
        if self.calc_params == {}:
            self.calc_params = {'basis': self.basis, 'func': self.func, 'target': self.target}

        # Geometry Optimisation
        driver_tol = 'default'
        if self.vibrations and self.solvent is None:
            driver_tol = 'tight'
        nextdir = "opt"
        self.geom_opt_all(namelist,prevdir,nextdir,self.wrapper.geom_opt,self.calc_params,
                     driver_tol,charges=self.charges)
        prevdir = nextdir
        # Rotamer search, if requested
        if self.rotamers:
            nextdir = "best_rota"
            self.find_best_rotas(namelist,prevdir,nextdir,self.wrapper.singlepoint,
                            self.wrapper.geom_opt,self.calc_params,charges=self.charges)
            prevdir = nextdir
        if self.rotate:
            nextdir = "opt_rot"
            self.rotate_all_to_xy_plane(namelist,prevdir,nextdir,target=self.target)
            prevdir = nextdir
        if self.nroots > 0 and self.solvent is None:
            nextdir = "tddft"
            self.calc_all_excited_states(namelist,prevdir,nextdir,self.wrapper.excitations,
                                    self.calc_params,self.nroots,charges=self.charges)
        # Vibrational frequency calculations, if requested and no higher
        # level of theory will follow later
        if self.vibrations and self.solvent is None:
            nextdir = "freq"
            self.calc_vib_freq(namelist,prevdir,nextdir,self.wrapper.freq,self.calc_params,charges=self.charges)
        # Solvated calculations
        if self.solvent is not None:
            nextdir = "is_opt_"+self.solvstr(self.solvent)
            if self.vibrations:
                driver_tol = 'tight'
            # Geometry Optimisation
            self.geom_opt_all(namelist,prevdir,nextdir,self.wrapper.geom_opt,
                         self.calc_params,driver_tol,solvent=self.solvent,
                         charges=self.charges)
            prevdir = nextdir
            # TDDFT calculations
            if self.nroots > 0:
                nextdir = "is_tddft_"+self.solvstr(self.solvent)
                self.calc_all_excited_states(namelist,prevdir,nextdir,self.wrapper.excitations,
                                        self.calc_params,nroots=self.nroots,
                                        solvent=self.solvent,charges=self.charges,
                                        plot_homo=self.plot_homo,plot_lumo=self.plot_lumo,
                                        plot_trans_den=self.plot_trans_den)
            # Vibrational frequency calculations, if requested
            if self.vibrations:
                nextdir = "is_freq_"+self.solvstr(self.solvent)
                self.calc_vib_freq(namelist,prevdir,nextdir,self.wrapper.freq,
                              self.calc_params,solvent=self.solvent,
                              charges=self.charges)


    from os import makedirs, path

    # Download xyz files if they do not already exist
[docs]    def get_xyz_files(self,namelist,out_path):
        """
        Downloads initial geometries from the NCI's webserver cactus, based on their IUPAC names.

        These geometries are usually not great, but are a reasonable starting point for optimisation.

        Visit https://cactus.nci.nih.gov/chemical/structure to see what works and check your names before use.

        Uses ``wget``, so if the machine you are using does not have access to this command,
        this routine will fail, in which case put starting point geometries in the directory
        'xyz'.

        namelist: dict
            Keys are shortnames (eg "cate"), entries are full names (eg "catechol" or "1,2-dihydroxybenzene")
        out_path: str
            String for directory name where xyz files will be written (eg "xyz"). Created if not present
        """
        from os import path, makedirs
        import subprocess

        # Download sdf file from cactus.nci.nih.gov
        if not path.exists(out_path):
            makedirs(out_path)
        for seed in namelist:
            # TODO: use urllib here
            wget_str = ("wget -O \""+out_path+"/" + seed + ".xyz\" " +
                        "\"https://cactus.nci.nih.gov/chemical/structure/" + 
                        namelist[seed] + "/file?format=xyz\"")
            if not path.exists(out_path+"/"+seed+".xyz"):
                print(wget_str)
                errorcode = subprocess.call(wget_str, shell=True)
                if errorcode:
                    raise RuntimeError('{} returned an error: {}'
                                                .format('wget', errorcode))
            else:
                print("Skipping download: "+out_path+"/"+seed+".xyz already exists")

        # strip out long names and convert to list
        shortnames = [x for x in namelist]
        return shortnames


    from os import path, makedirs, getcwd, chdir
    from ase.io import read, write

    def solvstr(self,solvent):
        if isinstance(solvent,str):
            return solvent
        if isinstance(solvent,dict):
            return solvent['solvent']

    # Optimize geometries of solute selection
[docs]    def geom_opt_all(self,solute_names,in_path,out_path,geom_opt_func,calc_params,
                     driver_tol='default',solvent=None,charges={}):
        """
        Geometry optimise all of a list of solutes

        solute_names: list of str
            Short names of the solutes to be optimised
        in_path: str
            Directory where .xyz files are expected to be found. Any not present are skipped.
        out_path: str
            Directory where optimised structure .xyz files are written. Created if not present.
        geom_opt_func: function
            A function wrapping creation of an ASE calculator and using it to perform geometry optimisation.
        calc_params: dict
            Contents varies between different wrappers, but generally specifies basis, functional etc
        driver_tol: str
            Geometry optimisation tolerance level (eg in NWChem)
        target: int
            Excited state index, or None for ground state
        solvent: str
            Implicit solvent name, or None for gas-phase
        charges: dict
            Keys are strings corresponding to some or all of the entries in solute names, entries are net charges on each molecule
        """
        from ase.io import read, write
        from os import path, makedirs, getcwd, chdir

        # Make directory for optimised structures
        if not path.exists(out_path):
            makedirs(out_path)
        sol_str = ''
        target = calc_params['target']
        if solvent is not None:
            sol_str = f'in {self.solvstr(solvent)} solvent '

        for seed in solute_names:
            if target is not None:
                baseseed = seed
                seed = seed+"_es"+str(target)
            if seed in charges:
                charge = charges[seed]
            else:
                charge = 0
            infile = in_path+"/"+seed+".xyz"
            outfile = out_path+"/"+seed+".xyz"
            if not path.exists(infile):
                # Try basename without _esX
                if target is not None:
                    infile = in_path+"/"+baseseed+".xyz"
                if not path.exists(infile):
                    print(f'Skipping geometry optimisation {sol_str}'+
                          f' for: {seed} - no input file')
                    continue
            solute_opt = read(infile)
            if  path.exists(outfile):
                print(f'Skipping geometry optimisation {sol_str}'+
                      f' for: {seed} - output file already present')
                continue
            try:
                print(f'Geometry optimization {sol_str}for: {seed}')
                label = seed
                origdir = getcwd()
                wdir = f'geom/{seed}'
                if not path.exists(wdir):
                    makedirs(wdir)
                chdir(wdir)
                if solvent is not None:
                    label = label+"_"+self.solvstr(solvent)
                geom_opt_func(solute_opt,label,calc_params,driver_tol,solvent,charge)
                chdir(origdir)
                print('Writing to ',outfile)
                if '' in solute_opt.info:
                    del solute_opt.info['']
                write(outfile,solute_opt)
            except KeyboardInterrupt:
                raise Exception('Keyboard Interrupt')
            except SyntaxError:
                raise Exception('Syntax Error')

            #except:
            #    print('Geometry optimisation failed for: ',seed)

    # Attempt to find best rotamer for each solute

[docs]    def find_best_rotas(self,solute_names,in_path,out_path,singlepoint_func,
                        geom_opt_func,calc_params,solvent=None,charges={}):
        """
        Finds the lowest energy rotamer for each of a list of solutes.
        Proceeds by identifying -OH groups attached to C-C units, and tries 'flipping' the dihedral, then optimising
        the resulting geometry if it within a certain tolerance of the original energy. If any lower energy structure
        is found, this will be returned instead of the original one.

        solute_names: list of str
            Short names of the solutes to be tested
        in_path: str
            Directory where .xyz files are expected to be found. Any not present are skipped.
        out_path: str
            Directory where best rotamer structure .xyz files are written. Created if not present.
        singlepoint_func: function
            A function wrapping creation of an ASE calculator and using it to perform a singlepoint calculation.
        geom_opt_func: function
            A function wrapping creation of an ASE calculator and using it to perform geometry optimisation.
        calc_params: dict
            Contents varies between different wrappers, but generally specifies basis, functional etc
        solvent: str
            Implicit solvent name, or None for gas-phase
        charges: dict
            Keys are strings corresponding to some or all of the entries in solute names, entries are net charges on each molecule
        """
        from os import path, makedirs
        from ase.io import read, write

        # Hard-coded logic for what constitutes a rotatable bond
        # Works OK for -OH groups in organic compounds but will need editing
        # for anything else. Assumes anything within 1.5A is a bond.
        rota_elem = ['H','O','C','C']
        rota_max_dist = [1.5,1.5,1.5]
        rota_dih_range = 40
        rota_opt_thresh = 0.2

        # Make directory for optimised structures
        if not path.exists(out_path):
            makedirs(out_path)
        target = calc_params['target']

        for seed in solute_names:
            if seed in charges:
                charge = charges[seed]
            else:
                charge = 0
            if target is not None:
                seed = seed+"_es"+str(target)
            outfile = out_path+'/'+seed+'.xyz'
            infile = in_path+"/"+seed+".xyz"
            if not path.exists(infile):
                print('Skipping Rotamer Search for: ',seed,
                      ' - input structure not found')
                continue
            if path.exists(outfile):
                print('Skipping Rotamer Search for: ',seed,
                      ' - output file already present')
                continue

            print('Finding best rotamer for: ',seed)
            sol_opt = read(infile)
            # Load defaults from module
            elem = rota_elem
            max_dist = rota_max_dist
            dih_range = rota_dih_range
            opt_thresh = rota_opt_thresh
            nrot = 0
            ijkl = []
            sym = sol_opt.get_chemical_symbols()
            for i in range(len(sol_opt)):
                if sym[i]==elem[0]:
                    for j in range(len(sol_opt)):
                        if sym[j]==elem[1] and sol_opt.get_distance(i,j) < max_dist[0]:
                            for k in range(len(sol_opt)):
                                if sym[k]==elem[2] and sol_opt.get_distance(j,k) < max_dist[1]:
                                    for l in range(len(sol_opt)):
                                        if l!=k and sym[l]==elem[3] and sol_opt.get_distance(k,l) < max_dist[2]:
                                            dih = sol_opt.get_dihedral(l,k,j,i)
                                            if dih>180-dih_range and dih<180+dih_range:
                                                ijkl.append([i,j,k,l])
                                                nrot = nrot + 1
                                                break
            if nrot==0:
                print('No rotatable OH bonds found')
                if '' in sol_opt.info:
                    del sol_opt.info['']
                write(outfile,sol_opt)
            else:
                print(nrot, 'rotatable bonds found, generating all',2**nrot,
                      'rotamers')
                origdir = getcwd()
                wdir = f'{out_path}/{seed}'
                if not path.exists(wdir):
                    makedirs(wdir)
                chdir(wdir)
                flip = [0 for i in range(len(ijkl))]
                sol_opt_rota = []
                energy_rota = []
                for rota in range(2**len(ijkl)):
                    sol_opt_rota.append(sol_opt.copy())
                    flip = [(rota&(2**(len(ijkl)-i-1)))>>(len(ijkl)-i-1) for i in range(len(ijkl))]
                    for oH in range(len(ijkl)):
                        i = ijkl[oH][0]; j = ijkl[oH][1]; k = ijkl[oH][2]; l = ijkl[oH][3];
                        if flip[oH]:
                            sol_opt_rota[rota].set_dihedral(l,k,j,i,0)
                    label = 'rota'+repr(rota).zfill(3)
                    driver_tol = 'loose'
                    opt = 0
                    try:
                        energy,_ = singlepoint_func(sol_opt_rota[rota],label,calc_params,charge)
                        if rota==0:
                            energy_rota.append(energy)
                        if rota>0:
                            if energy<energy_rota[0]+opt_thresh:
                                opt = 1
                                energy, forces, positions = geom_opt_func(sol_opt_rota[rota],
                                                label+"_geom",calc_params,driver_tol,charge)
                                write(label+'.xyz',sol_opt_rota[rota])
                            energy_rota.append(energy)
                        print(rota,':',flip,energy_rota[rota],'opt=',opt)
                    except KeyboardInterrupt:
                        raise Exception('Keyboard Interrupt')
                    except:
                        print('Rotamer energy calculation failed for: ',seed)
                chdir(origdir)

                min_energy, best_rota = min( (energy_rota[i],i) for i in xrange(len(energy_rota)) )
                write(outfile,sol_opt_rota[best_rota])


    # Attempt to rotate molecules to lie in xy-plane
    # with long axis along x, short axis along y
    # and central C(=O) atom put at (10,10,10)
    from esteem.tasks.clusters import rotate_and_center_solute

[docs]    def rotate_all_to_xy_plane(self,solute_names,in_path,out_path,target=None):
        """
        Rotates each of a list of solutes so that the longest two C-C distances lie in the xy plane.

        solute_names: list of str
            Short names of the solutes to be tested
        in_path: str
            Directory where .xyz files are expected to be found. Any not present are skipped.
        out_path: str
            Directory where rotated structure .xyz files are written. Created if not present.
        target: int
            Excited state index, or None for ground state
        """
        from os import path, makedirs
        from ase.io import read,write

        # Make directory for rotated structures
        if not path.exists(out_path):
            makedirs(out_path)

        # Load optimised xyz files and write rotated/translated ones
        for seed in solute_names:
            if target is not None:
                seed = seed+"_es"+str(target)
            try:
                infile = in_path+"/"+seed+".xyz"
                outfile = out_path+"/"+seed+".xyz"
                if not path.exists(infile):
                    print('Skipping rotate and centre operation for: ',seed,
                          ' - no input file')
                    continue
                rot = read(infile,0)
                if rot.get_chemical_symbols().count('C') < 2:
                    print('Skipping rotate and centre operation for: ',seed,
                          ' - not enough C atoms')
                    write(outfile,rot)
                    continue            
                rot = rotate_and_center_solute(rot)
                if '' in rot.info:
                    del rot.info['']
                write(outfile,rot)
            except:
                print('Rotate and centre operation failed for: ',seed)


    import numpy as np
    from os import path,getcwd,chdir
    from ase.io import read

[docs]    def find_range_sep(self,solute_names,in_path,out_path,wrapper,
                       calc_params,solvent=None,charges={},rs_range=[0.1,0.2,0.3],all_readonly=False):
        '''
        Optimises the range separation parameter gamma in a range-separated Hybrid functional with
        Yukawa-switching.
        See 'Using optimally tuned range separated hybrid functionals in ground-state
        calculations: Consequences and caveats',  Andreas Karolewski, Leeor Kronik, and Stephan Kümmel
        J. Chem. Phys. 138, 204115 (2013)
        https://aip.scitation.org/doi/10.1063/1.4807325
        https://pubs.acs.org/doi/abs/10.1021/ct5000617
        and 'Electronic Band Shapes Calculated with Optimally Tuned Range-Separated Hybrid Functionals'
        B. Moore, et al, D. Jacquemin, J. Chem. Theory Comput. 2014, 10, 10, 4599
        https://pubs.acs.org/doi/10.1021/ct500712w

        Minimises J^2 = \Sum_i=0^1 [eps_H[N+i] + IP(N+i)))]^2
        where IP(N) = E(N-1) - E(N)
        so J^2 = \Sum_i=0^1 [eps_H[N+i] + E(N-1+i) - E(N+i)]^2
               = [eps_H[N] + E(N-1) - E(N)]^2 + [eps_H[N+1] + E(N) - E(N+1)]^2 
        '''
        wdir = f'{out_path}'
        if not path.exists(wdir):
            makedirs(wdir)

        for seed in solute_names:
            if seed in charges:
                charge = charges[seed]
            else:
                charge = 0

            # Find input and check if output already exists
            infile = in_path+"/"+seed+".xyz"
            if not path.exists(infile):
                print('Skipping optimal RS tuning for: ',seed,' - no input file')

            # Read the geometry
            solute=read(infile)

            # Check if output directory exists, create it if not, and change to it
            origdir = getcwd()
            wdir = f'{out_path}/{seed}'
            if not path.exists(wdir):
                makedirs(wdir)
            chdir(wdir)

            func = calc_params['func']
            basis = calc_params['basis']
            energy = {}
            calc = {}
            evals = {}
            occs = {}
            rs_mid = 0.4
            rs_del = 0.1
            for rsf in rs_range:
                for c in [charge,charge+1,charge-1]:
                    rs = f'{rsf:.2f}'
                    label = f"ot_pars_cam{rs}_Q{c}"
                    outfile = f'{label}'
                    print(f'Optimal RS tuning with rs={rs} for: {seed} (Q={c}): ({basis} {func} {self.solvstr(solvent)})')
                    if path.exists(outfile+".out") or path.exists(outfile+".nwo") or all_readonly:
                        print('Skipping - Output file already present')
                        readonly = True
                    else:
                        readonly = False
                    # Assume when c==charge, system is closed-shell
                    if c != charge:
                        s = 0.5
                        occfac = 0.99
                    else:
                        s = 0
                        occfac = 1.99
                    calc_params['func'] = func+f':{rs}'
                    energy[rs,c], calc[rs,c] = wrapper.singlepoint(solute,label,calc_params,
                                               solvent=solvent,charge=c,spin=s,readonly=readonly)
                    print(rs,c,energy[rs,c]/Ha)
                    evals[rs,c] = calc[rs,c].calc.kpts[0].eps_n
                    occs[rs,c] = calc[rs,c].calc.kpts[0].f_n
                    if c != charge:
                        evals[rs,c,s] = calc[rs,c].calc.kpts[1].eps_n
                        occs[rs,c,s] = calc[rs,c].calc.kpts[1].f_n
            chdir(origdir)
            return energy,calc,evals,occs


    # Calculate Excited states of all molecules
[docs]    def calc_all_excited_states(self,solute_names,in_path,out_path,excit_func,
                                calc_params,nroots,solvent=None,charges={},
                                plot_homo=None,plot_lumo=None,plot_trans_den=None):
        """
        Calculate excited states for each of a list of solutes

        solute_names: list of str
            Short names of the solutes to be tested
        in_path: str
            Directory where .xyz files are expected to be found. Any not present are skipped.
        out_path: str
            Directory where output files are written. Created if not present.
        excit_func: function
            A function wrapping creation of an ASE calculator and using it to perform a electronic excitation calculations.
        calc_params: dict
            Contents varies between different wrappers, but generally specifies basis, functional etc
        nroots: int
            Number of excitations to find
        target: int
            Excited state index, or None for ground state
        solvent: str
            Implicit solvent name, or None for gas-phase
        charges: dict
            Keys are strings corresponding to some or all of the entries in solute names, entries are net charges on each molecule
        """
        from ase.io import read
        from os import path, makedirs, getcwd, chdir

        target = calc_params['target']
        wdir = f'{out_path}'
        if not path.exists(wdir):
            makedirs(wdir)
        for seed in solute_names:
            if seed in charges:
                charge = charges[seed]
            else:
                charge = 0
            if target is not None:
                seed = seed+"_es"+str(target)

            # Find input and check if output already exists
            infile = in_path+"/"+seed+".xyz"
            outfile = f'{out_path}/{seed}/tddft'
            if not path.exists(infile):
                print('Skipping TDDFT excitations for: ',seed,' - no input file')
                continue
            readonly = False
            if path.exists(outfile+".out") or path.exists(outfile+".nwo"):
                print('Skipping recalculation of TDDFT excitations for: ',seed,
                      ',',self.solvstr(solvent),' - output file already present')
                readonly = True
            else:
                print('TDDFT excitations for: ',seed)

            # Read the geometry
            solute=read(infile)

            # Check if output directory exists, create it if not, and change to it
            origdir = getcwd()
            wdir = f'{out_path}/{seed}'
            if not path.exists(wdir):
                makedirs(wdir)
            chdir(wdir)

            # Now run the excitations function of the wrapper
            excit_func(solute,"tddft",calc_params,nroots,solvent,charge,readonly=readonly,
                       plot_homo=plot_homo,plot_lumo=plot_lumo,plot_trans_den=plot_trans_den)
            chdir(origdir)


    # Calculate vibrational frequencies of all molecules


[docs]    def calc_vib_freq(self,solute_names,in_path,out_path,freq_func,
                      calc_params,solvent=None,charges={}):
        """
        Calculate vibrational frequencies for each of a list of solutes

        solute_names: list of str
            Short names of the solutes to be tested
        in_path: str
            Directory where .xyz files are expected to be found. Any not present are skipped.
        out_path: str
            Directory where output files are written. Created if not present.
        freq_func: function
            A function wrapping creation of an ASE calculator and using it to perform a vibrational frequency calculation.
        calc_params: dict
            Contents varies between different wrappers, but generally specifies basis, functional etc
        target: int
            Excited state index, or None for ground state
        solvent: str
            Implicit solvent name, or None for gas-phase
        charges: dict
            Keys are strings corresponding to some or all of the entries in solute names, entries are net charges on each molecule
        """
        from ase.io import read
        from os import path, makedirs, getcwd, chdir

        wdir = f'{out_path}'
        target = calc_params['target']
        if not path.exists(wdir):
            makedirs(wdir)
        for seed in solute_names:
            if seed in charges:
                charge = charges[seed]
            else:
                charge = 0
            if target is not None:
                seed = seed+"_es"+str(target)
            infile = in_path+"/"+seed+".xyz"
            outfile = out_path+"/"+seed+"/freq"
            if not path.exists(infile):
                print('Skipping Vibrational Frequencies for: ',seed,
                      ' - no input file')
                continue
            if path.exists(outfile+".out") or path.exists(outfile+".nwo"):
                print('Skipping Vibrational Frequencies for: ',seed,
                      ' - output file already present')
                continue
            solute=read(infile)
            print('Vibrational Frequencies for: ',seed)
            origdir = getcwd()
            wdir = f'{out_path}/{seed}'
            if not path.exists(wdir):
                makedirs(wdir)
            chdir(wdir)
            try:
                freq_func(solute,"freq",calc_params,solvent,charge)
            except KeyboardInterrupt:
                raise Exception('Keyboard Interrupt')
            except:
                print('Vibrational Frequencies failed for: ',seed)
            chdir(origdir)


    # Create a parser for the solutes program
    def make_parser(self):

        import argparse

        # Parse command line values
        main_help = ('Prepares DFT-optimised model structures for a list of solutes.\n'+
                     'for each solvent, loops over various tasks:\n'+
                     'download xyz, geom opt, TDDFT\n'+
                     'rotamer search, rotation to xy-plane,\n'+
                     'solvated geom opt and TDDFT.')
        epi_help = ('Names are read in from the file provided in the "namefile"\n' +
                    'argument. All other\n' +
                    'arguments are optional and turn on other tasks. To provide\n' +
                    'pre-optimised inputs, put their structures in a pre-existing\n' +
                    'directory named "xyz". If not present, an attempt will be\n' +
                    'made to download a structure from the NIH chemical name\n' +
                    'resolver (CACTUS).')
        parser = argparse.ArgumentParser(description=main_help,epilog=epi_help)
        parser.add_argument('--namefile','-N',default='names',type=str,help='File from which to read a list of names of solvent or solute molecules. Each line should take the form "shortname: IUPACsystematicname"')
        parser.add_argument('--solvent','-S',default=None,type=str,help='Solvent for implicit solvent runs.')
        parser.add_argument('--nroots','-n',default=5,type=int,help='Number of TDDFT excitations to calculate.')
        parser.add_argument('--target','-t',default=None,type=int,help='Targetted TDDFT excitation for geom opt.)')
        parser.add_argument('--rotate','-r',default=True,type=bool,help='If True, attempt to rotate molecule so that the "flattest" part, defined by furthest-apart pairs of C atoms, lies in the xy-plane')
        parser.add_argument('--rotamers','-R',default=False,nargs='?',const=True,type=bool,help='If True, attempt to find the lowest-energy rotamer by switching positions of all rotatable -OH groups.')
        parser.add_argument('--vibrations','-V',default=False,nargs='?',const=True,type=bool,help='If True, Calculate all vibrational frequencies for final level of theory.')
        parser.add_argument('--charges','-Q',default={},nargs='?',type=dict,help='Charges on molecular species. Not for command-line use')
        parser.add_argument('--directory','-D',default=None,nargs='?',type=str,help=argparse.SUPPRESS)
        parser.add_argument('--calc_params','-Z',default={},nargs='?',type=str,help=argparse.SUPPRESS)
        # Wrapper Dependent
        parser.add_argument('--solvent_settings',default=None,type=str,help='Solvent settings for implicit solvent runs.')
        parser.add_argument('--plot_homo','-H',default=None,type=int,help='Number of orbitals from HOMO downwards to plot')
        parser.add_argument('--plot_lumo','-L',default=None,type=int,help='Number of orbitals from LUMO downwards to plot')
        parser.add_argument('--plot_trans_den','-T',default=None,type=int,help='Number of excitations for which to plot the transition density')
        parser.add_argument('--basis','-b',default='6-31g',type=str,help='Basis set string for geom opt and TDDFT.')
        parser.add_argument('--func','-f',default='PBE',type=str,help='XC Functional string for geom opt and TDDFT.')

        return parser

    def validate_args(self,args):
        default_args = make_parser().parse_args("")
        for arg in vars(args):
            if arg not in default_args:
                raise Exception(f"Unrecognised argument '{arg}'")



# In[ ]:


# Main program
if __name__ == '__main__':
    args = make_parser().parse_args()
    if (args.target==0):
        args.target = None
    print(args)
    sols = SolutesTask()

    # get list of molecules and sanitize
    with open(args.namefile) as f:
        namelist = f.readlines()
    namelist = [x.split(":") for x in namelist]
    namelist = [[y.strip() for y in x] for x in namelist]
    
    # duplicate if a shortname has not been assigned
    namelist = [[x[0],x[0]] if len(x)==1 else x for x in namelist]
    
    # make it into a dictionary
    namelist = {x[0]: x[1] for x in namelist}
    
    # download xyz files from cactus if not already present
    namelist = get_xyz_files(namelist,"xyz")
    
    # run main driver
    from esteem.wrappers import nwchem
    sols.wrapper = nwchem.NWChemWrapper()
    sols.run(namelist)





          

      

      

    

  

    
      
          
            
  Source code for esteem.tasks.solvate

#!/usr/bin/env python
# coding: utf-8

# In[ ]:


"""Sets up and runs solvated Molecular Dynamics in Explicit Solvent"""


# # Setup routine for the Solvate task

# In[ ]:


# From J. Chem. Phys. 148, 024110 (2018)
# The dyes are placed in large solvent boxes (see Table I for
# the number of atoms in the MD box for each system) and a
# two-step equilibration is carried out. First, a 20 ps temperature
# equilibration in the NVT ensemble is performed to raise the
# temperature of the system from 0 K to 300 K. This is followed
# by a 400 ps volume equilibration in the NPT ensemble. Since
# we are interested in generating uncorrelated snapshots rather
# than accurate short time scale dynamics, we run all produc-
# tion calculations in the NVT ensemble to guarantee a constant
# temperature. For the production trajectory of 8 ns in length,
# solute-solvent snapshots are extracted every 4 ps, producing a
# total of 2000 uncorrelated snapshots. All MD calculations are
# performed using a 2 fs time-step and a Langevin thermostat
# 64 with a collision frequency of 1 ps

from os import path
from ase.io import read
from ase.io.trajectory import Trajectory
from ase import Atoms

[docs]def counterion_charge(counterions):
    """
    Calculate the net charge on the solute, given a set of counterions
    """
    netcharge = 0
    for at in counterions:
        if at.symbol in ['H','Na','Li','K','Rb','Cs']:
            netcharge = netcharge - 1
        if at.symbol in ['Be','Mg','Ca','Sr','Ba']:
            netcharge = netcharge - 2
        if at.symbol in ['F','Cl','Br','I']:
            netcharge = netcharge + 1
    return netcharge


[docs]class SolvateTask:

    def __init__(self,**kwargs):
        self.wrapper = None
        self.script_settings = None
        self.task_command = 'solvate'
        args = self.make_parser().parse_args("")
        for arg in vars(args):
            setattr(self,arg,getattr(args,arg))

    # Main program for Solvated MD
[docs]    def setup_amber(self):
        """
        Handles setup of the solvated model using AmberTools.

        The setup has 5 main sections:

            1. Counterions are set up

            2. Amber input files for the solute molecule are created

            3. Amber input files for the solvent molecule are created

            4. A box of solvent is added to the solute, and counterions added

            5. Restraints are calculated for the counterions

        args: namespace or class

            Input variables to the routine - see listing under Command-Line usage for details

            Generate with a call to solvate.make_parser()

        wrapper: class
            Wrapper to run calculations of this task
        """

        # Check input args are valid
        #self.validate_args()

        # Find counterions, if set
        counterions = Atoms()
        if isinstance(self.counterions,dict):
            if self.solute in self.counterions:
                counterions = Atoms(self.counterions[self.solute])
        if isinstance(self.counterions,str):
            counterions = Atoms(self.counterions)

        # Count counterion charge
        netcharge = counterion_charge(counterions)     

        solvatedseed = self.solute+"_"+self.solvent+"_solv"

        # Prepare Solute inputs
        if not path.exists(self.solute+".prmtop"):
            print('Preparing Amber inputs for Solute')
            self.wrapper.prepare_input(self.solute,netcharge=netcharge,offset=0)
        else:
            print('Using pre-existing Amber inputs for Solute')
        print('Counterion net charge = ',netcharge)

        # Prepare Solvent inputs
        if self.solvent not in self.wrapper.known_solvents:
            if not path.exists(self.solvent+".prmtop"):
                print('Preparing Amber inputs for Solvent')
                if self.solvent == self.solute:
                    offset = 0
                else:
                    offset = 99
                self.wrapper.prepare_input(self.solvent,netcharge=0,offset=offset)
            else:
                print('Using pre-existing Amber inputs for Solvent')

        # Add solvent box and output pdb file of solvated model
        print('Preparing solvated model of solute')
        self.wrapper.add_solvent_box(self.solute,self.solvent,self.counterions,solvatedseed,self.boxsize)
        #self.wrapper.crd_to_crdnc(solvatedseed,solvatedseed)
        self.wrapper.fix_amber_pdb(solvatedseed)

        # Handle restraints, if present
        if self.restraints is not None:
            self.wrapper.add_restraint(solvatedseed,self.solute[:3],self.restraints,self.rest_r)

        # Pass common inputs into Amber module
        self.wrapper.dt = self.timestep
        self.wrapper.temp0 = self.temp
        self.wrapper.cut = self.ewaldcut
        self.wrapper.gamma_ln = self.gammaln


[docs]    def setup_lammps(self):
        """
        Handles setup of the solvated model for a LAMMPS calculation (also uses AmberTools)

        args: namespace or class
            input variables to the routine - see listing under Command-Line usage for details
        """

        from esteem.wrappers.amber import AmberWrapper
        wrapper_amber = AmberWrapper()
        orig_wrapper = self.wrapper
        self.wrapper = wrapper_amber
        self.setup_amber()
        self.wrapper = orig_wrapper

        # Convert to LAMMPS input with Intermol
        from intermol import convert
        amb_in = [f"{self.solute}_{self.solvent}_solv.prmtop",f"{self.solute}_{self.solvent}_solv.crd"]
        system, prefix, prmtop_in, crd_in, amb_structure = convert._load_amber(amb_in)

        from argparse import ArgumentParser
        parser = ArgumentParser()
        parser.add_argument('-ls', '--lammpssettings', dest='lmp_settings',
                metavar='settings', default='pair_style lj/cut/coul/long 9.0 9.0\npair_modify tail yes\nkspace_style pppm 1e-8\n\n',
                help='pair_style string to use in the output file. Default is a periodic Ewald simulation')
        intermol_args = vars(parser.parse_args(""))
        oname = f"{self.solute}_{self.solvent}_solv"
        output_status = dict()
        print(system)
        convert._save_lammps(system,oname,output_status,intermol_args)


    # Main program for Solvated MD
[docs]    def run(self):
        """
        Handles running of MD on a solvated model using an MD Wrapper (currently Amber or LAMMPS).

        There are five phases to the task:

        Setup, Heating, Density Equilibration, Equilibration and Snapshot Generation

        Constraints are turned on and off as appropriate in different phases:

        SHAKE constraints on -H during heating and density equil, no constraints on -H during equil and snapshots

        Counterions are restrained from coming too close to the solute

        args: namespace or class
            Argument list for the whole job, with members including:
        wrapper: namespace or class
            Wrapper for running components of the job, with members including:

            ``singlepoint``, ``minimise``, ``heatup``, ``densityeq``, ``equil`` and ``snapshots``

        *Outputs*:
            A trajectory file, named '{solute}_{solvent}_{md_suffix}/{solute}_{solvent}_solv.traj' which
            contains ``self.nsnaps`` geometries of the solvated box, each spaced by ``self.nsteps`` steps
            of ``self.timestep`` units of time (wrapper-dependent).

            An example for catechol in water with the default ``md_suffix``
        """
        
        from os.path import isfile

        # Load in models from pdb files
        solute = read(self.solute+".pdb")
        solvent = read(self.solvent+".pdb")

        solvatedseed = self.solute+"_"+self.solvent+"_solv"
        solvated = read(solvatedseed+'.pdb')

        calc_params = {'calc_seed':'cate','calc_suffix':'3x15_R8.0','calc_prefix':'../','target':0}
        e0_am_solu = self.wrapper.singlepoint(solute,self.solute,calc_params)
        print('\nSolute ground state energy: ',e0_am_solu)
        e0_am_solv = self.wrapper.singlepoint(solvent,self.solvent,calc_params)
        print('\nSolvent ground state energy: ',e0_am_solv)
        e0_am_solvate = self.wrapper.singlepoint(solvated,solvatedseed,calc_params)
        print('\nSolvated model contains ',len(solvated.positions),' atoms')
        print('\nSolvated model energy: ',e0_am_solvate)

        calc_params = {}

        # Minimize first? (not helpful - commented out)
        minimised = solvated.copy()
        #wrapper.minimise(solvatedseed,solvated,minimised)

        heated = minimised.copy()
        if isfile('heat.rst'):
            print('\nReading from heat.rst')
            solvated.calc.read_coordinates(heated,'heat.rst')
        else:
            print('\nHeating model to target temperature')
            self.wrapper.heatup(heated,solvatedseed,calc_params=calc_params,nsteps=self.nheat)

        densityeq = heated.copy()
        if isfile('density.rst'):
            print('\nReading from density.rst')
            solvated.calc.read_coordinates(densityeq,'density.rst')
        else:
            print('\nEquilibrating density of model')
            self.wrapper.densityequil(densityeq,solvatedseed,calc_params=calc_params,nsteps=self.ndens)

        equbd = densityeq.copy()
        if isfile('equil.rst'):
            print('\nReading from equil.rst')
            solvated.calc.read_coordinates(equbd,'equil.rst')
        else:
            print('\nEquilibrating at fixed volume')
            self.wrapper.equil(equbd,solvatedseed,calc_params=calc_params,nsteps=self.nequil)

        snap = equbd.copy()
        start = 0
        for i in range(self.nsnaps):
            if isfile(f'snap{i:04}.rst'):
                start=i
        if start>0:
            print(f'\nResuming snapshot generation from i={start}')
            solvated.calc.read_coordinates(snap,f'snap{start:04}.rst')
        else:
            print('\nGenerating snapshots')
            
        self.wrapper.snapshots(snap,solvatedseed,calc_params=calc_params,
                               nsnaps=self.nsnaps,nsteps=self.nsteps,start=start)


    def make_parser(self):

        import argparse
    
        main_help = ('Generates Solvated MD trajectory files. There are five \n'+
                     'phases to the calculation: Setup, Heating, Density \n'+
                     'Equilibration, Equilibration and Snapshot Generation \n.'+
                     'Setup: solvates the solute molecule, and sets up and parameters \n'+
                     'Heating: ramps up the temperature from zero to target \n'+
                     'Density Equilibration: variable cell optimisation with constraints to find correct density \n'+
                     'Equilibration: removal of constraints, equilibration to correct ensemble \n'+
                     'Snapshot Generation: Multiple short sequences of MD, intended to be more \n'+
                     'than any correlation time, at the end of which a snapshot is saved to a trajectory.')
        epi_help = ('Note: Writes the output trajectory in the format \n'+
                    '<solute>_<solvent>_solv.traj')
        from argparse import ArgumentParser, SUPPRESS
        parser = ArgumentParser(description=main_help,epilog=epi_help)
        parser.add_argument('--solute','-u',required=False,type=str,help='Name of solute molecule')
        parser.add_argument('--solvent','-v',required=False,type=str,help='Name of solvent molecule')
        parser.add_argument('--boxsize','-b',default=20,type=int,help='Size of simulation box for MD calculation')
        parser.add_argument('--timestep','-t',default=0.002,type=float,help='Time step of Molecular Dynamics runs')
        parser.add_argument('--temp','-T',default=300.0,type=float,help='Thermostat temperature for Molecular Dynamics runs')
        parser.add_argument('--nheat','-H',default=10000,type=int,help='Number of MD steps in Heating phase')
        parser.add_argument('--ndens','-D',default=50000,type=int,help='Number of MD steps in Density Equilibration phase')
        parser.add_argument('--nequil','-E',default=50000,type=int,help='Number of MD steps in Equilibration phase')
        parser.add_argument('--nsteps','-S',default=2000,type=int,help='Number of MD steps between each snapshot in Snapshots phase')
        parser.add_argument('--nsnaps','-N',default=200,type=int,help='Number of Snapshots to save to trajectory')
        parser.add_argument('--restraints','-R',default=None,action='append',nargs=4,type=str,help='Specifies restraint atoms')
        parser.add_argument('--rest_r','-r',default=None,nargs=6,type=float,help='Specifies parameters for restraint')
        parser.add_argument('--md_suffix','-m',default='md',nargs='?',type=str,help=SUPPRESS)
        parser.add_argument('--md_geom_prefix',default='PBE/is_opt',nargs='?',type=str,help=SUPPRESS)
        parser.add_argument('--counterions','-C',default={},type=str,help='Counterion(s) to add, eg Na')
        # Wrapper Dependent
        parser.add_argument('--ewaldcut','-c',default=12.0,type=float,help='Cutoff length for Ewald calculation (See Amber manual)')
        parser.add_argument('--gammaln','-g',default=1.0,type=float,help='Thermostat parameter: Collision frequency in ps^-1')

        return parser

    def validate_args(self):
        default_args = self.make_parser().parse_args(['--solute','a','--solvent','b'])
        for arg in vars(self):
            if arg not in default_args:
                raise Exception(f"Unrecognised argument '{arg}'")


if __name__ == '__main__':
    # Parse command line values
    from esteem.wrappers import amber
    args = make_parser().parse_args()
    print(args)
    solv = SolvateTask()
    solv.wrapper = amber.AmberWrapper()
    solv.wrapper.setup_amber()
    solv.run()


# In[ ]:








          

      

      

    

  

    
      
          
            
  Source code for esteem.tasks.spectra

#!/usr/bin/env python
# coding: utf-8

# In[1]:


"""Task that generates and plots uv/vis Spectra for solutes in solvent.
Also contains routines to calculate spectral warp parameters and RGB colours from spectra"""


# # Main Routine

# In[1]:


import numpy as np
from matplotlib import pyplot
wavelength_eV_conv=1239.84193
    
[docs]class SpectraTask:

    def __init__(self,**kwargs):
        self.wrapper = None
        self.script_settings = None        
        args = self.make_parser().parse_args("")
        for arg in vars(args):
            setattr(self,arg,None)
    #from amp import Amp

[docs]    def main(args,fig=None,ax=None,plotlabel=None,rgb=np.array((0.0,0.0,0.0))):
        """
        Main routine for plotting a spectrum. Capable of applying Gaussian broadening to a stick spectrum to
        produce a broadened spectrum, and also of applying spectral warping to shift/scale the stick spectrum.

        *Arguments*:

        args: namespace or class
            All arguments for the job - see documentation below.
        fig, ax: matplotlib objects
            Figure and axis objects for matplotlib.pyplot. Initialised anew if they have value None on entry.
        plotlabel:
            Label to add the key for this dataset.
        rgb:
            Colour of the line/points for this dataset. If set to (-1.0,-1.0,-1.0), the RGB colour will be
            calculated from the spectrum.

        *Returns*:

            broad_spectrum,spec_plot,fig,ax,all_transition_origins

        *Output*:

            Plots the spectrum to 'args.output' as a png file if requested.

        """

        from ase.calculators.onetep import Onetep;
        from ase.calculators.nwchem import NWChem;
        from esteem.wrappers import onetep
        from esteem.wrappers import nwchem
        from ase.io import Trajectory
        import os

        #validate_args(args)
        if args.inputformat.lower()=="nwchem":
            calc=NWChem(label="temp")
            wrapper=nwchem.NWChemWrapper()
            read_excitations = wrapper.read_excitations
        elif args.inputformat.lower()=="onetep":
            calc=Onetep(label="temp")
            wrapper=onetep.OnetepWrapper()
            read_excitations = wrapper.read_excitations
        #elif args.inputformat.lower()=="amp":
        #    calc = []
        #    for f in args.files:
        #        calc.append(Amp.load(f))
        #    args.files = []
        else:
            raise Exception('Unrecognised input format. The value of inputformat was: {}'.format(args.inputformat))

        all_excitations = []
        all_transition_origins = []

        if args.trajectory is not None:
            for trajfile in args.trajectory:
                traj = Trajectory(trajfile)
                for frame in traj:
                    E = []
                    i=0
                    excitations = []
                    for c in calc:
                        i = i + 1
                        frame.set_calculator(c)
                        E.append(frame.get_potential_energy())
                        if len(E)>1:
                            excitations.append(np.array((i,E[-1]-E[0],1.0)))
                    all_excitations.append(excitations)

        for f in args.files:
            if not os.path.isfile(f):
                raise OSError(f'Could not read file {f}')
            #try:
            label = f.replace(".nwo","")
            label = label.replace(".out","")
            calc.label = label
            #calc.read(label)
            read_excitations(calc)
            all_excitations.append(calc.results['excitations'])
            if args.inputformat.lower()=="nwchem":
                all_transition_origins.append(calc.results['transition_origins'])
            #calc.read(label)
            #except:
            #    print(f'Reading excitations failed for: {f}')

        stick_spectrum = np.array(all_excitations)
        wv = np.arange(args.wavelength[0],args.wavelength[1],args.wavelength[2])
        broad_spectrum = np.zeros((len(wv),3))

        for i,x in enumerate(wv):
            broad_spectrum[i,:] = np.array((x,spectral_value(x,stick_spectrum,args),wavelength_eV_conv/x))
        if args.renorm:
            if isinstance(args.renorm,float):
                broad_spectrum[:,1] = broad_spectrum[:,1] * args.renorm
            else: # renormalise so highest peak has maximum value 1
                broad_spectrum[:,1] = broad_spectrum[:,1] / np.amax(broad_spectrum[:,1])
        if (rgb == np.array((-1.0,-1.0,-1.0))).all():
            rgb = RGB_colour(stick_spectrum,args)

        # Set up and make plot
        if fig is None and ax is None:
            fig, ax = pyplot.subplots()
            ax.set_xlabel('Wavelength (nm)')
            ax.set_ylabel('Absorbtion (arb)')
            #x_ticks = np.arange(args.wavelength[0], args.wavelength[1], 25)
            #pyplot.xticks(x_ticks)
        #spec_plot = plot_sticks(stick_spectrum,rgb,fig,ax,all_transition_origins)
        spec_plot = plot_spectrum(broad_spectrum,rgb,fig,ax,plotlabel)
        if args.output is not None:
            fig.savefig(args.output)
        return broad_spectrum,spec_plot,fig,ax,all_transition_origins


    def make_parser(self):
        # Parse command line values
        main_help = ('Spectra.py: Generates optical spectra from pre-existing excited state \n'+
                     'calculation output files')
        epi_help = ('')
        from argparse import ArgumentParser
        parser = ArgumentParser(description=main_help,epilog=epi_help)
        parser.add_argument('--files','-f',nargs='*',default=[],type=str,help='List of output files from which to generate spectrum')
        parser.add_argument('--trajectory','-t',nargs='*',default=None,type=str,help='Trajectory file if using a calculator')
        parser.add_argument('--wavelength','-w',default=[200.0,800.0,1.0],nargs=3,type=float,help='List of minimum, maximum wavelength and step')
        parser.add_argument('--warp_params','-s',default=[0.0],nargs='?',type=float,help='Parameters for spectral warp - meaning differs depending on warp_scheme argument')
        parser.add_argument('--warp_scheme',default="beta",nargs='?',type=str,help='Scheme for spectral warp (beta,alphabeta or betabeta)')
        parser.add_argument('--broad','-b',default=0.05,type=float,help='Broadening for spectrum, in eV')
        parser.add_argument('--renorm','-R',default=True,type=bool,help='Renormalise spectrum so that highest peak is at 1.0')
        parser.add_argument('--inputformat','-i',default="onetep",type=str,help='Expected format of output files')
        parser.add_argument('--output','-o',default=None,type=str,help='File to write final plots to')
        parser.add_argument('--illuminant','-I',default='D65_illuminant.txt',type=str,help='Spectrum of illuminant for calculating RGB colour')
        parser.add_argument('--XYZresponse','-X',default='XYZ_response.txt',type=str,help='Response spectrum X, Y and Z functions for calculating RGB colour')

        # For use in Drivers only, for setting up spectral warping and colouring plots
        parser.add_argument('--exc_suffix','-e',default="exc",nargs='?',type=str,help='Suffix of excitation calculation directories')
        parser.add_argument('--warp_broad',default=None,nargs='?',type=float,help='Broadening to apply when calculating warp parameters')
        parser.add_argument('--warp_origin_ref_peak_range',default=None,nargs='?',type=str,help='Wavelength range in origin spectrum to be included in finding peaks for spectral warping')
        parser.add_argument('--warp_origin_prefix',default="is_tddft",nargs='?',type=str,help='Prefix where spectral warp origin output files will be found')
        parser.add_argument('--warp_dest_ref_peak_range',default=None,nargs='?',type=str,help='Wavelength range in destination spectrum to be included in finding peaks for spectral warping')
        parser.add_argument('--warp_dest_prefix',default="is_tddft",nargs='?',type=str,help='Prefix where spectral warp destination output files will be found')
        parser.add_argument('--warp_inputformat',default="nwchem",nargs='?',type=str,help='Expected format of output files for calculating spectral warp parameters')
        parser.add_argument('--warp_files',default="tddft.nwo",nargs='?',type=str,help='Files for calculating spectral warp parameters')
        parser.add_argument('--line_colours',default=None,nargs='?',type=str,help='Line colours for final plot')
        parser.add_argument('--merge_solutes',default={},type=dict,help='Dictionary of solutes that should be merged into each key')

        return parser

    def validate_args(args):
        default_args = make_parser().parse_args("")
        for arg in vars(args):
            if arg not in default_args:
                raise Exception(f"Unrecognised argument '{arg}'")


# # Helper Routines

# In[ ]:



[docs]    def find_spectral_warp_params(args,dest_spectrum,origin_spectrum,arrow1_pos,arrow2_pos):
        """
        Finds spectral warping parameters via a range of schemes. See spectra documentation page
        for more detail.

        *Arguments*

        dest_spectrum: numpy array of floats
            Contains the spectral warp 'destination' spectrum (usually a high level of theory that can only be afforded for the solute molecule)
        origin_spectrum: numpy array of floats
            Contains the spectral warp 'origin' spectrum (usually a cheap level of theory, same as in the Clusters job)
        args.warp_scheme: str
            The scheme used for the warping. Allowed values: 'beta', 'alphabeta', 'betabeta'
        args.warp_origin_ref_peak_range: list of 2 floats
            Peak range searched when looking for 'reference' peaks in the origin spectrum for spectral warping.
        args.warp_dest_ref_peak_range: list of 2 floats
            Peak range searched when looking for 'reference' peaks in the destination spectrum for spectral warping.
        args.broad:
            Energy gaussian broadening applied to the stick spectra, useful to merge peaks that you want to treat
            as one peak in spectral warping.

        *Returns*

            [beta], [alpha, beta], [beta1, beta2, omega1o, omega2o]: floats describing spectral warp parameters

            Also sets arrow1_pos, arrow2_pos for use in spectral warp plots.
        """

        if args.warp_scheme == None:
            return

        hc = wavelength_eV_conv

        # Mask anything outside the allowed range
        dest_spectrum_masked = mask_spectrum(dest_spectrum,
            args.warp_dest_ref_peak_range[0],args.warp_dest_ref_peak_range[1])
        origin_spectrum_masked = mask_spectrum(origin_spectrum,
            args.warp_origin_ref_peak_range[0],args.warp_origin_ref_peak_range[1])

        # Find maximum value of remaining spectra
        dest_maxloc = np.argmax(dest_spectrum_masked[:,1])
        dest_lambdamax = dest_spectrum[dest_maxloc,0]
        origin_maxloc = np.argmax(origin_spectrum_masked[:,1])
        origin_lambdamax = origin_spectrum[origin_maxloc,0]

        # Set up position of (first) arrow on plot
        arrow1_pos[0] = origin_lambdamax
        arrow1_pos[1] = origin_spectrum[origin_maxloc,1]
        arrow1_pos[2] = dest_lambdamax - origin_lambdamax
        arrow1_pos[3] = 0

        # Convert to energy
        omega1d = hc / dest_lambdamax
        omega1o = hc / origin_lambdamax
        print(f'lambda(max) of origin spectrum = {origin_lambdamax}')
        print(f'lambda(max) of dest   spectrum = {dest_lambdamax}')

        # Set acceptable ranges of result
        betamin = -1.50
        betamax = 2.4
        alphamin = 0.3
        alphamax = 1.8

        if args.warp_scheme == 'beta':

            beta = omega1d - omega1o

            # Report and check results
            print(f'Spectral warp beta param from origin to dest = {beta} eV')

            if beta<betamin or beta>betamax:
                raise Exception(f'beta parameter {beta} out of allowed range ({betamin} to {betamax}). Stopping.')

            return [beta]

        # Get spectrum masked again
        dest_spectrum_tmp = mask_spectrum(dest_spectrum,
            args.warp_dest_ref_peak_range[0],args.warp_dest_ref_peak_range[1])
        origin_spectrum_tmp = mask_spectrum(origin_spectrum,
            args.warp_origin_ref_peak_range[0],args.warp_origin_ref_peak_range[1])

        # Mask section +- 4*broad from omega1d of dest spectrum
        lower = hc / (omega1d+4*args.broad)
        upper = hc / (omega1d-4*args.broad)
        dest_spectrum_masked = mask_spectrum(dest_spectrum_tmp,lower,upper,swap=True)

        # Mask section +- 4*broad from omega1o of origin spectrum
        lower = hc / (omega1o+4*args.broad)
        upper = hc / (omega1o-4*args.broad)
        origin_spectrum_masked = mask_spectrum(origin_spectrum_tmp,lower,upper,swap=True)

        # Find maximum value of remaining spectra
        dest_maxloc = np.argmax(dest_spectrum_masked[:,1])
        dest_lambdamax = dest_spectrum[dest_maxloc,0]
        origin_maxloc = np.argmax(origin_spectrum_masked[:,1])
        origin_lambdamax = origin_spectrum[origin_maxloc,0]

        # Set up position of second arrow on plot
        arrow2_pos[0] = origin_lambdamax
        arrow2_pos[1] = origin_spectrum[origin_maxloc,1]
        arrow2_pos[2] = dest_lambdamax - origin_lambdamax
        arrow2_pos[3] = 0
        omega2d = hc / dest_lambdamax
        omega2o = hc / origin_lambdamax
        print(f'second peak lambda(max) of origin spectrum = {origin_lambdamax}')
        print(f'second peak lambda(max) of dest   spectrum = {dest_lambdamax}')

        if args.warp_scheme == 'avgebeta':

            beta = ((omega1d - omega1o) + (omega2d - omega2o))*0.5
            print(f'Spectral warp beta param from origin to dest = {beta} eV')

            if beta<betamin or beta>betamax:
                raise Exception(f'beta parameter {beta} out of allowed range ({betamin} to {betamax}). Stopping.')

            return [beta]

        if args.warp_scheme == 'alphabeta':

            alpha = (omega1d - omega2d) / (omega1o - omega2o)
            beta = omega2d - alpha*omega2o
            print(f'Spectral warp alpha, beta params from origin to dest = {alpha} {beta} eV')

            if beta<betamin or beta>betamax:
                raise Exception(f'beta parameter {beta} out of allowed range ({betamin} to {betamax}). Stopping.')
            if alpha<alphamin or alpha>alphamax:
                raise Exception(f'alpha parameter {alpha} out of allowed range ({alphamin} to {alphamax}). Stopping.')

            return [alpha, beta]

        if args.warp_scheme == 'betabeta':

            beta1 = omega1d - omega1o
            beta2 = omega2d - omega2o

            # Ensure omega1o < omega2o, swap if not.
            if (omega1o > omega2o):
                tmp = omega2o; omega2o = omega1o; omega1o = tmp
                tmp = beta2; beta2 = beta1; beta1 = tmp

            print(f'Spectral warp beta1, beta2, omega1, omega2 params from origin to dest = {beta1} {beta2} {omega1o} {omega2o} eV')

            if beta1<betamin or beta1>betamax:
                raise Exception(f'beta1 parameter {beta1} out of allowed range ({betamin} to {betamax}). Stopping.')
            if beta2<betamin or beta2>betamax:
                raise Exception(f'beta2 parameter {beta2} out of allowed range ({betamin} to {betamax}). Stopping.')

            return [beta1, beta2, omega1o, omega2o]

        raise Exception(f'Unrecognised warp scheme: {args.warp_scheme}')



def spectral_warp(exc,args):
    exc_w = exc
    if args.warp_scheme == 'beta' or args.warp_scheme == 'avgebeta':
        exc_w = exc + args.warp_params[0]
    if args.warp_scheme == 'alphabeta':
        exc_w = exc*args.warp_params[0] + args.warp_params[1]
    if args.warp_scheme == 'betabeta':
        beta1, beta2, omega1, omega2 = args.warp_params
        if (exc<omega1):
            beta = beta1
        elif (exc>omega2):
            beta = beta2
        elif (abs(exc-omega2)<abs(exc-omega1)):
            beta = beta2
        else:
            beta = beta1
        exc_w = exc + beta
    return exc_w


def mask_spectrum(spectrum,lower,upper,swap=False):
    spectrum_masked = spectrum.copy()
    mask = (spectrum_masked[:,0]>lower)&(spectrum_masked[:,0]<upper)
    if swap:
        mask = np.logical_not(mask)
    spectrum_masked[:,1] = spectrum_masked[:,1]*mask
    return spectrum_masked

def spectral_value(wavelength,spectrum,args):
    wav_in_eV=wavelength_eV_conv/wavelength
    abs_value=0.0
    p = 1/(args.broad*np.sqrt(2*np.pi))
    for snap in spectrum:
        for exc in snap:
            abs_value=abs_value+p*exc[2]*np.exp(-0.5 * 
                      ((wav_in_eV-spectral_warp(exc[1],args))/args.broad)**2)
    return abs_value

def total_source_val(wavelength,intensity,spectrum,args):
    spectral_contribution=spectral_value(wavelength,spectrum,args)
    path_length=10
    exponential_term=np.exp(-spectral_contribution*path_length)
    source_val=exponential_term*intensity

    return source_val

[docs]def RGB_colour(spectrum,args):
    """
    Finds the RGB colour corresponding to a given absorption spectrum and illumination.

    spectrum: numpy array
        Spectrum for which to find the colour
    args: namespace or class
        Full set of arguments for the spectra task. Relevant to this routine are:

        ``args.XYZresponse`` and ``args.illuminant`` which supply the Color Space XYZ response
        spectra and the illuminant spectrum, respectively.

        These must be on the same wavelength scale as the spectrum.
    """

    xyz_funcs=np.genfromtxt(args.XYZresponse)
    illu=np.genfromtxt(args.illuminant)
    x_int=0.0
    y_int=0.0
    z_int=0.0
    step_length=(illu[1,0]-illu[0,0])
    h=step_length/2.0
    counter = 0

    # Numerical integration in a totally unpythonic way (to be fixed - must be a SciPy routine for this)
    for x in illu:
        wavelength=x[0]
        temp_val=total_source_val(wavelength,x[1],spectrum,args)
        if counter==0:
            x_int = x_int+temp_val*xyz_funcs[counter,1]
            y_int = y_int+temp_val*xyz_funcs[counter,2]
            z_int = z_int+temp_val*xyz_funcs[counter,3]
        else:
            x_int = x_int+2.0*temp_val*xyz_funcs[counter,1]
            y_int = y_int+2.0*temp_val*xyz_funcs[counter,2]
            z_int = z_int+2.0*temp_val*xyz_funcs[counter,3]
        counter=counter+1

    counter=counter-1
    wavelength=illu[counter,0]
    temp_val=total_source_val(wavelength,illu[counter,1],spectrum,args)
    x_int = (x_int-1.0*temp_val*xyz_funcs[counter,1])*h
    y_int = (y_int-1.0*temp_val*xyz_funcs[counter,2])*h
    z_int = (z_int-1.0*temp_val*xyz_funcs[counter,3])*h

    # Conversion (linear transformation) from Color Space X, Y, Z values to R, G, B
    r_int=0.41847*x_int-0.15866*y_int-0.082835*z_int
    g_int=-0.091169*x_int+0.25243*y_int+0.015708*z_int
    b_int=0.00092090*x_int-0.0025498*y_int+0.17860*z_int

    # Black magic (need to check ref for why 384.0)
    normalisation=384.0/(r_int+g_int+b_int)
    if normalisation*r_int>255.0:
        normalisation=255.0/r_int
    if normalisation*g_int>255.0:
        normalisation=255.0/g_int
    if normalisation*b_int>255.0:
        normalisation=255.0/b_int

    rgb = np.array((r_int,g_int,b_int))*normalisation

    print('R value:')
    print(rgb[0])
    print('G value:')
    print(rgb[1])
    print('B value:')
    print(rgb[2])

    return rgb


def plot_spectrum(broad_spectrum,rgb,fig,ax,label):

    # Plot data
    spec = ax.plot(broad_spectrum[:,0], broad_spectrum[:,1], 'r-',label=label)
    pyplot.setp(spec,color=rgb*(1.0/256.0))
    if label is not None:
        ax.legend()
    return spec

def plot_sticks(stick_spectrum,rgb,fig,ax,labels):

    # Plot data
    print(stick_spectrum[:,0])
    print(stick_spectrum[:,1])
    #spec = ax.stem(stick_spectrum[:,0], stick_spectrum[:,1])
    spec = ax.stem([0,1,2],[12,51,1])
    pyplot.setp(spec,color=rgb*(1.0/256.0))
    return spec


# # Define input parser

# In[ ]:





# # Command-line driver

# In[ ]:



if __name__ == '__main__':
    parser = make_parser()
    args = parser.parse_args()
    print('#',args)
    main(args)





          

      

      

    

  

    
      
          
            
  Source code for esteem.wrappers.amber

#!/usr/bin/env python
# coding: utf-8

# In[ ]:


"""Defines the AmberWrapper Class"""

import subprocess
from os import path, makedirs
from shutil import copyfile, which
from ase import Atoms
from ase.calculators.amber import Amber
from ase.io import read, write
import numpy as np
from ase.io.trajectory import Trajectory


# See http://ambermd.org/tutorials/basic/tutorial1/section3.htm 
# and http://ambermd.org/tutorials/advanced/tutorial3/section1.htm for details

# NB: Hack to amber.py required here to fix reading of trajectories
# (issue with dimensions of coordinates and cell_lengths)


# From J. Chem. Phys. 148, 024110 (2018)
# The dyes are placed in large solvent boxes (see Table I for
# the number of atoms in the MD box for each system) and a
# two-step equilibration is carried out. First, a 20 ps temperature
# equilibration in the NVT ensemble is performed to raise the
# temperature of the system from 0 K to 300 K. This is followed
# by a 400 ps volume equilibration in the NPT ensemble. Since
# we are interested in generating uncorrelated snapshots rather
# than accurate short time scale dynamics, we run all produc-
# tion calculations in the NVT ensemble to guarantee a constant
# temperature. For the production trajectory of 8 ns in length,
# solute-solvent snapshots are extracted every 4 ps, producing a
# total of 2000 uncorrelated snapshots. All MD calculations are
# performed using a 2 fs time-step and a Langevin thermostat
# with a collision frequency of 1 ps^-1



[docs]class AmberWrapper():
    
    """Sets up the AMBER Calculator (via ASE) for Molecular Dynamics runs"""
    
    def __init__(self,nprocs=None):
        """Sets up instance attributes for AmberWrapper """

        # common Amber parameters
        self.known_solvents = []
        self.counterions_lines = ""
        self.cut = 12.0     # 12Ang cutoff for Ewald
        self.temp0 = 300.0  # 300 K
        self.ntt = 3        # Langevin thermostat
        self.gamma_ln = 1   # Collision frequency 1ps^-1
        self.dt = 0.002     # 2 fs timestep
        self.restraint_str = '' # Line to add to Sander inputs for restraints
        self.ntb = 0        # Periodic box
        self.ntp = 0        # Periodic box
        self.ntpr = 100     # Output frequency
        self.qmmm = False

        self.amber_exe_serial = 'sander -O '
        if which('sander.MPI'):
            nprocs_str = ''
            if nprocs is not None:
                nprocs_str = f'-n {nprocs}'
            self.amber_exe_parallel = f'mpirun {nprocs_str} sander.MPI -O '
        else:
            self.amber_exe_parallel = self.amber_exe_serial

[docs]    def prepare_input(self,seed,netcharge=0,offset=0):
        """Prepares input parameters and topologies for Amber calculations"""

        # Load molecular structure from .xyz file
        mol = read(f'{seed}.xyz')

        # Convert to pdb format
        write(f'{seed}.pdb',mol)

        # Make directory for antechamber outputs
        out_path = f'{seed}_antechamber'
        if not path.exists(out_path):
            makedirs(out_path)

        # run antechamber
        antechamber_command = (f"antechamber -i {seed}.pdb -fi pdb " +
                                           f"-o {seed}.mol2 -fo mol2 " +
                                           f"-rn {seed[:3]} -c bcc -du y " +
                                           f"-s 2 -nc {netcharge} > {seed}.ac_out")
        print(antechamber_command)
        errorcode = subprocess.call(antechamber_command, shell=True)
        if errorcode:
            raise RuntimeError('{} returned an error: {}'
                                .format('antechamber', errorcode))

        # Edit the resulting mol2 file to enforce charge conservation
        # and optionally shift atom names
        self.fix_mol2(seed,netcharge,offset)

        # save sqm outputs with seednames for later checking
        sqm_cleanup_command = (f"mv sqm.out {seed}_sqm.out;" +
                               f"mv sqm.in {seed}_sqm.in;" +
                               f"mv sqm.pdb {seed}_sqm.pdb;" +
                               f"mv ANTECHAMBER* ATOMTYPE.INF {out_path}") 
        errorcode = subprocess.call(sqm_cleanup_command, shell=True)
        if errorcode:
            raise RuntimeError('{} returned an error: {}'
                                .format('mv of sqm files', errorcode))

        # run parmchk to produce frcmod file
        parmchk_exe = "parmchk"
        if which("parmchk2"):
            parmchk_exe = "parmchk2"
        parmchk_command = f"{parmchk_exe} -i {seed}.mol2 -f mol2 -o {seed}.frcmod"
        errorcode = subprocess.call(parmchk_command, shell=True)
        if errorcode:
            raise RuntimeError('{} returned an error: {}'
                                .format('parmchk', errorcode))

        # run tleap to set up prmtop
        f = open(f'{seed}_tleap.in', 'w')
        tleap_str =  ("source leaprc.protein.ff14SB\n" +
                      "source leaprc.gaff\n" +
                      f"mol = loadmol2 {seed}.mol2\n" +
                      f"saveamberparm mol {seed}.prmtop {seed}.inpcrd\n" +
                      "quit\n")
        f.write(tleap_str)
        f.close()
        tleap_command = f"tleap -f {seed}_tleap.in > {seed}_tleap.out"
        errorcode = subprocess.call(tleap_command, shell=True)
        if errorcode:
            raise RuntimeError('{} returned an error: {}'
                                .format('tleap', errorcode))


    # Fix inaccurate total charge on mol2 files, and optionally offset atom labels
    def fix_mol2(self,seed,charge,offset):
        infile = f"{seed}.mol2_orig"
        outfile = f"{seed}.mol2"
        copyfile(outfile,infile)
        try:
            f_in = open(infile, 'r')
        except IOError:
            raise ReadError(f'Could not open mol2 file {infile}')
        try:
            f_out = open(outfile, 'w')
        except IOError:
            raise ReadError(f'Could not open mol2 file {outfile}')

        line = next(f_in)
        while line:
            if "@<TRIPOS>MOLECULE" in line:
                f_out.write(line)
                try:
                    line = next(f_in)
                except:
                    line = False
                f_out.write(line)
                try:
                    line = next(f_in)
                except:
                    line = False
                nat = int(line.split()[0])
            if "@<TRIPOS>ATOM" in line:
                f_out.write(line)
                lines = [next(f_in) for x in range(nat)]
                charges = [float(line.split()[-1]) for line in lines]
                lines = [line.split() for line in lines]
                # Calculate and apply charge correction:
                dc = (charge-sum(charges))/float(nat)
                charges = [c+dc for c in charges]
                for i in range(nat):
                    l = lines[i]
                    # add offset to atom numbers
                    num = ''.join(filter(lambda i: i.isdigit(), l[1]))
                    sym = ''.join(filter(lambda i: not i.isdigit(), l[1]))
                    try:
                        num = int(num)
                    except:
                        num = 0
                    if num+offset>0:
                        l[1] = sym + str(num+offset)
                    else:
                        l[1] = sym
                    l[-1] = charges[i]
                    # reproduce formatting of .mol2 file:
                    f_out.write('%7s %-8s %10.4f %10.4f %10.4f %-8s %3d %-8s %9.6f\n' 
                                % tuple([l[0],l[1],float(l[2]),float(l[3]),
                                        float(l[4]),l[5],int(l[6]),l[7],
                                        float(l[8])]))
                try:
                    line = next(f_in)
                except:
                    line = False

            f_out.write(line)
            try:
                line = next(f_in)
            except:
                line = False

    def ion_chg(self,atsym):
        if atsym in ['H','Na','Li','K','Rb','Cs']:
            chg = '+'
        if atsym in ['Be','Mg','Ca','Sr','Ba']:
            chg = '2+'
        if atsym in ['F','Cl','Br','I']:
            chg = '-'
        return chg

    def find_solu_center_at(self,solute):
        try:
            at = read(f"{solute}.xyz")
        except:
            raise Exception(f"Failed to read xyz file {solute}.xyz")
        com=at.get_center_of_mass()
        dpos=at.positions-com
        iat = np.argmin(np.sqrt((dpos*dpos).sum(axis=1)))
        sym = at[iat].symbol

        try:
            with open(f"{solute}.mol2") as f:
                for line in f:
                    if line.startswith("@<TRIPOS>ATOM"):
                        for i in range(iat+1):
                            sym2 = f.readline().split()[1]
        except:
            raise Exception(f"Failed to read mol2 file {solute}.mol2")
        if sym2[0] == sym[0]:
            return sym2
        else:
            raise Exception("Symbols did not match when finding center atom")

[docs]    def add_solvent_box(self,solute,solvent,counterions,solvatedseed,box_size):
        """Loads an Amber mol2 file for a solute and solvent, and creates a solvated box"""

        if solute in counterions:
            sym = Atoms(counterions[solute]).get_chemical_symbols()
            for at in set(sym):
                self.counterions_lines = self.counterions_lines + f"addIonsRand solute {at}{self.ion_chg(at)} {sym.count(at)}\n"
            print('Counterions lines: \n'+self.counterions_lines)

        # run tleap to make solvent box
        f = open('tleap_solvate.in', 'w')
        tleap_str = ("source leaprc.protein.ff14SB\n" +
                     "source leaprc.gaff\n" +
                     "source leaprc.water.tip3p\n"
                     "solute = loadmol2 "+solute+".mol2\n" +
                     "solvent = loadmol2 "+solvent+".mol2\n" +
                     "check solvent\n" +
                     "check solute\n" +
                     "loadamberparams "+solute+".frcmod\n" +
                     "loadamberparams "+solvent+".frcmod\n" +
                     "check solvent\n" +
                     "check solute\n" +
                     "charge solute\n" +
                     "solvatebox solute solvent "+str(box_size)+"\n" +
                     self.counterions_lines +
                     "saveamberparm solute "+solvatedseed+".prmtop "+solvatedseed+".crd\n" +
                     "savepdb solute "+solvatedseed+".pdb\n" +
                     "quit\n")
        f.write(tleap_str)
        f.close()
        tleap_command = "tleap -f tleap_solvate.in > tleap_solvate.out"
        errorcode = subprocess.call(tleap_command, shell=True)
        if errorcode:
            raise RuntimeError('{} returned an error: {}'
                                .format('tleap', errorcode))

        # no restraints unless we set one now
        self.restraint_str = ''

        # Find atom closest to solute center of mass
        solu_centre_at = self.find_solu_center_at(solute)

        # Add restraints to ensure ion is not within 15A of solute
        if solute in counterions:
            rest_atoms = []
            for i,at in enumerate(Atoms(counterions[solute])):
                symchg = at.symbol + self.ion_chg(at.symbol)
                solu_unit = solute[0:3]
                rest_at = [1,solu_unit,solu_centre_at,i+2,symchg,symchg] # i+2 since solute is unit 1, ions afterwards
                rest_atoms.append(rest_at)
            rest_r = [20,20,15,50,13,52]
            print('Distance Restraints: ',rest_atoms,rest_r)
            self.add_dist_restraint(solvatedseed,rest_atoms,rest_r)


    def make_frame_prmtop(self,frameseed,frame,solute,solvent,nat_solu,nat_solv,nmol_solv):

        write(frameseed+".pdb",frame)
        if solute==solvent:
            offset = 0
        else:
            offset = 99
        self.label_pdb_units(frameseed+".pdb",solute,solvent,nat_solu,nat_solv,nmol_solv,solv_offset=offset)
        # run tleap to make prmtop for the frame
        f = open('tleap_frame.in', 'w')
        solu_unit = solute[0:3]
        solv_unit = solvent[0:3]
        # "source leaprc.protein.ff14SB\n" + # NOT REQUIRED
        tleap_str = ("source leaprc.gaff\n" +
                     solu_unit+" = loadmol2 "+solute+".mol2\n" +
                     solv_unit+" = loadmol2 "+solvent+".mol2\n" +
                     "check "+solu_unit+"\n" +
                     "check "+solv_unit+"\n" +
                     "loadamberparams "+solute+".frcmod\n" +
                     "loadamberparams "+solvent+".frcmod\n" +
                     "check "+solu_unit+"\n" +
                     "check "+solv_unit+"\n" +
                     "frame = loadpdb "+frameseed+".pdb\n" +
                     "check frame\n" +
                     "saveamberparm frame "+frameseed+".prmtop "+frameseed+".crd\n" +
                     "quit\n")
        f.write(tleap_str)
        f.close()
        tleap_command = "tleap -f tleap_frame.in > tleap_frame.out"
        errorcode = subprocess.call(tleap_command, shell=True)
        if errorcode:
            raise RuntimeError('{} returned an error: {}'
                                .format('tleap', errorcode))

    # Reads in one unit from a pdb file and re-exports it with
    # edited unit numbers/names/offsets etc
    def fix_pdb_unit(self,f_in,f_out,unit,nat,unitname,atomnum_offset):
        format = ('%-6s%5d %4s %3s%6d    %8.3f%8.3f%8.3f%6.2f%6.2f'
                  '          %-2s  \n')
        lines = [next(f_in) for x in range(nat)]
        lines = [line.split() for line in lines]
        atomnum = {}
        for i in range(nat):
            l = lines[i]
            spec = l[2]
            l[3] = unitname[:3]
            if spec not in atomnum:
                atomnum[spec] = -1
            atomnum[spec] = atomnum[spec] + 1
            j = atomnum[spec] + atomnum_offset
            if j>0:
                l[2] = spec + str(j)
            else:
                l[2] = spec
            l[4] = unit
            # reproduce formatting of .pdb file:
            f_out.write(format % tuple([l[0],int(l[1]),l[2],l[3],int(l[4]),
                                float(l[5]),float(l[6]),float(l[7]),float(l[8]),
                                float(l[9]),l[10]]))

    def label_pdb_units(self,pdbfile,solute,solvent,nat_solu,nat_solv,nmol_solv,solv_offset):

        infile = pdbfile+"_orig"
        outfile = pdbfile
        copyfile(outfile,infile)
        try:
            f_in = open(infile, 'r')
        except IOError:
            raise ReadError('Could not open pdb file "%s"' % infile)
        try:
            f_out = open(outfile, 'w')
        except IOError:
            raise ReadError('Could not open pdb file "%s"' % outfile)

        line = next(f_in)
        f_out.write(line)
        #line = next(f_in)
        #f_out.write(line)
        format = ('%6s%5d %4s %3s%6d    %8.3f%8.3f%8.3f%6.2f%6.2f'
                  '          %2s  \n')

        unit = 1
        self.fix_pdb_unit(f_in,f_out,unit,nat_solu,solute,0)
        f_out.write("TER\n")
        for unit in range(2,nmol_solv+2):
            self.fix_pdb_unit(f_in,f_out,unit,nat_solv,solvent,solv_offset)
            f_out.write("TER\n")
        f_out.write("END\n")

    def add_dist_restraint(self,solvatedseed,rest_atoms,rest_r):

        # unpack restraint parameter list
        rk2,rk3,r1,r2,r3,r4 = rest_r

        # write map file
        restmap_file = solvatedseed+'_rest.map'
        f = open(restmap_file, 'w')
        restmap_str = ''
        mappings_needed = {}
        for i in range(len(rest_atoms)):
            i1,res1,at1,i2,res2,at2 = rest_atoms[i]
            if res1 not in mappings_needed:
                mappings_needed[res1] = [at1]
            else:
                if at1 not in mappings_needed[res1]:
                    mappings_needed[res1].append(at1)
            if res2 not in mappings_needed:
                mappings_needed[res2] = [at2]
            else:
                if at2 not in mappings_needed[res2]:
                    mappings_needed[res2].append(at2)
        for res in mappings_needed:
            restmap_str = restmap_str + f'RESIDUE {res}\n'
            for at in mappings_needed[res]:
                restmap_str = restmap_str + f'MAPPING {at} = {at}\n'
        f.write(restmap_str)
        f.close()

        # write seed_rest.dist file
        restdist_file = solvatedseed+'_rest.dist'
        f = open(restdist_file, 'w')
        restdist_str = ''
        for i in range(len(rest_atoms)):
            i1,res1,at1,i2,res2,at2 = rest_atoms[i]
            restdist_str = restdist_str + f'{i1} {res1} {at1} {i2} {res2} {at2} {r2} {r3}\n'
        f.write(restdist_str)
        f.close()
        RST_file = solvatedseed+".RST"
        makeDIST_command = f"makeDIST_RST -pdb {solvatedseed}.pdb -ual {restdist_file} -map {restmap_file} -rst {RST_file}"
        self.restraint_str = "DISANG="+RST_file+"\n"
        errorcode = subprocess.call(makeDIST_command, shell=True)
        if errorcode:
            raise RuntimeError('{} returned an error: {}'
                                .format('makeDIST_RST', errorcode))
        #fix_RST_rk(RST_file,rk2,rk3,r1,r2,r3,r4)

    def add_tors_restraint(self,solvatedseed,unit_name,torsion_atoms,rest_r):
        # unpack restraint parameter list
        rk2,rk3,r1,r2,r3,r4 = rest_r
        # write torsion.lib file
        torslib_file = solvatedseed+'_torsion.lib'
        f = open(torslib_file, 'w')
        torslib_str = ''
        for i in range(len(torsion_atoms)):
            torslib_str = (torslib_str + unit_name+" PH"+str(i) + 
                          ' '+' '.join(torsion_atoms[i])+" \n")
        f.write(torslib_str)
        f.close()
        torsdist_file = solvatedseed+'_torsion.dist'
        f = open(torsdist_file, 'w')
        torsdist_str = ''
        for i in range(len(torsion_atoms)):
            torsdist_str = (torsdist_str + "1 "+unit_name+" PH"+str(i) + 
                                           " "+str(r2)+" "+str(r3)+"\n")
        f.write(torsdist_str)
        f.close()

        RST_file = solvatedseed+".RST"
        makeANG_command = ("makeANG_RST -pdb " + solvatedseed + ".pdb " +
                           "-con " + torsdist_file + " -lib " + torslib_file + 
                           " > "+ RST_file)
        self.restraint_str = "DISANG="+RST_file+"\n"
        errorcode = subprocess.call(makeANG_command, shell=True)
        if errorcode:
            raise RuntimeError('{} returned an error: {}'
                                .format('makeANG_RST', errorcode))
        fix_RST_rk(RST_file,rk2,rk3,r1,r2,r3,r4)

    def fix_RST_rk(self,RST_file,rk2,rk3,r1,r2,r3,r4):
        outfile = RST_file
        infile = RST_file+"_orig"
        copyfile(outfile,infile)
        try:
            f_in = open(infile, 'r')
        except IOError:
            raise ReadError('Could not open RST file "%s"' % infile)
        try:
            f_out = open(outfile, 'w')
        except IOError:
            raise ReadError('Could not open RST file "%s"' % outfile)

        for line in f_in:
            fields = line.strip().split()
            written = False
            if len(fields)==7:
                if fields[0]=='rk2':
                    # reproduce formatting of .RST file:
                    f_out.write('	  rk2 =  %4.1f, rk3 =   %4.1f,				/\n' 
                                % (rk2,rk3))
                    written = True
            if len(fields)==12:
                if fields[0]=='r1':
                    # reproduce formatting of .RST file:
                    f_out.write('          r1 = %5.1f, r2 = %5.1f, r3 =  %5.1f, r4 =  %5.1f,\n'
                                % (r1,r2,r3,r4))
                    written = True
            if not written:
                f_out.write(line)


    def fix_RST_rk(self,RST_file,rk2,rk3,r1,r2,r3,r4):
        outfile = RST_file
        infile = RST_file+"_orig"
        copyfile(outfile,infile)
        try:
            f_in = open(infile, 'r')
        except IOError:
            raise ReadError('Could not open RST file "%s"' % infile)
        try:
            f_out = open(outfile, 'w')
        except IOError:
            raise ReadError('Could not open RST file "%s"' % outfile)

        for line in f_in:
            fields = line.strip().split()
            written = False
            if len(fields)==7:
                if fields[0]=='rk2':
                    # reproduce formatting of .RST file:
                    f_out.write('	  rk2 =  %4.1f, rk3 =   %4.1f,				/\n' 
                                % (rk2,rk3))
                    written = True
            if len(fields)==12:
                if fields[0]=='r1':
                    # reproduce formatting of .RST file:
                    f_out.write('          r1 = %5.1f, r2 = %5.1f, r3 =  %5.1f, r4 =  %5.1f,\n'
                                % (r1,r2,r3,r4))
                    written = True
            if not written:
                f_out.write(line)

    def crd_to_crdnc(self,seed,crdfile):
        f = open('ptraj.in', 'w')
        ptraj_str = ("trajin "+crdfile+".crd\n" +
                     "trajout "+crdfile+".crd.nc\n" +
                     "go\n")
        f.write(ptraj_str)
        f.close()
        cpptraj_command = "cpptraj "+seed+".prmtop ptraj.in > "+seed+".ptrajout"
        errorcode = subprocess.call(cpptraj_command, shell=True)
        if errorcode:
            raise RuntimeError('{} returned an error: {}'
                                .format('cpptraj', errorcode))

[docs]    def reimage(self,seed,infile,outfile):
        """Runs the cpptraj program with a simple script to center the frame
           on residue 1 (the solute) and translate molecules back into the home cell"""
        f = open('ptraj.in', 'w')
        ptraj_str = (f"trajin {infile}\n" +
                     f"trajout {outfile}\n" +
                     f"center :1-1\n" +
                     f"image familiar\n" +
                     f"go\n")
        f.write(ptraj_str)
        f.close()

        cpptraj_command = f"cpptraj {seed}.prmtop ptraj.in > {seed}.ptraj_reimage.out"
        errorcode = subprocess.call(cpptraj_command, shell=True)
        if errorcode:
            raise RuntimeError('{} returned an error: {}'
                                .format('cpptraj', errorcode))


[docs]    def dipole(self,seed,crdfile):
        """Runs the cpptraj program with a simple script to get the dipole
        moment from the final trajectory"""
        f = open('ptraj.in', 'w')
        if False: # just first molecule
            ptraj_str = (f"trajin {crdfile}\n" +
                         f"vector v1 :1-1 dipole out {seed}.dipole\n" +
                         "go\n")
        else: # everything
            ptraj_str = (f"trajin {crdfile}\n" +
                         f"vector v1 dipole out {seed}.dipole\n" +
                         "go\n")
        f.write(ptraj_str)
        f.close()

        cpptraj_command = f"cpptraj {seed}.prmtop ptraj.in > {seed}.ptraj_dipole.out"
        errorcode = subprocess.call(cpptraj_command, shell=True)
        if errorcode:
            raise RuntimeError('{} returned an error: {}'
                                .format('cpptraj', errorcode))
        dip = np.loadtxt(f'{seed}.dipole')[1:4]
        return dip


[docs]    def fix_amber_pdb(self,seed):
        """An awk-based hack to fix AMBER pdb files to make them work with ASE"""

        # Amber does not write atom symbols in columns 77-78 of its pdb files, fix this
        awkstr = ('awk \'/ATOM/ {a=$3;gsub(/[0-9]/,"",a); print $0,"        ",a; next};'+
             '{print}\' '+seed+'.pdb  > '+seed+'2.pdb; mv '+seed+'2.pdb '+seed+'.pdb')

        errorcode = subprocess.call(awkstr, shell=True)
        if errorcode:
            raise RuntimeError('{} returned an error: {}'
                                .format('awk', errorcode))


    # Set up Amber calculator
[docs]    def singlepoint(self,model,seed,calc_params={},forces=False,solvent=None,
                    readonly=False,continuation=False):
        """Runs a singlepoint calculation with the Amber ASE calculator"""
        f = open(seed+'.in', 'w')
        mmin_str =  f'''
zero step md to get energy and force
&cntrl
imin=0, nstlim=0,  ntx=1 !0 step md
cut={self.cut}, ntb={self.ntb},          !non-periodic
ntpr=1,ntwf=1,ntwe=1,ntwx=1 ! (output frequencies)
&end
'''
        f.write(mmin_str)
        f.close()

        calc_am = Amber(amber_exe=self.amber_exe_serial,
                     infile=seed+'.in',
                     outfile=seed+'.out',
                     topologyfile=seed+'.prmtop',
                     incoordfile=seed+'.crd')
        calc_am.write_coordinates(model,f'{seed}.crd')
        model.set_calculator(calc_am)

        if forces:
            e = model.get_potential_energy()
            f = model.get_forces()        
            calc_am.results['dipole'] = self.dipole(seed,calc_am.incoordfile)
            print(calc_am.results['dipole'])
            return e,f,calc_am
        else:
            return model.get_potential_energy()


[docs]    def geom_opt(self,model,seed,calc_params={},solvent=None):
        """Runs a geometry optimisation calculation with the Amber ASE calculator"""
        minin_str = (f'''
    Initial minimisation
    &cntrl
      imin=1, maxcyc=500, ncyc=50,
      cut={self.cut}
      ntb={self.ntb}
      ntp={self.ntp}, igb=0
      ntpr=1,ntwf=1,ntwe=100,ntwx=1000
    &end
    ''' + self.restraint_str)
        with open('min.in', 'w') as f:
            f.write(minin_str)
            f.close()
        calc_min = Amber(amber_exe=self.amber_exe_serial,
                          infile='min.in',
                          outfile='min.out',
                          topologyfile=f'{seed}.prmtop',
                          incoordfile=f'{seed}.crd',
                          outcoordfile='min.rst')
        model.set_calculator(calc_min)
        calc_min.write_coordinates(model,f'{seed}.crd')
        print("Pot, Kin Energy after minimisation: ", model.get_potential_energy(), model.get_kinetic_energy())
        calc_min.read_coordinates(model,f'{seed}.crd.nc')


[docs]    def heatup(self,model,seed,calc_params={},nsteps=100):
        """Runs a heatup temperature-ramp calculation with the Amber ASE calculator"""
        # NTC = 2, NTF = 2: hydrogens constrained at this stage
        # irest = 0 (new simulation)
        heatin_str =  (f'''
    Heating
    &cntrl
      imin=0,irest=0,ntx=1,
      nstlim={nsteps},dt={self.dt},
      ntc=2,ntf=2,nmropt=1,
      cut={self.cut}, ntb=1,
      ntt={self.ntt}, gamma_ln={self.gamma_ln*2},
      tempi=0.0, temp0={self.temp0}, ig=-1,
      ntpr={self.ntpr},ntwf={self.ntpr},ntwe={self.ntpr},ntwx=1000
    /
    &wt TYPE='TEMP0', istep1=0, istep2={nsteps},
      value1=0.1, value2={self.temp0}, /
    &wt TYPE='END' /
    ''' + self.restraint_str)
        with open('heat.in', 'w') as f:
            f.write(heatin_str)
            f.close()
        calc_heat = Amber(amber_exe=self.amber_exe_parallel,
                          infile='heat.in',
                          outfile='heat.out',
                          topologyfile=f'{seed}.prmtop',
                          incoordfile='min.rst',
                          outcoordfile='heat.rst')
                          #mdcoordfile='heat.mdcrd.nc')
        model.set_calculator(calc_heat)

        calc_heat.write_coordinates(model,'min.rst')
        new_pe = model.get_potential_energy()
        calc_heat.read_coordinates(model,calc_heat.outcoordfile)
        calc_heat.write_coordinates(model,'heat.rst')
        new_ke = model.get_kinetic_energy()
        print("Pot, Kin Energy after heating: ", new_pe, new_ke)


[docs]    def densityequil(self,model,seed,calc_params={},nsteps=100):
        """Runs a density equilibration calculation with fixed hydrogens with the Amber ASE calculator"""

        # NTB = 2, NTP = 1, TAUP = 1.0: Use constant pressure periodic boundary. Isotropic position scaling
        # should be used to maintain the pressure (NTP=1) and a relaxation time of 1 ps should be used (TAUP=1.0).
        # NTC = 2, NTF = 2: hydrogens constrained at this stage
        # irest = 1 (restart from previous simulation)
        densityin_str = (f'''
    Density equilibration
     &cntrl
      imin=0, irest=1, ntx=5,
      nstlim={nsteps},dt={self.dt},
      ntc=2,ntf=2,nmropt=1,
      cut={self.cut}, ntb=2, ntp=1, taup=1.0,
      ntt={self.ntt}, gamma_ln={self.gamma_ln*2},
      temp0={self.temp0}, ig=-1,
      ntpr={self.ntpr},ntwf={self.ntpr},ntwe={self.ntpr},ntwx=1000 /
     &wt TYPE='END' /
    ''' + self.restraint_str)

        with open('density.in', 'w') as f:
            f.write(densityin_str)

        calc_dens = Amber(amber_exe=self.amber_exe_parallel,
                          infile='density.in',
                          outfile='density.out',
                          topologyfile=f'{seed}.prmtop',
                          incoordfile='heat.rst',
                          outcoordfile='density.rst')
                          #mdcoordfile='density.mdcrd.nc')
        model.set_calculator(calc_dens)

        new_pe = model.get_potential_energy()
        calc_dens.read_coordinates(model,calc_dens.outcoordfile)
        new_ke = model.get_kinetic_energy()
        print("Pot, Kin Energy after density equilibration: ", new_pe, new_ke)


[docs]    def equil(self,model,seed,calc_params={},nsteps=100):
        """Runs an equilibration calculation at constant volume with flexible hydrogens with the Amber ASE calculator"""
        # NTP = 0: No pressure scaling (constant volume)
        # NTC = 1: SHAKE not used - no constraints
        # Energies at this stage no longer comparable to previous steps
        # due to extra DOFs
        eqin_str = (f'''
    Equilibration
    &cntrl
      imin=0, irest=1, ntx=5,
      nstlim={nsteps},
      dt={self.dt},
      ntc=1,nmropt=1,
      cut={self.cut}, ntb=2, ntp=1,
      ntt={self.ntt}, gamma_ln={self.gamma_ln},
      tempi={self.temp0}, temp0={self.temp0},
      ntpr={self.ntpr},ntwf={self.ntpr},ntwe={self.ntpr},ntwx=1000 /
     &wt TYPE='END' /
    ''' + self.restraint_str)
        with open('equil.in', 'w') as f:
            f.write(eqin_str)
            f.close()
        calc_equil = Amber(amber_exe=self.amber_exe_parallel,
                           infile='equil.in',
                           outfile='equil.out',
                           topologyfile=seed+'.prmtop',
                           incoordfile='density.rst',
                           outcoordfile='equil.rst')
                           #mdcoordfile='equil.mdcrd.nc')
        model.set_calculator(calc_equil)

        new_pe = model.get_potential_energy()
        calc_equil.read_coordinates(model,calc_equil.outcoordfile)
        new_ke = model.get_kinetic_energy()
        print("Pot, Kin Energy after equilibration: ", new_pe, new_ke)

        
[docs]    def snapshots(self,model,seed,calc_params={},nsnaps=1,nsteps=100,start=0):
        """Runs a long MD trajectory for snapshot generation with the Amber ASE calculator"""
        # NTC = 1: SHAKE not used - no constraints
        snap_str = (f'''
    Snapshot Generation
    &cntrl
      imin=0, irest=1, ntx=5,
      nstlim={nsteps},dt={self.dt}, ntc=1,
      cut={self.cut}, ntb=2, ntp=1, nmropt=1,
      ntt={self.ntt}, gamma_ln={self.gamma_ln},
      tempi={self.temp0}, temp0={self.temp0},
      ntpr={self.ntpr},ntwf={self.ntpr},ntwe={self.ntpr},ntwx=0 /
     &wt TYPE='END' /''' + "\n" + self.restraint_str)
        with open('snap.in', 'w') as f:
            f.write(snap_str)
            f.close()
        step = 0
        trajname = seed+'.traj'
        if start==0:
            copyfile('equil.rst','snap-01.rst')
            traj = Trajectory(trajname, 'w')
        else:
            traj = Trajectory(trajname)
            prevframe = len(trajname)
            print(f'Found trajectory file {trajname} containing {prevframe} frames.')
            if prevframe != start:
                raise Exception(f'Error: This does not agree with the resumption point {start}.')
            traj.close()
            traj = Trajectory(trajname, 'a')
        snapout = model.copy()
        for step in range(start,nsnaps):
            calc_snap = Amber(amber_exe=self.amber_exe_parallel,
                               infile='snap.in',
                               outfile=f'snap{step:04}.out',
                               topologyfile=seed+'.prmtop',
                               incoordfile=f'snap{step-1:04}.rst',
                               outcoordfile=f'snap{step:04}.rst',
                               mdcoordfile=f'snap{step:04}.mdcrd.nc')
            model.set_calculator(calc_snap)
            new_pe = model.get_potential_energy()
            
            self.reimage(seed,calc_snap.outcoordfile,f'{seed}.rst_ri.nc')
            calc_snap.results['dipole'] = self.dipole(seed,calc_snap.outcoordfile)
            calc_snap.read_coordinates(snapout,f'{seed}.rst_ri.nc')
            traj.write(snapout,**calc_snap.results)
            #write(f'{seed}_snap{step:04}.xyz',snapout)

            calc_snap.read_coordinates(model,calc_snap.outcoordfile)
            new_ke = model.get_kinetic_energy()

            print("Pot, Kin Energy after snapshot",str(step),":",new_pe, new_ke)


    
    def traj_write(self,atoms,traj):
        kw = { #'dipole': self.dipole(seed,calc_am.incoordfile),
              #'charges': atoms.get_charges(),
              'energy': atoms.get_potential_energy(),
              'forces': atoms.get_forces()}
        traj.write(atoms,**kw)

    def run_mlmd(self,model,mdseed,calc_params,md_steps,md_timestep,superstep,temp,
                 solvent=None,restart=False,readonly=False,constraints=None,dynamics=None,
                 continuation=None):
        
        from ase.md.velocitydistribution import MaxwellBoltzmannDistribution, Stationary, ZeroRotation
        from ase.md import Langevin, npt
        from ase.io import Trajectory
        from ase import units
        
        """Runs a singlepoint calculation with the Amber ASE calculator"""
        f = open(mdseed+'.in', 'w')
        mmin_str =  f'''
zero step md to get energy and force
&cntrl
      imin=0, irest=1, ntx=5,
      nstlim=0,ntc=1,
      cut={self.cut}, ntb=2, ntp=1, nmropt=1,
      ntpr={self.ntpr},ntwf=1,ntwe={self.ntpr},ntwx=0 /
     &wt TYPE='END' /
'''
        f.write(mmin_str)
        f.close()

        calc_seed = calc_params['calc_seed']

        calc_am = Amber(amber_exe=self.amber_exe_parallel,
                     infile=f'{mdseed}.in',
                     outfile=f'{mdseed}.out',
                     topologyfile=f'../{calc_seed}_solv.prmtop',
                     incoordfile=f'{mdseed}.crd',
                     energyfile=f'{mdseed}.mden',
                     forcefile=f'{mdseed}.mdfrc')
        calc_am.write_coordinates(model,f'{mdseed}.crd')
        model.calc = calc_am

        # Initialise velocities if this is first step, otherwise inherit from model
        if np.all(model.get_momenta() == 0.0):
            MaxwellBoltzmannDistribution(model,temperature_K=temp)

        # For each ML superstep, remove C.O.M. translation and rotation    
        #Stationary(model)
        #ZeroRotation(model)
        #print(f'constraints: {model.constraints}')

        if readonly:
            model = read(mdseed+".xyz") # Read final image
            model.calc = calc_am
            model.get_potential_energy() # Recalculate energy for final image
            return None
        else:
            new_traj = False
            if dynamics is None or dynamics=="LANG":
                dynamics = Langevin(model, timestep=md_timestep, temperature_K=temp, friction=0.002)
                new_traj = True
            if dynamics=="NPT":
                ttime=25*units.fs
                # Bulk modulus for ethanol
                pfactor = 100*1.06e9*(units.J/units.m**3)*ttime**2
                print(f'pfactor = {pfactor}, ttime={ttime}')
                dynamics = npt.NPT(model, timestep=md_timestep, temperature_K=temp, externalstress=0,
                                   pfactor=pfactor,ttime=ttime)
                new_traj = True
            if new_traj:
                traj = Trajectory(mdseed+".traj", 'w', model)
                dynamics.attach(self.traj_write, interval=1, atoms=model, traj=traj)
            dynamics.run(md_steps)
            #model.calc.results['stress'] = model.get_stress()
            return dynamics



# In[ ]:








          

      

      

    

  

    
      
          
            
  Source code for esteem.wrappers.amp

#!/usr/bin/env python
# coding: utf-8

# In[ ]:


"""Defines the AMPWrapper Class"""

import numpy as np

[docs]class AMPWrapper():
    """
    Sets up and runs the AMP Calculator (via ASE) to use a neural-network representation of a
    potential energy surface.
    """

    def __init__(self):
        """Sets up instance attributes for AMPWrapper """
        self.calc_ext = ".amp"
        self.log_ext = "-log.txt"
    
    def calc_filename(self,seed,target,prefix='',suffix=''):
        if target is None or target == 0:
            calcfn = seed+"_gs_"+suffix
        else:
            calcfn = args.seed+"_es"+str(target)+"_"+suffix
            
        calcfn = prefix + calcfn
            
        return calcfn
    
[docs]    def load(self,seed,target=None,prefix="",suffix="",**kwargs):
        """
        Loads an existing AMP Calculator

        seed: str
        
        target: int

        suffix: str

        kwargs: dict
            other keywords to pass to AMP.load
        """

        from amp import Amp

        calcfn = self.calc_filename(seed,target,prefix=prefix,suffix=suffix)
        calc_ml = Amp.load(calcfn+self.calc_ext,**kwargs)
        calc_ml.label = calcfn
        calc_ml.dblabel = calcfn
        return calc_ml


[docs]    def train(self,seed,prefix="",suffix="",trajfile="",target=None,restart=False,**kwargs):
        """
        Runs training for AMP ASE calculator using an input trajectory as training points

        seed: str
        
        target: int

        suffix: str

        trajfile: str

        restart: bool

        kwargs: dict

        """

        from amp.descriptor.gaussian import Gaussian
        from amp.model.neuralnetwork import NeuralNetwork
        from amp.model import LossFunction
        from amp.utilities import Annealer

        label = self.calc_filename(seed,target,prefix=prefix,suffix=suffix)

        # Sort out optional arguments according to which routine they need to go to
        desc_kw = {key: kwargs.pop(key) for key in {'cutoff'} if key in kwargs}
        model_kw = {key: kwargs.pop(key) for key in {'hiddenlayers'} if key in kwargs}
        calc_kw = {key: kwargs.pop(key) for key in {'cores'} if key in kwargs}
        convergence = {key: kwargs.pop(key) for key in {'energy_rmse','force_rmse',
                       'energy_maxresid','force_maxresid'} if key in kwargs}
        lossfn_kw = {key: kwargs.pop(key) for key in {'force_coefficient'} if key in kwargs}
        annealer_kw = {key: kwargs.pop(key) for key in {'Tmax','Tmin','steps'} if key in kwargs}

        # Anything left is unrecognised
        for key in kwargs:
            print(f'WARNING: Unrecognised keyword {key}')

        # Toggle whether to retrain from scratch or load existing model
        if not restart:
            descriptor = Gaussian(**desc_kw)
            model = NeuralNetwork(**model_kw)
            calc_ml = Amp(descriptor,label=label,model=model,**calc_kw)
        else:
            calc_ml = self.load(seed,target,prefix=prefix,suffix=suffix,**calc_kw)
            calc_ml.label = label
            calc_ml.dblabel = label

        # Define convergence criteria for the Loss Function
        calc_ml.model.lossfunction = LossFunction(convergence=convergence,**lossfn_kw)

        # Optionally run the annealer
        if 'steps' in annealer_kw:
            steps = annealer_kw['steps']
            if steps is not None and steps>0:
                Annealer(calc=calc_ml, images=trajfile, **annealer_kw)

        # Now train the calculator
        calc_ml.train(images=trajfile,overwrite=True)
        return calc_ml


[docs]    def run_mlmd(self,model,mdseed,calc_params,md_steps,md_timestep,superstep,temp,
                 solvent=None,restart=False,readonly=False,constraints=None,dynamics=None,
                 continuation=None):
        """
        Runs a Molecular Dynamics calculation with the AMP ASE calculator.

        model: ASE Atoms

        seed: str
        
        calc_params: dict
        
        md_steps: int

        md_timestep: float

        superstep: int

        temp: float

        target: int or None

        solvent: str or None

        restart: bool

        readonly: bool
        """

        from ase.md.velocitydistribution import MaxwellBoltzmannDistribution, Stationary, ZeroRotation
        from ase.md import VelocityVerlet, Langevin
        from ase.io import write
        from ase import units
        
        calc_seed = calc_params['calc_seed']
        target = calc_params['target']
        suffix = calc_params['calc_suffix']
        prefix = calc_params['calc_prefix']
        
        # Load the appropriate AMP Calculator
        calc_ml = self.load(calc_seed,target,prefix=prefix,suffix=suffix)
        model.calc = calc_ml

        # Initialise velocities if this is first step, otherwise inherit from model
        if np.all(model.get_momenta() == 0.0):
            MaxwellBoltzmannDistribution(model, temp * units.kB)

        # For each ML superstep, remove C.O.M. translation and rotation    
        #Stationary(model)
        #ZeroRotation(model)
        #print(f'constraints: {model.constraints}')
        
        if readonly:
            model = read(mdseed+".xyz") # Read final image
            model.calc = calc_ml
            model.get_potential_energy() # Recalculate energy for final image
        else:
            if dynamics is None:
                dynamics = Langevin(model, timestep=md_timestep, temperature=units.kB * temp, friction=0.002)
            dynamics.run(md_steps)
            print("MD: %5d %10.6f" % (superstep, model.get_potential_energy()))
            if "forces" in model.arrays:
                del model.arrays["forces"]
            write(mdseed+".xyz",model)


    # Define an AMP geometry optimisation function
[docs]    def geom_opt(self,model,seed,calc_params,driver_tol='default',
                 solvent=None,readonly=False):
        """
        Runs a geometry optimisation calculation with the AMP ASE calculator

        model: ASE Atoms

        seed: str
        
        calc_params: dict

        dummy: str

        driver_tol:

        target: int or None

        solvent: str or None

        readonly: bool
        """
        
        calc_seed = calc_params['calc_seed']
        target = calc_params['target']
        suffix = calc_params['calc_suffix']
        prefix = calc_params['calc_prefix']
        
        from ase.optimize import BFGS
        from ase.units import Hartree, Bohr

        # Load the appropriate AMP Calculator
        calc_ml = self.load(seed,target,prefix=prefix,suffix=suffix)
        model.calc = calc_ml

        # Create instance of BFGS optimizer, run it and return results
        dyn = BFGS(model)

        # tolerances corresponding to NWChem settings
        fac=1
        if driver_tol=='default':
            fmax = 0.00045*fac
        if driver_tol=='loose':
            fmax = 0.00450*fac
        if driver_tol=='tight':
            fmax = 0.000015*fac
            
        dyn.run(fmax=fmax)

        return model.get_potential_energy(), model.get_forces(), model.get_positions()


[docs]    def freq(self,model_opt,seed,calc_params,solvent=None,charge=0,
             temp=300,writeonly=False,readonly=False,continuation=False,cleanup=True):
        """
        Runs a Vibrational Frequency calculation with the AMP ASE calculator
        
        model_opt: ASE Atoms

        seed: str
        
        suffix: str

        dummy: str

        driver_tol:

        target: int or None

        solvent: str or None
        
        temp: float

        readonly: bool
        """

        from ase.vibrations import Vibrations
        
        calc_seed = calc_params['calc_seed']
        target = calc_params['target']
        suffix = calc_params['calc_suffix']
        prefix = calc_params['calc_prefix']

        # Load the appropriate AMP Calculator
        calc_ml = self.load(seed,target,prefix=prefix,suffix=suffix)
        model_opt.calc = calc_ml

        # Create instance of Vibrations class, run it and return results
        vib = Vibrations(model_opt,name=self.calc_filename(seed,target,prefix=prefix,suffix=suffix))
        vib.run()
        freqs = vib.get_frequencies()
        vib.summary()
        vib.clean()
        
        print(freqs)
        return freqs


[docs]    def singlepoint(self,model,seed,suffix,dummy,
                    target=None,solvent=None,readonly=False):
        """
        Runs a singlepoint calculation with the AMP ASE calculator

        model: ASE Atoms

        seed: str
        
        suffix: str

        dummy: str

        target: int or None

        solvent: str or None

        readonly: bool
        """
        
        calc_seed = calc_params['calc_seed']
        target = calc_params['target']
        suffix = calc_params['calc_suffix']
        prefix = calc_params['calc_prefix']

        # Load the appropriate AMP Calculator
        calc_ml = self.load(seed,target,prefix=prefix,suffix=suffix)
        model_opt.calc = calc_ml
        return model.get_potential_energy(), model.get_forces()







          

      

      

    

  

    
      
          
            
  Source code for esteem.wrappers.lammps

#!/usr/bin/env python
# coding: utf-8

# In[ ]:


"""Defines the LAMMPSWrapper class"""

from ase.calculators.lammpsrun import LAMMPS
from os import environ, path, makedirs
from ase.io import read, write
from ase.io.trajectory import Trajectory
from ase.io import read
import subprocess
import shutil

#    mass = grams/mole
#    distance = Angstroms
#    time = picoseconds
#    energy = eV
#    velocity = Angstroms/picosecond
#    force = eV/Angstrom
#    torque = eV
#    temperature = Kelvin
#    pressure = bars
#    charge = multiple of electron charge (1.0 is a proton)
#    dipole = charge*Angstroms
#    electric field = volts/Angstrom

# See http://ambermd.org/tutorials/basic/tutorial1/section3.htm 
# and http://ambermd.org/tutorials/advanced/tutorial3/section1.htm for details

# From J. Chem. Phys. 148, 024110 (2018)
# The dyes are placed in large solvent boxes (see Table I for
# the number of atoms in the MD box for each system) and a
# two-step equilibration is carried out. First, a 20 ps temperature
# equilibration in the NVT ensemble is performed to raise the
# temperature of the system from 0 K to 300 K. This is followed
# by a 400 ps volume equilibration in the NPT ensemble. Since
# we are interested in generating uncorrelated snapshots rather
# than accurate short time scale dynamics, we run all produc-
# tion calculations in the NVT ensemble to guarantee a constant
# temperature. For the production trajectory of 8 ns in length,
# solute-solvent snapshots are extracted every 4 ps, producing a
# total of 2000 uncorrelated snapshots. All MD calculations are
# performed using a 2 fs time-step and a Langevin thermostat
# with a collision frequency of 1 ps^-1

[docs]class LAMMPSWrapper():
    """Sets up the LAMMPS Calculator (via ASE) for Molecular Dynamics runs"""

    def __init__(self):
        self.known_solvents = []

        # common parameters
        self.cut = 9.0       # 9 Ang cutoff for Ewald
        self.temp0 = 300.0   # 300 K
        self.ntt = 3         # Langevin thermostat
        self.gamma_ln = 1    # Collision frequency 1ps^-1
        self.dt = 0.002      # 2 fs timestep
        self.restraints = '' # Line to add to inputs for restraints
        self.ntb = 0         # Periodic box
        self.ntp = 0         # Periodic box

        # Common files (all run types will use same potentials, presumably, so use instance attribute to store)
        self.lammps_files  = ["watr_converted.lmp"]
        # Store a dictionary of common params, then merge dictionary with specifics for a given run?
        self.lammps_params_amberconv = {"keep_tmp_files": True,
                              "tmp_dir": ".",
                              "units": "real",
                              "atom_style": "full",
                              "dimension": "3",
                              "boundary": "p p p",
                              "kspace_style": "pppm 1e-8",
                              "bond_style": "hybrid harmonic",
                              "angle_style": "hybrid harmonic",
                              "special_bonds": "lj 0.0 0.0 1.0 coul 0.0 0.0 1.0",
                              #"read_data": "watr_converted.lmp",
                              "pair_style": f"lj/cut/coul/long {self.cut} {self.cut}",
                              "pair_modify": "tail yes",
                              "pair_coeff": ["1 1   0.2104000   3.0664734","2 2   0.0000000   0.0000000"],
                              "pair_modify": ["tail yes", "mix arithmetic"]
                             }
        self.damp = 1.00
        self.temp0 = 300
        self.seed = 123457
        self.lammps_md = {
            #"timestep": 0.002,
            "fix": [#"fix_nve all nve",
                    f"fix_lan all langevin {self.temp0} {self.temp0} {self.damp} {self.seed}"],
            "thermo_style": "custom step temp press ke pe etotal",
            "thermo_modify": "flush yes format float %20.10g",
            "thermo": 100
        }
        self.lammps_params_prophet = {
            "keep_tmp_files": True,
            "write_velocities": True,
            "tmp_dir": ".",
            "units": "metal"}

    def calc_filename(self,seed,target,prefix='',suffix=''):
    
        from esteem.wrappers.amp import AMPWrapper
        self.calc_ext = ".amp"
        self.log_ext = "-log.txt"
        return AMPWrapper.calc_filename(self,seed,target,prefix,suffix)

[docs]    def lammps_setup(self,lammps_cmd=None,nprocs=None):
        """Prepares run commands etc for LAMMPS calculations"""

        # Set up  executable command
        try:
            lammps_cmd = environ["ASE_LAMMPSRUN_COMMAND"]
        except KeyError:
            if lammps_cmd is None:
                lammps_cmd = "lmp_serial"
            nproc_cmd = ''
            mpirun = ''
            if nprocs is not None:
                nproc_cmd = f'-np {nprocs}'
                mpirun = 'mpirun'
            environ["ASE_LAMMPSRUN_COMMAND"]=f'{mpirun} {nproc_cmd} {lammps_cmd}'

             #PREFIX.nwi >> PREFIX.nwo 2> PREFIX.err

[docs]    def load(self,seed,target=None,prefix="",suffix="",**kwargs):
        """
        Loads an existing AMP Calculator and converts it into a PROPhet-LAMMPS calculator

        seed: str
        
        target: int

        suffix: str

        kwargs: dict
            other keywords to pass to AMP.load
        """

        # Load AMP calculator and convert to PROPhet format
        from amp import Amp, convert
        calcfn = self.calc_filename(seed,target,prefix=prefix,suffix=suffix)
        calc_amp = Amp.load(calcfn+self.calc_ext,**kwargs)
        Rcut = calc_amp._descriptor.parameters.cutoff['kwargs']['Rc']
        pair_coeff = [f"{i+1} potential_{e}" for i,e in enumerate(calc_amp._descriptor.parameters.elements)]
        convert.save_to_prophet(calc_amp)

        # Create LAMMPS calculator
        from os import environ
        environ["ASE_LAMMPSRUN_COMMAND"]='lmp_serial'
        calc_ml = LAMMPS()
        calc_ml.set(tmp_dir=".")
        calc_ml.set(keep_tmp_files=False) # set to true to debug
        calc_ml.set(units="metal")
        calc_ml.set(pair_style=f"nn {Rcut}")
        calc_ml.set(pair_coeff=pair_coeff)
        
        return calc_ml


[docs]    def geom_opt(self,model,seed,calc_params,driver_tol='default',
                 solvent=None,readonly=False):
        """
        Runs a singlepoint calculation with the LAMMPS ASE calculator

        model: ASE Atoms

        seed: str
        
        suffix: str

        dummy: str

        target: int or None

        solvent: str or None

        readonly: bool
        """
        
        calc_seed = calc_params['calc_seed']
        target = calc_params['target']
        suffix = calc_params['calc_suffix']
        prefix = calc_params['calc_prefix']

        # TODO: Implement tolerances based on driver_tol
        etol = 1e-5
        ftol = 1.0e-8
        maxiter = 1000
        maxeval = 100000
        # LAMMPS does not produce correct answers for these potentials if
        # run with no cell - so add one
        if (model.get_cell() == [0.0, 0.0, 0.0]).all():
            model.center(10)
        # Load the appropriate Calculator
        print('in geom_opt:',calc_seed,target,suffix)
        calc_ml = self.load(calc_seed,target,prefix="",suffix=suffix)
        calc_ml.set(**self.lammps_params_prophet)
        calc_ml.set(minimize=f"{etol} {ftol} {maxiter} {maxeval}")
        model.calc = calc_ml
        return model.get_potential_energy(), model.get_forces(), model.get_positions()


    
[docs]    def run_mlmd(self,model,mdseed,calc_params,md_steps,md_timestep,superstep,temp,
                 solvent=None,restart=False,readonly=False,constraints=None,continuation=None):
        """
        Runs a Molecular Dynamics calculation with the AMP ASE calculator.

        model: ASE Atoms

        seed: str
        
        target: int
        
        suffix: str

        md_steps: int

        md_timestep: float

        superstep: int

        temp: float

        target: int or None

        solvent: str or None

        restart: bool

        readonly: bool
        """

        from ase.md.velocitydistribution import MaxwellBoltzmannDistribution, Stationary, ZeroRotation
        from ase import units
        import numpy as np
        
        calc_seed = calc_params['calc_seed']
        target = calc_params['target']
        suffix = calc_params['calc_suffix']
        prefix = calc_params['calc_prefix']
        
        # Load the appropriate Calculator
        calc_ml = self.load(calc_seed,target,prefix=prefix,suffix=suffix)
        calc_ml.set(**self.lammps_params_prophet)
        calc_ml.set(run=md_steps)
        
        # LAMMPS does not produce correct answers for these potentials if
        # run with no cell - so add one
        if (model.get_cell() == [0.0, 0.0, 0.0]).all():
            model.center(10)

        # Initialise velocities if this is first step, otherwise inherit from model
        if np.all(model.get_momenta() == 0.0):
            print(f'Initializing new momenta at {temp}K')
            MaxwellBoltzmannDistribution(model, temp * units.kB)
        
        Stationary(model)
        ZeroRotation(model)
        # TODO Set timestep
        #      Set thermostat
        model.calc = calc_ml
        return model.get_potential_energy(), model.get_forces()

        
        
[docs]    def singlepoint(self,model,seed,calc_params,
                    target=None,solvent=None,readonly=False):
        """
        Runs a singlepoint calculation with the LAMMPS ASE calculator

        model: ASE Atoms

        seed: str
        
        suffix: str

        dummy: str

        target: int or None

        solvent: str or None

        readonly: bool
        """
        
        calc_seed = calc_params['calc_seed']
        target = calc_params['target']
        suffix = calc_params['calc_suffix']
        prefix = calc_params['calc_prefix']
        lammps_params = calc_params['lammps_params']

        # Load the appropriate Calculator
        calc_ml = self.load(calc_seed,target,prefix=prefix,suffix=suffix)
        # LAMMPS does not produce correct answers for these potentials if
        # run with no cell - so add one
        if (model.get_cell() == [0.0, 0.0, 0.0]).all():
            model.center(10)

        calc_ml.set(**lammps_params)
        model.calc = calc_ml
        return model.get_potential_energy(), model.get_forces()


[docs]    def minimise(self,solvated,minimised,seed):
        """Runs a geometry optimisation calculation with the LAMMPS ASE calculator"""

        calc_min = LAMMPS(files=lammps_files)
        calc_min.set(**lammps_params)
        model.calc = calc_min
        calc_min.set(minimize='1.0e-4 1.0e-6 1000 4000')

        return model.get_potential_energy()
        minimised.set_calculator(calc_min)
        print("Energy after minimisation: ", minimised.get_potential_energy())


[docs]    def heatup(self,minimised,heated,seed,nsteps):
        """Runs a heatup temperature-ramp calculation with the LAMMPS ASE calculator"""

        # NTC = 2, NTF = 2: hydrogens constrained at this stage with SHAKE
        # irest = 0 (new simulation)

        # Load the appropriate Calculator
        target = 0; suffix = "3x15_R8.0"; prefix='../'; calc_seed='cate'
        calc_ml = self.load(calc_seed,target,prefix=prefix,suffix=suffix)

        calc_ml.set(**self.lammps_params_amberconv)
        calc_ml.set(**self.lammps_md)
        calc_ml.set(fix=[f'fixlan all langevin {0} {self.temp0}  120  123456'])
        calc_ml.set(run=nsteps)
        heated = minimised.copy()
        heated.calc = calc_ml
        print("Energy after heating: ", heated.get_potential_energy())


[docs]    def densityequil(self,heated,densityeq,seed,nsteps):
        """Runs a density equilibration calculation with fixed hydrogens with the LAMMPS ASE calculator"""

        # NTB = 2, NTP = 1, TAUP = 1.0: Use constant pressure periodic boundary. Isotropic position scaling
        # should be used to maintain the pressure (NTP=1) and a relaxation time of 1 ps should be used (TAUP=1.0).
        # NTC = 2, NTF = 2: hydrogens constrained at this stage
        # irest = 1 (restart from previous simulation)

        calc_dens = LAMMPS(files=lammps_files,parameters=lammps_params)
        densityeq.calc = calc_dens
        print("Energy after density equilibration: ", densityeq.get_potential_energy())


[docs]    def equil(self,densityeq,equbd,seed,nsteps):
        """Runs an equilibration calculation at constant volume with flexible hydrogens with the LAMMPS ASE calculator"""
        # NTP = 0: No pressure scaling (constant volume)
        # NTC = 1: SHAKE not used - no constraints
        # Energies at this stage no longer comparable to previous steps
        # due to extra DOFs

        calc_equil = LAMMPS(files=lammps_files,parameters=lammps_params)
        equbd.calc = calc_equil
        print("Energy after equilibration:",  equbd.get_potential_energy())


[docs]    def snapshots(self,seed,snapin,snapout,nsnaps,nsteps):
        """Runs a long MD trajectory for snapshot generation with the LAMMPS ASE calculator"""
        # NTC = 1: SHAKE not used - no constraints

        step = 0
        trajname = seed+'.traj'
        traj = Trajectory(trajname, 'w')
        calc_snap = LAMMPS(files=lammps_files,parameters=lammps_params)
        for step in range(nsnaps):
            snapin.calc = calc_snap
            print("Energy after snapshot",str(step),":",  snapin.get_potential_energy())
            traj.write(snapout)
            write(f'{seed}_snap_solv{step:04}.xyz',snapout)




# In[ ]:


# l = LAMMPSWrapper()
# import os
# os.chdir("/home/theory/phspvr/cate_qmd")
# l.load('cate',suffix='3x10_R6.5')
# l.temp0 = 500
# from ase.io import read; cate = read("cate.xyz"); cate.center(20)
# l.heatup("cate",cate,cate,1000)


# In[ ]:


#from amp import Amp
#calc_amp = Amp.load('cate_gs_3x10_R6.5.amp')
# !ls -l log*
# !cat log_lammps0000018rs86xmj


# In[ ]:


#from amp import descriptor


# In[ ]:


#calc_amp._descriptor.parameters.elements


# In[ ]:








          

      

      

    

  

    
      
          
            
  Source code for esteem.wrappers.nwchem

#!/usr/bin/env python
# coding: utf-8

# In[2]:


"""Defines the NWChemWrapper Class"""

# Set up imports
import ase
from ase.calculators.nwchem import NWChem
from ase.calculators.calculator import PropertyNotImplementedError
from ase.units import Hartree
from os import environ, path, makedirs, remove
import numpy as np

[docs]class NWChemWrapper():
    """Sets up and runs the NWChem Calculator (via ASE) for DFT and TDDFT calculations"""
    
    def __init__(self):
        """Sets up instance attributes for NWChemWrapper """

        # Set up some defaults
        self.dftblock_singlepoint = {'maxiter': 120,
                                    'tolerances': 'tight',
                                    'grid': 'xfine'}
        self.dftblock_geom_loose = {'maxiter': 120}
        self.dftblock_geom_tight = {'maxiter': 120,
                                    'tolerances': 'tight',
                                    'grid': 'xfine'}
        self.driver_block = {str('default'): None,
                             'maxiter': 80,
                             'xyz': 1}
        self.dftblock_freq = {'maxiter': 120, 'tolerances': 'tight', 'grid': 'xfine'}
        self.freq_block = {'temp': f'1 300'}
        self.dftblock_excitations = {'maxiter': 120,'tolerances': 'tight', 'grid': 'xfine'}
        self.dftblock_qmd = {'maxiter': 120}

[docs]    def setup(self,nprocs=None,nwchem_cmd=None,nwchem_top=None):
        """Sets up the internal variables of the NWChemWrapper class, including run command"""
        try:
            nwchem_cmd = environ["ASE_NWCHEM_COMMAND"]
        except KeyError:
            if nwchem_cmd is None:
                nwchem_cmd = "nwchem"
            if nprocs is not None:
                nproc_cmd = f'-np {nprocs}'
            else:
                nproc_cmd = ''
            environ["ASE_NWCHEM_COMMAND"]=f'mpirun {nproc_cmd} {nwchem_cmd} PREFIX.nwi >> PREFIX.nwo 2> PREFIX.err'


[docs]    def cleanup(self,seed):
        """Cleans up temporary files created by a NWChem run that are of no further use"""

        # Cleanup temporary files
        for dir in "./",seed+"/":
            for s in ("p","zmat","b","b^-1","c","dmat","err"):
                if path.isfile(dir+seed+"."+s):
                    remove(dir+seed+"."+s)
            for i in range(0,99):
                for z in range(1,3):
                    gridfile = dir+seed+".gridpts."+repr(i).zfill(z)
                    if path.isfile(gridfile):
                        remove(gridfile)


    def unpack_params(self,calc_params):
        if 'basis' in calc_params:
            basis = calc_params['basis']
        else:
            raise Exception("Basis not specified in calc_params")
        if 'func' in calc_params:
            xc = calc_params['func']
        else:
            raise Exception("XC Func not specified in calc_params")
        if 'target' in calc_params:
            target = calc_params['target']
        else:
            raise Exception("Target not specified in calc_params")
        if 'disp' in calc_params:
            disp = calc_params['disp']
        else:
            disp = None
        return basis,xc,target,disp
                    
    def _cosmo_seed(self,solvent):
        # See here for a list of solvents:
        # http://www.nwchem-sw.org/index.php/Release66:SMD_Model
        if solvent=='meth':
            return 'methanol'
        elif solvent=='etoh':
            return 'ethanol'
        elif solvent=='acet':
            return 'acetntrl'
        elif solvent=='dich':
            return 'dcm'
        elif solvent=='cycl':
            return 'cychexan'
        elif solvent=='watr':
            return 'water'
        elif solvent=='diox':
            return 'dioxane'
        else:
            return solvent

    def check_func(self,func):

        fullfunc = func
        cam = None
        if ":" in func:
            cam = float(func.split(":")[1])
            func = func.split(":")[0]

        # Special settings for long-range corrected functionals (and others not accessible via a single command)
        if func=='BLYP':
            fullfunc  = 'becke88 lyp'
        if func=='CAM-B3LYP':
            if cam is None:
                cam = 0.33
            fullfunc  = f'xcamb88 1.00 lyp 0.81 vwn_5 0.19 HFexch 1.00\n  cam {cam:.2f} cam_alpha 0.19 cam_beta 0.46\n  direct'
        if func=='LC-BLYP':
            if cam is None:
                cam = 0.33
            fullfunc  = f'xcamb88 1.00 lyp 1.00            HFexch 1.00\n  cam {cam:.2f} cam_alpha 0.00 cam_beta 1.00\n  direct'
        if func=='LC-PBE':
            if cam is None:
                cam = 0.30
            fullfunc  = f'xcampbe96 1.0 cpbe96 1.0 HFexch 1.0\n  cam {cam:.2f} cam_alpha 0.00 cam_beta 1.00\n  direct'
        if func=='LC-PBE0':
            if cam is None:
                cam = 0.30
            fullfunc  = f'xcampbe96 1.0 cpbe96 1.0 HFexch 1.0\n  cam {cam:.2f} cam_alpha 0.25 cam_beta 0.75\n  direct'
        if func=='wLC-PBE':
            if cam is None:
                cam = 0.40
            fullfunc  = f'xwpbe 1.0     cpbe96 1.0 HFexch 1.0\n  cam {cam:.2f} cam_alpha 0.00 cam_beta 1.00\n  direct'
        if func=='LRC-wPBEh':
            if cam is None:
                cam = 0.20
            fullfunc  = f'xwpbe 0.8     cpbe96 1.0 HFexch 1.0\n  cam {cam:.2f} cam_alpha 0.20 cam_beta 0.80\n  direct'

        return fullfunc

    def _get_grid_str(self,grid):
        if grid is None:
            grid = [[-5.0,10.0,100],
                    [-5.0,10.0,100],
                    [-5.0,10.0,100]]
        grid_str = f'''
     {grid[0][0]} {grid[0][1]} {grid[0][2]}
     {grid[1][0]} {grid[1][1]} {grid[1][2]}
     {grid[2][0]} {grid[2][1]} {grid[2][2]}
    '''
        return grid_str
    
    # These dplot routines should only be used on a calculator that has already been run
    # successfully on the same system
    def _add_dplot_orb(self,calc,iorb,grid=None):

        dplot_block = {'TITLE': f'{calc.label}_ORBITAL{iorb}',
                       'vectors': f'{calc.label}.movecs',
                       'LimitXYZ': self._get_grid_str(grid),
                       'spin': 'total',
                       'orbitals': f'view; 1; {iorb}',
                       'gaussian': None,
                       'output': f'{calc.label}_orbital{iorb}.cube'}
        calc.set(dplot=dplot_block)
        calc.set(theory='')
        calc.set(restart_kw='restart')
        calc.set(task='dplot')

    def _add_dplot_den(self,calc,grid=None):
        dplot_block = {'TITLE': f'{calc.label}_DENSITY',
                       'vectors': f'{calc.label}.movecs',
                       'LimitXYZ': self._get_grid_str(grid),
                       'spin': 'total',
                       'gaussian': None,
                       'output': f'{calc.label}_density.cube'}
        calc.set(dplot=dplot_block)
        calc.set(theory='')
        calc.set(restart_kw='restart')
        calc.set(task='dplot')
    
    def _add_dplot_trans_den(self,calc,iexc,grid=None):

        dplot_block = {'TITLE': f'TRANS_DEN{iexc}',
                       'civecs': f'{calc.label}.civecs_singlet',
                       'LimitXYZ': self._get_grid_str(grid),
                       'spin': 'total',
                       'root': f'{iexc}',
                       'gaussian': None,
                       'output': f'{calc.label}_trans_den{iexc}.cube'}
        calc.set(dplot=dplot_block)
        calc.set(theory='')
        calc.set(restart_kw='restart')
        calc.set(task='dplot')

    def _add_cosmo(self,calc,solvent):
        cosmo_smd = False
        cosmo_vem = 0
        if isinstance(solvent,str):
            solv_str = self._cosmo_seed(solvent)
        if isinstance(solvent,dict):
            if 'solvent' in solvent:
                solv_str = self._cosmo_seed(solvent['solvent'])
            if 'cosmo_smd' in solvent:
                cosmo_smd = solvent['cosmo_smd']
            if 'cosmo_vem' in solvent:
                cosmo_vem = solvent['cosmo_vem']
        calc.set(cosmo={'solvent': solv_str,
                        'do_cosmo_smd':str(cosmo_smd),
                        'do_cosmo_vem':cosmo_vem})

    def _add_tddft(self,calc,nroots,target=None):

        tddft_block = {'nroots': nroots,
                       'civecs': None, # adds civecs directive
                       'notriplet': None}
        if target is not None and target!=0:
            tddft_block['target'] = target
            tddft_block['grad'] = {'root': target}

        calc.set(tddft=tddft_block)

[docs]    def singlepoint(self,model,label,calc_params={},solvent=None,charge=0,spin=0,
                    forces=False,continuation=False,readonly=False,calconly=False,
                    cleanup=True):
        """Runs a singlepoint calculation with the NWChem ASE calculator"""
        basis, xc, target, disp = self.unpack_params(calc_params)
        calc_nw = NWChem(label=label,basis=basis,xc=self.check_func(xc))
        if (target is not None) and (target != 0):
            self._add_tddft(calc_nw,target,target)
        if solvent is not None:
            self._add_cosmo(calc_nw,solvent)
        self.dftblock_singlepoint['mult'] = int(2*spin + 1)
        if disp:
            self.dftblock_singlepoint['disp'] = {'vdw': '3'}
        calc_nw.set(dft=self.dftblock_singlepoint)
        if continuation:
            calc_nw.set(restart_kw='restart')
        calc_nw.set(charge=charge)
        calc_nw.set(print='default')
        calc_nw.set(noprint='"final vectors analysis"')
        calc_nw.set(memory='2000 mb')
        model.calc = calc_nw
        if readonly:
            calc_nw.atoms = model
            calc_nw.read_results() # skip calculation
        if calconly:
            return calc_nw
        if not forces:
            energy = model.get_potential_energy()
            if cleanup:
                self.cleanup(label)
            return energy, calc_nw
        else:
            forces = model.get_forces()
            energy = model.get_potential_energy()
            if cleanup:
                self.cleanup(label)
            return energy, forces, calc_nw


[docs]    def geom_opt(self,model_opt,label,calc_params={},driver_tol='default',
                 solvent=None,continuation=False,charge=0,readonly=False,
                 calconly=False,cleanup=True):
        """Runs a Geometry Optimisation calculation with the NWChem ASE calculator"""
        basis, xc, target, disp = self.unpack_params(calc_params)
        calc_nw = NWChem(label=label,basis=basis,xc=self.check_func(xc))
        calc_nw.set(driver=self.driver_block)
        if driver_tol != 'default':
            del self.driver_block['default']
            self.driver_block[driver_tol] = None
        if (target is not None) and (target!=0):
            self._add_tddft(calc_nw,target,target)
        if solvent is not None:
            self._add_cosmo(calc_nw,solvent)
        if driver_tol=='tight':
            calc_nw.set(dft=self.dftblock_geom_tight)
        else:
            calc_nw.set(dft=self.dftblock_geom_loose)
        if continuation:
            calc_nw.set(restart_kw='restart')
        calc_nw.set(charge=charge)
        calc_nw.set(print='default')
        calc_nw.set(task='optimize')
        calc_nw.set(memory='2000 mb')
        model_opt.calc = calc_nw
        if calconly:
            return calc_nw    
        if readonly:
            calc_nw.atoms = model_opt
            calc_nw.read_results() # skip calculation
        forces = model_opt.get_forces()
        model_opt.positions = calc_nw.calc.atoms.positions
        energy = model_opt.get_potential_energy()
        if cleanup:
            self.cleanup(label)
        return energy, forces, model_opt.positions


[docs]    def freq(self,model_opt,label,calc_params={},solvent=None,charge=0,
             temp=300,writeonly=False,readonly=False,continuation=False,
             cleanup=True):
        """Runs a Vibrational Frequency calculation with the NWChem ASE calculator"""
        basis, xc, target, disp = self.unpack_params(calc_params)
        calc_nw = NWChem(label=label,basis=basis,xc=self.check_func(xc))
        self.freq_block['temp'] = f'1 {temp}'
        calc_nw.set(freq=self.freq_block)
        if (target is not None) and (target != 0):
            self._add_tddft(calc_nw,target,target)
        if solvent is not None:
            self._add_cosmo(calc_nw,solvent)
        if continuation:
            calc_nw.set(restart_kw='restart')
        if disp:
            self.dftblock_freq['disp'] = {'vdw': '3'}
        calc_nw.set(dft=self.dftblock_freq)

        calc_nw.set(charge=charge)
        calc_nw.set(print='default')
        calc_nw.set(memory='2000 mb')
        calc_nw.set(task='frequencies')
        if disp:
            calc_nw.set(disp={'vdw': '3'})

        model_opt.calc = calc_nw
        if readonly:
            calc_nw.atoms = model_opt
            print("Reading results")
            calc_nw.read_results() # skip calculation
        forces = model_opt.get_potential_energy() # Run frequencies
        self.read_freq(calc_nw)

        if cleanup:
            self.cleanup(label)


[docs]    def run_qmd(self,model,steplabel,calc_params,qmd_steps,qmd_timestep,superstep,temp,
                solvent=None,charge=0,continuation=False,readonly=False,
                constraints=None,dynamics=None,cleanup=True):
        """Runs a Quantum Molecular Dynamics calculation with the NWChem ASE calculator"""

        basis, xc, target, disp = self.unpack_params(calc_params)
        calc_nw = NWChem(label=steplabel,basis=basis,xc=self.check_func(xc))
        qmd_block = {'nstep_nucl': qmd_steps*(superstep+1),
                     'dt_nucl':    qmd_timestep,
                     'targ_temp':  temp,
                     'com_step':   10,
                     'thermostat': 'svr 100.0',
                     'print_xyz':  1}
        
        calc_nw.set(qmd=qmd_block)
        if continuation:
            calc_nw.set(restart_kw='restart')
        if (target is not None) and (target != 0):
            self._add_tddft(calc_nw,target,target)
        if solvent is not None:
            self._add_cosmo(calc_nw,solvent)
        if disp:
            self.dftblock_qmd['disp'] = {'vdw': '3'}
        calc_nw.set(dft=self.dftblock_qmd)
        calc_nw.set(print='low')
        if constraints is not None:
            calc_nw.set(constraints=constraints)
        calc_nw.set(charge=charge)
        calc_nw.set(memory='2000 mb')
        calc_nw.set(task='qmd')
        if disp:
            calc_nw.set(disp={'vdw': '3'})
        model.calc = calc_nw
        if readonly:
            print("Reading results")
            calc_nw.atoms = model
            calc_nw.read_results()
            # these should not trigger re-runs
            energy = model.get_potential_energy()
            forces = model.get_forces()
        else:
            forces = model.get_forces()
            energy = model.calc.results["energy"]
        model.positions = calc_nw.calc.atoms.positions
        model.calc.atoms = calc_nw.calc.atoms
        # after call to QMD, atoms /= calc_nw.atoms due to MD motion
        #next_model = calc_nw.get_atoms()
        next_model = model

        if cleanup:
            self.cleanup(steplabel)

        print(superstep,calc_nw.label,energy,forces[0],model.positions[0])
        return energy,forces,model.positions


[docs]    def excitations(self,model,label,calc_params={},nroots=1,solvent=None,charge=0,
                    writeonly=False,readonly=False,continuation=False,cleanup=True,
                    plot_homo=None,plot_lumo=None,plot_trans_den=None):
        """Calculates TDDFT excitations with the NWChem ASE calculator"""
        # Set up calculator
        basis, xc, target, disp = self.unpack_params(calc_params)
        calc_nw = NWChem(label=label,basis=basis,xc=self.check_func(xc))

        self._add_tddft(calc_nw,nroots,target)
        if solvent is not None:
            self._add_cosmo(calc_nw,solvent)
        calc_nw.set(dft=self.dftblock_excitations)
        calc_nw.set(charge=charge)
        calc_nw.set(task='energy')
        calc_nw.set(memory='2000 mb')
        if disp:
            calc_nw.set(disp={'vdw': '3'})
        if continuation:
            calc_nw.set(restart_kw='restart')
        model.calc = calc_nw
        if writeonly:
            calc_nw.write_input(atoms=model)
            return 0
        if readonly:
            calc_nw.read_results()
            print("Reading excitations")        
            s_excit = self.read_excitations(calc_nw)
            #model.set_array('singlet_excitations',s_excit)
            energy = calc_nw.get_property('energy',atoms=model,allow_calculation=False)
        else:
            energy = model.get_potential_energy()
            print("Reading excitations")        
            s_excit = self.read_excitations(calc_nw)
        if plot_trans_den is not None:
            for iexc in range(min(plot_trans_den,nroots)):
                self._add_dplot_trans_den(calc_nw,iexc+1)
                calc_nw.calculate(model)
        if plot_homo is not None:
            if isinstance(plothomo,int):
                irange = range(plot_homo)
            elif isinstance(plothomo,list):
                irange = plot_homo
            else:
                raise Exception(f'Unrecognised type for plot_homo: {type(plot_homo)}')
            for ih in irange:
                self._add_dplot_orb(calc_nw,ih+1)
                calc_nw.calculate(model)
        if plot_lumo is not None:
            if isinstance(plotlumo,int):
                irange = range(plotlumo)
            elif isinstance(plotlumo,list):
                irange = plot_lumo
            else:
                raise Exception(f'Unrecognised type for plot_lumo: {type(plot_lumo)}')
            for il in range(plot_lumo):
                self._add_dplot_orb(calc_nw,il+1)
                calc_nw.calculate(model)
        if cleanup:
            self.cleanup(label)
        return s_excit, energy


[docs]    def read_excitations(self,calc):
        """Read Excitations from nwchem calculator."""

        filename = calc.label+'.nwo'
        file = open(filename, 'r')
        lines = file.readlines()
        file.close()

        s_excit = []
        trans_lines = []
        for i, line in enumerate(lines):
            if line.find('NWChem TDDFT Module') >= 0:
                # In case of multiple copies of TDDFT output in file,
                # return only the last one
                s_excit = []
                trans_lines = []
                for j, line2 in enumerate(lines[i:]):
                    if line2.find('No. of roots') >= 0:
                        word = line2.split()
                        nroots = word[4]
                    if line2.find('Alpha electrons') >= 0:
                        word = line2.split()
                        nalpha = int(word[3])
                    if line2.find('Root') >= 0 and line2.find('singlet a') >= 0:
                        word = line2.split()
                        root = int(word[1])
                        energy = float(word[6])
                        word = lines[i+j+5].split()
                        osc = float(word[3])
                        tl = []
                        for k, line3 in enumerate(lines[i+j+10:]):
                            if '----------' in line3 or len(line3.split())==0:
                                break
                            omo = int(line3.split()[1])
                            umo = int(line3.split()[5])
                            weight = float(line3.split()[7])
                            xy = line3.split()[8]
                            tl.append([nalpha-omo,umo-nalpha-1,weight,xy])
                        tl = sorted(tl,key = lambda x: x[2]**2,reverse=True)
                        tl.insert(0, (root,energy,osc))
                        s_excit.append((root,energy,osc))
                        trans_lines.append(tl)
                        if root == nroots:
                            break
        calc.results['excitations'] = np.array(s_excit)
        calc.results['transition_origins'] = trans_lines
        return s_excit


[docs]    def read_freq(self,calc):
        """Read Vibrational Frequencies and Normal Modes from results of nwchem calculator."""
        file = open(calc.label+'.nwo', 'r')
        lines = file.readlines()
        file.close()
        nat = len(calc.atoms)
        nRa = 3*nat
        freq = []
        for i, line in enumerate(lines):
            if line.find('NORMAL MODE EIGENVECTORS IN CARTESIAN COORDINATES') >= 0:
                # In case of multiple copies of frequency output in file,
                # return only the last one
                freq = np.zeros(nRa)
                nmode = np.zeros((nRa,nRa))
                maxRa = 0
                minRa = 0
                Rb = -1
                for j, line2 in enumerate(lines[i:i+nRa*nRa/6+nRa/6*10]):
                    words = line2.split()
                    if len(words)>0:
                        if words==[str(e) for e in range(maxRa+1,maxRa+len(words)+1)]:
                            minRa = maxRa + 1
                            maxRa = minRa + len(words) - 1
                            Rb = 0
                        if words[0] ==str(Rb+1) and len(words)==maxRa-minRa+2:
                            nmode[Rb,minRa-1:maxRa] = [float(w) for w in words[1:]]
                            Rb = Rb + 1
                    if line2.find('Frequency') >= 0:
                        new_freqs = [float(s) for s in words[1:]]
                        freq[minRa-1:maxRa]= new_freqs
            if line.find('Derivative Dipole Moments') >= 0:
                ddip = np.zeros((nRa,3))
                Rb = 0
                for j, line2 in enumerate(lines[i:i+nRa+10]):
                    words = line2.split()
                    if len(words)>0:
                        if words[0]==str(Rb+1):
                            ddip[Rb,1:3] = [float(w) for w in words[4:6]]
                            Rb = Rb + 1
            if line.find('Infra Red Intensities') >= 0:
                intense = np.zeros((nRa))
                Rb = 0
                for j, line2 in enumerate(lines[i:i+nRa+10]):
                    words = line2.split()
                    if len(words)>0:
                        if words[0]==str(Rb+1):
                            intense[Rb] = float(words[3])
                            Rb = Rb + 1
        print(nmode)
        print(freq)
        print(ddip)
        print(intense)
        calc.results['frequencies'] = freq
        calc.results['normal modes'] = nmode
        calc.results['IR intensities'] = intense
        calc.results['derivative dipole moments'] = ddip
        return freq




# In[ ]:








          

      

      

    

  

    
      
          
            
  Source code for esteem.wrappers.onetep

#!/usr/bin/env python
# coding: utf-8

# In[1]:


"""Defines the OnetepWrapper Class"""

from ase.calculators.onetep import Onetep
from os.path import isfile, dirname, abspath, join
from os import environ
import numpy as np

[docs]class OnetepWrapper():
    """Sets up and runs the ONETEP Calculator (via ASE) for DFT and TDDFT calculations"""
    
    def __init__(self):
        """Sets up instance attributes for OnetepWrapper """
        
        self.dielectric = {}
        self.dielectric.update(dict.fromkeys(['wat', 'wate', 'water', 'watr'], ["Water",80.4,1.33]))
        self.dielectric.update(dict.fromkeys(['meth', 'methanol', 'meoh'], ["Methanol",32.63,1.329]))
        self.dielectric["wate"] = ["Water",80.4,1.33]
        self.dielectric["acet"] = ["Acetonitrile",36.6,1.344]
        self.dielectric["actn"] = ["Acetone",20.7,1.359]
        self.dielectric["ammo"] = ["Ammonia",22.4,1.33]
        self.dielectric["etoh"] = ["Ethanol",24.3,1.361]
        self.dielectric["dich"] = ["CH2Cl2",9.08,1.424]
        self.dielectric["tech"] = ["CCl4",2.24,1.466]
        self.dielectric["dmfu"] = ["DMF",38.3,1.43]
        self.dielectric["dmso"] = ["DMSO",47.2,1.479]
        self.dielectric["pyri"] = ["Pyridine",12.5,1.51]
        self.dielectric["thff"] = ["THF",7.25,1.407]
        self.dielectric["chlf"] = ["Chloroform",4.9,1.45]
        self.dielectric["hexa"] = ["Hexane",1.89,1.375]
        self.dielectric["tolu"] = ["Toluene",2.4,1.497]
        self.dielectric["cycl"] = ["Cyclohexane",2.02,1.4262]

        self.singlepoint_params = {
            'task': 'SINGLEPOINT',
            'ngwf_threshold_orig': 1e-6,
            'fftbox_batch_size': 12,
            'write_forces': True
        }
        self.geom_opt_params = {
            'task': 'GEOMETRYOPTIMIZATION',
            'ngwf_threshold_orig': 1e-6,
            'geom_continuation': False,
            'geom_reuse_dkngwfs': True,
            'fftbox_batch_size': 12,
            'write_forces': True
        }

        self.excitations_params = {
            'ngwf_threshold_orig': 1.4e-6, 
            'lnv_threshold_orig': 2e-7, 
            'maxit_palser_mano': 600, 
            'do_properties': False, 
            'fftbox_batch_size': 14, 
            'write_forces': False, 
            'write_denskern': True, 
            'write_tightbox_ngwfs': True, 
            'read_denskern': False, 
            'read_tightbox_ngwfs': False, 
            'output_detail': "NORMAL", 
            'cond_energy_gap': '0.1 eV', 
            'cond_num_states': 20, 
            'cond_num_extra_its': 4, 
            'cube_format': False, 
            'lr_tddft_analysis': True, 
            'lr_tddft_RPA': True, 
            'lr_tddft_init_random': False, 
            'lr_tddft_write_kernels': True, 
            'lr_tddft_write_densities': False, 
            'lr_tddft_restart': False, 
            'lr_tddft_num_conv_states': 0,
            'lr_tddft_homo_num': 60, 
            'lr_tddft_lumo_num': 60, 
            'lr_tddft_maxit_cg': 120 }

        self.solvent_params = {
            'is_implicit_solvent': True,
            'is_auto_solvation' : True,
            'is_smeared_ion_rep': True }
        
        self.paw = False
        self.pseudo_path = ""
        self.pseudo_suffix = ""

[docs]    def setup(self,nprocs=None,mthreads=None,onetep_cmd=None,mpirun=None,
              set_pseudo_path=None,set_pseudo_suffix=None):
        """Sets up the internal variables of the OnetepWrapper Class"""
        
        # Set up pseudopotential/PAW information
        if set_pseudo_path is None:
            self.pseudo_path = '~/JTH_PBE/'
        else:
            self.pseudo_path = set_pseudo_path
        if set_pseudo_suffix is None:
            self.pseudo_suffix = '.PBE-paw.abinit'
        else:
            self.pseudo_suffix = set_pseudo_suffix
        if self.pseudo_suffix == '.PBE-paw.abinit':
            self.paw = True
        else:
            self.paw = False

        # Set the environment variable for the ONETEP Calculator
        if onetep_cmd is None:
            onetep_cmd = "onetep"
        if mpirun is None:
            mpirun = "mpirun"
        mthread_cmd = ''
        nproc_cmd = ''
        if mpirun == "mpirun":
            if nprocs is not None:
                nproc_cmd = f'-n {nprocs}'
            if mthreads is not None:
                mthread_cmd = f'export OMP_NUM_THREADS={mthreads}; '
        if mpirun == "aprun":
            mthread_cmd = '' # already set in script
            try:
                nproc_cmd = environ["APRUN_ARGS"]
            except KeyError:
                nproc_cmd = ""
        environ["ASE_ONETEP_COMMAND"] = f'{mthread_cmd}{mpirun} {nproc_cmd} {onetep_cmd} PREFIX.dat >> PREFIX.out 2> PREFIX.err'

   
    # Adjust this function to define complex behaviour of NGWF counts
    def _set_cond_ngwfs(self,model,calc_on):
        tags = ["" if i==0 else str(i) for i in model.get_tags()]
        all_species = set(zip(model.get_chemical_symbols(), tags))
        species_ngwf_number_cond = {}
        for s in all_species:
            cond_ngwf_count = -1
            if s[1]=="1":
                if s[0]=='H':
                    cond_ngwf_count = -1
                if s[0]=='C' or s[0]=='O' or s[0]=='N':
                    cond_ngwf_count = -1
            if s[1]=="":
                cond_ngwf_count = -1
            if cond_ngwf_count >= 0:
                species_ngwf_number_cond[s[0]+s[1]] = cond_ngwf_count
        calc_on.set(species_ngwf_number_cond=species_ngwf_number_cond)

    def unpack_params(self,calc_params):
        if 'ngwf_rad' in calc_params:
            ngwf_rad = calc_params['ngwf_rad']
        else:
            raise Exception("Basis not specified in calc_params")
        if 'cutoff' in calc_params:
            cutoff = calc_params['cutoff']
        else:
            raise Exception("Cutoff Energy not specified in calc_params")
        if 'func' in calc_params:
            xc = calc_params['func']
        else:
            raise Exception("XC Functional not specified in calc_params")
        if 'target' in calc_params:
            target = calc_params['target']
        else:
            raise Exception("Target excitation not specified in calc_params")
        if 'energy_range' in calc_params:
            target = calc_params['energy_range']
        else:
            raise Exception("Target excitation not specified in energy_range")
        return ngwf_rad,cutoff,func,energy_range,target

[docs]    def singlepoint(self,model,label,calc_params,solvent=None,charge=0,
                    forces=False,restart=False,readonly=False,writeonly=False,calconly=False):
        """Runs a singlepoint calculation with the ONETEP ASE calculator"""
        calc_on = Onetep(label=label)
        ngwf_rad,cutoff,func,energy_range,target = self.unpack_params(calc_params)
        if (model_opt.cell==0.0).all():
            model_opt.center(10)
            print('Added cell:\n',model_opt.cell)
        if self.pseudo_path is not None:
            calc_on.set(pseudo_path=self.pseudo_path)
        if self.pseudo_suffix is not None:
            calc_on.set(pseudo_suffix=self.pseudo_suffix)
        calc_on.set(paw=self.paw)
        calc_on.set(xc=func)
        calc_on.set(charge=charge)
        calc_on.set(cutoff_energy=cutoff)
        calc_on.set(ngwf_radius=ngwf_rad)
        calc_on.set(**self.singlepoint_params)
        if not forces:
            calc_on.set(write_forces=False)
            model_forces = None
        model.calc = calc_on
        if writeonly:
            calc_on.write_input(atoms=model)
            return 0
        if calconly:
            return calc_on
        if readonly:
            calc_on.read_results()
            energy = calc_on.get_property('energy',atoms=model,allow_calculation=False)
            if forces:
                model_forces = calc_on.get_property('forces',atoms=model,allow_calculation=False)
        else:
            if forces:
                model_forces = model.get_forces()
            energy = model.get_potential_energy()

        return energy, model_forces

    
[docs]    def geom_opt(self,model_opt,label,calc_params,driver_tol='default',
                 solvent=None,charge=0,readonly=False,writeonly=False,calconly=False):
        """Runs a Geometry Optimisation calculation with the ONETEP ASE calculator"""
        calc_on = Onetep(label=label)
        ngwf_rad,cutoff,func,energy_range,target = self.unpack_params(calc_params)
        if (model_opt.cell==0.0).all():
            model_opt.center(10)
            print('Added cell:\n',model_opt.cell)
        if self.pseudo_path is not None:
            calc_on.set(pseudo_path=self.pseudo_path)
        if self.pseudo_suffix is not None:
            calc_on.set(pseudo_suffix=self.pseudo_suffix)
        calc_on.set(paw=self.paw)
        calc_on.set(xc=func)
        calc_on.set(charge=charge)
        calc_on.set(cutoff_energy=cutoff)
        calc_on.set(ngwf_radius=ngwf_rad)
        calc_on.set(**self.geom_opt_params)
        # TODO: Handle driver_tol
        model_opt.calc = calc_on
        if writeonly:
            calc_on.write_input(atoms=model_opt)
            return 0
        if calconly:
            return calc_on
        if readonly:
            calc_on.read_results()
            energy = calc_on.get_property('energy',atoms=model_opt,allow_calculation=False)
            model_forces = calc_on.get_property('forces',atoms=model_opt,allow_calculation=False)
        else:
            model_forces = model_opt.get_forces()
            energy = model_opt.get_potential_energy()

        return energy, model_forces, model_opt.positions


[docs]    def excitations(self,model,label,nroots=1,solvent=None,charge=0,writeonly=False,
                    readonly=False,continuation=False,cleanup=False):
        """Calculates TDDFT excitations with the ONETEP ASE calculator"""
        calc_on = Onetep(label=label)
        ngwf_rad,cutoff,func,energy_range,target = self.unpack_params(calc_params)
        if (model_opt.cell==0.0).all():
            model_opt.center(10)
            print('Added cell:\n',model_opt.cell)
        if self.pseudo_path is not None:
            calc_on.set(pseudo_path=self.pseudo_path)
        if self.pseudo_suffix is not None:
            calc_on.set(pseudo_suffix=self.pseudo_suffix)
        if not continuation:
            calc_on.set(task='SINGLEPOINT COND LR_TDDFT')
        else:
            calc_on.set(task='LR_TDDFT')
        calc_on.set(paw=self.paw)
        calc_on.set(xc=func)
        calc_on.set(charge=charge)
        calc_on.set(cutoff_energy=cutoff)
        calc_on.set(ngwf_radius=ngwf_rad)
        calc_on.set(ngwf_radius_cond=ngwf_rad)
        calc_on.set(lr_tddft_num_states=nroots)
        calc_on.set(cond_energy_range=energy_range)
        calc_on.set(**self.excitations_params)
        # Setup tags on kernel species, if supplied
        if any(model.get_tags()>0):
            tags = ["" if i==0 else str(i) for i in model.get_tags()]
            all_species = set(zip(model.get_chemical_symbols(), tags))
            tddft_kernel_species = [s[0]+s[1] for s in all_species if s[1]!=""]
            tddft_kernel_str = [('%s' % sp) for sp in tddft_kernel_species]
            calc_on.set(species_tddft_kernel=[tddft_kernel_str])
            # TODO: setup LDOS groups
            self._set_cond_ngwfs(model,calc_on)
        if solvent is not None:
            calc_on.set(**self.solvent_params)
            if solvent not in self.dielectric.keys():
                raise Exception("Solvent not found in database: {}".format(solvent))
            calc_on.set(is_bulk_permittivity=self.dielectric[solvent][1])
            calc_on.set(lr_optical_permittivity=self.dielectric[solvent][2]**2)
        model.calc = calc_on
        if writeonly:
            calc_on.write_input(atoms=model)
            return 0
        if readonly:
            calc_on.read_results()
            gs_energy = calc_on.get_property('energy',atoms=model,
                                             allow_calculation=False)
        else:
            gs_energy = model.get_potential_energy()

        excitations = self.read_excitations(calc_on)
        energies = np.array([gs_energy]*(len(excitations)+1))
        energies[1:] = energies[1:] + excitations[:,1]

        if (cleanup):
            self.cleanup(label)

        return excitations,energies


    def read_excitations(self,calc,out=None):
        
        import numpy as np
        from ase.units import Hartree

        if out is None:
            onetep_file = calc.label + '.out'
            try:
                out = open(onetep_file, 'r')
            except IOError:
                raise Exception('Could not open output file "%s"' % onetep_file)
        line = out.readline()
        excitations = []
        while line:
            line = out.readline()
            if '|Excitation|    Energy (in Ha)   |     Oscillator Str' in line:
                nE = 0
                excitations = []
                line = out.readline()
                while line:
                    words = line.split()
                    if len(words)==0 or 'Transition:' in words[0]:
                        break
                    nE = nE + 1
                    excitations.append([nE,float(words[1])*Hartree,float(words[2])])
                    line = out.readline()
        excitations = np.array(excitations)
        calc.results['excitations'] = excitations
        return excitations

    from os import path
    def cleanup(self,seed):
        # Cleanup temporary files from a ONETEP job
        for b in ("tightbox_ngwfs","dkn"):
            for p in ("","vacuum_"):
                for q in ("","_cond"):
                    s = p+b+q
                    print(seed+"."+s)
                    if path.isfile(seed+"."+s):
                        remove(seed+"."+s)
        for s in ["_dl_mg_log.txt"]:
            print(seed+s)
            if path.isfile(seed+"."+s):
                remove(seed+"."+s) 






          

      

      

    

  

    
      
          
            
  Source code for esteem.wrappers.orca

#!/usr/bin/env python
# coding: utf-8

# In[2]:


"""Defines the ORCAWrapper Class"""

# Set up imports
import ase
from ase.calculators.orca import ORCA
from ase.calculators.calculator import PropertyNotImplementedError
from ase.units import Hartree
from os import environ, path, makedirs, remove
import numpy as np

[docs]class ORCAWrapper():
    """Sets up and runs the ORCA Calculator (via ASE) for DFT and TDDFT calculations"""
    
    def __init__(self):
        """Sets up instance attributes for ORCAWrapper """

        # Set up some defaults
        self.nprocs=24

[docs]    def setup(self,nprocs=None,orca_cmd=None,ORCA_top=None):
        """Sets up the internal variables of the ORCAWrapper class, including run command"""
        try:
            orca_cmd = environ["ASE_ORCA_COMMAND"]
        except KeyError:
            if orca_cmd is None:
                orca_cmd = "~/orca5/orca"
            environ["ASE_ORCA_COMMAND"]=f'{orca_cmd} PREFIX.inp --oversubscribe >> PREFIX.out 2> PREFIX.err'
        if nprocs is not None:
            self.nprocs = nprocs


[docs]    def cleanup(self,seed):
        """Cleans up temporary files created by a ORCA run that are of no further use"""

        # Cleanup temporary files - TODO
        for dir in "./",seed+"/":
            for s in ("gbw","densities","err"):
                if path.isfile(dir+seed+"."+s):
                    remove(dir+seed+"."+s)


    def unpack_params(self,calc_params):
        if 'basis' in calc_params:
            basis = calc_params['basis']
        else:
            raise Exception("Basis not specified in calc_params")
        if 'func' in calc_params:
            xc = calc_params['func']
        else:
            raise Exception("XC Func not specified in calc_params")
        if 'target' in calc_params:
            target = calc_params['target']
        else:
            raise Exception("Target not specified in calc_params")
        if 'disp' in calc_params:
            disp = calc_params['disp']
        else:
            disp = None
        return basis,xc,target,disp
                    
    def _cosmo_seed(self,solvent):
        # See here for a list of solvents:
        # http://
        if solvent=='meth':
            return 'methanol'
        elif solvent=='etoh':
            return 'ethanol'
        elif solvent=='acet':
            return 'acetntrl'
        elif solvent=='dich':
            return 'dcm'
        elif solvent=='cycl':
            return 'cychexan'
        elif solvent=='watr':
            return 'water'
        elif solvent=='diox':
            return 'dioxane'
        else:
            return solvent

    def check_func(self,func):

        fullfunc = func
        return fullfunc

    def _add_tddft(self,calc,nroots,target=None):

        calc.parameters['orcablocks'] += f"\n%tddft\n  nroots {nroots}\n  tda false"
        if target is not None:
            calc.parameters['orcablocks'] += f"\n  Iroot {target}\n  end"

[docs]    def singlepoint(self,model,label,calc_params={},solvent=None,charge=0,spin=0,
                    forces=False,continuation=False,readonly=False,calconly=False,
                    cleanup=True):
        """Runs a singlepoint calculation with the ORCA ASE calculator"""
        basis, xc, target, disp = self.unpack_params(calc_params)
        dispstr = 'D3ZERO' if disp else ''
        extra = ""
        calc_orca = ORCA(label=label,orcasimpleinput=f"{xc} {dispstr} {basis} {extra}",
                         orcablocks=f'%pal nprocs {self.nprocs} end');
        if (target is not None) and (target != 0):
            self._add_tddft(calc_orca,target,target)
        #if solvent is not None:
        #    self._add_cosmo(calc_orca,solvent)
        # Set up spin
        calc_orca.set(mult=int(2*spin+1))
        #calc_orca.set(dft=self.dftblock_singlepoint)
        #if continuation:
        #    calc_orca.set(restart_kw='restart')
        # Set up charge
        calc_orca.set(charge=charge)
        model.calc = calc_orca
        if readonly:
            calc_orca.atoms = model
            calc_orca.read_results() # skip calculation
        if calconly:
            return calc_orca
        if not forces:
            energy = model.get_potential_energy()
            if cleanup:
                self.cleanup(label)
            return energy, calc_orca
        else:
            forces = model.get_forces()
            energy = model.get_potential_energy()
            if cleanup:
                self.cleanup(label)
            return energy, forces, calc_orca


[docs]    def geom_opt(self,model_opt,label,calc_params={},driver_tol='default',
                 solvent=None,continuation=False,charge=0,readonly=False,
                 calconly=False,cleanup=True):
        """Runs a Geometry Optimisation calculation with the ORCA ASE calculator"""
        basis, xc, target, disp = self.unpack_params(calc_params)
        dispstr = 'D3ZERO' if disp else ''
        calc_orca = ORCA(label=label,orcasimpleinput=f"{xc} {dispstr} {basis} opt",
                         orcablocks=f'%pal nprocs {self.nprocs} end');
        if (target is not None) and (target!=0):
            self._add_tddft(calc_orca,target,target)
        #if solvent is not None:
        #    self._add_cosmo(calc_orca,solvent)
        #if continuation:
        #    calc_orca.set(restart_kw='restart')
        calc_orca.set(charge=charge)
        #calc_orca.set(print='default')
        calc_orca.set(task='opt')
        #calc_orca.set(memory='2000 mb')
        model_opt.calc = calc_orca
        if calconly:
            return calc_orca    
        if readonly:
            calc_orca.atoms = model_opt
            calc_orca.read_results() # skip calculation
        forces = model_opt.get_forces()
        model_opt.positions = calc_orca.calc.atoms.positions
        energy = model_opt.get_potential_energy()
        if cleanup:
            self.cleanup(label)
        return energy, forces, model_opt.positions


[docs]    def freq(self,model_opt,label,calc_params={},solvent=None,charge=0,
             temp=300,writeonly=False,readonly=False,continuation=False,
             cleanup=True):
        """Runs a Vibrational Frequency calculation with the ORCA ASE calculator"""
        raise PropertyNotImplementedError("No freq implementation yet")
        basis, xc, target, disp = self.unpack_params(calc_params)
        calc_orca = ORCA(label=label,basis=basis,xc=self.check_func(xc))
        self.freq_block['temp'] = f'1 {temp}'
        #calc_orca.set(freq=self.freq_block)
        if (target is not None) and (target != 0):
            self._add_tddft(calc_orca,target,target)
        #if solvent is not None:
        #    self._add_cosmo(calc_orca,solvent)
        #if continuation:
        #    calc_orca.set(restart_kw='restart')
        #if disp:
        #    self.dftblock_freq['disp'] = {'vdw': '3'}
        #calc_orca.set(dft=self.dftblock_freq)

        calc_orca.set(charge=charge)
        #calc_orca.set(print='default')
        #calc_orca.set(memory='2000 mb')
        calc_orca.set(task='freq')
        #if disp:
        #    calc_orca.set(disp={'vdw': '3'})

        model_opt.calc = calc_orca
        if readonly:
            calc_orca.atoms = model_opt
            print("Reading results")
            calc_orca.read_results() # skip calculation
        forces = model_opt.get_potential_energy() # Run frequencies
        self.read_freq(calc_orca)

        if cleanup:
            self.cleanup(label)


[docs]    def run_qmd(self,model,steplabel,calc_params,qmd_steps,qmd_timestep,superstep,temp,
                solvent=None,charge=0,continuation=False,readonly=False,
                constraints=None,dynamics=None,cleanup=True):
        """Runs a Quantum Molecular Dynamics calculation with the ORCA ASE calculator"""

        raise PropertyNotImplementedError("No qmd implementation yet")
        basis, xc, target, disp = self.unpack_params(calc_params)
        calc_orca = ORCA(label=steplabel,basis=basis,xc=self.check_func(xc))
        qmd_block = {'nstep_nucl': qmd_steps*(superstep+1),
                     'dt_nucl':    qmd_timestep,
                     'targ_temp':  temp,
                     'com_step':   10,
                     'thermostat': 'svr 100.0',
                     'print_xyz':  1}
        
        calc_orca.set(qmd=qmd_block)
        if continuation:
            calc_orca.set(restart_kw='restart')
        if (target is not None) and (target != 0):
            self._add_tddft(calc_orca,target,target)
        if solvent is not None:
            self._add_cosmo(calc_orca,solvent)
        if disp:
            self.dftblock_qmd['disp'] = {'vdw': '3'}
        calc_orca.set(dft=self.dftblock_qmd)
        calc_orca.set(print='low')
        if constraints is not None:
            calc_orca.set(constraints=constraints)
        calc_orca.set(charge=charge)
        calc_orca.set(memory='2000 mb')
        calc_orca.set(task='qmd')
        if disp:
            calc_orca.set(disp={'vdw': '3'})
        model.calc = calc_orca
        if readonly:
            print("Reading results")
            calc_orca.atoms = model
            calc_orca.read_results()
            # these should not trigger re-runs
            energy = model.get_potential_energy()
            forces = model.get_forces()
        else:
            forces = model.get_forces()
            energy = model.calc.results["energy"]
        model.positions = calc_orca.calc.atoms.positions
        model.calc.atoms = calc_orca.calc.atoms
        # after call to QMD, atoms /= calc_orca.atoms due to MD motion
        #next_model = calc_orca.get_atoms()
        next_model = model

        if cleanup:
            self.cleanup(steplabel)

        print(superstep,calc_orca.label,energy,forces[0],model.positions[0])
        return energy,forces,model.positions


[docs]    def excitations(self,model,label,calc_params={},nroots=1,solvent=None,charge=0,
                    writeonly=False,readonly=False,continuation=False,cleanup=True,
                    plot_homo=None,plot_lumo=None,plot_trans_den=None):
        """Calculates TDDFT excitations with the ORCA ASE calculator"""
        raise PropertyNotImplementedError("No excitations implementation yet")
        # Set up calculator
        basis, xc, target, disp = self.unpack_params(calc_params)
        calc_orca = ORCA(label=label,basis=basis,xc=self.check_func(xc))

        self._add_tddft(calc_orca,nroots,target)
        if solvent is not None:
            self._add_cosmo(calc_orca,solvent)
        calc_orca.set(dft=self.dftblock_excitations)
        calc_orca.set(charge=charge)
        calc_orca.set(task='energy')
        calc_orca.set(memory='2000 mb')
        if disp:
            calc_orca.set(disp={'vdw': '3'})
        if continuation:
            calc_orca.set(restart_kw='restart')
        model.calc = calc_orca
        if writeonly:
            calc_orca.write_input(atoms=model)
            return 0
        if readonly:
            calc_orca.read_results()
            print("Reading excitations")        
            s_excit = self.read_excitations(calc_orca)
            #model.set_array('singlet_excitations',s_excit)
            energy = calc_orca.get_property('energy',atoms=model,allow_calculation=False)
        else:
            energy = model.get_potential_energy()
            print("Reading excitations")        
            s_excit = self.read_excitations(calc_orca)
        if plot_trans_den is not None:
            for iexc in range(min(plot_trans_den,nroots)):
                self._add_dplot_trans_den(calc_orca,iexc+1)
                calc_orca.calculate(model)
        if plot_homo is not None:
            if isinstance(plothomo,int):
                irange = range(plot_homo)
            elif isinstance(plothomo,list):
                irange = plot_homo
            else:
                raise Exception(f'Unrecognised type for plot_homo: {type(plot_homo)}')
            for ih in irange:
                self._add_dplot_orb(calc_orca,ih+1)
                calc_orca.calculate(model)
        if plot_lumo is not None:
            if isinstance(plotlumo,int):
                irange = range(plotlumo)
            elif isinstance(plotlumo,list):
                irange = plot_lumo
            else:
                raise Exception(f'Unrecognised type for plot_lumo: {type(plot_lumo)}')
            for il in range(plot_lumo):
                self._add_dplot_orb(calc_orca,il+1)
                calc_orca.calculate(model)
        if cleanup:
            self.cleanup(label)
        return s_excit, energy


[docs]    def read_excitations(self,calc):
        """Read Excitations from ORCA calculator."""

        filename = calc.label+'.nwo'
        file = open(filename, 'r')
        lines = file.readlines()
        file.close()

        s_excit = []
        trans_lines = []
        for i, line in enumerate(lines):
            if line.find('ORCA TDDFT Module') >= 0:
                # In case of multiple copies of TDDFT output in file,
                # return only the last one
                s_excit = []
                trans_lines = []
                for j, line2 in enumerate(lines[i:]):
                    if line2.find('No. of roots') >= 0:
                        word = line2.split()
                        nroots = word[4]
                    if line2.find('Alpha electrons') >= 0:
                        word = line2.split()
                        nalpha = int(word[3])
                    if line2.find('Root') >= 0 and line2.find('singlet a') >= 0:
                        word = line2.split()
                        root = int(word[1])
                        energy = float(word[6])
                        word = lines[i+j+5].split()
                        osc = float(word[3])
                        tl = []
                        for k, line3 in enumerate(lines[i+j+10:]):
                            if '----------' in line3 or len(line3.split())==0:
                                break
                            omo = int(line3.split()[1])
                            umo = int(line3.split()[5])
                            weight = float(line3.split()[7])
                            xy = line3.split()[8]
                            tl.append([nalpha-omo,umo-nalpha-1,weight,xy])
                        tl = sorted(tl,key = lambda x: x[2]**2,reverse=True)
                        tl.insert(0, (root,energy,osc))
                        s_excit.append((root,energy,osc))
                        trans_lines.append(tl)
                        if root == nroots:
                            break
        calc.results['excitations'] = np.array(s_excit)
        calc.results['transition_origins'] = trans_lines
        return s_excit


[docs]    def read_freq(self,calc):
        """Read Vibrational Frequencies and Normal Modes from results of ORCA calculator."""
        file = open(calc.label+'.nwo', 'r')
        lines = file.readlines()
        file.close()
        nat = len(calc.atoms)
        nRa = 3*nat
        freq = []
        for i, line in enumerate(lines):
            if line.find('NORMAL MODE EIGENVECTORS IN CARTESIAN COORDINATES') >= 0:
                # In case of multiple copies of frequency output in file,
                # return only the last one
                freq = np.zeros(nRa)
                nmode = np.zeros((nRa,nRa))
                maxRa = 0
                minRa = 0
                Rb = -1
                for j, line2 in enumerate(lines[i:i+nRa*nRa/6+nRa/6*10]):
                    words = line2.split()
                    if len(words)>0:
                        if words==[str(e) for e in range(maxRa+1,maxRa+len(words)+1)]:
                            minRa = maxRa + 1
                            maxRa = minRa + len(words) - 1
                            Rb = 0
                        if words[0] ==str(Rb+1) and len(words)==maxRa-minRa+2:
                            nmode[Rb,minRa-1:maxRa] = [float(w) for w in words[1:]]
                            Rb = Rb + 1
                    if line2.find('Frequency') >= 0:
                        new_freqs = [float(s) for s in words[1:]]
                        freq[minRa-1:maxRa]= new_freqs
            if line.find('Derivative Dipole Moments') >= 0:
                ddip = np.zeros((nRa,3))
                Rb = 0
                for j, line2 in enumerate(lines[i:i+nRa+10]):
                    words = line2.split()
                    if len(words)>0:
                        if words[0]==str(Rb+1):
                            ddip[Rb,1:3] = [float(w) for w in words[4:6]]
                            Rb = Rb + 1
            if line.find('Infra Red Intensities') >= 0:
                intense = np.zeros((nRa))
                Rb = 0
                for j, line2 in enumerate(lines[i:i+nRa+10]):
                    words = line2.split()
                    if len(words)>0:
                        if words[0]==str(Rb+1):
                            intense[Rb] = float(words[3])
                            Rb = Rb + 1
        print(nmode)
        print(freq)
        print(ddip)
        print(intense)
        calc.results['frequencies'] = freq
        calc.results['normal modes'] = nmode
        calc.results['IR intensities'] = intense
        calc.results['derivative dipole moments'] = ddip
        return freq




# In[ ]:








          

      

      

    

  

    
      
          
            
  Source code for esteem.wrappers.physnet

#!/usr/bin/env python
# coding: utf-8

# In[ ]:


"""Defines the PhysNetWrapper Class"""

import numpy as np

[docs]class PhysNetWrapper():
    """
    Sets up, trains and runs a PhysNet Neural Network Calculator to represent a
    potential energy surface.
    """

    # Class attribute: default training arguments
    default_train_args =  {'num_features': 128,
                           'num_basis': 64,
                           'num_blocks': 5,
                           'num_residual_atomic': 2,
                           'num_residual_interaction': 3,
                           'num_residual_output': 1,
                           'cutoff': 10.0,
                           'use_electrostatic': 1,
                           'use_dispersion': 1,
                           'grimme_s6': 0.5,
                           'grimme_s8': 0.2130,
                           'grimme_a1': 0.0,
                           'grimme_a2': 6.0519,
                           'dataset': 'test.npz',
                           'num_train': 450,
                           'num_valid': 50,
                           'seed': 42,
                           'max_steps': 1000000,
                           'learning_rate': 0.001,
                           'max_norm': 1000.0,
                           'ema_decay': 0.999,
                           'keep_prob': 1.0,
                           'l2lambda': 0.0,
                           'nhlambda': 0.01,
                           'decay_steps': 10000000,
                           'decay_rate': 0.1,
                           'batch_size': 32,
                           'valid_batch_size': 50,
                           'force_weight': 52.91772105638412,
                           'charge_weight': 14.399645351950548,
                           'dipole_weight': 27.211386024367243,
                           'summary_interval': 10000,
                           'validation_interval': 10000,
                           'save_interval': 50000,
                           'record_run_metadata': 0}
    
    def __init__(self,**kwargs):
        """Sets up instance attributes for PhysNetWrapper """
        from copy import deepcopy
        self.train_args = deepcopy(self.default_train_args)

        # Allow overrides for this instance of the class
        for kw in self.train_args:
            if kw in kwargs:
                self.train_args[kw] = kwargs[kw]

        # Make a set of default loading arguments by copying in training arguments
        self.load_args = {}
        # These have different names between training and loading
        self.load_args['F'] = self.train_args['num_features']
        self.load_args['K'] = self.train_args['num_basis']
        self.load_args['sr_cut'] = self.train_args['cutoff']
        if 'lr_cut' in kwargs:
            self.load_args['lr_cut'] = kwargs['lr_cut']
        else:
            self.load_args['lr_cut'] = None # no need for an electrostatic cutoff
        for s in ['grimme_s6','grimme_s8','grimme_a1','grimme_a2']:
            kw = s.replace('grimme_','')
            if s in self.train_args:
                self.load_args[kw] = self.train_args[s]            
        # The rest have the same name
        for kw in ['num_residual_atomic','num_residual_interaction','num_residual_output',
                   'use_electrostatic','use_dispersion']:
            if kw in self.train_args:
                self.load_args[kw] = self.train_args[kw]
        self.calc_ext = ""
        self.log_ext = ""
        self.calc = None
        self.atom_e = 0.0
        self.atom_energies = {}
        self.atoms_on_load = None
    
    def calc_filename(self,seed,target,prefix='',suffix=''):
        if target is None or target == 0:
            calcfn = seed+"_gs_"+suffix
        else:
            calcfn = seed+"_es"+str(target)+"_"+suffix
            
        calcfn = prefix + calcfn
            
        return calcfn
    
[docs]    def load(self,seed,target=None,prefix="",suffix="",atoms=None):
        """
        Loads an existing PhysNet Calculator

        seed: str
        
        target: int

        suffix: str

        kwargs: dict
            other keywords
        """
        
        if self.calc is not None: 
            return self.calc

        calcfn = self.calc_filename(seed,target,prefix=prefix,suffix=suffix)
        
        import NNCalculator
        import tensorflow as tf
        import numpy as np
        from ase.io import read
        
        # Backup for if calculator is loaded before atoms available
        if atoms is None:
            atoms = read(f"{prefix}{seed}.xyz")
            try:
                atoms = read(f"{prefix}{seed}_gs_opt.xyz")
            except:
                try:
                    print(f"{prefix}{seed}.xyz")
                    atoms = read(f"{prefix}{seed}.xyz")
                except:
                    raise Exception(f"Could not find initial geometry .xyz file for {seed}")

        # Find checkpoint file for calculator            
        log_dir=f"{calcfn}/best"
        checkpoint = tf.train.latest_checkpoint(log_dir)
        print(f'Loading Calculator from: {log_dir}, {checkpoint} with args: {self.load_args}',flush=True)
        self.calc = NNCalculator.NNCalculator(checkpoint,atoms,**self.load_args)

        # Load atoms trajectory and calculate initial value of atom energy
        from ase.io import Trajectory
        from esteem.trajectories import atom_energy,atom_energies
        atom_traj = Trajectory(f'{prefix}{seed}_atoms_{suffix}.traj')
        self.atom_energies = atom_energies(atom_traj)
        self.atom_e = atom_energy(atoms,self.atom_energies)
        self.atoms_on_load = atoms.copy()

        return self.calc


    def traj_to_npz(self,seed,trajfile,suffix):
        from ase.io import Trajectory
        from esteem import trajectories
        atom_traj = Trajectory(f'{seed}_atoms_{suffix}.traj')
        traj = Trajectory(trajfile)
        trajoutfile = trajfile.replace(".traj","_atsub.traj")
        trajout = Trajectory(trajoutfile,'w')
        trajectories.subtract_atom_energies_from_traj(traj,atom_traj,trajout)
        trajout.close()
        traj.close()

        traj = Trajectory(trajoutfile)
        length = len(traj)
        max_at = max([len(a) for a in traj])
        N = np.zeros((length,), dtype=int) #number of atoms
        E = np.zeros(length) #energy
        Q = np.zeros(length) #total charge
        D = np.zeros((length,3)) #dipole moment vector
        Z = np.zeros((length,max_at)) #nuclear charge
        R = np.zeros((length,max_at,3)) #cartesian coordinates
        F = np.zeros((length,max_at,3)) #forces
        for i,a in enumerate(traj):
                e_raw  = a.get_potential_energy()
                charge = a.get_initial_charges()
                N[i] = len(a)
                E[i] = e_raw
                Q[i] = np.sum(charge)
                D[i] = a.get_dipole_moment()
                Z[i,0:len(a)] = a.get_atomic_numbers()
                R[i,0:len(a)] = a.get_positions()
                F[i,0:len(a)] = a.get_forces()
        outfilename = trajfile.replace(".traj",".npz")
        np.savez(outfilename, N=N, E=E, Q=Q, D=D, Z=Z, R=R, F=F)
        return outfilename, len(traj)
   
[docs]    def train(self,seed,prefix="",suffix="",trajfile="",target=None,restart=False,**kwargs):
        """
        Runs training for PhysNet model using an input trajectory as training points

        seed: str
        
        target: int

        suffix: str

        trajfile: str

        restart: bool

        kwargs: dict

        """

        label = self.calc_filename(seed,target,prefix=prefix,suffix=suffix)

        # Sort out optional arguments to see if any overrides to defaults have been supplied
        from copy import deepcopy
        import os
        train_args = deepcopy(self.default_train_args)
        for kw in train_args:
            if kw in kwargs:
                train_args[kw] = kwargs[kw]
        
        print(f'Converting trajectory {trajfile} to npz format')
        npzfile, ntraj = self.traj_to_npz(seed,trajfile,suffix)
        train_args['dataset'] = npzfile
        valid_frac = 0.1 # NB: Hardcoded to 10%
        train_args['num_train'] = int(ntraj*(1.0-valid_frac))
        train_args['num_valid'] = int(ntraj*valid_frac)
        train_args['restart'] = label
        if restart:
            if not os.path.exists(label):
                raise Exception(f'Path {label} not found for calculator restart')
            print(f'Continuing with run found in {label}')
        
        # Write config.txt
        config_file = 'config.txt'
        print(f'Writing PhysNet configuration to {config_file}')
        with open(config_file,"w") as f:
            for kw in train_args:
                f.write(f'--{kw}={train_args[kw]}\n')
        
        print(f'Training PhysNet model using trajectory {npzfile}')
        import sys
        store_argv = sys.argv
        sys.argv = ['train.py']
        import train
        sys.argv = store_argv

    
    def traj_write(self,atoms,traj):
        kw = {'dipole': atoms.get_dipole_moment(),
              'charges': atoms.get_charges(),
              'energy': atoms.get_potential_energy(),
              'forces': atoms.get_forces()}
        traj.write(atoms,**kw)

[docs]    def run_mlmd(self,model,mdseed,calc_params,md_steps,md_timestep,superstep,temp,
                 solvent=None,restart=False,readonly=False,constraints=None,dynamics=None,
                 continuation=None):
        """
        Runs a Molecular Dynamics calculation with the PhysNet ASE calculator.

        model: ASE Atoms

        seed: str
        
        calc_params: dict
        
        md_steps: int

        md_timestep: float

        superstep: int

        temp: float

        target: int or None

        solvent: str or None

        restart: bool

        readonly: bool
        """

        from ase.md.velocitydistribution import MaxwellBoltzmannDistribution, Stationary, ZeroRotation
        from ase.md import Langevin, npt
        from ase.io import Trajectory
        from ase import units

        calc_seed = calc_params['calc_seed']
        target = calc_params['target']
        suffix = calc_params['calc_suffix']
        prefix = calc_params['calc_prefix']

        # Load the PhysNet Calculator
        calc_ml = self.load(calc_seed,target,prefix=prefix,suffix=suffix,atoms=model)
        model.calc = calc_ml

        # Initialise velocities if this is first step, otherwise inherit from model
        if np.all(model.get_momenta() == 0.0):
            MaxwellBoltzmannDistribution(model,temperature_K=temp)

        # For each ML superstep, remove C.O.M. translation and rotation    
        #Stationary(model)
        #ZeroRotation(model)
        #print(f'constraints: {model.constraints}')

        if readonly:
            model = read(mdseed+".xyz") # Read final image
            model.calc = calc_ml
            model.get_potential_energy() # Recalculate energy for final image
            return None
        else:
            if hasattr(dynamics,'new_traj'):
                new_traj = dynamics.new_traj
            else:
                new_traj = False
                if dynamics is None or isinstance(dynamics,str):
                    new_traj = True
            if dynamics is None or dynamics=="LANG":
                dynamics = Langevin(model, timestep=md_timestep, temperature_K=temp, friction=0.002)
            if dynamics=="NPT":
                ttime=25*units.fs
                # Bulk modulus for ethanol
                pfactor = 1.06e9*(units.J/units.m**3)*ttime**2
                print(f'pfactor = {pfactor}, ttime={ttime}')
                dynamics = npt.NPT(model, timestep=md_timestep, temperature_K=temp, externalstress=0,
                                   pfactor=pfactor,ttime=ttime)
            if new_traj:
                if hasattr(dynamics,'traj'):
                    dynamics.traj.close()
                    dynamics.observers = []
                dynamics.traj = Trajectory(mdseed+".traj", 'w', model)
                dynamics.attach(self.traj_write, interval=1, atoms=model, traj=dynamics.traj)
                dynamics.new_traj = False
            dynamics.run(md_steps)
            return dynamics


    # Define an PhysNet geometry optimisation function
[docs]    def geom_opt(self,model,seed,calc_params,driver_tol='default',
                 solvent=None,charge=0,spin=0,writeonly=False,readonly=False,continuation=False,cleanup=False,
                 traj=None):
        """
        Runs a geometry optimisation calculation with the PhysNet ASE calculator

        model: ASE Atoms

        seed: str
        
        calc_params: dict

        dummy: str

        driver_tol:

        target: int or None

        solvent: str or None

        readonly: bool
        """
        from ase.io import Trajectory
        
        calc_seed = calc_params['calc_seed']
        target = calc_params['target']
        suffix = calc_params['calc_suffix']
        prefix = calc_params['calc_prefix']
        
        from ase.optimize import BFGS
        from ase.units import Hartree, Bohr

        # Load the appropriate PhysNet Calculator
        calc_ml = self.load(calc_seed,target,prefix=prefix,suffix=suffix,atoms=model)
        model.calc = calc_ml

        # Create instance of BFGS optimizer, run it and return results
        dyn = BFGS(model,trajectory=traj)

        # tolerances corresponding to NWChem settings
        fac=1
        if driver_tol=='default':
            fmax = 0.00045*fac
        if driver_tol=='loose':
            fmax = 0.00450*fac
        if driver_tol=='tight':
            fmax = 0.000015*fac
            
        dyn.run(fmax=fmax)

        return model.get_potential_energy(), model.get_forces(), model.get_positions()


[docs]    def freq(self,model_opt,seed,calc_params,solvent=None,charge=0,
             temp=300,writeonly=False,readonly=False,continuation=False,cleanup=True):
        """
        Runs a Vibrational Frequency calculation with the PhysNet ASE calculator
        
        model_opt: ASE Atoms

        seed: str
        
        suffix: str

        dummy: str

        driver_tol:

        target: int or None

        solvent: str or None
        
        temp: float

        readonly: bool
        """

        from ase.vibrations import Vibrations, Infrared
        
        calc_seed = calc_params['calc_seed']
        target = calc_params['target']
        suffix = calc_params['calc_suffix']
        prefix = calc_params['calc_prefix']

        # Load the appropriate PhysNet  Calculator
        calc_ml = self.load(calc_seed,target,prefix=prefix,suffix=suffix,atoms=model)
        model_opt.calc = calc_ml

        # Create instance of Vibrations class, run it and return results
        #vib = Vibrations(model_opt,name=self.calc_filename(seed,target,prefix=prefix,suffix=suffix))
        #vib.run()
        #freqs = vib.get_frequencies()
        #vib.summary()
        #vib.clean()
        ir = Infrared(model_opt,name=self.calc_filename(seed,target,prefix=prefix,suffix=suffix))
        ir.run()
        ir.summary()
        ir.write_spectra(out=ir.name+'_ir_spectrum.dat',start=0,end=4000,width=20)
        ir.clean()

        
        #print(freqs)
        #return freqs

[docs]    def singlepoint(self,model,seed,calc_params,solvent=None,charge=0,spin=0,readonly=False,cleanup=True):
        """
        Runs a singlepoint calculation with the PhysNet ASE calculator

        model: ASE Atoms

        seed: str
        
        suffix: str

        dummy: str

        target: int or None

        solvent: str or None

        readonly: bool
        """
        
        calc_seed = calc_params['calc_seed']
        target = calc_params['target']
        suffix = calc_params['calc_suffix']
        prefix = calc_params['calc_prefix']
        
        # Load the appropriate PhysNet Calculator
        calc_ml = self.load(calc_seed,target,prefix=prefix,suffix=suffix,atoms=model)
        model.calc = calc_ml
        e_calc = model.get_potential_energy()
        if isinstance(e_calc,np.ndarray):
            e_calc = np.float64(e_calc[0])
        
        return e_calc + self.atom_e, model.get_forces()
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