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LLM based Al Scientist X283 48] 2%

2024.08
‘ 2025.01
‘ 2025.09
‘ 2025-26
2026.05

Al Scientist v1

Al Scientist v2

DeepScientist

ERA / CodeScientist

Co-Scientist

Sakana Al / UBC / Oxford

Sakana Al

PasRE

Google / AllenAl

Google (Gemini)
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ZEReF. KEABHARS

ZEREMRINME, Nature 3%



Al Scientist: BT 2 RIZBRIRRS

Sakana Al / UBC / Oxford - Nature 2026

W5 1LE

- Claude Sonnet, GPT-40, 03, 04-mini
- Template-based: AZSIREIAFTAHIFES
- Template-free: TEABRKABERE

iz #EIEX
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- Agentic Tree Search #i#{1EH
- VLM M5 & i AL L E 2R
- Automated Reviewer B&hiF | JiE
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48 1: Nature RRHNEERS

Co-Scientist & ERA (Nature 2026)



Co-Scientist: Multi-Agent Hypothesis Generation (Nature 2026)

Google Research / Google DeepMind / Insilico Medicine / Stanford

Nature, May 2026 | ZEHEFHMERIRERTRS

p HEHIHNZETFRERE, IUE LM EZFERMOER!
« IRS5RZTEN. SREREURFELNITELMNA .
- RZUTETRME BRMENERESHHARFRTRERS,
Co-Scientist 13 El@IS 2514 1 B 455 | ZE A7 FX 0] @

Scientist

. preferences, experiment -

The scientist interacts.
with the system by
specifying a research
goal in natural language.
They can also suggest
their own ideas and
proposals, provide
feedback and reviews,
and interact via a chat
interface to guide
Co-Scientist.

oo |

Discuss via
chat interface

wursnusT puss

Research goal

Scientist describes a
research goal along with

constraints, and other
attributes.

 Addidea
Review idea

Discuss research

Research proposals and
overview

Top-ranked research

hypotheses and proposals ‘

are summarized into a
research overview and
shared with the scientist.

"Researchplan
___configuration

—

tournaments

Research hypotheses

 comparison and ranking

with scientific debate in :
tournaments. Limitations ©
and top win-loss patterns

are summarized and
provided as feedbackto
other agents. This enables
iterative improvement in
quality of research
hypothesis generation
creatinga

self-improving loop. G

FuII rewew W|th web search

My wy e

Generation Agent —
therature explorat|on b

. Co-Scientist
Raﬂsctlon Agent 1
Co-Scientist
continuously generates,
reviews, debates, and
improves research
hypotheses and
proposals toward the
. research goal provided
1 by the scientist.

Slmulatlon rewew
Tournament review

Deep verification

Evolution Agent

jjEiplizlion fomoner ceos B | ( | colUse
Simplification Li-oy gf ]
Research extension mnal .

Prmumlty Check Agent
A
Meta review Agent -
1 ] Memol
— ry

Research overview formulatlon :

Co-Scientist system design

D RN S8 “BFERER
« Generation Agent (£5%&): MEEBEFRERHREVT BRI
« Reflection Agent (RBE): #&E “BEITFER" , #ARKHERESHIE, FEBIMETATE,
#E): ETRHCRE, MaRERIEHITERRLHFR
« Proximity Check Agent (}aFM<BirE) : ERRIZHIPIEE, HEENERE. EEURMRIGZ BN EEERIRR.
TN RIGSBHEE, ERMLSHERRE.

5|\ Elo 3R5F G, EARIRISHETT “BEAHE” , MBS K.

Fig. 1: Co-Scientist system architecture and validation

j'l.:/\

« Evolution Agent (# X ZR3%o

« Meta-review Agent (JEE): &4
« Ranking Agent (HiF#&):

Accelerating scientific discovery with Co-Scientist, NATURE 2026



Co-Scientist: Multi-Agent Hypothesis Generation (Nature 2026)

Google Research / Google DeepMind / Insilico Medicine / Stanford

Nature, May 2026 | SEEESIMERIRERRS (d) KIRA6 (MOLM-13)
ICgp =1.75uM = 12.4
b SBIRIAIE: MEEH BISEFRIL
. RIVAF AR AN (AML) WHZMEE 11 . /
. RIFMNEASTEAR * A
¢ B ASNTIRIIE Al HR BB bt e

3: KIRA6 ZAYITEARE AML ZHIB R PRIFI SN M i LL ,
IET A TR S T

FS ARV EESHEAAIART LAIRM. S 2-3 MZ8¥a0th RN R —MERIISIKATEZERTE), [ Co-Scientist BTHFTM T INJ-
64619178 5 Selinexor FHSHBENEWER, XEBIHERIA LML/ LFEEART8EY.

Accelerating scientific discovery with Co-Scientist, NATURE 2026



Co-Scientist: Multi-Agent Hypothesis Generation (Nature 2026)

Google Research / Google DeepMind / Insilico Medicine / Stanford

Nature, May 2026 | SEEESIMERIRERRS Best hypothesis Elo

o

Elo rating (Self-Evaluation) ~

A Co-Scientist Best

1600t

> KRR

* Inductive Bias (JAMRE): B RIFHHEBERANSEEMARE, LBRMRE
FHEEISHESS

« AHIME: ZARTRIEREXETRIEN HARITESE”, SUWTE
IERY“ ATEEIER"1ES. 1300

15001

14001

2 4 6 8 10

1600+ ~* Top human / human + Co-Scientist hypothesis Time Bucket

* Top CosScentisthypothesis A Pl 2: WK T AR Elo WA, R T R % HREUE I 7

150071

14001

Averaged Elo rating

13001

Co-Scientist UEB 7 Al B RS ES LY BRF T
JREUMHETR 4R RE

12001

0 2 4 6 8
Time bucket

Accelerating scientific discovery with Co-Scientist, NATURE 2026



ERA: LLM + Tree Search for Expert-Level Scientific Software

(Nature 2026)

Google DeepMind
Nature, May 2026 | LLM + RHEZRGIBRERKRIFIRMHF

> ZOBkE: BIEREGFAN “ERERE"
TEIFERIFEI, ARZOVEFETIRITEBEAMEMN "REDH BZWHHE (Empirical Software) o
flgn, ATIMNERBREM. RPKXUREIH D HERHNERBND,
SAT, AR AR AR

- FARARBK: ME— M EEAKRIRAHEEREFERFHTHRAR,

- BRFTEZER: BERFERTERNERFTESZE, UL RAEAGENEZEHES,

- F{UEEH5s: BMERMASFHeGIEX~d, REBBENHERIARESFHEEARNIIERE,
ERARYHIL, [ERATRXM “Fuhidss” BN "BUHE2REER" .



ERA: LLM + Tree Search for Expert-Level Scientific Software

(Nature 2026)

P ZOER: FRHRRERARERRE
- HKBER (Code Mutation): FIF LM {EA “ER3IZE" . FETFERREEANFTRHRMENME, LLM AUIEEX
EEERADEE, RN FIREN  (OER Nature EXHHE) HEESHAEE,

- PFHEZE (Tree Search): KFEZEM AlphaZero BFINIE RN, RAFIAE PUCT 28 F# “H& (Exploitation, fLit3
SN ERaENAR) 7 5 “Y9RE (Exploration, S EFNEZEZNY) 7 - XFRIET Al FEBANEERMLER,

- BAEE4 (Idea Recombination): X2 ERARA “8li&7” MR, ESAMETHIINRXAT =, REFEEHZO
ZiE, BohMS— IR IEESIRE,

code solutions

Scorable
problem

Q Improvement
Prompt — LLM —

Research Q
Code

ideas
sandbox Finish Further exploration

Fig. 1: ERA system architecture



ERA: LLM + Tree Search for Expert-Level Scientific Software

(Nature 2026)

1. BEEAZ: HFEPHRpARESHIT

TEERZARE RNA U (scRNA-seq) {E557H, BIinrEiHFRSCIGHIRIIN. (Batch Effects) BEIRMREBENFSHFME. ERAETEEH
o FhEATTA (% BBKNN, ComBat %) , AMYEM T ERNB, KBS BRGNS T 40 HHFHAEE.

Z5R: ERARYJSETE OpenProblems I VISR _Li#E#L T FE AZSF&H SOTA, 4552 BBKNN (TS) iR, #1T4F ComBat HIFR
HEIZH55 BBKNN 455, SCIN T 14% HIMERE KER,

2. iRf3iEE: #Hkhk coc SEREFR

TEXISEE covID-19 {EREURAYFTNIS, ERA RINE THRIBAISHN,

BkSR: ERAT=EERY 14 DN FUNSREEOLT CDC BYE T Ensemble 1REY,

2 A BihEHIRMEERERRE: BRENERAITHRE! (W UMass-ar6_pooled) SRTFHTIHFRE (WNET
BEHRARE) &5,

3. REFFITEN: @ERERBEHE
£ GIFT-Eval IR, ERA MNABNEUEEERETIUNL, BRREE T — N EREFE",
KRR A BEIEREBFIA T RRBAREIEZLE (Holidays Library) FIDEREEINEG, XEFBBRNZHEEIRE.




ERA: BStREI 14 EXTLL

Model Method Batch integration Epidemiology
(higher better) (lower better)
Gemini 2.5 Flash Egi (;)gg(;g 1)(;)36055
Mistral Medium g;—){l\i (())2:1))?392 3’?;:;
Claude Sonnet 4.6 g;}i (())22(’)7%’) szgz
GPTs ERA P 7455
Gemini 3.1 Pro EoRli S;géill ;)Zii%

Table: ERA vs Best-of-N across multiple LLMs on batch integration and epidemiology tasks



ERA: BStREI 14 EXTLL

ERA fUZRT Al Agent FERIZAUEM YHATUEIE" [0 TIEHEITF" R, Bt T EE SRR EINERES
T, Al A LARA PR RS AR Z BN I,

BIRE: RE ERA ERRER LRI AR, Be{HAKETIUE XA BITFoES (Scorable Task) 7, T35
ENEHESIBCELE SR RGN EZAI”, ERA BRIFERDENEWTE FIRHEE B,

BR: RERAORZFHRATEABFTEBET—ITAMN, A ONERER: EXSRERNTEEEIR (Metrics
) RIZEHEHRITIHAEIE (1deas) , MEBHILI SBNIIIRIERGE ERA XEFNRFEB NS,



Gemini BE#FETE: Erdss IBHEMNEETEMZEE

R% - IR/RZER (Paul Erdss) BT 782/ 18, Google DeepMind EIPAFI A E AT Gemini Deep Think & &E{A
(XS Aletheia) , GeminifaisRiEBA. AletheiafatRiGiE, X 700 NFFRIBIR A E P,

& N\
7 2 i B
. - ~
2.7 R ( — Q N
pp [ V] [37]
o 200 Initial 63 Expert Mea}]i?:] ful
bl Aletheia Candidate Hum.an Correct Mathematician Correft
Selliiene Grading Responses Evaluation Responses
. _J
\_ J
. S

1. BPAESISIERS (NL Verifier): 1E Gemini £E#IfEE, HISFEMIIFERE S ZEHE EHIRIAEAEIR.
XiEEREXTAHRIET ZM 700 DMHHE 212 1N,

2P ERERITH: AXTRNAN, BUWCEFIBEZERIEE, ZIRIBE EHERE AR,

Semi-Autonomous Mathematics Discovery with Gemini:A Case Study on the Erd&s Problem, Arxiv 2026



Gemini BE#FETE: Erdss IBHEMNEETEMZEE

ERZHERT, Erdés-1051 RERFEM., T8 NBR—PEEFF (on) EBERR (BE liminfa)/” >1) , BPAK
£ o1 EE—EEIEER

Aletheia Z5H 7T — MESAYIERR:
BIEER: 1BIIMIE partial products ¥ tails, FJF Mahler JERINERR T 1ZRETT 2R~ N0 BEIENEIEEL
‘BRREY . 1ZERRMEfE R AREIFREH Lean 4 T THRMHIEUE, HITEE T —RBE2HNFEALXY

[PROVED (LEAN) ™\

Is it true that if a; < ap < - - - is a sequence of integers with
liminfaY/?" > 1
then
% 1|
; A Qn+1
is irrational?
#1051: [ErGr80,p.64)[Er88c,p.106] inaﬁonalily)

In [Er88c] Erdds notes this is true if a,, — oo 'rapidly'. In [ErGr80] they further ask 'what the strongest
theorem of this type' would be.

This was solved in the affirmative by Aletheia. This was extended by Barreto, Kang, Kim, Kova¢, and
1+/5

Zhang [BKKKZ26], who essentially give a complete answer: if ¢p = 3 is the golden ratio and
1 <a; < ay < ---isamonotonically increasing sequence of integers such that
1/¢1L

limsupa,)” = o



Gemini FE#IFRIR: Erdés BENFEHELI 2]

= FRIX [Erdés-758R\BSEG] | EEBABEREED.

ERTHFEREEE, EAeH Bl 7.

Erdés-75 [EHS82, Erd95b, Erd95aj

Is there a graph of chromatic number R; such that for all € > 0 if n is sufficiently
large and H is a subgraph on n vertices then H contains an independent set of size
> nlc?

f>“<r

19955, WIREHAES MXMEER, BT —MEREESR, XERRXTHEERT, M.

BAORN—WAET: AletheialxFfm, MUKAKMEABERR, RMEGEEITZAISTDHBEFIEELH],
PR T — (D IKJ LR, B4R [5e38iERR]



Gemini FL#EETRE: Erdss ISENFEEBRT RN IR

Category Count Percentage
Fundamentally Flawed 137 68.5%
Technically Correct 63 31.5%

Meaningfully Correct (subset) 13 6.5%
Total Candidates 200 100.0%

{EDeepMindB S B7#&1A, TO00REME, FREMITIZET 500, F 200 P HIAI68.5%EB—F AN,

700N R REEHL3N, FHUWRIEFRE2%,



Gemini BE#FETE: Erdss IBHEMNEETEMZEE

RBHT—MEEZERMEIES: EEiIR#PZ; (Subconscious Plagiarism)

TEfRIR Erd6s-1089 FAIRAAS, Al EERKHINERRS 1981 FRI—RARMS JMFHIT LACNEEES. BHTX
SRAME Al RIF)I|gn88dm 5, BD(E Al IEHEEHEHIRERMEERZITH, SEAgEEENTREF TRIR
"SI 7YGEHE.

KPS WRAKHREBERERRMIEENR, K™ ERIZANREH L.
‘RE: HFCHIBBNNRRET AL, BAARFTERBR LML X—ERS5F AT

Erdss-1089 [Erd75]

Let g4(n) be minimal such that every collection of g4(n) points in R? determines at
least n many distinct distances. Estimate g4(n). In particular, does

. ga(n)
dlgrolo dn—1

exist?

=

UK. A BRBERGAME FEGI MR H | HIEF b, FeeaUREI TR/ MERT(E
RPRME: Al TEIERR Erd6s IRFFAIAR R L EFIR BRSO TS B A
KK HERIMBOREAET ARNEENN, METIIFA Al FIEEEIEIHIRBIBBLAR [ SR EHIER N



RiEXTT4E 1. Agent BEFiEM SE MR

Fudan NLP Group Research Papers



CL-BENCH: A Benchmark for Context Learning

ISRk L B
TXEHEED —————> SRETXR ——————p

AIKIRE

TFNEE S Sk

ITFXIREE iz
[DRERRREED

BER E T RRESIFREARN4EE

Context#E

ContextAIRTFERIZEEY
EEETEER IEHRERENR

@

a0{aJF] FHContextH AR

ErERERER RIS

Problem4E

HRELES

BliEARM

=+ =
X, T SIS IE
Contexty3% Problem$3£
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CL-BENCH: A Benchmark for Context Learning

Simulation
Environment

Observational

Experimental

Domain Knowledge q Ritle System — _ Data Data -
Reasoning g Application lgstrucélonal 7% 4% 3%, Humanities
rocedures o
 Finance e Game Mechanics 49, Empirical Discovery
e Health < : : & Simulation :
ealthcare Mathematical Formalism Workflow Finance
* Humanities, * Programming Syntax Orchestration 6%
* Legal Advisory * Legal & Regulatory :
» Lifestyle B i
i ty Technical Standards Beocedurald g 6% Healthcare
:fmagement — Execution Domain Knowledge
» Science Pfcfcr: dISrnei 8% Reasoning
6% '
Empirical Discovery {7~ iy ~clence
Procedural Task (S & Simulation Mathematical 47 Rule Systery@Rpiication 4%

: Formalism i
Execution — + Experimental Data 4% 4% Hestyle
s : . : Programmin

Instruc.tlonal Procedures O.bserva.tlonal I?ata gyntax & 4% 4% Management
* Operational Procedures * Simulation Environment 8% 8%
» Workflow Orchestration Legal & Legal Advisory
Regulatory
Technical Game Mechanics
Standards

500NEZ TR,
BREMESERIER VN E T F

AN W4

S

18991MESS. 3.16 5 TEUENE

IREFR R AFERVFRZNIR, FIEmR(ER

CL-BENCH: ARE LANGUAGE MODELS READY FOR CONTEXT ENGINEERING, Arxiv 2026



CL-BENCH: F3LI8LE R — aiAtlEE 19N 17.2%

Model Names Overall (%) Kggvrzfllaeglge ARu!e Sy stem Procedu‘ral Task D];:slzl(?‘tg'cyal&

Reasoning (%) pplication (%) Execution (%) Simulation (%)
GPT 5.1 (High) [l 23.7+0.5 [ 253+1.3 O 237413 [l 238+ 1.4 [ 18.1 +3.1
Claude Opus 4.5 Thinking 0 21.1+14 | B 237412 [] 19.0+ 1.5 ] 226415 i 151+23
GPT 5.2 (High) O 181+08 | M 18.6 +0.9 0 1724+ 1.3 ] 214+ 1.1 I 1.7+ 1.8
03 (High) [] 178+02 | B 180+14 | 17.6 + 1.1 [ 19.5 + 0.4 il 13.7+£0.8
Kimi K2 Thinking 0 17.6 + 0.6 [ 18.7 + 0.6 i 170+ 1.5 1 18.8+0.7 I 12.6 + 4.0
HY 2.0 Thinking I 172+06 | § 180+10 | B 17.3+0.5 ] 19.4 + 1.1 I 8.9+03
Gemini 3 Pro (High) I 158 +0.3 1 155+ 1.1 [ 17.7 + 1.7 [l 16.4 + 1.6 l 10.1 + 3.1
Qwen 3 Max Thinking [ 141+01 | § 135+05 | B 156+ 1.0 ] 152+ 14 I 9.0+ 1.0
Doubao 1.6 Thinking | 13.4+0.1 i 13.7 4+ 0.1 ] 142+ 14 [ 139+1.5 0 9.4+0.3
DeepSeek V3.2 Thinking i 13.2+04 | B 13.6 £ 0.6 [ 13.8+0.6 [ 142 +0.1 | 8.0+15

Table 2: Task Solving Rate (%) across context categories for 10 frontier LMs

P A Cl-bench _LATIEFHERF I LA TP TC FIATTiFI, 20 RIR 59 =& 7T 1T P + btz (%)



CCTU: Benchmarking Tool Use under Complex Constraints

Junjie Ye, Guogiang Zhang, Wenjie Fu, Tao Gui, Qi Zhang, Xuanjing Huang
Fudan University | SZ495R T T E{HEHBE MK

General Tool Use

» il LLM TEERENRZ RGN

@ Prompt @) Tool Feedback
P 12 BAFTEMEZR, 4 NEE: @ Final Response @ Function Calling  Tool
- HIELYER (Resource)
- {7295 (Behavior)
- THE&ELR (Toolset) Constrained Tool Use
- MRZZ9ER (Response) @ Constrained Prompt ®) Tool Feedback
«‘5“‘% 3 o ’/{b/af©i Con
P 200 ME OISR 3L A 5 = @C:::')‘“‘\Q"ze . ' 9”/@,;;‘9'0@0_
- Y T MLYTRAEE / 73 4,700+ tokens p’”@/% W g
Yonge ()  + '?/"bg'l )

P ZOEIL: FRBEREESTREIIET 20%
© AREREBL 50% Fig. 1: General vs. Constrained Tool Use



CCTU: ELRLER — FRFIRE! PSR <20%

Models Single-Hop Parallel Single-Hop Multi-Hop Parallel Multi-Hop Overall
SR PSR SR PSR SR PSR SR PSR SR PSR
Thinking Mode
GPT-5.2 32.67189 24.673.40 24.67189 17.33094 25.33249 20.67249 15.33094 10.001.63 24.50082 18.171.03
GPT-5.1 25.33525  20.007.12  20.67249  16.00000 22.67189 20.67189 22.67094 9.33249 22.83201 16.50283

Claude Opus 4.6  34.67499 10.00163 30.67249 13.33094 38.67340 23.331.89 32.67189 12.67094 34.17225 14.831.03
Seed-2.0-Pro 22.67377  19.33499  20.67525 12.67340 22.67094 18.67094 15.33189 8.67249  20.33262 14.83287
Qwen3.5-Plus 20.67499  5.33249  23.33094  8.00163  32.00283 21.33094 23.33189 8.00163 24.831.03 10.671.55
Gemini 3 Pro 23.33249  12.00327 28.00163 16.001.63 14.67094 11.33249 11.33340 2.67094 19.33184 10.501.08
DeepSeek-V3.2 1533189  6.67249 22.67189 12.001.63 26.00432 16.67340 8.00163  0.67094  18.001.08  9.000.41

OpenAl 03 22.671.89  17.33189  7.330.94 4.001.63  13.33094 10.001.63  4.001.63 1.33094  11.83131  8.171.03
Kimi K2.5 22.67377 4.67249  26.00327 10.67377 20.00283 10.67249 16.67411 4.67249 21.33205 7.671.65
Non-Thinking Mode
GPT-5.2 28.00327 24.00163 19.33094 15.33249 17.33411  14.00490 16.67094 10.67094 20.33062 16.001.87
Claude Opus 4.6  38.00163 12.00000 29.33094 13.33094 38.002.83 23.33189 32.67094 13.33094 34.50108 15.500.41
GPT-5.1 22.67249  19.33094 19.33249 16.67189 16.67249 14.00163 14.00000 6.673.40 18.17085 14.170.62
Kimi K2.5 19.33340 6.67094  29.33094 14.00000 25.33189 15.33094 16.67094 6.67094 22.67085 10.670.62

Gemini 3 Pro 22.67660 12.67471 26.67249 14.67094 16.00327 11.33094 10.671.89  2.001.63  19.001.47 10.1708s
Seed-2.0-Pro 20.002.83  13.33377  20.00283 10.001.63  20.00s5.89 13.33499 12.67094 3.33094 18.17287 10.001.87
OpenAl 03 24.00490 18.67249  9.331.89 4.67189  10.67249  7.33189  2.001.63 1.33094  11.500.82  8.001.08
Qwen3.5-Plus 20.67249  4.00000 20.00163  6.67249  28.67249 14.67094 16.00163 2.67249  21.33085  7.001.41
DeepSeek-V3.2  20.00327  6.67094 17.33094  6.000.00  20.67754 12.00327 10.001.63  1.33094 17.00255  6.500.82

Table 2: Performance of LLMs on CCTU (Solve Rate & Perfect Solve Rate)



SciAgentGym: Multi-Step Scientific Tool-use Benchmark

S LM TG (1GPOA) BREIMEER, FHEREFET SO
00, (BEEEMRTT, REREERIEDTEN. AR,
REEIRH .

LRI TAERIRBRIEET
LIRRZZERIR: BB HIRRIEQETTARIERIGZLE,

Eﬁf?ii&ﬁﬁﬁk* REGNEEMETE, AANETEZIERY A fKE: B
HRFNRER.

3.AKTEIRSR . FEEHHELAUEIN, =EIRSZEATLEIR (Loop) BYE—
IRRBREFSHERIRL

Task: Identify optimal rod-shaped ligand for binding pocket.
Sub-question: Minimize score S=(Asphericityx 100) + (Eccentricity x 10).
Candidates: Anthracene, Phenanthrene, Acenaphthylene, Fluorene.

Agent.step @;

Action : Chemical Name to SMILES

Tool

: Chemical Name to Molecular(['Anthra..)
Environment Feedback: r@:

Action : Error Encountered-Missing Parameter

Tool

: Get 3d Properties({'smiles' : 'C1==C..}). A

Action : Error Recovery

Tool

: Get 3d Properties({'method' : 'ETKD..}). &
&

Action : Optimal Candidate Selection

Tool

: Visualize Candidate Comparison({'smiles'..}).

‘mARE g

Output : Optimal Ligand is Acenaphthylene.

Molecular structure shown as below.
Minimize score S =25.94 + 8.96 = 34.9.

. ofe
Environment @

Setup:

@ Dataset

29 Toolkit:53
@ Files:1
Code

Execution log:
Total Steps: 12
Total Tool Calls: 20
DB Retrieval...
Pictures saving...

Figure 1: KFMURIZ T ERAMBREHIT
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SciAgentGym: Multi-Step Scientific Tool-use Benchmark

P 1780 MURETHAIAR, B& 4 MEAREEHR
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P SciAgentBench: 259 1155, 1,134 Firl&R
- ZERMERE: L1 (< 3steps) /L2 (4-7) /L3 (= 8)
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- FIIE (SR) : FAEFiJAEIZEER

. SPL=BINE X BEME
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P LRI
- GPT-5 B INZ M 60.6% (L1) FFZE 30.9% (L3)
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Materials S - SPL il
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SymPy >3 >

mendeleev I_ /’\/'\ pngtgen

Env Architecture

|§m,:, Training
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@ Tool Graph Sampling. 234 S\ 370
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Fig. 2: SciAgentGym Overview



SciAgentGym: Multi-Step Scientific Tool-use Benchmark

N ; -
*z ’Ll‘ Eilj! Model Overall ] By Subject (w/ Tools) \ By Difficulty (w/ Tools)
w/0 Tools  w/ Tools A SPL | Phys. Chem. Mat. Life | L1 L2 L3
O K<BEEMESRERXEHRR Closed-Source Models
GPT-5 32.3 41.3 +9.0 0.24 46.3 43.8 28.6 32.3 60.6 38.6 30.9
GPT-5: 60.6%(L1) — 30.9%(L3) Grok-4-1 30.4 40.3 +9.9 0.25 47.2 38.2 32.4 30.0 52.8 43.2 27.6
Claude-Sonnet-4 22.4 35.9 +13.5 0.19 39.4 39.5 27.0 25.0 55.6 36.4 16.9
9 TE 68% Gemini-2.5-Flash 28.5 32.7 +4.2 0.21 38.3 32.4 28.6 17.2 495 32.7 22.0
Gemini-2.5-Pro 24.8 32.6 +7.8 0.21 37.3 35.1 26.5 18.8 56.5 33.4 16.1
03 26.6 32.0 +5.4 0.26 35.5 37.3 32.4 6.5 50.4 31.1 20.2
o) O4-mini 27.8 31.1 +3.3 0.24 31.2 35.5 30.6 20.0 53.3 35.2 9.7
=] = 30.6
9 IEiE;EZ:_‘I:‘Z‘ﬂ Gemini-2.5-Pro-Think 28.9 28.8 0.1 0.19 33.3 28.9 21.2 21.9 51.7 28.9 11.7
GPT-40 17.1 18.7 +1.6 0.14 21.3 20.5 8.6 16.0 27.3 16.4 7.5
Claude-Sonnet-4: +13.5%
Open-Source Large Models (>30B)
M . (o)
SciAgent-8B: +6.8% GLM-4.6V 26.0 30.9 +4.9 0.25 30.9 37.5 22.2 18.8 44.4 31.4 21.6
Qwen3-VL-235B-Think  24.4 28.0 +3.6 0.16 30.6 29.5 22.9 22.6 53.9 26.9 15.1
I - I Qwen3-VL-235B-Inst 23.0 23.9 +0.9 0.16 28.1 26.5 5.0 17.2 50.0 21.8 2.4
e ’J‘Eﬂﬂi&ﬂ*ﬁﬂ Qwen3-VL-32B-Think 24.4 27.9 +3.5 0.17 33.0 31.2 8.8 22.6 49.1 26.2 14.6
Qwen3-VL-32B-Inst 22.8 27.4 +4.6 0.15 31.8 29.3 20.0 16.1 47.1 25.4 15.1
H _ (o)
SCIAgent 8B 301 %o Open-Source Small & Medium Models (<30B)
> Qwen3-235B-Inst 23.9% Qwen3-VL-8B-Inst 18.4 23.4 +5.0 0.09 24.0 28.6 7.1 24.1 38.7 20.9 8.2
SciAgent-8B 23.3+49  30.1+67 +6.8 0.16 33.0+9.0  35.2+66 9.1 +20 31.0+69 41.9+32 27.5+66 19.6+11.
Qwen3-VL-4B-Inst 17.0 19.7 +2.7 0.10 23.8 20.6 10.3 13.3 40.7 15.2 10.0
=t NAT [=]=| SciAgent-4B 17.4+04  25.2+55 +7.8 0.13 28.4+4.6  28.4+78  14.7+44  19.4+6.1  43.3+26  27.5+123 13.5+35
B \I¢ CIAZ
o q'ﬂ'l -'IE"""L% Pixtral-12B 7.8 7.2 -0.6 0.07 7.5 6.3 5.9 10.0 12.1 2.9 3.7
SRl T EKimERE +8.4% Average 23.2 28.1 +4.9 017 | 317 30.4 18.9 202 | 464 27.2 14.7

MERIE R E Yk a it Table 3: SciAgentBench SZEITFULER (SR%)



SciAgentGym: Multi-Step Scientific Tool-use Benchmark

SciForge Mi%itE
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- BRETENE — 0EB (-4.6%)
- BRI B EXEE

» TE{ERAENESAIREZEEEY
> RIS R [ERIES TR EERIIGIE

Model Phys. Chem. Life Mat. Avg.

Qwen3-VL-8B 24.0 28.6 24.1 7| 23:0

Ablation: Training Data Composition
Qwen3-VL-8B-OtherTools 21.1-2.9 21.0-76 20.1-40 3.7-34 18.5-4.6
Qwen3-VL-8B-NoError 30.5+6.5 26.4-2.2 26.7+2.6 14.7+7.6 26.5+3.5

Ablation: Domain Transfer

Qwen3-VL-8B-Physics 30.5+65 31.5+29 25.0+409 17.1 +10.0 28.2 +5.2
Qwen3-VL-8B-Chem 24.8+08 35.6+7.0 31.2+7.1 20.0+129 28.3 +5.3
Qwen3-VL-8B-Merged 33.0+9.0 35.2+6.6 31.0+6.9 9.1+2.0 30.0+7.0

Table 4: || Zx#0EE R SIEHITZHRISEY
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SciAgentGym: T EfERIFIEXTLL

Works Domain MM Env DSM Traj
Interactive Environments

AgentBench [11] Multi-Env X v X X
AgentGym [24] Multi-Env X X v
DiscoveryWorld [9] Sim Science X v X X
MedAgentGym [28] Biomedical X v X v
Tool-Use

ToolBench (ToolLLM) [16] General APIs X X v v
SciAgent [13] Sci Reasoning X X v v
BFCL [15] Func Calling X X X X
t-Bench [31] Retail/Airline X v v X
SciAgentGym (Ours) Multi-Science v v v

Table 1: Comparison of interactive environments and tool-use benchmarks
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MM-Doc-R1: Multi-turn RL for Long Document Visual QA

@ SCHifEtT

Doc2X OCR — FE&/EF /XA
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T PiEEE — RAFTERER

® IR#E

Search: BM25 Top-K &2
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I Stage 1: Planning
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1. Introduction
2. Related Work

3. System Desi
ystem Design TOC

2]
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—

=]

<think>step-by-step reasoning</think>
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CLINTS

(1) Use Search Tool with keywords [“disintegration time”, “gastric emptying”]
(2) Read Page for the page(s) containing \"Subject 2 Fasted\" and \"Subject 2 Fed\"

—

<think>reasoning</think>
"“tool_code

<read>[{“page ids”: [44],
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E— E—
(8)
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OCR LIS T 0] Results | —,
|
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““tool code e = Search Results for sub query: disintegration time values
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MM-Doc-R1: SPO vs GRPO fit#&{&it*TLt

Read Reward

1.01
Evidence Modality Evidence Count Overall — ZF:;O
Method Text Layout Chart Table Figure Single Multi Unans. ACC Fl 0.8
Human Performance -
Human — - — - - - - - 65.8 66.0 § 0.61
(O]
Upper Bounds (Ground-Truth Evidence) aé
©
Qwen2.5-VL-7B  33.8 38.7 31.8 32.3 34.1 46.6 20.5 92.8 46.8 41.7 & 041
Qwen3-8B 443 37.7 25.7 59.3 22.8 42.7 35.7 89.2 496 469
RAG Baselines 0.21
BM25 30.9 23.4 22.3 28.5 9.2 30.7 14.1 88.3 364 31.0
BGE-M3 32.0 20.8 21.7 40.3 14.7 35.4 18.5 84.3 39.3 348 0 25 50 75 100 135 150
Colgwen 27.8 25.0 16.5 22.4 23.7 33.9 13.7 82.5 36.5 31.2 Step
Mdoc agent 33.1 29.3 25.8 32.6 30.0 43.7 18.4 43.4 35.0 333
M3doc RAG 39.2 26.7 29.8 39.0 32.0 50.3 21.2 40.7 384 36.7
Ours: MM-Doc-R1
urs oc / 4 Bty BT \
A
Qwen3-4B 28.9 23.8 23.1 353 22.4 37.1 18.6 72.2 377 322
+GRPO 36.3 35.2 29.5 40.2 27.1 44.5 22.5 58.7 39.9 36.3
+SPO 41.1 37.2 35.6 472 30.5 50.5 27.5 68.0 46.0 41.2 S mape 0
Qwen3-8B 39.6 37.6 37.8 45.6 27.3 473 27.5 73.9 457 41.5 FGENEMELE RAG B +10°40A)
+GRPO 409 368 357 499 283 485 302 605 447 419 > SPO + Qwen3-4B: Lt GRPO +6.1%
+SPO 46.2 38.1 40.8 52.8 359 56.0 31.2 68.2 49.7 46.1 » SPO + Qwen3-8B: Lt GRPO +5.0%
» ZIHEZH oMY HEREEE +10.0%
» SPO ISR, HIL&EFE
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tax
o SHEE: A (RERUK) /B (ZREELR) /C (BBNLR) * HEFHER: PyTorch + HuggingFace Transformers + Im_eval
o {&H): Pythia—410M / 1B / 2.8B K
o ¥ik: 6 > OOD benchmark + AlpacaEval + &2 erank iBi%
o it IHE: 10-16 X (5 A100 MERT) HiEs i g M KX
B ARIBENIG? LEANSTIOME, REEMATS . ITEIER,. B RTRNTH? Alpaca tatsu-lab/alpaca 52K SFT i AF
HellaSwag Im_eval ~10K test 00D N
® ROHLEXR, BAEBE
ARC-Easv/Challenae Im eval ~2.5K/1.2K 00D N
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1. ARMESXMERE ( Literature.md , 166 15)

° REICRT RINAENCHME LR
o AT 20+ WAXIRX, R 7 M FEMHE
® o BRTENXRMBATE: ARARZHM, BARLL, post-training /LEIFRITR
o FUHT 5 MFRISE
2. LRitR ( proposal_experiment_plan.md , 293 £7)

> HE&: GeoSFT — Geometry-Aware Supervised Fine-Tuning

o AR SFT M entropy-seeking AR A AR T RER", /LEFNORTER
alignment tax

o SHHER: A (REROR) /B (FERBENR) /C (BENHR)

o #iBY: Pythia-410M / 1B / 2.8B

© #4&: 6 © 00D benchmark + AlpacaEval + £E erank iBER

o FtIME: 10-15 X (% A100 B9HRT)

AHAMEENIG? LNTRAM. RKBED . HENHT. RERKXBNRE?

BT AB00RN BT

O @, imsessnita GPUNBRTE,

FF/BDeepSeekhAgent FRHEMAgent

o ROIBEBR, WASHE

AENMESHERIL GPU iR
i SEETERE.

< 156.7K Credits o Byt
G aRER G araR B @Rty © KR GPU © ERGPU B #sit

® GPU ZflizHla . BELE

£ GPU Hub WA EH

GPU 18

& RTX PRO 6000

& Zha

[22:30:00]  grep -E "vanilla_196k OODISGR 196K|sgr_196k|ALL DONE" /root/autodi-
tmp/geosft_ vzlmn wuzardlm 196k_tulllog 2>/dev/null && echo "===gpu=—-=-" && nvidia-smi --query-

gpu ~~f

[22:34:55] tail -¢ 300 /root/autodi-tmp/geosft_v2/run_wizardim_196k_full.log 2>/dev/null | strings | tail -3

[22:39:55] tail -¢ 200 /root/autodi-tmp/geosft_v2/run_wizardim_196k_full.log 2>/dev/null | strings | grep -oP "\d+/8938'
| tail -1

[02:55:02] grep -E "SGR 196K:|sgr_196k OODIALL DONE} " /root/autod|-tmp/geosft_v2/run_wizardim_196k_full.log
2>/dev/null && echo "---" && tail -¢ 200 /root/autod|-tmp/geosft_v2/run_wizardim_196k_fulllog 2>/dev/null
| strings | grep ~oP "\d+/8938" | tail -1

[03:00:04] grep -E "SGR 196K:|sgr_196k|ALL DONEjerank=" /root/a\nodl-(mp/goosﬂ v2/run_wizardim_196k_fulllog
2>/dev/nu|t && echo "~--gpu---" && nvidi query-gp ion.gpu ——
formatscsv,noheader

[03:05:02] grep -E "sgr_196k OODJALL DONEWizardLM 196K FULL Results|Detalled 00D" /root/autodi-
tmp/geosft_v2/run_wizardim_196k_full.log 2>/dev/null

[03:10:02] grep -E "sgr_196k OODIALL DONEWizardLM 196K FULLIDetailed OODJPer-Layer" /root/autodi-
tmp/geosft_v2/run_wizardim_196k_full.log 2>/dev/null

[03:10:09] grep -A100 "ALL DONE" /root/autod|-tmp/geosft_v2/run_wizardim_196k_full.log 2>/dev/mull
[03:10:18)  grep -A20 "vs 10K\lvs 50K" /root/autodi-tmp/geosft_v2/run_wizardim_196k_full.log 2>/dev/null

[03:10:25] cat /root/: w/geosft_v2/ [raw_data/ood_wizardim_196k_results.json 2>/dev/null && echo "---
&& cat /root/: p/geosft_v2/ [raw_data/vanilla_wizardim_196k_results.json 2>/dev/null | python -
¢ “import sys,json; dsjson.| load(sys stdin); print(f'Vanilla: erank={d(\"mean_erank\"}-.2f), loss=
{d\"train_loss\"J..4f}, time={d[\"train_time_h\"JIh)" && cat /root/autod|-
tmp/geosft_v2/results/raw_data/sgr_wizardim_196k_results.json 2>/dev/null | python -¢ “import sys,json;
d=json load(sys.stdin); print(f'SGR: erank={d{\"mean_erank\"}..2f}, loss={d[\"train_loss\"}..4f}, time=
{d{\"train_time_h\"JIn")"
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G “\ mcp__gpu-runtime__stop_gpu mcp__gpu-runtime__stop_gpu {}

G ZRIRESBEANTTM, GPU EFM. MTRE WizardLM 196K £ESLWAIKOEIL:

ul mLER

BiE Mean erank OOD ¥1§  WinoGrande
Pretrained 6.00 68.05 68.27
Vanilla SFT 196K  6.02 68.55 67.40
SGR SFT 196K 6.01 68.53 67.95 (+0.55)
& RERM

1. Qwen2.5-7B 7£ 196K HI#E TFARTFTE erank HHE — Vanilla #l SGR #4 erank #BIRETE
~6.0, BEFRIIZKTE, SGR WEEME (FHLEIRIHE) ELiIR TRARZM,

2. SGR HyUN & FEER IR AR AL -

o 10K: SGR OOD avg +0.23 2 FBE 3
o 50K: SGR 00D avg -0.26 ! BX{f
o 196K: SGR 00D avg -0.02 ~

3. WinoGrande 2 SGR H—#ENMRBIM — ELH="MET SGR J#&F WinoGrande
(+0.79 / +0.08 / +0.55), %P8 SAP HSLIRIF T BIRMEFZE,

4. RFFHME: FINS|IN scale-adaptive a/f (BIBEHAENHETS) . ERM SAP (RIGE
B/FEEEMAR) . 544 LoRA Mlid SGR,

FFi2DeepSeekhitAgent FFEHAAgent

REIHLERF, MAEHE

G mRER G gReg B maitsl © BEE GPU g B2 GPU

@ GPU ZHlEHIE

< 152.7K Credits o B&IF

B wRitkl

e EFLE

M GPU Hub RIEE X

GPU &S

& RTX PRO 6000

7Hla

[17:24:47]

[17:24:52]

[17:24:57]

[17:25:02]

[17:25:08]

[17:26:16]

[17:27:37]

[17:27:44]

TIREEEM

nvidia-smi && python3 —c "import torch; print(f'PyTorch: {torch.__version__}, CUDA: {torch.cuda.is_available()},
Devices: {torch.cuda.device_count()}')"

which python && python —c "import torch; print(f'PyTorch: {torch.__version__}, CUDA: {torch.cuda.is_available()},
Devices: {torch.cuda.device_count()}')"

Is /root/miniconda3/bin/python* 2>/dev/null; Is /opt/conda/bin/python* 2>/dev/null; which conda 2>/dev/null;
find / —name "python*" —maxdepth 4 —type f 2>/dev/null | head -10

export PATH=/root/miniconda3/bin:$PATH && python —c "import torch; print(f'PyTorch: {torch.__version_},
CUDA: {torch.cuda.is_available()}, Devices: {torch.cuda.device_count()}')"

export PATH=/root/miniconda3/bin:$PATH && pip install transformers datasets accelerate Im_eval 2>&1 | tail -5

export PATH=/root/miniconda3/bin:$PATH && python —c " from transformers import AutoModelForCausalLM,
AutoTokenizer import os model_path = '/root/autodl-tmp/models/qwen2.5-7b" if os.path.exists(model_path) and
os.listdir(model_path): print(f'Model already exists at {model_path}') print(os.listdir(model_path)) else:
print('Downloading Qwen2.5-7B...") os.makedirs(model_path, exist_ok=True) tok =
AutoTokenizer.from_pretrained('Qwen/Qwen2.5-7B', trust_remote_code=True) tok.save_pretrained(model_path)
model = AutoModelForCausalLM.from_pretrained('Qwen/Qwen2.5-7B", trust_remote_code=True)
model.save_pretrained(model_path) print('Done downloading') "

Command timed out after 600s

export PATH=/root/miniconda3/bin:$PATH && Is /root/autodl-tmp/models/qwen2.5-7b/ 2>/dev/null && echo
"———EXISTS---" || echo "~—-NOT FOUND---"

export PATH=/root/miniconda3/bin:$PATH && python —c " from huggingface_hub import snapshot_download
import os model_path = '/root/autodl-tmp/models/qwen2.5-7b' # Check if model weights exist safetensors = [f
for f in os.listdir(model_path) if f.endswith('.safetensors')] print(f'Existing safetensors: {len(safetensors)}') if
len(safetensors) == 0: print('Downloading Qwen2.5-7B model weights...") snapshot_download('Qwen/Qwen2.5—
7B, local_dir=model_path, local_dir_use_symlinks=False) print('Download complete!') else: print('Model weights
already present') " 2>&1

& TESRTY

HiEDth



D
a

o

Self-RAG 757ARI AR Ffi#Rrag [E1% Y B ST B8] A0S ?
(% Chatbox O XK

B

iy

v [ universal_run-4e22a0d9-b625-4514-a53c-2f741a79f56b
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[ faithfulness_ga_data_report.md
B faithfulness_qga_data_report.pdf
B faithfulness_ga_data_report.tex
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Faithfulness-QA: Dataset Generation Report

Counterfactual Entity Substitution for RAG Faithfulness Training

Qiang Zhang
Fudan University
https://github.com/qzhangFDU/faithfulness-qa-dataset

April 2026

Abstract

This report documents the data generation process and quality analysis for the Faithfulness-
QA dataset—a benchmark designed to train and evaluate the faithfulness of Retrieval-
Augmented Generation (RAG) models to retrieved context. The dataset is constructed
via counterfactual entity substitution: for each QA sample, a key entity in the context
is replaced with a same-type alternative, creating a controlled conflict between the con-
text and a model's parametric knowledge. We successfully generated 99,094 high-quality
samples from two source datasets (SQuAD: 49,094; TriviaQA: 50,000), covering 8 named
entity types with a combined entity bank of 76,953 unique entities. All quality checks
achieve 100% pass rates on 200-sample audits. The code and data are publicly available
at https://github.com/qzhangFDU/faithfulness-qa-dataset.

Contents

1 Introduction
1.1 Motivation . .
1.2 Core Idea
1.3 Report Scope . .. ...... B
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2 Data Generation Pipeline
2.1 Pipeline Overview
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Future Outlook & Summary
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