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Domain-specific languages
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Current approaches
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LLMs have shown a lot of potential

Summarize information from publications
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The document discusses a research study on the effects of carbon doping on the atomic structure of

amorphous germanium-antimony-tellurium (GST) alloys, which are significant materials for phase-

change memory applications. The key findings are as follows:

1. Introduction of Carbon as a Dopant: Carbon doping is shown to improve the stability of the

amorphous phase of Ge25b2Te5 (GST) alloys. This enhancement is attributed to changes in the local

atomic structure, particularly through increasing tetrahedral coordination of Ge atoms, which hinders
crystallization.

2. Molecular Dynamics Simulations: The study employs density functional theory (DFT) based
-
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A new possibility... software interfaces

Current efforts have seen success in
other SW, such as:

ORCA: Jacobs, P. F. & Pollice, R. Developing
large language models for quantum Interface between the researcher & tools

chemistry simulation input generation. Digit.
Discov. (2025)

Y : -
A) Large Language Models for Domain Specific Languages (DSLs) B) ORCA Case Study )
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Example: LLMs as an Al research assistant
=

We characterized the melting of a bulk Ni sample using molecular dynamics with LAMMPS.
The initial condition was obtained by replicating the Nt unit cell 10 times in each direction.
Initial velocities were drawn from the Mazwell-Boltzmann distribution at 600 K. The system
was heated from 300 K to 2500 K continuously, at a rate of 10 K per ps under isothermal and
isobaric conditions at 1 atm. Interactions were described using an embedded atom model devel-

oped by Mishin et al. in 1999 [1] obtained from OpenKIM.org. [1] EAM potential (LAMMPS GPT—4
cubic hermite tabulation) for Ni developed by Mishin et al. (1999) v005. OpenKIM; 2018.
d0i:10.25950/a88dfc37.

Verduzco, Holbrook, & AS. arXiv:2310.11458. 2023 Oct 4. https://doi.org/10.48550/arXiv.2310.11458
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Script generation performance
Prompt 2 ]

3 boundary p p p

We characterized the melting of a bulk Ni sample using molecular dynamics with LAMMPS.

The wnitial condition was obtained by replicating the Ni unit cell 10 times in each direction. ] n
. 5 atom_style atomic

Initial velocities were drawn from the Mazwell-Boltzmann distribution at 600 K. The system .  EEtieeEeea D

was heated from 300 K to 2500 K continuously, at a rate of 10 K per ps under isothermal and :

isobaric conditions at 1 atm. Interactions were described using an embedded atom model devel- s |region box block 0 10 0 10 0 10/ units lattice
oped by Mishin et al. in 1999 [1] obtained from OpenKIM.org. [1] EAM potential (LAMMPS o create.box 1 box

cubic hermite tabulation) for Ni developed by Mishin et al. (1999) v005. OpenKIM; 2018. 10 |create.atoms 1 box

doi:10.25950/a88dfc37. 1

| repticate 10 10 10

14 pair_style eam/fs

15 pair coeff * * <potential file name> Ni
16 mass 1 58.69

18 velocity all create 600 <random seed> mom yes rot yes dist gaussian

Complexity 20  fix 1 all npt temp 300.0 2500.0 0.1 iso 1 1 1

-

22 thermo <thermo steps>

Metric romp rompt 2 Prompt @
Metri Pr mpt I Pr i P mpt ) 23 thermo style <custom step temp pe etotal press vol>

Script Validity 10/10 8/10 0/10 2 timestep 0.001
Simulation Accuracy 9/10 4/10 0/10 2o |ERRNS00000]

Consistency 0.87 (.85 (.81 G PT—4 27 unfix 1

Uselulness (.88 (.76 .81

29 dump, print, write_data, ...

|n Our eXperimentS, it Worked cee Sometimes Annotated example of a LAMMPS input script from Prompt 2.

Always added correct commands . Often added correct commands that match default values .

Values that were generated with different options in some scripts . | GORICCCONMGIG

Verduzco, Holbrook, & AS. arXiv:2310.11458. 2023 Oct 4. https://doi.org/10.48550/arXiv.2310.11458
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Can LLMs be a general interface?
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~ JUpPyLet caitApp | Submit a tick

. 1 he first ime you enter an AP| Key, type the API key In the box and press "Store/Fetch Key”. 1 he second time, you can simply press the button to retrieve your Key.
. Match the potential file or structure file you upload to the name in the generated script.

. For thermodynamic simulation outputs, download the yam file.

. For trajectories or other simulation files, download the zip folder.

. Found a bug? Email holbrooce@purdue.edu

OpenAl API Key

Store/Fetch Key

Researcher © GPT-4 1 (=)

Write the description of a molecular dynamics simulation for GPT-4 to | GPT-written LAMMPS script
generate




Can LLMs be a general interface?
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Towards LLMs as a general interface
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Abstract Syntax Trees

* We are developing a parser
for LAMMPS input scripts

* Enables syntax error
detection
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units_statement

dimension_statement

boundary statement

atom_style statement

Token('BOUNDARY", 'boundary')

Token('BOUNDARY STYLE', 'p)

Token('BOUNDARY STYLE', 'p")

Token('ATOM_STYLE', 'atom_style')

Token('ATOM_STYLES', 'atomic'")
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LAMMPS prompting results

* 4 models: GPT-40, GPT-03, GPT-4.1, Claude Opus 4
* 3 Prompts: Simple, Medium, Complex

* Careful of misleading word-matching
* Region/group specifications, units, and pair style most prevalent issues

39 IAccuracy 35' Correct
113 ™ Fail A
26 I Accuracy (PSZ) correct (pS2) 14.4 ailure (Acc)
Parser Exec

12 J Feilure (PSZ Acc)
PairStyleZero
Exec 3 6 Failure (PSZ Exec) I

1 2 . Failure (parser)

- Failure (sanitizer)

Sanitizer
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Conclusions

* LLMs are generally capable of
generating valid LAMMPS input scripts

* LLMs at the interface of human and
researcher shows promise for
accelerating progress in computational
materials science

* Developing tools for these domain-
specific languages can help make these
models better
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Th an kS fO rl Isteni Ng I https://nanohub.org/tools/lIm4lammps
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* Alejandro Strachan’s Group
* Email: holbrooe@purdue.edu
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https://nanohub.org/tools/llm4lammps

Simulation details

ethan_tms

run1

Example 2 (Nickel Temperature Ramp) v

Researcher

We characterized the melting of a bulk Ni sample using molecular
dynamics with LAMMPS. The initial condition was obtained by replicating
the Ni unit cell 10 times in each direction. Initial velocities were drawn
from the Maxwell-Boltzmann distribution at 600 K. The system was
heated from 300 K to 2500 K continuously, at a rate of 10 K per ps under
isothermal and isobaric conditions at 1 atm. Interactions were described
using an embedded atom model developed by Mishin et al. in 1999 [1]
obtained from OpenKIM.org. [1] EAM potential (LAMMPS cubic hermite
tabulation) for Ni developed by Mishin et al. (1999) v005. OpenKIM,;
2018. doi:10.25950/a88dfc37.

Generate LAMMPS script with G...
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sk-kGym1BZJBdZRXvdforCmT3BIbkFJzcyHRCmX1D64nA

Store/Fetch Key

region mybox block 0 100100 10
greate_hox 1 mybox
create_atoms 1 box

# Set potential for Ni using Mishin EAM potential from OpenKIM
pair_style eam/alloy

M ** NiAl.eam.alloy Ni

# Define simulation parameters
mass 1 58.6934

1. All thermo modify statements will be modified to

use YAML formatting

L. Structure (0) & Potential (1) L. Supplementary (0)




Add potential file

Researcher °

We characterized the melting of a bulk Ni sample using molecular
dynamics with LAMMPS. The initial condition was obtained by replicating
the Ni unit cell 10 times in each direction. Initial velocities were drawn
from the Maxwell-Boltzmann distribution at 600 K. The system was
heated from 300 K to 2500 K continuously, at a rate of 10 K per ps under
iIsothermal and isobaric conditions at 1 atm. Interactions were described
using an embedded atom model developed by Mishin et al. in 1999 [1]
obtained from OpenKIM.org. [1] EAM potential (LAMMPS cubic hermite
tabulation) for Ni developed by Mishin et al. (1999) v005. OpenKIM;
2018. doi:10.25950/a88dfc37.

Generate LAMMPS script with G...
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Mew folder

Name Jate modifie Type

0 Al%9.eam.alloy 5/7/2 0PN ALLOY File
B nialeam.alloy [ :13 ALLOY File

. working_script.bd 5/9/2024 11:38 AM Text Document

EI File name: | NiAl.eam.alloy | |AllFiles (*#)
GPT-4

region mybox block 010 0100 10
create_box 1 mybox
greate atoms 1 box

# Set potential for Ni using Mishin EAM potential from OpenKIM
pair_style eam/alloy

Q\g\if[ﬁgggﬁ ** NiAl.eam.alloy Ni

# Define simulation parameters
mass 1 58.6934

1. All thermo modify statements will be modified to
use YAML formatting

. Structure (0) £ Potential (1) £, Supplementary (0)




Execution

LAMMPS Execution GPT-4 Methods =l

runname dd79575615694e0493adda98c8f73f5a
outdir RUNS/dd79575615694e0493adda98c8f73f5a
Checking for cached result

Executing simTool: llm4lammps/81/4e8e94687c9f64
935¢cf12676700139cd5da2e8cd

Clear & start new run
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Methods

LAMMPS Execution GPT-4 Methods =

runname dd79575615694e0493adda98c8f73f5a
outdir RUNS/dd79575615694e0493adda98c8f73f5a
Checking for cached result

Executing simTool: llm4lammps/81/4e8e94687c9f64
935cf12676700139cd5da2e8cd

Archiving SimTool Result

Starting push to cache: Thu 20 Mar 2025 ©4:13:©
6 AM UTC

Finished push to cache: Thu 20 Mar 2025 ©4:13:2
1 AM UTC

Fetching cached result
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LLMs as universal
interfaces

Researcher 7 ethan2 Example 2 (Description v
Aluminum Heating2
Researcher * Final Plot
show me volume and potential energy vs time, where each ps is 1000 timesteps Potential Energy vs. Time

—— Potential Energy

b ﬁnanoHUB ) =

Verduzco, Holbrook, & AS. arXiv:2310.11458. 2023 Oct 4. https://doi.org/10.48550/arXiv. 23 || RN
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