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Python-Based Calculation Framework
Forthcoming extension of the NIST 

Interatomic Potentials Repository 

Project

Property predictions for all available 

interatomic potentials

Allows measurements to be:

 Reproducible

 Well documented

 Transparent

 Iterable (automation)

 Comparable

 Archived



Which one to use...?

More than 20 
available, just for 
aluminum!

Many more in 
the literature.



Property Comparison



Property Comparison



Updated Website Coming Soon!

 Element-wise comparison pages

 Potential specific breakdowns

 Dynamically searchable results

 All calculation tools used



LAMMPS Input script

Simulation Design Parameters

Potential Specific Parameters

Potential Specific Parameters

Compute energy of fcc system for different sizes and orientations



Python script_gen()



Python Calculation Function

Parameter Setup

Run simulation(s)

Process results



Demonstration IPython Notebooks

Mimics Mathematica Notebooks 

Runs Python

Allows for complete documentation 

 Comments describing calculation 

method

 Input parameters used

 Underlying LAMMPS script

 Code for calculation

 Results 

Easy to learn, reproduce, and adapt
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High-Throughput Scripts

1. Each calculation function should be independent and isolated

 Serial and parallel looping

 Cluster distribution

2. Python tools for easy creation and manipulation of atomic 

systems

3. Data models for handling, representing, and archiving the input 

and output data



IPRP Python Package

• Main iprp
• Classes representing atoms, atom types and 

systems
• Functions for manipulating systems (i.e. add 

defects)

• Submodule iprp.lammps
• Converters for LAMMPS <-> Python system 

information
• Basic LAMMPS script generators 

• Submodule iprp.models
• XML <-> json <-> Python conversions
• Classes associated with specific input data 

models

Dislocation Monopole

[100] interstitial[111] interstitial

Nye Tensor Coloring



LAMMPS Implementation Data Model

Read file

Supply elements list

Get run parameters

Seamlessly switch potentials!

Why pick only one potential?



{"interatomicPotentialImplementationLAMMPS": {
"potentialID": 

{"descriptionIdentifier": "Al-Si-Mg-Cu-Fe_JelinekB_2012"},
"units": "metal",
"atom_style": "atomic",
"atom": [

{"element": "Al", "symbol": "AlS"},
{"element": "Si", "symbol": "SiS"},
{"element": "Mg", "symbol": "MgS"},
{"element": "Cu", "symbol": "CuS"},
{"element": "Fe", "symbol": "FeS"}

],
"pair_style": {"type": "meam"},
"pair_coeff": {

"term": [
{"file": "Jelinek_2012_meamf"},
{"symbolsList": True},
{"file": "Jelinek_2012_meam.alsimgcufe"},
{"symbols": True}]}}

}

LAMMPS Implementation Data Model



LAMMPS Implementation Data Model
{"interatomicPotentialImplementationLAMMPS": {

"potentialID": 
{"descriptionIdentifier": "MO_751354403791_001"},

"units": "metal",
"atom_style": "atomic",
"atom": [

{"element": "Al"},
{"element": "Ni"}

],
"pair_style": {

"type": "kim", 
"term":
{"option": "KIMvirial MO_751354403791_001"}

},
"pair_coeff": {"term": {"symbols": "True"}}

}
}



LAMMPS Implementation Data Model
{"interatomicPotentialImplementationLAMMPS": {

"potentialID": {
"descriptionIdentifier": "O-Cu-N-C-H-Ti-Zn_LiangT_2013"},
"units": "metal",
"atom_style": "charge",
"atom": [
{"element": "O"}, {"element": "Cu"},
{"element": "N"}, {"element": "C"},
{"element": "H"}, {"element": "Ti"},
{"element": "Zn"}

],
"pair_style": {"type": "comb"},
"pair_coeff": {
"term": [{"file": "ffield.comb"}, {"symbols": "True"}]

},
"supplement":{
"term":{"option": "fix qeq all qeq/comb 1 0.0001"}
} 

}
}



Artifacts located at a 
repository

Implementations of 
interatomic model with 
implementation UID#

Interatomic model 
metadata with human 

readable nickname

“Idea” of an 
interatomic model

Unique 
Identifier

UID#

Before publication 
Ni—MendelevMI—

2010

EAM

Setfl file

OpenKIM

After publication 
Ni—MendelevMI—

2012

EAM

Setfl file 
(updated 

comments)
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Want To Help?

• Scripts for basic materials properties

•Beta testers for iprp package and Python scripts

•Community involvement for standardized 
interatomic model metadata and citations

• lucas.hale@nist.gov


