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‣ Consider the simple problem of a bar in tension:
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As long as the bar is not stretched too much, linear elasticity is an excellent model:

⇥ = E� = E
�L

L0

� = �L/L0

One adjustable parameter fit to 
experiment (E = Young’s modulus)

If we stretch the bar more, we could use a nonlinear elasticity theory, or a plasticity theory, 
or some other suitable phenomenological theory.

But what if the unexpected occurs?

fracture (due to defect distribution)
phase transformations
deformation twinning
chemical reactions (e.g. oxidation)

fatigue (thermal, mechanical, ...)
strain rate effects
boundary effects
etc. etc. etc.
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‣ Atomistic and multiscale methods promise predictive modeling based on a more 
fundamental model of the material: 
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r�(t), f�(t)

force

The interactions between the atoms are described using an interatomic model (IM):

V = V(r1, . . . , rN ); f↵ = �rr↵V
<latexit sha1_base64="1XUuo79sZvxvQJ3B3CZ3RceCtBo="></latexit>

Can the IM capture the new effect?

But what if the unexpected occurs?

fracture (due to defect distribution)
phase transformations
deformation twinning
chemical reactions (e.g. oxidation)

fatigue (thermal, mechanical, ...)
strain rate effects
boundary effects
etc. etc. etc.
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Menagerie of Interatomic Models
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‣ Many different kinds of IMs have been developed over the years:

Pair 
Potentials

Cluster 
Potentials

Pair/Cluster 
Functionals

Bond-order 
Potentials

Machine learning 
Potentials
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Training 
Set

optimization

Experimental 
reference data

DFT results

fitting 
parameters

eV(r1, r2, . . . , rN ;↵1, ↵2, . . . )

positions of 
nuclei

‣ They have a functional form (physics-based or machine learning) and are fit to a training set:
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Which one should you use?
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The Scream, Edvard Munch

Silicon IMs since the 1980s:
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‣ Let’s go back to our bar in tension.
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<latexit sha1_base64="P56a/3PEjbLzooDxmSvrSLCWD5s="></latexit>

(Dubois et al, 2006)

‣ Stress-strain prediction of 40 silicon models:
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BH 6.3

8.4MEAM-DLH

9.4EDIP

Gong 9.5

KP 10.7

Tersoff-T2 10.9

7.0ADP

SW-ZXH-1 11.0

12.0SW-LH-GGA

SW 12.3

13.0EDIP-JMS

13.1SW-BHT

14.4m-Tersoff-K

14.5MEAM-JGH

WR 14.6

15.4m-Tersoff-P

PPM 16.3

Tersoff-EA-II 17.8

17.9MFF

Tersoff-T3 19.2

20.0Tersoff-ZBL

SRS 22.0

25.2SW-BHS

GWZBL 25.5

KDS 33.7

Model �UTS
<latexit sha1_base64="rvB9xenemWilA3NkTRmd2EpdqMA=">AAACEXicbZDNSgMxFIUz/tb6N+rSTbAIrspMXehScONSsdVCp5RMeluDSWZI7ohl6EOI4Mqt+gzuxKU+gfgGPoXpz0KtBwKHc+4lly9OpbAYBB/e1PTM7Nx8YaG4uLS8suqvrZ/ZJDMcajyRianHzIIUGmooUEI9NcBULOE8vjwc9OdXYKxIdBV7KTQV62rREZyhi1q+H1nRVayVR0bRWvW03/JLQTkYik6acGxKB3Mnn293N0/HLf8raic8U6CRS2ZtIwxSbObMoOAS+sUos5Ayfsm60HBWMwW2mQ8v79Ntl7RpJzHuaaTD9OdGzpS1PRW7ScXwwv7tBuF/XSPDzn4zFzrNEDQffdTJJMWEDjDQtjDAUfacYdwIdyvlF8wwjg5WMRou5jrBEaYKtMsI1wM44V8Uk+asUg53y5UTR6lCRiqQTbJFdkhI9sgBOSLHpEY4uSL35IE8erfes/fivY5Gp7zxzgb5Je/9G7aSobk=</latexit>

Profile at 200% strain Model �UTS
<latexit sha1_base64="rvB9xenemWilA3NkTRmd2EpdqMA=">AAACEXicbZDNSgMxFIUz/tb6N+rSTbAIrspMXehScONSsdVCp5RMeluDSWZI7ohl6EOI4Mqt+gzuxKU+gfgGPoXpz0KtBwKHc+4lly9OpbAYBB/e1PTM7Nx8YaG4uLS8suqvrZ/ZJDMcajyRianHzIIUGmooUEI9NcBULOE8vjwc9OdXYKxIdBV7KTQV62rREZyhi1q+H1nRVayVR0bRWvW03/JLQTkYik6acGxKB3Mnn293N0/HLf8raic8U6CRS2ZtIwxSbObMoOAS+sUos5Ayfsm60HBWMwW2mQ8v79Ntl7RpJzHuaaTD9OdGzpS1PRW7ScXwwv7tBuF/XSPDzn4zFzrNEDQffdTJJMWEDjDQtjDAUfacYdwIdyvlF8wwjg5WMRou5jrBEaYKtMsI1wM44V8Uk+asUg53y5UTR6lCRiqQTbJFdkhI9sgBOSLHpEY4uSL35IE8erfes/fivY5Gp7zxzgb5Je/9G7aSobk=</latexit>

Profile at 200% strain

GAP 6.2
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OpenKIM
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The Open Knowledgebase of Interatomic Models (OpenKIM) addresses IM challenges:

Testing IM predictions and bug detection to help with IM selection.

Standardized testing framework for archived IMs including their predictions for material 
properties and checks on their coding integrity.

Web-based query system to obtain IM predictions for any computed properties.

Reliable IMs that integrate with researcher codes and workflows.

IMs archived in https://openkim.org conform to an Application Programming Interface 
(API) that allows them to work in plug-and-play fashion with major simulators.

Source and binary distribution framework for easy installation and use of the KIM API 
and KIM IMs with conforming simulators.

Curated repository of interatomic models (IMs) (potentials and force fields) with 
comprehensive provenance and version control.

IM version tracking and citation

Digitial Object Identifiers (DOIs) issued to all archived IMs by OpenKIM via DataCite.

https://openkim.org
https://openkim.org


Ellad B. Tadmor (University of Minnesota)                                                                                                                                                                          

KIM Testing Framework
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‣ All KIM IMs are subjected to Verification Checks (VCs) for coding integrity

Species supported as stated;
Unit conversion handled 
correctly;
Domain decomposition 
handled correctly;
...

Numerical derivative check of 
forces, virial, hessian, ...;

• Translational and 
rotational invariance;
...

Continuity, smooth cutoff;

• Inversion symmetry;
Coding issues: memory 
leaks, optimization 
dependence, ...
...

Mandatory Consistency Informational

‣ All KIM IMs are run against all compatible KIM Tests to compute material properties:

Bulk
- cohesive energy
- elastic constants
- lattice constants
- phonon spectrum
- thermal conductivity
- thermal expansion
- ..

Wall
- antiphase boundary
- gamma surface
- grain boundary structure
- stacking fault energy
- surface energy
- surface structure
- ...

Line
- dislocation core structure
- dislocation core energy
- Peierls barrier
- ...
Point
- vacancy formation energy
- vacancy migration barrier
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Couple Test or VC with 
all valid Models and 
store results in 
OpenKIM Repository.

         Model 1
Model 2
Model 3
Model 4

                          ⠇      

Interacting with KIM
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Web portal

Repository Processing 
pipeline

KIM
Test/VC

Uploading new KIM Test/VC to the OpenKIM Repository

... Model Predictions ...
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Further down the model page for  
EAM_NN_Johnson_1988_Cu__MO_887933271505_002 
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Further down the model page for 
EAM_NN_Johnson_1988_Cu__MO_887933271505_002
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Web portal

Repository Processing 
pipeline

• 390 Models

• 2588 Tests

• 53 property definitions

• 10 Verification Checks

• 9 visualizers

• Interface to explore content

• Content upload by members

• Forums and Wikis for member input

• Automatic cloud-based computations

• Downloadable User Docker container

• Handling of dependencies

Software supporting KIM API:
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LAMMPS All-in-KIM Campaign
GOAL:  Gather into OpenKIM all interatomic potentials used in

 publications that cite the LAMMPS project

1995 1996 1997 1998 1999 2000 2001 2002

2003 2004 2005 2006 2007 2008 2009 2010

2011 2012 2013 2014 2015 2016 2017 2018

2019 2020 2021 2022 2023 2024 2025 2026


