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Large Language Model Agents
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DFT-based Research Engine for Automated Materials Screening

Collaborative Team of Large Language Model Agents
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Benchmark DREAMS on the Sol27LC Benchmark
Lattice Constant Prediction

MICHIGAN

You are going to calculate the lattice constant for FCC Copper through DFT.
The experimental value is 3.61494; use this to create the initial structure.
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What did we learn so far?
Why are Density Functional Theory LLM Agents successful?
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A number of methods have been
developed by the community.
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High Throughput Screening
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A large number of software tools has been

developed as part of the materials project

and other high throughput screenings.

Large Language Model Agents
for Quantum Mechanical Simulation

Template Convergence
—  Script — Test
Creation Preparation

Plan Structurre
- !
Generated Creation

Pseudopotential
look up

+
Resource Job
I
Allocation Submission

’—I

Determine Template
Convergence —  Script —
parameters

!

Resource Job
]
Allocation Submission

l—I

Extract Lattice
Xtact | constant — End
Result

Calculation

EOS Script

" Generation
Creation |

Supervisor
DFT Agent

HPC Agent

Once the methods are extended to
handle all the edge cases it is save to
provide them to unexperienced users.
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Autonomous Melting Temperature Calculation

Iterative Convergence
User Inputs
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Autonomous Melting Temperature Calculation

Iterative Convergence
User Inputs
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Combinatorial Synthesis Using Automated Labs
Iterate over the periodic table using composition-spread Materials Libraries

design, combinatorial deposition, processing
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Challenge: Measure Material Properties

Mapped on 2D Hyperplane
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Gaussian Process to Predict Resistivity
Couple Experiments and Density Functional Theory

Chemical Gradient
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Gradient

Initialization

Gaussian Process to Predict Resistivity
Couple Experiments and Density Functional Theory
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Artificial Intelligence bridges the gap between simulation and experiment “@@~ ~ o
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Large Language Model (LLM)
Agents based on Functions
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LLM agents provide LLMs with access
to atomistic simulation and prevents the
hallucination of LLMs.
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The pyiron workflow framework provides
a programmatic interface to simulation
codes and high-performance computing.

Experimental Measurements are
just another Python function

Materials Acceleration Platforms (MAP)
combine simulation and experiment in
the same workflow.
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