Scaling Multi-Agent LLM Systems

: Performance Gains and Diversity Collapse
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Limitations of Single LLM Common Multi-Agent Designs
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Expected benefits of using multi-agent systems
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Background

Why Multi-Agent Collaboration?

Limitations of Single LLM Common Multi-Agent Designs

ReAct Agent architecture
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Expected benefits of using multi-agent systems
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Why Multi-Agent Collaboration?
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Introduction

Limitations of Existing Multi-Agent Collaboration
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- Majority voting ¥ MH| HA|X| 37= context explosion2 FEe

Contributions of MACNET

(1) Scalable Multi-Agent Network H|2}: Actor-Critic S22 DAGE HZst0 L2 §H0| 7Hs8t MACNET &7
(2) E2EQI HE HE 2hA H|ok: MA| st cHAl AH|El artifact?t FISH0] Global Broadcasting@}t Context Explosion %]
(3) 1000+ Agents 22| EZZX| Z¥: Chain, Tree, GraphZ H|w5t1 Irregular Topology2| s 29| &&A

(4) Collaborative Scaling Law T#3: H|0|ME £ Z710] [}2 ¥ 50| Logistic Growth HEHZ SHAEIS 210l
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Multi-Agent Collaboration Network
Network Construction
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Multi-Agent Collaboration Network
Interaction Reasoning

INSTRUCTION V(’Ui, ’Uj) € 8, ]I(az) < ]I(a"i,j) < ]I(a'j)

“Add GUI” ' : SHALE gistg 7{AZX| 2= control flow

7(ai, a;j, a;) = 7(a;, a;;), 7(aij, a;)

(a,-,a.,'j) - (ai — aijsaij;ai) O

\‘

A

aij,a;) = (a;; — a;,aj;a;) O

: 2t AAM LHOl| M= critict actorzt HE 42 &g

. J

a; = p(vi), Vv, €V a;; = p((vi,v;)), V(vi,v) € E

*p: 0| M ESt A4t (context aware memory, external tools, professional roles £04)
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Multi-Agent Collaboration Network
Memory Control
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Evaluation
Does Our Method Lead to Improved Performance?
Method | Paradigm | MMLU HumanEval SRDD CommonGen | Quality
CoT A 0.3544t1 0.6098" 0.7222% 0.6165f 0.5757%
AUTOGPT A 0.4485t 0.4809T  0.7353t 0.5972 0.5655"
GPTSWARM BE | 02368 0.49691 0.70961 0.62221 0.5163f
AGENTVERSE [ yen) 0.29771 0.7256" 0.75871 0.5399f 0.5805
MACNET-CHAIN 88 0.6632 0.3720 0.8056 0.5903 0.6078
MACNET-STAR e | 04456t 055491 07679 073827 | 0.6267
MACNET-TREE B8 | 034211 0.4878t 0.8044 0.7718" 0.6015
MACNET-MESH & | 06825  05122f 07792t 05525t | 0.63166 |
MACNET-LAYER | | 02780 0.4939t 0.76231 0.7176 0.56291
MACNET-RANDOM | B8 | 0.6877 052447  0.8054 05912  [10:65221%

1. EEZ2x|'" Mg =7: SW LS Chain, &0/ THES Treed|A A%o| 452 7|28t

2. Random #+Zx2| 2+4: =1%ot Random ESEX|7} W+ Quality 0.65222 & AN F 71 =2 M2 4
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Evaluation
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How Do Different Topologies Perform Against Each Other?

Method | Paradigm | MMLU HumanEval SRDD CommonGen | Quality
Con A 0.35441 0.6098" 0.72221 0.6165" 0.5757"
AUTOGPT A 0.4485T 0.48091 0.7353f 0.5972 0.5655%
GPTSWARM |BE | 02368t 0.49691 0.70961 0.62221 0.5163"
AGENTVERSE 88 | 029771 0.7256' 0.7587" 0.53991 0.5805
MACNET-CHAIN B 0.6632 0.3720 0.8056 0.5903 | ‘
MACNET-STAR @|E | 04456t 0.55491 0.7679" 0.7382"
MACNET-TREE 88 | 03421t 0.4878% 0.8044 0.7718"
MACNET-MESH B 0.6825 0.5122¢ 0.7792% 0.5525%
MACNET-LAYER @|E | 02780t 0.49391 0.76231 0.7176
MACNET-RANDOM =~ $R&3 0.6877 0.5244t 0.8054 0.5912
0.50
0.50 - _
i . IVl-So 0.63-
0.30 A
0.62-
20.10- >0a1.
5 L. 0.02 £ 061
[ o }
& 050 0.60-
® |V|=10 © e
59-
0.30 i 0.20 0.2
0.10 ﬂ e 0.58
- - 0.57-

Chain Sta

=

Layer Random

0.6267

Star

B Divergent

B Convergent

0.6015

Tree



Natural Language Processing
& Artificial Intelligence

"346
Evaluation

Could a Collaborative Scaling Law be Observed?

20 21 22 923 24 25 26 20 21 22 923 24 25 26
Random

I 8 . QOO
20 21 22 23 24 25 26
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Evaluation

&2
What Factors Might Contribute to Collaborative Emergence?

60
50 M # Interacted Aspects
[ # Tokens of Generated Artifacts

Natural Language Processing
& Artificial Intelligence

3000
2500
2000
1500
1000
500

[ First-Level Aspects
Q) Second-Level Aspects

782 5o A Ve MR SR S22 55

- Long-tail 28| si&: w2 HEZS SOl 2/l HIot %2 3| 7[st1 O|M|st ZehSHA| ZASHe] FR|e

"

@ Syntax Errors [ Logical Errors
E Runtime Errors Demand Errors
Non-erroneous Aspects

- Critic-Actor &2 Critice| H gt X|H S Actor7t 93.1%2| =2 &E2 vtHSI0 Zat=9| M =& Szt



o
@
—
@
o
=
o)
oo
©
2
=
=
o
E
t
<
o2
00
g
0
0
@
o
<)
=
o
)
00
)
>
=)
=
S
—
©
S
3
2
©
z
o
N
o
«
©
=
=
a0
=
=
a
9)

;’) Natural Language Processing
& Artificial Intelligence

Conclusion
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Diversity Collapse in Multi-Agent LLM Systems: Structural Coupling and
Collective Failure in Open-Ended Idea Generation

Nuo Chen!  Yicheng Tong! Yuzhe Yang? Yufei He!
Xueyi Zhang®> Qian Wang! Qingyun Zou! Bingsheng He!

National University of Singapore  ?The Chinese University of Hong Kong, Shenzhen

ACL 2026 Findings

o
@
—
@
o
=
o)
oo
©
2
=
=
o
E
t
<<
o2
00
g
0
0
@
o
<)
=
o
)
00
)
>
=)
=
S
—
©
S
3
2
©
z
o
N
o
«
©
=
=
a0
=
=
a
9)



5’) Natural Language Processing

. & Artificial Intelligence
Introduction

Limitations of Existing Multi-Agent Ideation

- Open-ended idea generationOi| A= StLte| MENEC) CHADH 713t A H2E EfMMSH= 530 ZR28]
- 7|& Multi-Agent A= ME CHE gt 2 S F0{5HH 0to|C|o Z7Ho| =HEHEICt 71-Et (but, CHE-E2| O[0|MET}

=olst pase REID} SHS B

il
O
D°J

e > MZ22 2HES US7|20 SR Bkt fAet OfO|C|0S HEE = UZ)

- When does multi-agent collaboration lead to diversity collapse?0]| i Z235| 2ME[X| S

Three Levels of Diversity Collapse

(1) Model Intelligence: 23 ds3} Ho19| 2t == SFAE|X|TH M- El 0f0|C|0{2] o|O|X FALEE BHH B3It

L

(2) Agent Cognition: 2 CtE HES R0o S7E W} Ml S &= 2HELZ 2ol S&H H|THECt helvt Zst

(3) System Dynamics: 0|O|ME =2 HE LTI FIe-F BM HLR|7t HO X|7| 2L} FAFSH Z=20|| 27| =3
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The Multi-Agent Ideation Pipeline

The group may settle too quickly on local
optima, missing better global solutions

\ ——————————————————————————
/ [ Agent Workflow gy .. Ensuring high quality )
1 w 4 and feasibility to 1
prevent logicel collepse 1

| Injecting high-variance /m |

| and novel ideas to push 1
l— the discussion toward 1

Agents may become overly confident
in biased priors, reinforcing shared
assumptions and overlooking diverse

1 Using rigorous
alternatives, the innovation frontier evaluation to sustain |
: a % cotmruct ive confli c'
I
Scaling Compute # Scaling 5 <+ Explorer ___, Judge &----
Information Gain D e T
More resources yield Effici Paradox ? : X
redundant outputs, ?:3'9" % Pro
%.V % Generation

- Role Instantiation: §|O|HEES2 A|AH TETEE E6|f 1te! )2 E Bt IR0 HZEALIE 20ES

- Iterative Deliberation: 00| M ES2 Ct2| X CHEI| £S5t 2t 2] =, MA|0f| CHet B JHEe| HustE 0| Z0{H

=,

- Proposal Synthesis: HEX} 00| M ET} H|L Xzl EE O[S 7M[HQl fety ZutE = Hetet
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Methodology
On the Validation of Diversity

- Effective Diversity (Vendi Score): Kernel @Z2| AIEZOIE 223l A|AHIO| semantic space0iA HOFLt 2

QuS 19 DESS FUNOE EMGtT K| FE

rOI'

A2 A JY=X|, OfL|H CH

- Semantic Dispersion (PCD): H|QtA Zto| W WH FARRI HE|E A4S0 semantic mode=0]| representation
space H0|A HOIL} 52 HY|=E 2HE[0] J=X| 7|5HeA A2 E S-S

- Lexical Uniqueness: IDF 7}5X| n-gram2 S8 EHAQI 02| 52 EIXZOEM, 2|O0|™ C}F4o| thad| HodTt HEE

S= Oto|C|ofo]| ot 20| OFEX| HEE

Metric Human Agreement (%)  <- Human Evaluation 7|8t 2 X| = T7} Zn}
Vendi Score 87%
1—6 829%

PCD 81%

o
@
—
@
o
=
o)
oo
©
2
=
=
o
E
t
<
o2
00
g
0
0
@
o
<)
=
o
)
00
)
>
=)
=
S
—
©
S
3
=
©
z
o
N
o
«
©
=
=
a0
=
=
a
9)



2972, Natural Language Processing

& Artificial Intelligence
Methodology o |

The Intelligence Landscape: Quality vs. Diversity

1. Alignment0l| |8t CHQEA oF%. ZX| SEAF 210| OF0|C|0{ H|Dt X|3tst=
HA7| HBOR CrtNo| ofx|E) "
2. LHZH® A SOl 8HA|: RAIRINS =0] P LN ZEZEIo| HEMO :
g 83 ° o PO¥S
X @
2 HM MEMo| &3 I by o et
g f oL | '.‘.."'.’“
3. EZ Ngt A0 e} JiE DEe| X|52 o|0| St E, LIHE CHYAMS fal 5057 U NP vessescys
.___.” b \---,::," ' ol-mini
MSEE 0| UX| YA X|7|= Zi0] B

79
1.0 15 20 25 3.0 35 4.0 45

Semantic Diversity (Vendi Score)
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Cognition: Authority-Induced Collapse
Quantitative Analysis

1. Naive Collaboration: 2| &l HgO|L} A|E gi0] 4=%E

2. Leader-Led Collaboration: A|L|0{ ME7}7} EEZ 0|21, FL|0 HO|[MES2 X[HS [ME

3. Horizontal Collaboration: 7| 2% H13 50| A|L|0| Z= g0 HSSHA &

4. Interdisciplinary Collaboration: M2 C}& 20[2| ME7}=0| 85t cross-domain Ot0|C[0] g4

5. Vertical Collaboration: A|L|0] M 27}, A A, £7| 38 X529 AN =&

o

@©

-

[}

o

e

Q

o0

= <t Higher Value = More Diverse

= Lexical Uniqueness Structural Disorder Semantic Dispersion Effective Diversity
= (WDistinct-3) (1 - Order ¢) (Pairwise Distance) (Vendi Score)
2 104
b= 0.20 -

< 0.788  0.781  0.780 8.080
3 0.8 1 0.734 g
5 0.638 0.15 1

7 0.6

Q

2 0.10 -

= 0.4

S

S 0.2 0.051

0

e

S

g 0.0 - 0.00 -
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= 0™ ¢ A e we' 519
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Cognition: Authority-Induced Collapse

Distribution Dynamics & Topological Segregation: Two Semantic Regimes

Echo Chamber Risk Zone of Divergence
(Semantic Redundancy) (Exploration)

35 § ¥ T |

—— Naive Collaboration » Gravitational Collapse: Leader-Led / Naive Collaboration

- Leader-Led Collaboration
- \fertical Collaboration

— Interdisciplinary Coliaboration « Zone of Divergence: Horizontal / Vertical Collaboration

- Horizontal Collaboration
« Vertical #X&= AIL{0{2] H|A[F2}t F=L|012] £of4d AtO|o|A] H Tt

304

254

2
w
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Temporal Evolution: Rounds and Trajectories

Scaling Efficiency: The Divergence from Theory
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Topology: The Impact of Communication Structure
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Synthesizing the Hierarchical Interplay
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