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I Traditional materials discovery is slow

Traditional materials discovery workflow
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~~ Limitations

@ Process is slow

-@5 Labor-intensive

— Linear & Sequential

Relies on “Edisonian” trial-and-error

|

High cost, long development cycles,
low success rate




I The design space of complex materials is vast
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Number of Alloy Candidates

Combinatorial Explosion of Alloy Space
(Theoretical vs. Experimental) 76.6 trillionx

universe age
[ Theoretical (1% grid)

Experimental Reports

107.5 millionx
universe age

HEA/MPEA Space (4-10 elements)
Theoretical: ~102* candidates (1% grid)
Experimental: ~1000 reports

Coverage: ~0.00000000000000000001%

Age of the Universe (~13.8 billion years)
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Number of Elements per System
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MPEA: multi-principal element alloy
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Astronomical Space

(Bi.llions of Possibilities)

Vast
Unexplored
Territory

=" Experimental Reports

= (Tiny Fraction)

The number of possible compositions
is astronomical, yet the explored
fraction is infinitesimal




The design of complex materials is multi-objective
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Potential applications

Space propulsion
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I Simulations can accelerate materials discovery °

Robust Atomistic Codes
Phys. Rev. 159, 1

A
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c NG Atomistic MD
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S Phys. Rev. 140, 4A Enables larger systems &
e (1965): A1133 longer times
g DFT Calculations
-
Mature simulation engines 5§
id liable i
pl’OV.I eare ] imited to small systems &
foundation for executing short times
complex workflows. s oS s ’
Time Scale
\_ ~_/ J.Comput. Phys. 117, 1 (1995): 1-19

Phys. Rev. B 54, 16 (1996): 11169
J. Phys. Condens. Matter 29, 27 (2017): 273002
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I U-MLIPs expand atomistic simulation capabilities

Length Scale

nm

Phys. Rev. 159, 1

A
(1967): 98
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yocre? \ B
Universal Machine e - u i
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Phys. Rev. 140, 4A
(1965): A1133

DFT Calculations

L

Potentials (U-MLIPs),

ning Interatomic

nables larger systems &
longer times

HOMO G A » ) L[J.MO
imited to small systems &
short times

fs

ps ns
Time Scale

/U-MLIP and VASP GPU run

time comparison on CoCrFeNi FCC supercells\

U-MLIP Wall-Clock Time (ms)
Atoms VASP ORB ORB MACE- NequlP- Speedup
GPU Direct Conserv. OMAT-0 OAM-XL
32 11.6 min 0.10 0.09 0.09 0.10 ~T7,000x
\ 256  3.78 days 0.10 0.10 0.10 0.11 ~3.3M x /

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

I N e il e

#F S Feo

MACE-MP-0
Equivariant Graph
Tensor Network

Breakthroughs enabled by

U-MLIPs:

* Near-DFT accuracy
« Broad elemental coverage
» Scalable simulations


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

I Simulations can accelerate materials discovery °

Robust Atomistic Codes Universal ML Potentials

> & TNe
¥e& 7 NequlP g N
Simulations are powerful, but

UPET the barrier to entry is high and
progress is limited by manual

setup, monitoring, and analysis.

UNIVERSAL ATOMISTIC MODELS

Mature simulation engines Pre-trained foundation \_ )
provide a reliable models offer near-DFT How can we make simulations more
foundation for executing accuracy across broad accessible?
complex workflows. compositions without How can we free researchers from
routine, repetitive tasks?

system-specific fitting. /

N NS

arXiv:2410.22570 (2024) Nat. Commun. 16, 1 (2025): 10653
arXiv:2607.28461 (2026) J. Chem. Phys. 163, 18 (2025)

Yang Hu, Swiss RSE day 2026



I Agentic materials discovery is now possible!

Robust Atomistic Codes Universal ML Potentials Reasoning-Capable LLMs

b-initio
ackage
lenna imulation

Mature simulation engines
provide a reliable
foundation for executing
complex workflows.

.
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UPET

UNIVERSAL ATOMISTIC MODELS

Pre-trained foundation
models offer near-DF T
accuracy across broad

compositions without

G
2y <

Modern LLMs orchestrate
the pipeline through
scientific reasoning, tool

J
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system-specific fitting.

.

/

use, and long-context

processing.
arXiv:2303.08774 (2023)
arXiv:2406.12793 (2024)

(2025)

@

J

arXiv:2505.07608



I Agentic materials discovery is now possible!

@

Robust Atomistic Codes Universal ML Potentials Reasoning-Capable LLMs
320 NSl & G

& 'ne NequlP ChatGPT <

MiIMO

\
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:2303.08774 (2023)  arXiv:2505.07608
arXiv:2406.12793 (2024)  (2025) 9
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I 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 Al
applications.

» The agent connects to cloud-hosted LLMs via APIs.

Scientist Agent

@g AutoGen framework
~ | Model providers

cOpenRouter f’éﬁ Ollama i
i (cloud models) (Local, cloud)

10
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I OptiMat Alloys architecture

User Interface

e © Settings panel
P b AlMo

¢

\ (Ollama)

User input/
Al streaming

Scientist Agent

%‘g AutoGen framework
N | Model providers

<OpenRouter H Ollama
(cloud models) (Local, cloud)

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

User Interface

> o Tasks panel [
Settings panel K cture and valdatin
A "
Py 2 3%
{
\

AlModel ©

gpt-0ss:120b-cloud (Ollama) v

Welcome page

Force Field Calculator ©

ASE:

a Python toolkit for
setting up, running,
and analyzing
atomistic simulations.

orb-v3-conservative-inf-omat v

Default Supercell Size ©

Medium (512 atoms) v

Reset [USYR  Confirm

l l User input/
Al streaming

Scientist Agent . . .
U-MLIPs are installed G tocen ramenor > The agent integrates ASE-based simulation
as Python packages . < |_... ............ tools with embedded visualization via OVITO
and used as <OpenRouter HOIIama and PIOtIy
iy . f (cloud models) (Local, cloud)

calculators within ASE.  * e ‘

.-? Generate Calculate elastic &’s& Calculate Tools Structure Building Simulation Engine Analysis & Properties

. alloy supercell properties QHA properties dispatch (Lattice, SQS, supercell) || (ASE Optimizers & relax) (PTM, Rlal;,lAE)lastICIty,

calculations
. . — Calculator
Visualize

DB statistics FX ))\\“E @ GPU acceleration CPU fallback
- = NVIDIA.
e NequlP
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Yang Hu, Swiss RSE day 2026

Generate

Recompute
structure % report @

database

1@3




I OptiMat Alloys architecture

User Interface

Tasks panel Rming-- eq search.database v Database
Settings panel *

- |
| CocroaAl
|

» The agent writes

1 v Loading structure and validating \

t d d t ot Showing 10 of 30 matching structures (sorted by relevance): (
h Rendered
computed data st s (6 v — @ )
(180 deformations) d structure
. . gpt-0ss:120b-cloud (Ollama) v
3+ Computing elastic moduli mace- ’
INTtO a loca Ite . 5 oEKEl  CotcrOReMOTNSWR b omao-  ln. St oo
Welcome page L 4+ Savingresults to database i
5 . Generating heatmap visualization L
orb-v3-conservative-inf-omat v mace- .
Tasks  Computing Finite Temperature 0900 daadfest  CodCrORGSMATINSWIS  bec amat.0- s oms :
a a ase Properties medum  Suble Interactive
Default Supercell Size O
[ 1+ Load structure from database mace-
Medium (512 atoms) v 2 - ’
2+ Relax structure (V: 533.4 » 533.4 A7) 493 Stfeebis  CodCrOReSMOTINSWIS  boc om0 Lo s omss

3 3z Compute finite temperature properties

Reset Cancel (0/11 volumes completed) mace-
4 - Create plots 492 ladebefs  ColCHOFeSMOIINSWIS b mat.0 se omas

» Simulation inputs . E o
and results can be

@

l IUserinputl Real-time visualization I

. Al streaming
summarized and

co3 AutoGen framework Visualize/ Storage Visualization Export
eXpO I"ted aS a % . Export (SQLite DB, UUIDs, (OVITO render, Plotly (PDF reports, JSON,
repo rt \ | ........... R Files) charts, ELATE plots...) Structure files)
] ! | e = N
copenRouter H Ollama g @ a ! %
(cloud models) (Local, cloud) [}

Invoke tools

Agent Tools Core Computations
o0 i _— . . . Analysis & Properties
ey Generate Calculate elastic 55 Calculate
i) - L . Tools Structure Building Simulation Engine PTM. RDF. Elastici
ﬂ. alloy supercell y§l properties &l QHA properties dispatch (Lattice, SQS, supercell) || (ASE Optimizers & relax) ( s Q|-,|A)as icity,

calculations
. . e  Calculator
Visualize 3

DB statistics He WM& A
o2 s NGoip

Generate

S h »
daf:l;:se report m

Recompute
structure %

Y
LA IMGPU acceleration CPU fallback
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I Agent decision and execution flow

Chainlit web interface

1. Natural Language Query
“What is the formation energy of

equiatomic CoCrNi in FCC?”

6. Streaming Response
Embedded visualizations (PTM, RDF,

etc.) and quantitative summaries
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2. Intent Parsing & Parameter Extraction
Composition, structure, atom count, etc.

4. Computation Pipeline (cache miss)
SQS generation — two-stage relaxation
Property calculation — database storage

y

5. Result Interpretation
Formation energies vs. stability thresholds,
structural fractions vs. expected values

+ *
g
N NussEsEs SRS S NSNS S EEEESSESEESESsSEEESESESEESESSESESsSSSsssssssssssssssssssssssssssssessnsss®®

Skip compute
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I A living database that grows through usage

(a) Database growth (b) Composition complexity

500 ~ @ 175 A 166

» The local SQLite database grows
with every user—agent interaction.
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I A living database that grows through usage °

Other agents . ata retrieval
> The local SQLite database grows Ephemeral data -

with every user—agent interaction.
-4

» Data generation is no longer

/ Agent
separated from data deposition @

Our agent:
: Living data

CHRe”| NEL
230
coseer | (TPl

: : 1
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I A living database that grows through usage °

» The local SQLite database grows
with every user—agent interaction.

» Data generation is no longer
separated from data deposition

» Stored results avoid repeated THE PROBLEM: REPEATED SIMULATIONS
computation T_;- ﬁg ’

M (s -8 Cowl 5

UNIVERSITY A DATABASE

THE VISION: SHARED CLOUD RESOURCE
E DATA,
¢ B gl e
G SR
Tl

ol L N
? COMMUNITY MATERIALS REUSE DATA ? B T B3

é Vl _\@ SIMULATION DATABASE AVOIDRERUNNG ) ATERIALS DISCOVERY / W
wha }
. g

(YN g

é— . )} “-u‘

Eﬁﬁfﬂ Ay a»,
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I Beyond results: capturing simulation provenance

exportable report.

Single Crystal Elastic Properties

Directional Properties: Single crystal elastic properties vary with crystallographic direction due to anisotropy.
All directional properties are computed from the compliance tensor S = ct:

Young's modulus: 1/E(n) = Suk\ n o n. Linear compressibility: p(n) = S
1/G(n,m) = 4 S‘.kI n;mon, m. Poisson's ratio: v(n,m) = 'Svm nonomem / Si.kI nononn, where Si.kl is the
compliance tensor, 5“ is the Kronecker delta, n is the Ioa&g’rection, and m is the perpendicular direction for

lateral response.

. 8. n. n. Shear modulus:
ikl "kl

Auxetic Behavior: Negative Poisson's ratio iWQreclions indicates the material expands laterally when
stretched (unusual mechanical behavi@@

Wave velocities: vs(n) = (G(n)/p) for Shear waves, v‘(n) =V((K(n) + 4G(n)/3)/p) for longitudinal/compression
waves, where vy is the shear wave velocity, v, is the longitudinal wave velocity, G(n) is the directional shear
modulus, K(n) is the directional bulk modulus, n is the propagation direction, and p is the material density.

Property Min Max Unit
Young's Modulus (E) 128.74 331.65 GPa
Shear Modulus (G) 46.26 139.97 GPa
Poisson's Ratio (v) -0.1395 0.6964
Linear Compressibility (3) 1.822 2.053 1/TPa

Software Versions ‘\Q“a

ASE: 3.26.0, Phonopy: 2.43.6, OVITO:&Q Py

MACE: 0.3.14, NequlP: 0.16.1, phono3py: 3.19. erator: (0, 5, 3), MechElastic: 1.2.29

Yang Hu, Swiss RSE day 2026

Tén‘egmnzs, NumPy: 2.3.4, ORE Models: v0.5.5,
S

» Simulation methods, input parameters, and software versions are summarized in an

» Generated structures can also be exported for external use.

4. Computational Methods

NequlP Equivariant Neural Network Potential

E(3)-equivariant neural network potential with state-of-the-art aw models trained on OMat24, MPtrj,

and sAlex datasets (112.8M structures). MP models trained & jonly (1.58M structures). [7, 8]

Parameter

Model used nequip-aanp /)

Model Oam L nequlprczm—M params, F1=0.893)

Model Oam XI nequip-oam-xl (~15M params, F1=0.906, highest accuracy)
Model Mp L nequip-mp-| (9.6M params, MPtrj only)

Precision float32

Special Quasirandom Structure (SQS) “

.
Generates special quasirandom structures that best approxim: grrela(ion functions of a random alloy.
Minimizes short-range order to represent disordered solid % , 10]

Parameter

Method sasgeneratofila

lation deviatipd AN

Iterations 1,000,000 Monte Carlo sy Qo efault; library defautt is 10,000,000)
Shell Weights. {1:1.0,2: 0.5) — NYdJMint, 2nd NN half-weighted

Target Minimize pair

[ POSCAR File

D structure.cif CIF File

D structurelammps LAMMPS File
D structurexyz XYZ File
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Deployment of the agent is straightforward
Docker image: yhu1991/optimat-alloys

optimat-alloys|

latest v

@ pkworks/wb_alloys-backend
@ optimatesrv/optimate-api

@ optimatesrv/optimate-frontend

https://github.com/OptiMat-Chat/OptiMat-Alloys

Q OptiMat-Chat / OptiMat-Alloys ~

Q Type(Dto searct 8- [[+-|[o](n)(a)@
lode (@ Issues 1 Pullrequests (® Actions [ Projects [0 wiki @ Securityand quality |~ Insights &3 Settings
OptiMat-Alloys Pubic D Editbins ~ | OWach 0 v  YFork 1 v  fyswr2 -
¥ main ~ ¥ 2Branches © 1Tag Q Gotofile R <> Code -~ About @
Public release of OptiMat Alloys
@D viadturlo and claude docs(readme): add explicit GPU-vs-CPU compose decision callout @@ 701236 -2 months ago D) 3 Commits @ wwwoptimat.chat/agents/optimat-al
chainlit/translations Initial public release 4 months ago 0 Re

&8 MIT license
thub/woril 2 months ag
github/workflows onths ago N ety

data

4 months ago @ Custom properties

19
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Empa — The Place where Innovation Starts

Welcome to

conversations.

L Tryitnow

https://www.optimat.chat/

Tr MARVEL
Swiss National
Science Foundation O OO .

& cscs @
\“ ‘ Centro Svizzero di Calcolo Scientifico E m pa

Swiss National Supercomputing Centre Materials Science and Technology

Thank you!

Dr. Vladyslav Turlo

Lead Developer

A collaborative platform connecting Al agents, databases, and
researchers to accelerate materials discovery through

> Watch Demo

Contact the Team

",

Dr. Yang Hu

Research Lead
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