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S5HtRE, TEMERAHITRIEURITERES . XESERAKRRSE (MAS) ST S
A, 815 CoT & . EHAML . BFXE MINSTARER | LSS ZSRRRMIKITHAML .
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B s 1A
o ZEBEMRZES (Multi-agent systems, MAS)

o ZEEEIARS (Multi-agent systems, MAS) BEALERE (Al) g, BFEARAEZISCH
REZFHN—ERZR , EFXREESERE (LLMs) MENRS .
e EAA: BREHT—FKER, ATHEIBEEERARAFEELINYHNEZILHFIES .
e fEl: MAS BIIFEZ LLM EeeRk ZBIMEAZ BRI SHES .
e MAS IEREBEBES T NZMABHITIME, Hu0:
o EXRIREEE (Expert Recruiter) : AFRAINMOEESENER .
o DRLfERE (Problem Solver) : HIBENER, BEISHRITIREBHERAUBREE .
e H17& (Executor) : ETVEMNRBzARNMNSEIE .
e Ff{5¥&E (Evaluator) : HEMALSENEGR, BHRE .
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o MiXATH B (Test-Time Scalling)

o EHEMRBINITEE, BUILS/NEREIME. MCHER, RERBEFRELTEZH/RNOER
[ &

e B AHZTAEE, BEFANKNYT E (TTS) Rt LLM FRYERE . RIENTERETE
BOERRERERA , EBEIEHUARRINEAWHERE , LIRFEENTEBEE , S@IRIF
RE SRR BERIBE Tt . BEtmZNETASNSG |, S EESTNFIB%E
#Ric (thought tokens) , {EREEEEFIEF BT RIVEERS ,
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o M ATY B (Test-Time Scalling)
o =FFENY REEN

o EZERAREY, WA BEBEEILLT
=ME BN ESNEE:

o A. XESIZE (Sampling & Voting) ——
‘ENRFEERXERREMAT BRZIU (EUTF
WmERY TTA) .

o B{E: ILZ/NHEEMK (REA—NHEKRSZIR)
RIZEER—NEA,

o . ER'ZHHIE" (Majority Voting) =
MR E EREREEE,.

o {EFR: HBRBURMERNMEY TSR, MR-
BRIk &R T, HibBEEASIEECYIERSE,

Test-Time Scaling in
Multi-Agent Systems

Higher Accuracy!

. Three heads
Samp-llm_'.‘] @ are better
& Voting! one'onel

(@]

Maching!

Voting
Majority Rules!

1

Correct Answer! n N

No more random errors! | \ [/
If one agent "goes rogue,”
the others will correct it.

Operation: Multiple Agents.
Scaling: Majority Voiting.
Purpose: Eliminates Random Errors.




01 S=55M

S5 =3 :
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o MiXATH B (Test-Time Scalling)
o —FFEM YRR

e B. IRIFS#LH (Verification & Critique) ——
TR X ESE IR RIE KA ME.

o RF: AgentA (EZK) : ER—TMEALE.
Agent B (#|EZID) : 8#E ARNEE, IEHEE
BEZERANITEEIR. AgentA: RIE B Y
RIRIZEHNEE.

o IE: XANBIRALIFHIT N 5,

o {EA: HMAMIFD T —HRIELEFIR/\ B AR,
SR REEHE. RIBERTE.

1
« |= % _—",ﬁ;‘;':
A
2 =12

~
J=3= =2=
o ]
P S

Calculation Errr:n:\gl

(Problem/
Solver)

Revises
answer
-, basedon

Greatly Reduces
"Talking Nonssence!"

Accurate Math & Code!

Operation: Agent A solves.
Agent B checks. Reduces errors.
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=H5 * 0 ] ; : P
B = I] 1, A . Self-Correction & Optimal Path Selection!
o MK ATY B (Test-Time Scalling) | Evaluation Agent Scores Ideas!

\Next-Step |ds"

o —MFERY BRI\
o C. WIEZEEHMK (Tree Search / Process
Reward) — “B4#ER"-- BRIRAIENS E
(24l OpenAl o1 BEHYIBIR)
o BF: HREATFTEEERRRER, MEBLERSZN

v High-Score!

B} ks Keeps Prunes Optimal
T—2 I gERE". High-Score Low-Score Hf’;:fﬁ'{;imt Optgl Path
Pathss N ¥  Paths! g Y Selection!

e TR: BF—1NHEEHENRSNXER LTS, ES5 Reasning!
SREEIHNER, EEESNBEE (EUTFTEHE

BFEY AlphaGo)

o {FA: EEMRNSEENHEEDR, HABRAEE
F—LEHEHT BRUE N xMBRIERE",

Operation: Generate & Evaluate.
Function: Self-Correction & Optimal Selection
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S5 =3 :
B = &liR
o MiXATH B (Test-Time Scalling)

o TEZWHRIY EEBRP, GIFFHTMIAE TTS Aix . FITHIRRSTERS MERS R(ESE,
HERIFSINE (MSHREFETERNRZMER) B#RERESR . Bk, MFEGEEEIRE
NEHEARI—RAENE . RFETRrEHRFTIERMANE . EEXEREHEETNIR
K, FIUNFREHFRBMER (MCTS) F15|SXEREZFR (guided beam search) , BIEE S
SINPESIMERURER . FEXEHENZOREMER , BeRERRHRIEES . X0
DRERZMEE , B EAEBNRREDR | dEXMER , BT FaPEEESR | 18
EEBENEEUHEIRIERR
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2 1 AETFHE, SREMMBEERMTEEHE

£ Simple-Scaling NEBHIEE, 882 MRFENSZMEI , XL ofiRmE T WiEsE, JL a5,
i, EMENRXNEEFEZ1ME,

£ DeepSeek-R1 RBERRENNBEEEEZTEBEEFZRAR , FHERT DeepSeek-R1 M

:.F 1024 A*’F -LE IEI % El.] ||:—|_| ﬁ ° SOLVING COMPLEX PROBLEMS)

A TEAM EFFORT!

flgl: WR—ABEXXFABTHBBERALER. NELRNBERG
RN

ASTRONMER

CREATE

SMART AGENTS
FOR THE
. REAL WORLD!
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e 2.1.2 4 Z &I MEIEIERIL (trace)

o NTHRIMMEHEERNILT, XEXRBRIERE MAS E2RMHEIEEE, FEF AgentVerse 1 DeepSeek-R1 , 3k
QCIBSCRNEIRENEA . 1Z MAS IEZRSRZ1MEE . TXRIBEEE (Expert Recruiter) | AR AE
(Problem Solver, fliIRIZxFLREIN) . A1TE (Executor, FIMNEREMRUIELFEID) FIFELEE
(Evaluator, flalF=mEE) . BMRIUUTAIDE:

1 ERBEHSRIASTEGENETREIITES (DENEEFSHEEERN)
2. ERXRIMAHFRE, BESTHENMTERBATSZRITIE , REAENANXBERLSE, HREIFIEATR
RERKIACURE, REHBEINASEEIELS

3NTEETHENNBREREMEAIMITA
4 TFEEEERRTEMPTETENER | DITEOELRHERE .

X HERDERFITEHEARAERRE

EXTIER, F/ERRNBA—BESBREE, NTEMHERND
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Multi-agent Collaborative Reasoning Trace

Expert Recruiter
2

Prompt: You are leading a group of experts to solve: ... Find the greatest integer that does not exceed = Recruit two experts with

different specialties to best solve the problem...

Response: <think=> ... | need to identify experts best suited for this geometry task... <fthink>1. A geometric analysis expert. 2. An
algebraic modeling expert.

Problem Solver 1 (Geometric Expert)

Prompt: ... Solve the following accurately: One base of a trapezoid is 100 units longer than the other... Find the greatest integer that
does not exceed x? /100...

Response: <think> ... Let's understand the structure: the segment splits the area in a 2:3 ratio. We need the length = such that both
halves have equal area... </think>...Using RMS to find x, we get:

22 18125
100 100

= 181.25 = | 181

Problem Solver 2 (Algebraic Expert)

Prompt: ... Given the prior solution, critique its correctness. Do not solve again. If you agree with the final answer, append [Agree]...
Response: <think> ... Reviewing the solution: the answer is correct. However, explanation for using RMS could be clearer... </think>...
The reasoning is sound and the steps are accurate. [Agree]

Evaluator

Prompt: You are an experienced science teacher. Evaluate the final solution from both solvers for correctness...

Response: <think> ... Let me verify each step. Yes, the use of RMS and the calculation are both appropriate... </think>... Correctness:
1 ...
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e ZZl| Simple-Scaling B % [iZ5R%EE LLM g4 CoT (Chain-of-Thought Prompting)
HEIRBE N LUBIS X MIEIRNITH 1T SFT (Supervised Fine-Tuning)Rk&E]

e A M500 #4E&EX LLMNASFT, B8 REMABARNBNERIMLIRKEREE

|w]

1
Lsrr = E(x,y)eMs00 [—? Z log Py (y: | x, 3&-:.1)]
=1

o Hrfh Py |zy) FEE [ IEATEHAN ¢ FSEEIRCY<: BER THE TR0 v TR |

o BAHAER B—a5 Q A EE (TH )1 ER—HRDSE, HIRE MAS =
YAt BRI HER .
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o IRET—MEXT MAS WBIEMN TTS REg , BESIA—NEHARY “CEO"EREMEI , 1% &
FRELSEESHFERERENSERIMENR IR E

e CEO HrEM M EHBRE., SRRDTERS. HERIRMNTRRIR, IBRERENERZRNAER
DEBEZEHR—SMN

Decision: Continue/Stop

Recruit: Cutoff/Hire, Recruit M experts

Direction: Focus on addressing ...

Maximum Tokens: Increase/Decrease, Use K tokens

- S5EEEEERMEE. EAIRBIFIEERE
B85S MAS BLEARRIZANET, 1ZBiENGE
IF MAS hiSAEEIRE

Current Multi-Agent System (MAS)

K tokens to use
Run the test code... Correctness?
Confidence?

Collaboration Focus?
tokens to use

Recruit Suggestion?
Recruiter M Experts

P T 4 L | .
R S

=
Expert Recruiter Probelm Solvers Executor Evaluator
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o ATHITEEITG, BIMNER/RXE=ADKE I
o IEFHIEf# (General Understanding)

o X (Mathematical Reasoning)

o f{f5%5E (Coding)

o IJI|AFNIE(E. {FHA M500 HUEEX Qwen2.5 #1T SFT, JlIIZ 5 0 epoch, FEIJZEH 1e-5,
BRI TRIER M1-32B 268, JlIZ421E LLaMA-Factory 22 R{EH FlashAttention F[
DeepSpeedft 8 H NVIDIA A100 GPU Ei#17HY.
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£ AgentVerse TEZRIfEREARVHEIEFANAFEIRREY, XTEFIEME. FERFAHS
ME{TFAIMRELLER . FIEEATE TS LEBEL Qwen2.5 0 s1.1-32B BsLEMSUH |, F
£ MATH-500 #1 MBPP-S EEVE 75 O3-mini 1 DeepSeek-R1 1BXAIMARE , IFRRT
HitiEss MAS PiMEER S ERNAE T

CEO E 8RS I NFFFEMET M1-32B ERrB{ESS LIRS

Model General Understanding Mathematical Reasoning Coding
GPQA  Commongen  AIME2024 MATH-500 HumanEval MBPP-S
Non-Reasoning Models
Qwen2.5 50.2 96.7 21.1 84.4 89.0 80.2
DeepSeek-V3 58.6 98.6 333 88.6 89.6 83.9
GPT-4o0 49.2 97.8 7.8 a1.3 90.9 854
Reasoning Models

s1.1-32B 58.3 94.1 533 90.6 82.3 774
DeepSeek-R1 185 97.2 78.9 96.2 98.2 91.7
03-mini 1.3 99.1 84.4 95.3 97.0 93.6
M1-32B (Ours) 61.1 96.9 60.0 9.1 2.8 89.1

M1-32B w. CEO (Ours) 521 974 62.2 95.8 b3.9 90.5
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MAS FAA“InERZI” (Aha Moment)

o TEfEM M1-32B A MAS 1, FAi]

MRFEeerEN RN L REINITH
E BRI SHIMEERE, BDfE
XA REREKN

Aha Moment in MAS

Question
Let ABC be a triangle inscribed in circle w. The tangents to w at B and C intersect at point 1, and A D intersects w again at . If

AB =5.8BC =9, and AC = 10, AF can be written as “—’I‘ in lowest terms. Find m + n.

Problem Solver

.. Place B = (0,0}, C = (9, 0), compute power of D: DB? = [222 ) Use the power of a point: DA - DP = DB?, solve for

D P, then compute AF = DFP — DA Final result: AF = % = m 4 n = .

)

<think=...Wait, let’s see what the solution did. They said DA = 5 5 pDR? = [%—] . Then:

(225/22)2 2025 325  —1100
pp="""""" AP=DP_-DA= =
325/22 286 22 143

kul length can't be negative, which indicates a mistake in the sign. This suggests that the assumption about the position of P is wrong.

daybe P is between D and A. So AP = % = % == T7.6923

The solution says AF = 22, That's impossible. The correct value is AF = mn chencern +n = | 113 | <fthink>
## Decision: Continue

#t# Recruit Number: 2

#HE Direction: 1) Verifying the power of point application 2) Re-examining the geometric configuration ...

## Maximum Tokens: 8192

Problem Solver
.. Power of point I calculation: DA - DP = DR*
Where: DA = % {distance from Do A), DB = 22 5+ (tangent length from D to circle). Solving for D F:

DB*  (Z2)® 2025

23
DP = =
! 325
DA S 286
Critical geometric relationship: Point P lies between D and A, s0: AP = DA — DP = 5.;’ B ‘34;26'3 e %

Final result: AP = m“ =rm-+n=




MAS FRUMERIIEE RO R

o BT RFEMFBLIEMNIRE. HITERRE. RERAHENRXIRCIRS , R T IMEFRHERE
HYY RAA =2 M1-32B £ MAS HIMEEE .

IEIMERRER IENNHGTIRER =R =

Increase Total Iteration Increase Critic Iteration Increase Total Agents

- 701 70 70

=

=N

E 60 - ._'\\*//‘. ) /_/‘ 60

= |

|

Lt

< 50- 50 50

1 2 3 4 1 2 3 4 5 B 7 8
Total lterations Critic lterations

Total Agents

BITIEINERAREAE Z AR EREaiME, FTRERESHRE .
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MAS H{MEFIIEIERY BB

o BT ARMPFELUEMIRE. HITERRE. RERAMEFZAIRICIRS , AR 7 EFNHEE
HYY RAA =2 M1-32B £ MAS HIMEEE .

AIME2024 GPOA

— B0 - * a0 .
-2 @
- 50
© 40 o o
- |
o - 40
< 20 °

@ 30y

210 2'11 212 2'13 514 58 Ein 2']1 212 2'13

ngimum Tokens Maximun:u Tuk_e\nﬁ
BT IEINE & BRI R A ST RIC SR
SREIERE ], TLABRUHRS MAS M4ae




05 4&hie

o EARNH, {FESINT —ME

B TTS Ak IEESE e EHEIERE

7. HNNBYBENEMIZEET T IRTZSE st MEREERESHY

M500 ¢

\

a5 | FEEIES

= P87 Qwen2.5-32B-Instruct {28 , 1§

2 TIERATF MAS th{EHEIER M1-32B &3 , Ith4h, ?Jzﬂjf H7—

CEO &gelx , BF

32B 7£ MAS WY 4EE

QEN B ERIMEIIEERIR , H—FTREE T M1-
. T 2L RFKA, ?«WI]E’JTU‘%E%E@T
Qwen2.5-32B-Instruct ] s1.1-32B #&=EIFE MAS FEJMEEE
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¢ 2 ISHIBDECHIMENE: LI, SENEERE (&EXRci) =RESmE . A, &
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