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Traditional materials discovery is slow

Traditional materials discovery workflow

Limitations

High cost, long development cycles, 
low success rate
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The design space of complex materials is vast
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The number of possible compositions 
is astronomical, yet the explored 

fraction is infinitesimal
MPEA: multi-principal element alloy
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High-T 
MPEA
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The design of complex materials is multi-objective

Space propulsion

Gas turbine

Fusion and fission applications
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Simulations can accelerate materials discovery

Robust Atomistic Codes

Mature simulation engines 
provide a reliable 

foundation for executing 
complex workflows.
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Limited to small systems & 
short times

Enables larger systems & 
longer times

Phys. Rev. 140, 4A 
(1965): A1133

Phys. Rev. 159, 1 
(1967): 98

J. Comput. Phys. 117, 1 (1995): 1-19
Phys. Rev. B 54, 16 (1996): 11169
J. Phys. Condens. Matter 29, 27 (2017): 273002



6

Limited to small systems & 
short times

Enables larger systems & 
longer times

Breakthroughs enabled by 
U-MLIPs:
• Near-DFT accuracy
• Broad elemental coverage
• Scalable simulations

https://doi.org/10.48550/arXiv.2401.00096 

U-MLIPs expand atomistic simulation capabilities

U-MLIP and VASP GPU runtime comparison on CoCrFeNi FCC supercells

Phys. Rev. 140, 4A 
(1965): A1133

Phys. Rev. 159, 1 
(1967): 98

Universal Machine 
Learning Interatomic 
Potentials (U-MLIPs)

https://doi.org/10.48550/arXiv.2401.00096
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Simulations can accelerate materials discovery

Robust Atomistic Codes

Mature simulation engines 
provide a reliable 

foundation for executing 
complex workflows.

Universal ML Potentials

Pre-trained foundation 
models offer near-DFT 
accuracy across broad 
compositions without 
system-specific fitting.
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Simulations are powerful, but 
the barrier to entry is high and 
progress is limited by manual 

setup, monitoring, and analysis.

How can we make simulations more 
accessible?
How can we free researchers from 
routine, repetitive tasks?

arXiv:2607.28461 (2026)
Nat. Commun. 16, 1 (2025): 10653arXiv:2410.22570 (2024)
J. Chem. Phys. 163, 18 (2025)
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Agentic materials discovery is now possible!

Robust Atomistic Codes

Mature simulation engines 
provide a reliable 

foundation for executing 
complex workflows.

Universal ML Potentials

Pre-trained foundation 
models offer near-DFT 
accuracy across broad 
compositions without 
system-specific fitting.

Reasoning-Capable LLMs

Modern LLMs orchestrate 
the pipeline through 

scientific reasoning, tool 
use, and long-context 

processing.
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arXiv:2505.07608 
(2025)arXiv:2406.12793 (2024)

arXiv:2303.08774 (2023)
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Agentic materials discovery is now possible!

Robust Atomistic Codes

Mature simulation engines 
provide a reliable 

foundation for executing 
complex workflows.

Universal ML Potentials

Pre-trained foundation 
models offer near-DFT 
accuracy across broad 
compositions without 
system-specific fitting.

Reasoning-Capable LLMs

Modern LLMs orchestrate 
the pipeline through 

scientific reasoning, tool 
use, and long-context 

processing.
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An agent is a software system that can plan and take actions toward a 
goal. In practice, it is an orchestrator that connects tools, data, and 
decision-making logic.

arXiv:2505.07608 
(2025)arXiv:2406.12793 (2024)

arXiv:2303.08774 (2023)
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OptiMat Alloys architecture

 OptiMat Alloys is built on the Python-based AutoGen framework.

 AutoGen is an open-source framework developed by Microsoft for building multi-agent AI 
applications.

 The agent connects to cloud-hosted LLMs via APIs.
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OptiMat Alloys architecture

 The agent provides a web-based GUI built with Chainlit.
 Users interact with it entirely in natural language.
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OptiMat Alloys architecture

 The agent integrates ASE-based simulation 
tools with embedded visualization via OVITO 
and Plotly.
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ASE: 
a Python toolkit for 
setting up, running, 
and analyzing 
atomistic simulations.

U-MLIPs are installed 
as Python packages 
and used as 
calculators within ASE.
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OptiMat Alloys architecture

 The agent writes 
computed data 
into a local SQLite 
database.

 Simulation inputs 
and results can be 
summarized and 
exported as a 
report.
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Agent decision and execution flow
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A living database that grows through usage
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 The local SQLite database grows 
with every user–agent interaction.
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A living database that grows through usage

Yang Hu, Swiss RSE day 2026

 The local SQLite database grows 
with every user–agent interaction.

 Data generation is no longer 
separated from data deposition

Data retrieval

Data discarded

Data retrieval

Data deposit

Other agents:
Ephemeral data

Our agent:
Living data
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A living database that grows through usage
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 The local SQLite database grows 
with every user–agent interaction.

 Data generation is no longer 
separated from data deposition

Data retrieval

Data discarded

Data retrieval

Data deposit

Other agents:
Ephemeral data

Our agent:
Living data

 Stored results avoid repeated 
computation
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Beyond results: capturing simulation provenance
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 Simulation methods, input parameters, and software versions are summarized in an 
exportable report.

 Generated structures can also be exported for external use.
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Deployment of the agent is straightforward
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https://github.com/OptiMat-Chat/OptiMat-Alloys

Docker image: yhu1991/optimat-alloys



Thank you!

Empa – The Place where Innovation Starts

https://www.optimat.chat/
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