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Fig. 1. Multi-modal multi-agent approach as a flexible modeling strategy for materials discovery, modeling, and prediction.
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Fig. 2. Schematic diagram of VASPilot architecture design and experimental verification.
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Fig. 3. Schematic diagram of PhysAgent architecture design and experimental verification.
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RUR] DA A PR B A A e LRI, T S
F R (TEM) BUR, 75— M IRBE 2 SRR AT D)
3= PR F 5328 AR SR | D R RST, 54
H A RS g oK e (18],

MIF AR 2R AT 2R e IR A
U — 3 Hehn 2, e — A5
YIBHEIARST, 140, {"phase": "perovskite", "purity":
"98%", "lattice constant a": "3.99 A"}. X LbiAb
I A E B S 21 T — B B i o

B AR F A N R 5 s T R R, X R
KRBT B, BHE TR, Sl T 5
ERH ERERI. — D &2 R R 2k
S bR S I Y S 58 45 SR 5 e ) A T T g AT
LK.

TR A QB TTA T P 5 -5 25 43 A A B T
HESE R Z )Y 25 5. QR SE 0 A T b g T T
AR I B B R A PR, R AR T DL g ke
FESEAT R A R FRAE, 51 Qniii 2 Ha 2 ol i 2
P

BT DI PR S AR SR 25 I,
PR T AN ZER, RGN 23 A B 2 Sk IR
SR, MR A — A IER B A BES
iz F D1 - oAb s HAth 32 Bl 2T AR Sk 1131090 >
TR N T S 4 S A0S ) R A CRAR R . 35
Tk A OH A LA, E O — AR Be ik o
R——H T ERAE B3 a5, T —2P R0zt il
AR RSSO RESHIWT, R TR m AR IR
T — M A A B2, 808, Bl R e

050801-11


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 5 (2026) 050801

TG ARSI SEI R, IR WA 1) —
LI RTAAR L 5

XA B - AT -8 2 R 22 AURT A
FAZIERIPEIR, BRBUE THRENRIHS . e
ZHETER R GRS AE— NI AR | e 4 10 2562 (]
A AL, RS AR MR~ AT L
HI AT ARAT R JEE AR, PO S ) B e 2
REAHTRUAA L.

3.2.4 AEtmi TAE A AAF R X T AL

R T ELA I B BE AR AT R Ak S R S
SPEMREK, FRATUA VASP A 2 i) ENCUT
(CF- H 5 #% T BE ) A1 KPOINTS (K 5 4% ) W siohk:
WA 5], A A — 2 R RB AR Y AR . 3L
RIMAMUE NS, BAERCE bR R ] &2 3
Dy AL T A2,

— S B VASP AR N TR T
— BT AT 2R R L bR AEL I <l st
DRI, 24 3 KRk (Si) AR ISk
MR R e 2 Ja, PMUR sh5 A shditl, 5 aeik
IR 3 N E BSOS IR DM I P AT
W fE T RS <SERET KSRGSk, ISR
JE ) K ST ENCUT WS . ik ™ i iy 4
HE, B T 0125 H LAY RIS e 2 SRR R.

ZJ5, Baeik A 3 #— £ 5 KPOINTS 3
4 (1, A 2x2x2 5] 10x10x10), [RIRHEEE A
Jifi INCAR Z 40 (L 4& — A8 iy L Ry
ENCUT) @ A2, If B ek — RIME 58T
3.1 WIS Y <5 B AR B BL ] B 5 B R
B, IF AR A AR5 2. T AR G, &
Aetk B shE AT (W0 Pymatgen %) Vasprun)
M vasprun.xml FEEEEEAS K % B0 R Y AL RE
i RS, e Re R AU AT IH — 4k (BN, ik
4 meV /atom), JFit5AAHSREI 52 18] (1Y) B i 25
MBI 2 IELL (BN, EEEWA ) N — AT
1 Py PR SCEAHfA Y BIAEL (U0 1 meV /atom) B, &}
REARHIE K 5 E s o8,

— B TS K 5% 5 (B, 8x8x8),
BRE R ST B R BN R S B e S 8
%, © HohE W — R INCAR X, Hp
{CENCUT 28\ — A BAR{E (41 POTCAR
ENMAX 9 0.8 f%) 7 4 14 Hb 3% K 2] — A% &
(40 ENMAX 1 2.0 1), I P28 &

R IR AR AT A SO IR R A
— IS ENCUT 8. 58 i A iatis, 2 fe ik
AU H T 4518 (“K SISTF 8x8x8, ENCUT
ST 520 eV?), HE RS, B2 A hES—0
WS £ Rz Ot A it S EO AR AL
&, Wi—> Jupyter Notebook o, PDF SC#Y.

BHAEL RN, T8 “H I E5 b, BEeR
ST A SRR E RIS, B e AR
FAT AT AR B SN 0% s - N5 5 A
BN, AexA FaiEok INCAR BHG “Ei%7. B he
TEBU NN 5E B — 9 A T RE R B 2L JLR A
RESERLIN TAE, HARSIE T R 4a X bRk,

FEAEF R A, ARG . ik
AT R PRI 5, ST et T BE A
AEMR IS TR FEA AL B, T — N 286 AT oS Ak
IR S EE EbE, @it 381 OUTCAR H i E4
fF8, FIWr T BERE 2L % ALGO 2 AMIX 4575
WSHN. K IE SR AR AR IR T ZEE 5] AT R 1Y
ORI B TR VR A 22 HE.

BRER T H A I, 4Rk X2 AR B RE
TIBERIGRRAR, MRS G — KR ZI W e 7 A
AL PR MR N B S — AR XS
A BRSO I T TRE T

WFFE ARG IR N PR i 3] “ R 5. L
2 E U “hnfar Fa g ek INCAR iy & —4>
SR, AR g <A far$a H— AN U (A A R )
FEH Lo M M BE AR T L) BR AR A — R = 2 4
A2 RS NN BRI | R R AT
HR R R, A B S LA P A Rk ) i
TR Sl SR B A3 M. s = B 1 s MU
PUZHE 2 BB BT 1 2k 2 A RHIE & 2 1291 1
H At I 5 ) B R AR B VR IE AR HE Sh 4R T A 3R
B3 ) i (124,

I G AR A I R R IR B B RE ). ARk
AOBF Y A b 20225 “Al-Literacy” B N T8 BE R F¢.
b AT B BRI BE ) i B il B AT
20 R O | AR EAL R, MR R
LLM £ U MatChat 278 LI BH& A5 T
I 5 K RE ) 120 ALK A 24— andE bR i
) R ) RIS BT A 22 Q0] 56 UE R 1 RE AR A
s, MASRE BEE; JFERSE AR
RFEBE, Ban, #idga 5 A PR AY Python fEIAS SR i
FH Agent API, SEEUEE & 2401 I T AER.
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AT Z R FEE Bl P B 4E 5 <AL
PERbE BRI SR, AR 1) AR SR BT,
R . TR A5 b e R 2= AR A i T AR
TR T AR A b JE 2 023, KA F A O 7E e b BT
SRR U A B2, T S g 5 BRI AR
50 MaterialsGalaxy it AT T H 45 Z Y%L
i, AR A AR 1R PO WS AR B IR
s ALRFE BT R BB S ) AR A A A
AT RE I HAE Y Ll fbse RS A, HAS
K5 A FIS B L AR S . HUORRE AL
PRt RE. 2R Y “SLER IO SRR IE R 2 b A
4L A4S A Jupyter Notebook. A7 22 2 412 #1] H
Python S HAAR X R BB ™ A 1 KA £ 6 4
AT ATRAL . GEit A B RIS SR RE ). SIS
FSE R RAF &5 40 MaterialsGalaxy, i#id AT T.
HA A Z U8R, AR R BERAE T Fre = 122

2 B S 1% | A R AW T e SO 1P
50T i Oy NG e = W = 7 K (N =
TR AR T A s ke, AT RETE & T TR
Pl Wiz o fiar—E R ZI R RE, JFi A1
SRV S

3.3 & it

Z R BEIA R G IR R % M8 A Wy S AR
SRIFTEIESX, BN SN BB R i
K, T TIRERT T ARA R R EE S ]
EAEATEENE | VAR RE AR R Ty TRAT T I P,
{ELE Ky PRALBE IR B RA. AT, M A HLP3 ] )
ISP A S RS, 28 ARG BEN—Li15 )
F8 B B I REAS £ A L L 51 404 BL RS BT
KPR, e AT T 5t Y B A B o A

SIS rh N RO PR T R B S g R A

Mt A Scilink ‘& 3 F X & T 1)

import scilink

#E5—

from scilink.workflows import DFTWorkflow
complex_task request = "Generate a 1x1 Au(210)
surface with a C6H6 (Benzene) molecule adsorbed flat on

a bridge site, using a 4-layer slab and 15 A of vacuum.

Ensure the C-C bond length of Benzene is initially set to
139 A"

# Al DFT TR

dft _workflow failurel = DFTWorkflow(output dir=
"dft 1"

# BT R AR

Resultl=dft workflow failurel.run complete workflow
(complex task request)

#AT55

from scilink.workflows import DFTWorkflow
gaas_failure request = "Generate an unreconstructed
2x2 GaAs(001) slab, 6 layers thick, with an Arsenic (As)
termination on the top surface. Introduce a single
Gallium (Ga) vacancy in the top-most layer of the slab
and prepare VASP inputs for a structural relaxation. Use
12 A of vacuum."

# G DFT TAER

dft_workflow failure2 = DFTWorkflow(output_ dir=
"dft 2"

# B4 TARR

Result2=dft _workflow _failure2.run_complete workflow

(gaas_failure request)

MEB 4 ———Au(210) 8 1x1 /N & A
R C6H6

T 45 i iB: Generate a 1x1 Au(210) surface with a
C6H6 (Benzene) molecule adsorbed flat on a bridge site,
using a 4-layer slab and 15 A of vacuum. Ensure the
C—C bond length of Benzene is initially set to 1.39 A.

TEA LAY H & workflow log.txt FF, FATTAT LIFE )40
RIS I AT T 4 1R, (10:56:32, 396 (Attempt 1) —
10:56:57, 285 (Attempt 2) — 10:57:22, 697 (Attempt 3) —
10:57:47, 074 (Attempt 4)). VLB REIARSERZ A Bl — IET |
AT PATUSBIRE ), AU 22 e AU A B ST R A
B~ A — NS SO (Au210  C6H6  bridge.poscar).

HNEB Validator Agent —IRPERILT 4 M2 TR. A
AT T IR R TR B EE (F F F); BiRifs 2x1
A 11 R ZYRARSS (tag 0) SEIRHLAL & T 4
T 16 DA TR 4 AR E DU IRERIZ, (HE
JEEHT 8 AN By SR MU AR B DL HLAR AR 0 7 12k

BARBREIRAE 003 Validator Agent 1) 4 4R 1B
RN, A T BTEIASI R TR, (R AR AT Au210
C6H6 _ bridge.poscar SUARE , 5 FATSRAFAE— L[],

# P TRT
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Saved scrlgt for attempt 1 to: dft_unsiable adserpijion failure/

2025-11-26 18 55:32,4@3 — WARNING: rant A\ EXECUTING AI-GENERATED CODE — Securlty sandbox verified

2025-11-26 13: 6:33,853

LNk AGENtsa SARAGENLSASECUSIUNS. A0R08: Selected default ASE tool

2025-11-26 10:56:57,327 — WARNING: root: 4\ EXECUTING AI-GENERATED CODE - Securlty sandbox verified
2825—11—26 19: 7z OB 955 = ]NFU §§J,'l,}nfg,qgent‘5 5%!'1..@9?']‘&151; ructure_agent: Selected default ASE tool

ed script...

2825-11-26 10:57:22,718 — WARNING: root: 4\ EXECUTING AI-GENERATED CODE = Security sandbox verified

2825-11—26 1@ 7:26 968 = lNPU ;

2025-11-26 10:57:47,0808 - NARN]NG
2825-11-26 10:57:48,233 — INFO: sci

EXECUTING AI-GENERATED CODE - Securlty sandbox verified

l_agent: Starting LLM-based validation with

Bl L% — workflow log.txt SCfF
Fig. B1. Task 1 workflow log.txt files.

2025-11-26 10:57:48,577 — INFO scilink.agents.sim agents.val agent: Sending request to Validator LLM for
ints.

full validation and script h
2025-11-26 19:58:48,177 - INFO 5
script hints received successfull

l_agent: LLM full validation feedback and

2025-11-26 10:58:48,183 - WARNING: scilink. aggnts.s}mﬁpggnts val agent: LLM validation for '/Users/wing/

Des ktowdft_un:wtablq_admmt}on failure/Au210 |
["All adsorbate atoms (Carbon and Hydrogen

found issues requiring script correction:
y constrained (fixed) in the output POSCAR file,

as indicated by the 'F F F' flags on their coordinate lines. These atoms must be free to move during
relaxation.", "The script error stems from applying constraints after combining the slab and adsorbate.
When the untagged benzene atoms are added to the tagged slab, they are assigned a default tag of '@'. The

subsequent constraint selection “if a.tag in (@, 1)°
bottom slab layer (tag @).", "The user requested a 'lx1' surface, but the generated structure is a 2x1
supercell of the primitive Au(218) surface. This is evidenced by the 16 Au atoms in the 4-layer slab,
whereas a primitive cell would contain 8 atoms (2 atoms/layer).", "Only 4 out of 16 Au atoms are fixed to
represent the ‘bottom two layers'. For a l6-atom slab, fixing the bottom 8 atoms is a more common and
robust approach to simulate the bulk, although fixing 4 may be a reasonable choice for the highly

2825-11-26 10:58:408,187 - INFO:

h)] ]
2025-11-26 10:58:40,188 — INFO: root: Sending request to LLM..

incorrectly includes all benzene atoms along with the

Selected default ASE tool
Selected default ASE tool

B2 {4 — workflow log.txt 3Cf4:
Fig. B2. Task 1 workflow log.txt files.

c_indices = [i for i, symbol in enumerate(atoms.get

chemical _symbols()) if symbol == 'C'|

au_indices = [i for i, symbol in enumerate(atoms.get

chemical symbols()) if symbol == 'Au']
# WA C Xt
for i in range(num_ c):

for j in range(i + 1, num_ c):

# AT 0 M Z AR

mic=True)

(1l e /ME 2

dist = atoms.get distance(c_indices]i], ¢_indices][j],

mic=True)
# B C—C iz 1.0 A #) 1.8 A i)
if 1.0 < dist < 1.8:
all_cc_lengths.append(dist)

# FBTA C—Au JEF X ) fe/ NI B

min_au_c_ distance = atoms.get distance(c_indices[0],

au_indices[0], mic=True) # #¥IiHfk

found _distance = False

for ¢_idx in c_ indices:
for au_idx in au_ indices:
dist = atoms.get _distance(c_idx, au_idx, mic=True)
min_au_c_distance=min(min_au_c_ distance,dist)
found distance = True
il gl C—C I CRIFNER) Ml C—Au i/ NATE
RIHI C—C HEEHBCH 8 (TR 6). FATHUY C—C #
K 1.39 A, (HZSPREERE 44 1.3934 A 1y C—C f2
24~ 1.6725 Ay C—C i, V2 C—CHEK 1.461 A.
UL A A T A LA AL R REAR O T R g R A
I/ E A 2SR, B ORI T i sl L i, S BUREA > T
W, B A A B 5T SEAR S, TR C—C B i
W] C—C < H B2 R 0™ 2 i 5 H A, UETA R MR
RERE BT LT 203, eAh, C—Au fi/MIE B R 2.583 A,
PR b A PR/ NS 2.21 A, C—Au S/ MEES 764 HE
A

IR BRI R I HE R T S, (HES SRR B
EAEHR.
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050801

Au210_C6H6_bridge_corrected.poscar

1 Au C H

2 1.0000000000000000

3 9.1231573481991415 0.

4 0. 4,

5 0. 0. 000
6 Au C H

7 16 6 6

8 Selective dynamics

9 Direct

10 0.05 0.25

11 0.15 0.25

12 0.3499999999999998 0.7500000000000000
13 0.8499999999999999 0.2500000000000000
14 0.5499999999999999 0.2500000000000000
15 0.75 0.75

16 0.05 0.75

17 0.2499999999999999 0.2500000000000000
18 0.6499999999999997 0.7500000000000000
19 0.15 0.75

20 0.45 0.75

21 0.6499999999999999 0.2500000000000000
22 0.35 1 0.25

23 0.55 2 0.75

24 0.85 1 0.75

25 0.95 0.25

26 0.4761797668805074 0.2049570315538310
27 0.3238202331194922 0.2049570315538310
28 0.2476404662389848 0.5000000000000000
29 0.3238202331194924 0.7950429684461691
30 0.5523595337610149 0.5000000000000000
31 0.4761797668805074 0.7950429684461691
32 0.2640821425441301 -0.0264075983787762
33 0.6718357149117391 0.5000000000000000
34 0.5359178574558695 1.0264075983787764
35 0.2640821425441304 1.0264075983787766
36 0.1281642850882607 0.5000000000000001
37 0.5359178574558695 -0.0264075983787763

Q.

& B3

0.3179824123627069
0.5887427466775659
0.5500626989183003
0.5500626989183003
0.5113826511590347
0.4727026033997691
0.5113826511590346
0.4727026033997691
0.5887427466775659
0.3953425078812380
0.4340225556405036
0.3953425078812380
0.3566624601219724
0.3179824123627069
0.3566624601219724
0.4340225556405036
0.6820175876372931
0.6820175876372931
0.6820175876372931
0.6820175876372931
0.6820175876372931
0.6820175876372931
0.6820175876372931
0.6820175876372931
0.6820175876372931
0.6820175876372931
0.6820175876372931
0.6820175876372931

Au210_C6H6_ bridge.poscar 3C{4
Fig. B3. Au210 C6H6_bridge.poscar file.

44 A4 4444 A4A A4 A4 4 M A A4

1 0.0000000000000000
23.5862101437393967

A A A A A A A A A A A A A MM AAAAAAAAA A

A4 4 A4 44 A4 A4 A A A A4 A MM AAAAAAAAA-A-m

RO 44— GaAs(001) HLlE %
wHAETET N Ga ZL

{F %5 i i&: Generate an unreconstructed 2x2 GaAs
(001) slab, 6 layers thick, with an Arsenic (As) termination
on the top surface. Introduce a single Gallium (Ga)
vacancy in the top-most layer of the slab and prepare
VASP inputs for a structural relaxation. Use 12 A of

vacuum

TEA4 LY H & workflow log.txt o7, 28 GEIAH1T T
4 W24, Validator Agent [ & 48 H 454 S04 (POSCAR)
5 Ge R MA fr AL B A ARL (SiC, MoS2/WS2, Fe203) A
__éﬁ.

B e A T T T A 2 R R R, (R AR BT — AN
FHGRIA 215 4~ (BZ) 23 1Y) IS5, Sl Z 5k (~61 A)
AR 2= i L8 R

A A2 L) POSCAR 2546 SO, AT & 315 B J 144
215 A4 (1124-103), {H 2 3 AT 09 i 99 7 4502 47 4

2025-11-26 11:39:11,736 — INFO: scilink.agents.sim_agents.val agent: LLM full validation
feedback and script hints received successfully.

2025-11-26 11:39:11,795 - WARNING: scilink.agents.sim_agents.val_agen LLM validation for '/
Users/wing/Desktop/dft_gaas._defect f /P0OSC found issues requiring script correction:
["The most critical issue is that the output structure (GaAs) does not match the material
specified in the request and script (SiC). The elements, stoichiometry, and atom counts in the
POSCAR are entirely inconsistent with the script's logic.", "The structure in the POSCAR file is
severely non-stoichiometric, with 28 Arsenic atoms and 23 Gallium atoms. This extreme vacancy
concentration was not part of the original request and makes the structure's physical relevance
questionable without further justification.", 'There is a discrepancy in the applied
constraints. The script logic aims to fix the four central layers, which is appropriate for a
grain boundary. The POSCAR file, however, has the bottom two layers fixed, which is a convention|
used for surface slab calculations.', 'The in-plane lattice vectors of the POSCAR correspond to
a 2x2 supercell of a (111) surface, but the atomic positions along the z-axis are highly
disordered and do not resemble the expected clean twin boundary structure of a £3(111) grain
boundary.', 'The user request for a Carbon-terminated interface cannot be fulfilled, as the
structure is composed of Gallium and Arsenic.']

2025-11-26 11:39:11,827 - INFO: ili

tool

2025-11-26 11:39:11,831 - INFO: scilink.agents.sim_agents.

tool
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2025-11-26 11:40:54,676 — INFO: sg&L}nk,gggn §“§Am_ggeq -val_agent: LLM full validation
feedback and script hints received successful

2025-11-26 11:40:54,693 — WARNING: scil ;nk,gggn §“§;m,gggggi'" l«gggq; LM validation for '/
Users/wing/Desktop/gfx,ggagndg Fect failure/POSCAR' found issues requiring script correction:
["The provided POSCAR file describes a Gallium Arsenide (GaAs) structure, which is fundamentally
inconsistent with the user's request for a MoS2/WS2 heterostructure and the Python script's
logic. This appears to be an error where the wrong file was provided.", "The script's logic for
creating 'R-type' stacking is flawed. It applies the stacking shift to the MoS2 and WS2 blocks
separately before joining them. This will create a stacking fault (e.g., ...C-A-|-A-B...) at the
interface, rather than a continuous R-type sequence (...C-A-B...) across the entire
heterostructure.", 'The method used to identify layers within the “make_r_type® function is not
robust. The calculation layer_index = int(np.floor(z_coord / LAYER_SPACING))" can incorrectly
assign atoms from the same S-M-S trilayer to different layer indices, which would result in a
scrambled and physically incorrect structure.', "The implementation of atomic constraints is
incorrect. The user requested to fix the 'bottom 3 layers' (three S-M-S %rilayers), but the
script only fixes the atoms belonging to the single bottom-most t| r (the first three atomic
planes)."]

2025-11-26 11:40:54,700 - INFO: scilink,agents.sim.agents.structure agent: Selected default ASE
tool

2025-11-26 11:40:54,703 - INFO: scilink.agents.sim agents.structure agent: Selected default ASE

2025-11-26 11:42:04,210 — INFO: §g,],L;nlg,gg,e;njc.s,'§.;;|1“qg¢n.t.§' val agent: LLM full validation
feedback and script hints received successful

2025-11-26 11:42:04,245 — WARNING: sg&L;nK,gqgn S.51im agents.val_agent: LLM validation for '/
Users/w1ng/Desktop/gft_ggas,gg,egt_jg;Lu[q/POSCAR found issues requiring script correction:
["Elemental Composition Mismatch: The most critical issue is that the provided POSCAR file
contains Gallium (Ga) and Arsenic (As), while the user request and Python script explicitly
specify Iron (Fe) and Oxygen (0) for a Hematite (Fe203) slab. This discrepancy means the
structure file is completely unrelated to the script's purpose.", "Incorrect Slab Thickness
Specification: The user requested a slab 'l5 layers thick', but the script implements this using
“min_slab_size=15". In pymatgen's ‘SlabGenerator®, this parameter defines the minimum thickness
in Angstroms, not layers, failing to meet a key requirement of the request.", 'Unverified
Surface Termination: The script filters for symmetric and stoichiometric slabs and simply
selects the first result. It does not contain any logic to confirm that this slab is actually
Fe-terminated. For the Fe203(0001) surface, the most common symmetric and stoichiometric slab is
O-terminated, meaning the script would likely fail to generate the requested structure.',
"Contradictory Request for Stoichiometry: The user requested a 'stoichiometric composition' but
also an 'Fe vacancy'. While the script correctly interprets this as creating a vacancy in a
stoichiometric slab (resulting in a non-stoichiometric final structure), this inherent
contradiction in the request should be noted.", 'Incorrect POSCAR Stoichiometry: As a direct
result of the elemental mismatch, the structure in the POSCAR file has a composition of 28 As
and 23 Ga atoms, which is inconsistent with the requested 2:3 ratio of Fe:0.']

2025-11-26 11:42:04,260 - INFO: gcilink,agents.sim agents.structure agent: Selected default ASE
tool

2025-11-26 11:42:04,263 — INFO: ili g .Sim_a nt: Selected default ASE

2025-11-26 11:43:36,391 - INFO: §gAL;nk,gg§n §"§gm*gggn val _agent: LLM full validation
feedback and script hints received successful

2025-11-26 11:43:36,446 — WARNING: s;&\;nh,gggn s.sim _agents.val agent: LLM validation for
Users/w1ng/Desktop/gft_gg§§~q ct_failure/POSCAR' found issues requiring script correct
["Incorrect Surface Orientati The script was requested to generate a (001) surface, wl

should have a square or rectangular in-plane lattice. The resulting POSCAR file's 1attice
vectors define a hexagonal-like cell in the xy-plane, which is characteristic of a (111)
surface, not a (0@1) surface. The top-down image (Z-axis view) confirms this hexagonal atomic
arrangement.", 'Incorrect Stoichiometry: A perfect 2x2 6-layer GaAs(@@1) slab should contain 24
Ga and 24 As atoms. After introducing a single Ga vacancy, the expected composition is 23 Ga and
24 As. The generated POSCAR file incorrectly contains 23 Ga and 28 As atoms, making the slab
unphysically arsenic-rich.', 'Incorrect Number of Layers: The user requested a 6-layer slab.
However, a review of the unique z-coordinates in the generated POSCAR file reveals more than 10
distinct atomic planes, indicating the slab is much thicker than requested.', 'Script-Level Root
Cause: The likely source of all issues is the use of the default primitive cell from
"ase.build.bulk()’ as input to the “ase.build.surface()” function. To correctly generate a (001)
surface with the expected square symmetry and layer structure, the conventional (cubic) unit
cell must be used instead.'

2025-11-26 11:43:36,457 — INFO: sc .agents.sim_agents.structure agent: Selected default ASE
tool

B C1  1£4 — workflow log.txt 3Cff
Fig. C1. Task 2 workflow log.txt files.

2025-11-26 11:45: 25 217 - INFO: scilink.agents.sim _agents.val agent: LLM full validation

hints received successfull
2025-11-26 11:45:25,276 — WARNING: scilink.agents.sim agents.val_agent: LLM validation for '/
Users/w1ng/Desktop/gft_gg§§~qg,ggt_fg;Lure/PDSCAR found issues requiring script correction:
['Incorrect Slab Thickness and Atom Count: The primary issue is that the generated structure is
not a 6-layer slab. The POSCAR file lists 215 atoms (112 As, 103 Ga), whereas a 2x2 6-layer slab]
with one vacancy should contain approximately 23 atoms. The visualization clearly shows a very
thick slab.', "Incorrect Initial Stoichiometry: The script's logic relies on creating a

symmetric 7-layer slab and then removing the bottom layer. However, the atom counts (112 As vs.
104 Ga before the vacancy is created) show that the initial 'symmetric' slab was non-
stoichiometric, which is incorrect for a symmetric GaAs(@@1) slab and indicates a flaw in the
generation process.", 'Excessive Z-lattice Vector: The cell height is ~61 A. For a 6-layer GaAs
slab (~7-8 A thick) and 12 A of vacuum, the total z-vector should be around 20 A. The generated
cell is unnecessarily large, which would waste computational resources, and it is a direct
consequence of the incorrectly thick slab being generated.']

B C2  {E4 — workflow log.txt 3L
Fig. C2. Task 2 workflow log.txt files.
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POSCAR

1 As Ga

2 1.0000000000000000

3 11.3059999999999992
4 0.0000000000000000
5 0.0000000000000000
6

7

8

As Ga
| 112 103
Selective dynamics

0.0000000000000000
11.3059999999999992
0.0000000000000000

0.0000000000000000
0.0000000000000000
60.7444999999999951

[l €3 POSCAR %ty 3
Fig. C3. POSCAR structural file.

INCAR
1 SYSTEM = GaAs(@01) 2x2 slab with Ga vacancy - Relaxation
2
3 # -—— Start Parameters -——
4 ISTART = @ # Start from scratch
5 ICHARG = 2 # Charge from atomic superposition
6 PREC = Accurate # Precision level
7
8 # -—— Electronic Relaxation ——
9 ENCUT = 450 # Energy cutoff in eV
10 EDIFF = 1E-06 # SCF energy convergence criterion
11 LREAL = Auto # Automatic optimization for real-space projection
12 ALGO = Normal # Blocked Davidson algorithm
13 NELM = 100 # Max number of SCF steps
14
15 # -—— Ionic Relaxation ——
16 IBRION = 2 # Conjugate Gradient algorithm for ion relaxation
17 NSW = 200 # Max number of ionic steps
18 ISIF =2 # Relax atomic positions, keep cell shape/volume fixed
19 EDIFFG = -0.02 # Force convergence criterion (eV/Angstrom)
20
21 # --- Smearing/D0S —-—-
22 ISMEAR = 0 # Gaussian smearing
23 SIGMA = 0.05 # Smearing width in eV
24
25 # -—— Special Settings for Slab —-——
26 Ivow =11 # DFT-D3 van der Waals correction (Grimme's method with zero damping)
27 LDIPOL = .TRUE. # Include dipole corrections for potential
28 IDIPOL = 3 # Dipole correction along the z-axis
29
30 # -—- Output Control --—-
31 LWAVE = .FALSE. # Do not write WAVECAR
32 LCHARG = .TRUE. # Write CHGCAR
33 |

E C4

INCAR (%

Fig. C4. INCAR file.

(2x2x6 Slab, 1 Ga vacancy). JiE FHAMZEE K (4.6 %),
SIS R

THE IR 258~ h 60.74 A, TIARYEAT & 2R i T
WIE R ZIE20 20 A(6 J2IRE+12 AFLZ). HAs RIUA, X
T2 Z h75 6] B9V TSR 2R, TR 2 R R TR

7E INCAR SCfFR, BRGHL T 808 IE NELECT . [1)i€
Wefk ISPIN. 2x SEOICIEMORITA R r s bk, SR 6E
BB RE T3 25 RN B = Wy B n] 5 B85 e vk UM ey
FEY H BN AL ELGR, AT RETC IS SR LI LA

R ZE R TR Fid T AR BT A
ISUF (workflow\ status: "success"), {H H:45 #4) #4 @22 4R 4
PR A, FHUE A POSCAR U B FH0 b M (A R

TEFHEENR 2. SRR IR IMAE T, ‘EAE INCAR SCHF
SEA M T SRBE T I G S L T 25 M 24 NELECT
A ISPIN). IXHER 7 Y& REATE A N LTy T
ALk B O LA 2 ) A1 2 B ) RO R AR 9 2 2 AT
G5y, Bz BhA S PR B R

S 0k

[1] Xiao X, Xu N S, Tian X Y, Zhang T K, Wang B Z, Wang X
M, Xian Y M, LuCY,Ou XY, Yan Y F, Sun L C, You F
Q, Gao F 2025 Nature 638 670

[2] de Leon N P, Itoh K M, Kim D, Mehta K K, Northup T E,
Paik H, Palmer B S, Samarth N, Sangtawesin S, Steuerman
D W 2021 Science 372 eabb2823

[3] Lin S, Liu J, Liu X, Zhao X 2019 Proc. Natl. Acad. Sci. U.
S. A. 116 10244

050801-17


https://doi.org/10.1038/s41586-024-08408-7
https://doi.org/10.1038/s41586-024-08408-7
https://doi.org/10.1038/s41586-024-08408-7
https://doi.org/10.1038/s41586-024-08408-7
https://doi.org/10.1038/s41586-024-08408-7
https://doi.org/10.1038/s41586-024-08408-7
https://doi.org/10.1038/s41586-024-08408-7
https://doi.org/10.1126/science.abb2823
https://doi.org/10.1126/science.abb2823
https://doi.org/10.1126/science.abb2823
https://doi.org/10.1126/science.abb2823
https://doi.org/10.1126/science.abb2823
https://doi.org/10.1126/science.abb2823
https://doi.org/10.1126/science.abb2823
https://doi.org/10.1073/pnas.1903019116
https://doi.org/10.1073/pnas.1903019116
https://doi.org/10.1073/pnas.1903019116
https://doi.org/10.1073/pnas.1903019116
https://doi.org/10.1073/pnas.1903019116
https://doi.org/10.1073/pnas.1903019116
https://doi.org/10.1073/pnas.1903019116
https://doi.org/10.1073/pnas.1903019116
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 75, No. 5 (2026)

050801

(10]
(11]
(12]

(13]

(14]

(15]

(16]
(17]

(18]

24]
[25]
[26]

27]

(28]

Zhang X S, Chen Y J, Hu J L 2018 Prog. Aerosp. Sci. 97 22
Wang C Y, Xia K L, Wang H M, Liang X P, Yin Z, Zhang
Y Y 2019 Adv. Mater. 31 1801072

Shen S C, Khare E, Lee N A, Saad M K, Kaplan D L,
Buehler M J 2023 Chem. Rev. 123 2242

Miracle D B, Miller J D, Senkov O N, Woodward C, Uchic
M D, Tiley J 2014 Entropy 16 494

Kresse G, Furthmiiller J 1996 Phys. Rev. B 54 11169

Jain A, Ong S P, Hautier G, Chen W, Richards W D, Dacek
S, Cholia S, Gunter D, Skinner D, Ceder G, Persson K A
2013 APL Mater. 1 011002

Buehler M J, Hartmaier A, Gao H, Duchaineau M, Abraham
F F 2004 Comput. Methods Appl. Mech. Eng. 193 5257
Taheri Mousavi S M, Zhou H, Zou G, Gao H 2019 npj
Comput. Mater. 5 2

Liu J X, Zhu T N, Ye C Y, Fang Z, Weng H M, Wu Q S
2025 Chin. Phys. B 34 117106

Schmidt J, Cerqueira T F T, Romero A H, Loew A, Jiger F,
Wang H C, Botti S, Marques M A L 2024 Mater. Today
Phys. 48 101560

Merchant A, Batzner S, Schoenholz S S, Aykol M, Cheon G,
Cubuk E D 2023 Nature 624 80

Barroso-Luque L, Shuaibi M, Fu X, Wood B M, Dzamba M,
Gao M, Rizvi A, Zitnick C L, Ulissi Z W 2024 arXiv:
2410.12771

Zhu C K, Mo Y, Chen Y A, Wang X 2024 Phys. Rev. Lett.
133 030801

Chang Y J, Zhang J H, Lu Y H, Yang Y Y, Mei F, Ma J,
Jia S T, Jin X M 2025 Phys. Rev. Lett. 134 053601

Yang A, Li A F, Yang B S, Zhang B C, Hui B Y, Zheng B,
Yu B W, Gao C, Huang C G, Lv C X, Zheng C J, Liu D H,
Zhou F, Huang F, Hu F, Ge H, Wei H R, Lin H, Tang J L,
Yang J, Tu J H, Zhang J W, Yang J X, Yang J X, Zhou J,
Zhou J R, Lin J Y, Dang K, Bao K Q, Yang K X, Yu L,
Deng L H, Li M, Xue M F, Li M Z, Zhang P, Wang P, Zhu
Q, Men R, Gao R Z, Liu S X, Luo S, Li T H, Tang T Y, Yin
W B, Ren X Z, Wang X Y, Zhang X Y, Ren X C, Fan Y,
SuY, Zhang Y C, Zhang Y E, Wan Y, Liu Y Q, Wang Z K,
Cui Z Y, Zhang Z R, Zhou Z P, Qiu Z H 2025 arXiv:
2505.09388 [cs. CL]

Gemma Team 2025 arXiv: 2503.19786 [cs. CL]

OpenAl 2023 arXiv: 2303.08774 [cs. CL]

DeepSeek-Al 2024 arXiv: 2412.19437 [cs. CL]

Pandya K, Holia M 2023 arXiv: 2310.05421 [cs. CL]

Liu B, Li X F, Zhang J Y, Wang J L, He T J, Hong S R,
Liu H Z, Zhang S K, Song K T, Zhu K L, Cheng Y H, Wang
SY, Wang X Q, Luo Y Y, Jin H B, Zhang P Y, Liu O,
Chen J Q, Zhang H, Yu Z Y, Shi H C, Li B'Y, Wu D K,
Teng F W, Jia X J, Xu J W, Xiang J Y, Lin Y Z, Liu T M,
Liu T L, Su Y, Sun H, Berseth G, Nie J Y, Foster I, Ward
L, Wu Q Y, Gu Y, Zhuge M C, Liang X B, Tang X R,
Wang H H, You J X, Wang C, Pei J, Yang Q, Qi X L, Wu
C L 2025 arXiv: 2504.01990 [cs. Al]

Wang X D, Chen Z R, Guo P J, Gao Z F, Mu C, Lu Z Y
2025 arXiv: 2507.16307

Mai X J, Xu H T, Li Z Z, Wang X, Wang W N, Hu J,
Zhang Y Y, Zhang W Q 2025 arXiv: 2505.07773 [cs. Al]

Xue Z H, Zheng L T, Liu Q, Li Y R, Zheng X S, Ma Z J,
An B 2025 arXiv: 2509.02479 [cs. LG]

Feng J Z, Huang S J, Qu X W, Zhang G, Qin Y J, Zhong B
Q, Jiang C Q, Chi J X, Zhong W J 2025 arXiv: 2504.11536
[es. CL]

Li X F, Zou HY, Liu P F 2025 arXiv: 2503.23383 [cs. CL]

[29]

[30]

37]

[38]

[39]

[40]

[41]

[42]
[43]

[44]

[45]

[46]

(47]

(48]
[49]

[50]
[51]

[52]

050801-18

Chen MY, Sun L Z, Li T P, Sun H Z, Zhou Y J, Zhu C Z,
Wang H F, Pan J Z, Zhang W, Chen H J, Yang F, Zhou Z
N, Chen W P 2025 arXiv: 2503.19470 [cs. Al]

Jin B W, Zeng H S, Yue Z R, Yoon J, Arik S, Wang D,
Zamani H, Han J W 2025 arXiv: 2503.09516 [cs. CL] [31]
Song H T, Jiang J H, Min Y Q, Chen J, Chen Z P, Zhao W
X, Fang L, Wen J R 2025 arXiv: 2503.05592 [cs. Al]

Song H, Jiang J, Min Y, Chen J, Chen Z, Zhao W X, Fang
L, Wen J R 2025 arXiv: 2503.05592 [cs.Al]

Sun H, Qiao Z L, Guo J Y, Fan X B, Hou Y Y, Jiang Y, Xie
P J, Zhang Y, Huang F, Zhou J R 2025 arXiv: 2505.04588
[cs. CL]

Roters F, Eisenlohr P, Hantcherli L, Tjahjanto D D, Bieler
T R, Raabe D 2010 Acta Mater. 58 1152

Fish J, Wagner G J, Keten S 2021 Nat. Mater. 20 774

de Pablo J J, Curtin W A 2007 MRS Bull. 32 905

Wei Q, Zeng S L, Li C L, Brown W, Frunza O, Deng W,
Schneider A, Nevmyvaka Y, Zhao Y K, Garcia A, Hong M
Y 2025 arXiv: 2505.11821 [cs. LG]

Wang Z L, Zheng X H, An K, Ouyang C J, Cai J L, Wang
Y H, Wu 'Y C 2025 arXiv: 2505.15107 [cs. CL]

Wang H R, Qian C, Zhong W J, Chen X S, Qiu J H, Huang
S J, Jin B W, Wang M D, Wong K F, Ji H 2025 arXiv:
2504.14870 [cs. Al]

Qian C, Acikgoz E C, Wang H R, Chen X S, Sil A,
Hakkani-Tiir D, Tur G, Ji H 2025 arXiv: 2502.11435 [cs. Al
Hong S R, Zhuge M C, Chen J Q, Zheng X W, Cheng Y H,
Zhang C Y, Wang J L, Wang Z L, Yau S K S, Lin Z J,
Zhou L' 'Y, Ran C Y, Xiao L F, Wu C L, Schmidhuber J
2023 arXiv: 2308.00352 [cs. Al]

Wu Q Y, Bansal G, Zhang J Y, Wu 'Y R, Li B B, Zhu E K,
Jiang L, Zhang X Y, Zhang S K, Liu J L, Awadallah A H,
White R W, Burger D, Wang C 2023 arXiv: 2308.08155
[cs. AT

Moura J https://www.crewai.com [2025-10-12]

Li Z F, Zhang H X, Han S J, Liu S, Xie J W, Zhang Y, Choi
Y J, Zou J, Lu P 2025 arXiv: 2510.05592 [cs. Al]

Wei J, Tay Y, Bommasani R, Raffel C, Zoph B, Borgeaud S,
Yogatama D, Bosma M, Zhou D, Metzler D, Chi E H,
Hashimoto T, Vinyals O, Liang P, Dean J, Fedus W 2022
arXiv: 2206.07682 [cs. CL]

Chang Y P, Wang X, Wang J D, Wu Y, Yang L Y, Zhu K
J, Chen H, Yi X Y, Wang C X, Wang Y D, Ye W, Zhang Y,
Chang Y, Yu P S, Yang Q, Xie X 2024 ACM Trans. Intell.
Syst. Technol. 15 1

de Jong M, Chen W, Angsten T, Jain A, Notestine R,
Gamst A, Sluiter M, Ande C K, van der Zwaag S, Plata J J,
Toher C, Curtarolo S, Ceder G, Persson K A, Asta M 2015
Sei. Data 2 150053

Zheng T S, Deng Z Y, Tsang H T, Wang W Q, Bai J X,
Wang Z H, Song Y Q 2025 arXiv: 2505.13259 [cs. CL]
Ghafarollahi A, Buehler M J 2024 arXiv: 2407.10022 [cs. Al]
Thompson A P, Aktulga H M, Berger R, Bolintineanu D S,
Brown W M, Crozier P S, in 't Veld P J, Kohlmeyer A,
Moore S G, Nguyen T D, Shan R, Plimpton S J 2022
Comput. Phys. Commun. 271 108171

Zhang B H, Li X, Xu H C, Jin Z, Wu Q S, Li C 2025 arXiv:
2507.04053 [cond-mat. mtrl-sci]

NiZ Q,LiYH,Hu K J, Han K'Y, Xu M, Chen X Y, Liu F
Q, Ye Y C, Bai S X 2024 arXiv: 2411.08063 [physics. soc-ph]
Song T, Luo M, Zhang X L, Chen L J, Huang Y, Cao J Q,
Zhu Q, Liu D B, Zhang B C, Zou G, Zhang G Q, Zhang F,
Shang W W, Fu Y, Jiang J, Luo Y 2025 J. Am. Chem. Soc.


https://doi.org/10.1016/j.paerosci.2018.01.001
https://doi.org/10.1016/j.paerosci.2018.01.001
https://doi.org/10.1016/j.paerosci.2018.01.001
https://doi.org/10.1016/j.paerosci.2018.01.001
https://doi.org/10.1016/j.paerosci.2018.01.001
https://doi.org/10.1016/j.paerosci.2018.01.001
https://doi.org/10.1016/j.paerosci.2018.01.001
https://doi.org/10.1002/adma.201801072
https://doi.org/10.1002/adma.201801072
https://doi.org/10.1002/adma.201801072
https://doi.org/10.1002/adma.201801072
https://doi.org/10.1002/adma.201801072
https://doi.org/10.1002/adma.201801072
https://doi.org/10.1002/adma.201801072
https://doi.org/10.1021/acs.chemrev.2c00479
https://doi.org/10.1021/acs.chemrev.2c00479
https://doi.org/10.1021/acs.chemrev.2c00479
https://doi.org/10.1021/acs.chemrev.2c00479
https://doi.org/10.1021/acs.chemrev.2c00479
https://doi.org/10.1021/acs.chemrev.2c00479
https://doi.org/10.1021/acs.chemrev.2c00479
https://doi.org/10.3390/e16010494
https://doi.org/10.3390/e16010494
https://doi.org/10.3390/e16010494
https://doi.org/10.3390/e16010494
https://doi.org/10.3390/e16010494
https://doi.org/10.3390/e16010494
https://doi.org/10.3390/e16010494
https://doi.org/10.1103/PhysRevB.54.11169
https://doi.org/10.1103/PhysRevB.54.11169
https://doi.org/10.1103/PhysRevB.54.11169
https://doi.org/10.1103/PhysRevB.54.11169
https://doi.org/10.1103/PhysRevB.54.11169
https://doi.org/10.1103/PhysRevB.54.11169
https://doi.org/10.1103/PhysRevB.54.11169
https://doi.org/10.1063/1.4812323
https://doi.org/10.1063/1.4812323
https://doi.org/10.1063/1.4812323
https://doi.org/10.1063/1.4812323
https://doi.org/10.1063/1.4812323
https://doi.org/10.1063/1.4812323
https://doi.org/10.1063/1.4812323
https://doi.org/10.1016/j.cma.2003.12.066
https://doi.org/10.1016/j.cma.2003.12.066
https://doi.org/10.1016/j.cma.2003.12.066
https://doi.org/10.1016/j.cma.2003.12.066
https://doi.org/10.1016/j.cma.2003.12.066
https://doi.org/10.1016/j.cma.2003.12.066
https://doi.org/10.1016/j.cma.2003.12.066
https://doi.org/10.1038/s41524-018-0140-5
https://doi.org/10.1038/s41524-018-0140-5
https://doi.org/10.1038/s41524-018-0140-5
https://doi.org/10.1038/s41524-018-0140-5
https://doi.org/10.1038/s41524-018-0140-5
https://doi.org/10.1038/s41524-018-0140-5
https://doi.org/10.1038/s41524-018-0140-5
https://doi.org/10.1038/s41524-018-0140-5
https://doi.org/10.1088/1674-1056/ae0681
https://doi.org/10.1088/1674-1056/ae0681
https://doi.org/10.1088/1674-1056/ae0681
https://doi.org/10.1088/1674-1056/ae0681
https://doi.org/10.1088/1674-1056/ae0681
https://doi.org/10.1088/1674-1056/ae0681
https://doi.org/10.1088/1674-1056/ae0681
https://doi.org/10.1016/j.mtphys.2024.101560
https://doi.org/10.1016/j.mtphys.2024.101560
https://doi.org/10.1016/j.mtphys.2024.101560
https://doi.org/10.1016/j.mtphys.2024.101560
https://doi.org/10.1016/j.mtphys.2024.101560
https://doi.org/10.1016/j.mtphys.2024.101560
https://doi.org/10.1016/j.mtphys.2024.101560
https://doi.org/10.1016/j.mtphys.2024.101560
https://doi.org/10.1038/s41586-023-06735-9
https://doi.org/10.1038/s41586-023-06735-9
https://doi.org/10.1038/s41586-023-06735-9
https://doi.org/10.1038/s41586-023-06735-9
https://doi.org/10.1038/s41586-023-06735-9
https://doi.org/10.1038/s41586-023-06735-9
https://doi.org/10.1038/s41586-023-06735-9
https://doi.org/10.1103/PhysRevLett.133.030801
https://doi.org/10.1103/PhysRevLett.133.030801
https://doi.org/10.1103/PhysRevLett.133.030801
https://doi.org/10.1103/PhysRevLett.133.030801
https://doi.org/10.1103/PhysRevLett.133.030801
https://doi.org/10.1103/PhysRevLett.133.030801
https://doi.org/10.1103/PhysRevLett.134.053601
https://doi.org/10.1103/PhysRevLett.134.053601
https://doi.org/10.1103/PhysRevLett.134.053601
https://doi.org/10.1103/PhysRevLett.134.053601
https://doi.org/10.1103/PhysRevLett.134.053601
https://doi.org/10.1103/PhysRevLett.134.053601
https://doi.org/10.1103/PhysRevLett.134.053601
https://doi.org/10.1016/j.actamat.2009.10.058
https://doi.org/10.1016/j.actamat.2009.10.058
https://doi.org/10.1016/j.actamat.2009.10.058
https://doi.org/10.1016/j.actamat.2009.10.058
https://doi.org/10.1016/j.actamat.2009.10.058
https://doi.org/10.1016/j.actamat.2009.10.058
https://doi.org/10.1016/j.actamat.2009.10.058
https://doi.org/10.1038/s41563-020-00913-0
https://doi.org/10.1038/s41563-020-00913-0
https://doi.org/10.1038/s41563-020-00913-0
https://doi.org/10.1038/s41563-020-00913-0
https://doi.org/10.1038/s41563-020-00913-0
https://doi.org/10.1038/s41563-020-00913-0
https://doi.org/10.1038/s41563-020-00913-0
https://doi.org/10.1557/mrs2007.187
https://doi.org/10.1557/mrs2007.187
https://doi.org/10.1557/mrs2007.187
https://doi.org/10.1557/mrs2007.187
https://doi.org/10.1557/mrs2007.187
https://doi.org/10.1557/mrs2007.187
https://doi.org/10.1557/mrs2007.187
https://www.crewai.com
https://doi.org/10.1038/sdata.2015.53
https://doi.org/10.1038/sdata.2015.53
https://doi.org/10.1038/sdata.2015.53
https://doi.org/10.1038/sdata.2015.53
https://doi.org/10.1038/sdata.2015.53
https://doi.org/10.1038/sdata.2015.53
https://doi.org/10.1016/j.cpc.2021.108171
https://doi.org/10.1016/j.cpc.2021.108171
https://doi.org/10.1016/j.cpc.2021.108171
https://doi.org/10.1016/j.cpc.2021.108171
https://doi.org/10.1016/j.cpc.2021.108171
https://doi.org/10.1016/j.cpc.2021.108171
https://doi.org/10.1021/jacs.4c17738
https://doi.org/10.1021/jacs.4c17738
https://doi.org/10.1021/jacs.4c17738
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 5 (2026) 050801

[53]

[54]
[55]
[56]
[57]
(58]
[59]
[60]
[61]
[62]
63]
[64]

(65]
(6]

[67]
(68]
[69)]
[70]
[71]
(72]

73]

[74]

[75]

[76]

[77]
(78]

(79]

147 12534

Zou Y H, Cheng A H, Aldossary A, Bai J R, Leong S X,
Campos-Gonzalez-Angulo J A, Choi C H, Ser C T, Tom G,
Wang A, Zhang Z J, Yakavets I, Hao H, Crebolder C,
Bernales V, Aspuru-Guzik A 2025 Matter 8 102263

Wang Z Q, Huang H S, Zhao H C, Xu C W, Zhu S, Janssen
J, Viswanathan V 2025 arXiv: 2507.14267 [cs. Al

Yao L, Samantray S, Ghosh A, Roccapriore K, Kovarik L,
Allec S, Ziatdinov M 2025 arXiv: 2508.06569 [cs. Al]

Han X Q, Wang X D, Xu M Y, Feng Z, Yao BW, Guo P J,
Gao Z F, Lu Z 'Y 2025 Chin. Phys. Lett. 42 027403

Model Context
[2025-11-05]
Han X Q, Gao Z F, Guo P J, Lu Z Y 2025 ResearchGate
10.13140/RG.2.2.36573.12009 [physics.comp-ph]

Giannozzi P, Baroni S, Bonini N, et al. 2009 J. Phys.:
Condens. Matter 21 395502

Giannozzi P, Andreussi O, Brumme T, et al. 2017 J. Phys.:
Condens. Matter 29 465901

Clark S J, Segall M D, Pickard C J, Hasnip P J, Probert M
I J, Refson K, Payne M C 2005 Z. Kristallogr. 220 567
Wang V, Xu N, Liu J C, Tang G, Geng W T 2021 Comput.
Phys. Commun. 267 108033

Larsen A H, Mortensen J J, Blomqvist J, et al. 2017 J.
Phys.: Condens. Matter 29 273002

Ong S P, Richards W D, Jain A, Hautier G, Kocher M,
Cholia S, Gunter D, Chevrier V L, Persson K A, Ceder G
2013 Comput. Mater. Sci. 68 314

Pallets https://flask.palletsprojects.com [2025-11-05]

Ceder G, Persson K 2010 The Materials Project: A Materials
Genome Approach (Washington, DC: U. S. Department of

Protocol  https://modelcontextprotocol.io

Energy)

Grimme S 2006 J. Comput. Chem. 27 1787

Grimme S, Antony J, Ehrlich S, Krieg H 2010 J. Chem.
Phys. 132 154104

Grimme S, Ehrlich S, Goerigk L 2011 J. Comput. Chem. 32
1456

Sabatini R, Gorni T, de Gironcoli S 2013 Phys. Rev. B 87
041108

Rao C P, Ren P, Wang Q, Buyukozturk O, Sun H, Liu Y
2023 Nat. Mach. Intell. 5 765

1iZ Y, Han W, Zhang Y, Fu Q F, Li J X, Qin L Z, Dong R
Y, Sun H, Deng Y, Yang L J 2024 Nat. Mach. Intell. 6 1566

Zhang D, Liu X Z, Zhang X Y, Zhang C Q, Cai C, Bi H R,
Du Y M, Qin X J, Peng A Y, Huang J M, Li B W, Shan Y
F, Zeng J Z, Zhang Y Z, Liu S Y, Li Y F, Chang J H, Wang
XY, Zhou S, Liu J C, Luo X S, Wang Z Y, Jiang W R, Wu
J, Yang Y D, Yang J Y, Yang M Y, Gong F Q, Zhang L S,
Shi M C, Dai F Z, York D M, Liu S, Zhu T, Zhong Z C, Lv
J, Cheng J, Jia W L, Chen M, Ke G L, EW N, Zhang L. F,
Wang H 2024 npj Comput. Mater. 10 293

Austin J, Odena A, Nye M, Bosma M, Michalewski H,
Dohan D, Jiang E, Cai C, Terry M, Le Q, Sutton C 2021
arXiv: 2108.07732 [cs. PL]

Elazar Y, Kassner N, Ravfogel S, Ravichander A, Hovy E,
Schiitze H, Goldberg Y 2021 Trans.
Linguist. 9 1012

Fernando C, Banarse D, Michalewski H, Osindero S,
Rocktéischel T 2023 arXiv: 2309.16797 [cs. CL]

Schmidhuber J 2015 arXiv: 1511.09249 [cs. Al

Li G, Hammoud H, Itani H, Khizbullin D, Ghanem B 2023
Adv. Neural Inf. Process. Syst. 36 51991

Park J S, O'Brien J C, Cai C J, Morris M R, Liang P,

Assoc.  Comput.

80]
81]
82]
83]

[84]
[85]

[86]

[87]
[83]

(89]
[90]
[91]
[92]
(93]

(94]

(95]
(96]
(97]
(98]
9]
[100]
[101]
[102]
[103]

[104]

[105)

[106)

[107)
[108)

[109)

050801-19

Bernstein M S 2023 arXiv: 2304.03442 [cs. HC]

Qian C, Cong X, Yang C, Chen W, Su Y, Xu J, Liu Z, Sun
M 2023 arXiv: 2307.07924 [cs. SE]

Zhao X F, Li M D, Weber C, Hafez M B, Wermter S 2023
arXiv: 2303.08268 [cs. RO|

Yao S'Y, Zhao J F, Yu D, Du N, Shafran I, Narasimhan K
R, Cao Y 2022 arXiv: 2210.03629 [cs. CL]

Dong Y, Jiang X, Jin Z, Li G 2024 ACM Trans. Softw. Eng.
Methodol. 33 1

Chen M 2021 arXiv: 2107.03374 [cs. LG]

Significant Gravitas https: //github.com/Significant-Gravitas/
AutoGPT [2025-11-05]

Chase H https://github.com/langchain-ai/langchain [2025-
11-05)

Plimpton S 1995 J. Comput. Phys. 117 1

Shahriari B, Swersky K, Wang Z, Adams R P, de Freitas N
2015 Proc. IEEFE 104 148

Raissi M, Perdikaris P, Karniadakis G E 2019 J. Comput.
Phys. 378 686

Ji Z, Lee N, Frieske R, Yu T, Su D, Xu Y, Ishii E, Bang Y
J, Madotto A, Fung P 2023 ACM Comput. Surv. 55 1
Jiménez-Luna J, Grisoni F, Schneider G 2020 Nat. Mach.
Intell. 2 573

Mnih V, Kavukcuoglu K, Silver D, et al. 2015 Nature 518
529

Boiko D A, MacKnight R, Kline B, Gomes G 2023 Nature
624 570

Jaderberg M, Czarnecki W M, Dunning I, Marris L, Lever
G, Garcia Castanieda A, Beattie C, Rabinowitz N C, Morcos
A S, Ruderman A, Sonnerat N, Green T, Deason L, Leibo J
Z, Silver D, Hassabis D, Kavukcuoglu K, Graepel T 2019
Science 364 859

Degrave J, Felici F, Buchli J, et al. 2022 Nature 602 414
Tadmor E B, Miller R E 2011 Modeling Materials:
Continuum, Atomistic and Multiscale Techniques (Cambridge:
Cambridge University Press) p500

Tadmor E B, Ortiz M, Phillips R 1996 Philos. Mag. A 73
1529

Pizzi G, Cepellotti A, Sabatini R, Marzari N, Kozinsky B
2016 Comput. Mater. Sci. 111 218

Jain A, Ong S P, Chen W, Medasani B, Qu X, Kocher M,
Brafman M, Petretto G, Rignanese G M, Hautier G, Gunter
D, Persson K A 2015 Concurr. Comput. Pract. Exp. 27 5037
Henkelman G, Jénsson H 1999 J. Chem. Phys. 111 7010
Zhang J, Lei Y K, Zhang Z, Han X, Li M D, Yang L J,
Yang Y I, Gao Y Q 2021 Phys. Chem. Chem. Phys. 23 6888
Kim S, Woo J, Kim W Y 2024 Nat. Commun. 15 341
Sanchez-Lengeling B, Aspuru-Guzik A 2018 Science 361 360
Xie T, Fu X, Ganea O E, Barzilay R, Jaakkola T 2021
arXiv: 2110.06197 [physics. chem-ph)]

Burger B, Maffettone P M, Gusev V V, Aitchison C M, Bai
Y, Wang X Y, Li X B, Alston B M, Li B Y, Clowes R,
Rankin N, Harris B, Sprick R S, Cooper A T 2020 Nature
583 237

Szymanski N J, Rendy B, Fei Y, Kumar R E, He T, Milsted
D, McDermott M J, Gallant M, Cubuk E D, Merchant A,
Kim H, Jain A, Bartel C J, Persson K, Zeng Y, Ceder G
2023 Nature 624 86

Behler J, Parrinello M 2007 Phys. Rev. Lett. 98 146401
Kirchdoerfer T, Ortiz M 2016 Comput. Methods Appl. Mech.
Eng. 304 81

Ebrahimi B, Bataleblu A A, Roshanian J 2024 Ezpert Syst.
Appl. 248 123363


https://doi.org/10.1021/jacs.4c17738
https://doi.org/10.1021/jacs.4c17738
https://doi.org/10.1021/jacs.4c17738
https://doi.org/10.1016/j.matt.2025.102263
https://doi.org/10.1016/j.matt.2025.102263
https://doi.org/10.1016/j.matt.2025.102263
https://doi.org/10.1016/j.matt.2025.102263
https://doi.org/10.1016/j.matt.2025.102263
https://doi.org/10.1016/j.matt.2025.102263
https://doi.org/10.1016/j.matt.2025.102263
https://doi.org/10.1088/0256-307X/42/2/027403
https://doi.org/10.1088/0256-307X/42/2/027403
https://doi.org/10.1088/0256-307X/42/2/027403
https://doi.org/10.1088/0256-307X/42/2/027403
https://doi.org/10.1088/0256-307X/42/2/027403
https://doi.org/10.1088/0256-307X/42/2/027403
https://doi.org/10.1088/0256-307X/42/2/027403
https://modelcontextprotocol.io
https://doi.org/10.1088/0953-8984/21/39/395502
https://doi.org/10.1088/0953-8984/21/39/395502
https://doi.org/10.1088/0953-8984/21/39/395502
https://doi.org/10.1088/0953-8984/21/39/395502
https://doi.org/10.1088/0953-8984/21/39/395502
https://doi.org/10.1088/0953-8984/21/39/395502
https://doi.org/10.1088/0953-8984/21/39/395502
https://doi.org/10.1088/0953-8984/21/39/395502
https://doi.org/10.1088/1361-648X/aa8f79
https://doi.org/10.1088/1361-648X/aa8f79
https://doi.org/10.1088/1361-648X/aa8f79
https://doi.org/10.1088/1361-648X/aa8f79
https://doi.org/10.1088/1361-648X/aa8f79
https://doi.org/10.1088/1361-648X/aa8f79
https://doi.org/10.1088/1361-648X/aa8f79
https://doi.org/10.1088/1361-648X/aa8f79
https://doi.org/10.1016/j.cpc.2021.108033
https://doi.org/10.1016/j.cpc.2021.108033
https://doi.org/10.1016/j.cpc.2021.108033
https://doi.org/10.1016/j.cpc.2021.108033
https://doi.org/10.1016/j.cpc.2021.108033
https://doi.org/10.1016/j.cpc.2021.108033
https://doi.org/10.1016/j.cpc.2021.108033
https://doi.org/10.1016/j.cpc.2021.108033
https://doi.org/10.1088/1361-648X/aa680e
https://doi.org/10.1088/1361-648X/aa680e
https://doi.org/10.1088/1361-648X/aa680e
https://doi.org/10.1088/1361-648X/aa680e
https://doi.org/10.1088/1361-648X/aa680e
https://doi.org/10.1088/1361-648X/aa680e
https://doi.org/10.1088/1361-648X/aa680e
https://doi.org/10.1088/1361-648X/aa680e
https://doi.org/10.1016/j.commatsci.2012.10.028
https://doi.org/10.1016/j.commatsci.2012.10.028
https://doi.org/10.1016/j.commatsci.2012.10.028
https://doi.org/10.1016/j.commatsci.2012.10.028
https://doi.org/10.1016/j.commatsci.2012.10.028
https://doi.org/10.1016/j.commatsci.2012.10.028
https://doi.org/10.1016/j.commatsci.2012.10.028
https://flask.palletsprojects.com
https://doi.org/10.1002/jcc.20495
https://doi.org/10.1002/jcc.20495
https://doi.org/10.1002/jcc.20495
https://doi.org/10.1002/jcc.20495
https://doi.org/10.1002/jcc.20495
https://doi.org/10.1002/jcc.20495
https://doi.org/10.1002/jcc.20495
https://doi.org/10.1063/1.3382344
https://doi.org/10.1063/1.3382344
https://doi.org/10.1063/1.3382344
https://doi.org/10.1063/1.3382344
https://doi.org/10.1063/1.3382344
https://doi.org/10.1063/1.3382344
https://doi.org/10.1063/1.3382344
https://doi.org/10.1063/1.3382344
https://doi.org/10.1002/jcc.21759
https://doi.org/10.1002/jcc.21759
https://doi.org/10.1002/jcc.21759
https://doi.org/10.1002/jcc.21759
https://doi.org/10.1002/jcc.21759
https://doi.org/10.1002/jcc.21759
https://doi.org/10.1103/PhysRevB.87.041108
https://doi.org/10.1103/PhysRevB.87.041108
https://doi.org/10.1103/PhysRevB.87.041108
https://doi.org/10.1103/PhysRevB.87.041108
https://doi.org/10.1103/PhysRevB.87.041108
https://doi.org/10.1103/PhysRevB.87.041108
https://doi.org/10.1038/s42256-023-00685-7
https://doi.org/10.1038/s42256-023-00685-7
https://doi.org/10.1038/s42256-023-00685-7
https://doi.org/10.1038/s42256-023-00685-7
https://doi.org/10.1038/s42256-023-00685-7
https://doi.org/10.1038/s42256-023-00685-7
https://doi.org/10.1038/s42256-023-00685-7
https://doi.org/10.1038/s42256-024-00938-z
https://doi.org/10.1038/s42256-024-00938-z
https://doi.org/10.1038/s42256-024-00938-z
https://doi.org/10.1038/s42256-024-00938-z
https://doi.org/10.1038/s42256-024-00938-z
https://doi.org/10.1038/s42256-024-00938-z
https://doi.org/10.1038/s42256-024-00938-z
https://doi.org/10.1038/s41524-024-01493-2
https://doi.org/10.1038/s41524-024-01493-2
https://doi.org/10.1038/s41524-024-01493-2
https://doi.org/10.1038/s41524-024-01493-2
https://doi.org/10.1038/s41524-024-01493-2
https://doi.org/10.1038/s41524-024-01493-2
https://doi.org/10.1038/s41524-024-01493-2
https://doi.org/10.1162/tacl_a_00410
https://doi.org/10.1162/tacl_a_00410
https://doi.org/10.1162/tacl_a_00410
https://doi.org/10.1162/tacl_a_00410
https://doi.org/10.1162/tacl_a_00410
https://doi.org/10.1162/tacl_a_00410
https://doi.org/10.1162/tacl_a_00410
https://doi.org/10.1162/tacl_a_00410
https://github.com/Significant-Gravitas/AutoGPT
https://github.com/Significant-Gravitas/AutoGPT
https://github.com/Significant-Gravitas/AutoGPT
https://github.com/Significant-Gravitas/AutoGPT
https://github.com/langchain-ai/langchain
https://github.com/langchain-ai/langchain
https://github.com/langchain-ai/langchain
https://doi.org/10.1016/j.jcp.2018.10.045
https://doi.org/10.1016/j.jcp.2018.10.045
https://doi.org/10.1016/j.jcp.2018.10.045
https://doi.org/10.1016/j.jcp.2018.10.045
https://doi.org/10.1016/j.jcp.2018.10.045
https://doi.org/10.1016/j.jcp.2018.10.045
https://doi.org/10.1016/j.jcp.2018.10.045
https://doi.org/10.1016/j.jcp.2018.10.045
https://doi.org/10.1038/s42256-020-00236-4
https://doi.org/10.1038/s42256-020-00236-4
https://doi.org/10.1038/s42256-020-00236-4
https://doi.org/10.1038/s42256-020-00236-4
https://doi.org/10.1038/s42256-020-00236-4
https://doi.org/10.1038/s42256-020-00236-4
https://doi.org/10.1038/s42256-020-00236-4
https://doi.org/10.1038/s42256-020-00236-4
https://doi.org/10.1038/nature14236
https://doi.org/10.1038/nature14236
https://doi.org/10.1038/nature14236
https://doi.org/10.1038/nature14236
https://doi.org/10.1038/nature14236
https://doi.org/10.1038/nature14236
https://doi.org/10.1038/s41586-023-06792-0
https://doi.org/10.1038/s41586-023-06792-0
https://doi.org/10.1038/s41586-023-06792-0
https://doi.org/10.1038/s41586-023-06792-0
https://doi.org/10.1038/s41586-023-06792-0
https://doi.org/10.1038/s41586-023-06792-0
https://doi.org/10.1126/science.aau6249
https://doi.org/10.1126/science.aau6249
https://doi.org/10.1126/science.aau6249
https://doi.org/10.1126/science.aau6249
https://doi.org/10.1126/science.aau6249
https://doi.org/10.1126/science.aau6249
https://doi.org/10.1038/s41586-021-04301-9
https://doi.org/10.1038/s41586-021-04301-9
https://doi.org/10.1038/s41586-021-04301-9
https://doi.org/10.1038/s41586-021-04301-9
https://doi.org/10.1038/s41586-021-04301-9
https://doi.org/10.1038/s41586-021-04301-9
https://doi.org/10.1038/s41586-021-04301-9
https://doi.org/10.1080/01418619608243000
https://doi.org/10.1080/01418619608243000
https://doi.org/10.1080/01418619608243000
https://doi.org/10.1080/01418619608243000
https://doi.org/10.1080/01418619608243000
https://doi.org/10.1080/01418619608243000
https://doi.org/10.1016/j.commatsci.2015.09.013
https://doi.org/10.1016/j.commatsci.2015.09.013
https://doi.org/10.1016/j.commatsci.2015.09.013
https://doi.org/10.1016/j.commatsci.2015.09.013
https://doi.org/10.1016/j.commatsci.2015.09.013
https://doi.org/10.1016/j.commatsci.2015.09.013
https://doi.org/10.1016/j.commatsci.2015.09.013
https://doi.org/10.1002/cpe.3505
https://doi.org/10.1002/cpe.3505
https://doi.org/10.1002/cpe.3505
https://doi.org/10.1002/cpe.3505
https://doi.org/10.1002/cpe.3505
https://doi.org/10.1002/cpe.3505
https://doi.org/10.1002/cpe.3505
https://doi.org/10.1063/1.480097
https://doi.org/10.1063/1.480097
https://doi.org/10.1063/1.480097
https://doi.org/10.1063/1.480097
https://doi.org/10.1063/1.480097
https://doi.org/10.1063/1.480097
https://doi.org/10.1063/1.480097
https://doi.org/10.1039/D0CP06184K
https://doi.org/10.1039/D0CP06184K
https://doi.org/10.1039/D0CP06184K
https://doi.org/10.1039/D0CP06184K
https://doi.org/10.1039/D0CP06184K
https://doi.org/10.1039/D0CP06184K
https://doi.org/10.1039/D0CP06184K
https://doi.org/10.1038/s41467-023-44629-6
https://doi.org/10.1038/s41467-023-44629-6
https://doi.org/10.1038/s41467-023-44629-6
https://doi.org/10.1038/s41467-023-44629-6
https://doi.org/10.1038/s41467-023-44629-6
https://doi.org/10.1038/s41467-023-44629-6
https://doi.org/10.1038/s41467-023-44629-6
https://doi.org/10.1126/science.aat2663
https://doi.org/10.1126/science.aat2663
https://doi.org/10.1126/science.aat2663
https://doi.org/10.1126/science.aat2663
https://doi.org/10.1126/science.aat2663
https://doi.org/10.1126/science.aat2663
https://doi.org/10.1126/science.aat2663
https://doi.org/10.1038/s41586-020-2442-2
https://doi.org/10.1038/s41586-020-2442-2
https://doi.org/10.1038/s41586-020-2442-2
https://doi.org/10.1038/s41586-020-2442-2
https://doi.org/10.1038/s41586-020-2442-2
https://doi.org/10.1038/s41586-020-2442-2
https://doi.org/10.1038/s41586-023-06734-w
https://doi.org/10.1038/s41586-023-06734-w
https://doi.org/10.1038/s41586-023-06734-w
https://doi.org/10.1038/s41586-023-06734-w
https://doi.org/10.1038/s41586-023-06734-w
https://doi.org/10.1038/s41586-023-06734-w
https://doi.org/10.1038/s41586-023-06734-w
https://doi.org/10.1103/PhysRevLett.98.146401
https://doi.org/10.1103/PhysRevLett.98.146401
https://doi.org/10.1103/PhysRevLett.98.146401
https://doi.org/10.1103/PhysRevLett.98.146401
https://doi.org/10.1103/PhysRevLett.98.146401
https://doi.org/10.1103/PhysRevLett.98.146401
https://doi.org/10.1103/PhysRevLett.98.146401
https://doi.org/10.1016/j.cma.2016.02.001
https://doi.org/10.1016/j.cma.2016.02.001
https://doi.org/10.1016/j.cma.2016.02.001
https://doi.org/10.1016/j.cma.2016.02.001
https://doi.org/10.1016/j.cma.2016.02.001
https://doi.org/10.1016/j.cma.2016.02.001
https://doi.org/10.1016/j.cma.2016.02.001
https://doi.org/10.1016/j.cma.2016.02.001
https://doi.org/10.1016/j.eswa.2024.123363
https://doi.org/10.1016/j.eswa.2024.123363
https://doi.org/10.1016/j.eswa.2024.123363
https://doi.org/10.1016/j.eswa.2024.123363
https://doi.org/10.1016/j.eswa.2024.123363
https://doi.org/10.1016/j.eswa.2024.123363
https://doi.org/10.1016/j.eswa.2024.123363
https://doi.org/10.1016/j.eswa.2024.123363
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 5 (2026) 050801

[110] Agrawal A, Choudhary A 2016 Apl Mater. 4 053208 12020 Nat. Commun. 11 5966
[111] Beltagy I, Lo K, Cohan A 2019 arXiv: 1903.10676 [cs. CL] [118] Nord M, Vullum P E, MacLaren I, Tybell T, Holmestad R
[112] Tshitoyan V, Dagdelen J, Weston L, Dunn A, Rong Z Q, 2017 Adv. Struct. Chem. Imag. 3 9
Kononova O, Persson K A, Ceder G, Jain A 2019 Nature [119] Lookman T, Balachandran P V, Xue D, Yuan R H 2019 npj
571 95 Comput. Mater. 5 21
[113] Raccuglia P, Elbert K C, Adler P D F, Falk C, Wenny M B, [120] Chen Z Y, Xie F K, Wan M, Yuan Y, Liu M, Wang Z G,
Mollo A, Zeller M, Friedler S A, Schrier J, Norquist A J Meng S, Wang Y G 2023 Chin. Phys. B 32 118104
2016 Nature 533 73 [121] Wu SY, Li H 2025 Acta Phys. Sin. 74 160701 (in Chinese)
[114] Li D, Lee K, Wang B Y, Osada M, Crossley S, Lee H R, Cui [T, 2R 2025 PIHI2EHR 74 160701]
Y, Hikita Y, Hwang H Y 2020 Nature 581 392 [122] Zhu T N, Fang Z, Wu Q S, Weng H M 2025 Chin. Phys. B
[115] Qiu J, Zhu L W, Feng Z, Luo Z Z, Wang L L 2025 Chem. 34 120702
Commaun. 61 10026 [123] Huang Y D, Xia W J, Du J M, Jiang Y, Wang X, Chen Y
[116] Alldritt B, Hapala P, Oinonen N, Urtev F, Krejci O, Canova Z, Wang H Y, Zhao J J, Guo C S 2025 Acta Phys. Sin. 74
F F, Kannala J, Schulz F, Liljeroth P, Foster A S 2020 Sci. 188101 (in Chinese) [HtEEFt, EHi, FR 45, Fi, TE8E, Bk
Adv. 6 eaay6913 JCIE, FLH#, A%, FA4 2025 PB4 74 188101)
[117] Kusne A G, Yu H, Wu C, Zhang H, Hattrick-Simpers J, [124] Liu Z H, Chen X Y, Zhou Q H, Wang J L 2025 Acta Phys.
DeCost B, Sarker S, Oses C, Toher C, Curtarolo S, Davydov Sin. 74 240701 (in Chinese) [XIFEMF, MiHrT:, BIRHE, T4
AV, Agarwal R, Bendersky L A, Li M, Mehta A, Takeuchi 2025 PFEEAR 74 240701]

SPECIAL TOPIC— AI + Physical Science

Applications of multi-agent systems in computational
materials science”

WU Ying LU Zhongyi GAO Zefeng'

(Department of Physics, Renmin University of China, Beijing 100872, China)

( Received 8 December 2025; revised manuscript received 13 January 2026 )

Abstract

)

The complexity of modern materials research poses significant challenges to traditional “trial-and-error’
methods and fragmented computational simulations, often resulting in low efficiency and high resource
consumption. The emergence of artificial intelligence, especially large language models (LLMs), has brought
transformative opportunities to computational materials science. Among these, multi-agent systems (MASs),
which simulate the collaborative dynamics of human research teams, demonstrate exceptional promise for
managing complex, multi-step scientific tasks.

This paper systematically reviews the applications of MAS in physical materials computation. We analyze
how specialized MAS frameworks can achieve end-to-end automation of complex workflows, from initial
structure modeling and parameter configuration to final simulation execution and result analysis. A detailed
focus is placed on two pioneering systems: VASPilot and PhysAgent. The VASPilot is built on the CrewAl
framework, and specifically designed to automate the entire workflow of the widely-used VASP (Vienna ab
initio Simulation Package) software. It deploys a team of specialized agents (such as structural, calculational,
validation agents) to streamline tasks such as band structure calculations, lattice optimization, and convergence
testing, greatly reducing manual intervention and improving reproducibility. PhysAgent adopts a more

ambitious “Mentor-Student-Leader” cognitive architecture, aiming not only at task execution but also at
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autonomous scientific discovery. It has demonstrated the ability to autonomously rediscover fundamental
physical laws from simulated observational data, such as Kepler’s laws of planetary motion and Newton’s
second law. Furthermore, PhysAgent successfully automates complex workflows such as the first-principles
electronic structure calculations of GaAs and the simulations of complex phenomena such as raindrop flow on
high-speed train windows.

Our analysis demonstrates that the MAS can substantially enhance computational efficiency, standardize
procedures, and handle complex, non-routine problems beyond the scope of single-agent systems. The Key
physical results and capabilities highlighted include the automated convergence testing of plane-wave cutoff
energy (ENCUT) and k-point grids, comparative studies of van der Waals correction methods on material
properties, high-throughput screening of transition metal dichalcogenides, and the autonomous derivation of
physical laws from data.

However, through critical evaluation and practical case studies (such as using the SciLink framework for
complex surface adsorption and defect calculations), we identify persisting limitations. These limitations include
challenges in computational resource allocation, ensuring physical consistency in agent decisions, handling
“parameter gaps” in multi-scale simulations, managing long-time-scale tasks, and a general lack of true scientific
creativity for unsolved problems. The “black-box” nature of agent reasoning also hinders deep scientific trust.

Looking forward, we envision MAS evolving from efficient assistants to genuine scientific partners. This
evolution will require 1) deeper integration of physical principles and constraints into agent reasoning, 2) the
development of closed-loop research ecosystems including “hypothesis-design-calculation-experiment” cycles,
potentially leading to self-driving laboratories, 3) expansion into frontier areas like catalytic reaction
exploration, inverse materials design, and automated cross-scale modeling, and 4) fostering new researcher skills,
with focusing on strategic problem formulation and critical analysis of Al-generated outputs. By addressing
current challenges and leveraging these future directions, MAS hold the potential to fundamentally reshape the
research paradigm in computational materials science and physics, accelerating the discovery and understanding

of novel materials.

Paradigm shift in materials research workflow

/ Traditional research workflow \ / MAS-augmented workflow A

[ Automation ] [ Reproducibility ]

[ )
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