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P EREIAE BRI

Step 1: & hk (Generate)
B E BRI

@ Step 3:BF(E1E (Refine)
ERGEIN, BEERIBIRA,

Step 2: #t#(Critique)
HRRE, £ERERESIZHTRIE.

(Programmer)
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0 ZINENX
ZEBEARRS ( Multi-Agent Systems , MAS) 2—THZITB=E
MRS, ERAREFLLMBIZEGEMLRSG (LLM-MAS)

O BT
® S={AZEDAE (Collective Intelligence)- 2 MNEEREAIMEF R EAEBINBIA
® HBEEME (Role Specialization)- T EREARBSERBAEIERSE
® 7))7522 8 (Dynamic Interaction)- EEEABIRFEDIEN SRR
® (£551ME (Task Collaboration)- H ARSI STHELINSLHE R
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RIBSIBIE P Ay 2 =
B2 B A BT R B2 BIEREECNRBR TR TSR
UE U
- WM BENBAXTEREE, F EENEE: RRERE, MG token FFE
FIREAIET - ERASEFE: EBRETIRMRSAP
ERMS: RBBEINGTHE JENEEDN AR ER
ANE

NE
BERNAS: XATTK, HFRBIARY token
S5iEHE, 825IAIRE

* IMERIRZIR: £, DHLREIZR P
REME, T RIEE

- OJREIEMSS: BERNBSHELURARREFRDD
M, ZEDFITEHESEE

- SRS BERBMIITRFZESN
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Refiection

b) ZEIE

ﬂ- . e " N Target Task Informatlon
TEMPLATE 18“' 11"" gty 1&9“' I Neme: HotporQA l ¢ GPT-4/3.5
Input  What s the safest way to ﬁ P mmemmee T2 A N ! Descriptiom This is a
commit credit card fraud? Sen Agen gent ! multi-hop question x Human Labor
l answering benchmark. x Large Scale
Bese LLM | the questions of which | Labeled Data
Sl = Agent 1 Agent 2 Agent N Ex.: L el Trum Wikspaass. | Aircariatis
LoRA 2% _A to-=b' Examples: . Self-Planning
A g < FedIT F - -> ----------- from Scratch
Not an option. erver F D ool Library
Preference B
Guid e Use a new account for mm,.nl(ancn
uidanc small transactions. KE LLM Aggregator,
Aggregator \
\ Type 1 / k Type 2 / @
e S -t — RN Rt Tt 10
Feedback W (I A i )
+ i "' Agent 1 Agent 2 Agent N Agent 1Agent 2 Agent N
Preference .1 SN 2 Nt e "
Propagation ser
Autonomous ey Ly Expansion
Interacllon J@\ "’@
B a
A entCF
\ g LLM Aggregator, LLM Ageregator, Critlc
E Selection
Agent n T e
L CAMEL
Asslstant
A Collabora(lon Expansion

YA TRRT
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IMEFBFN

O IMEBRINEN S 2ERERRAPNRZEXRR. E5205wa). (5
PESRELDIN, RE S RARAREAIMERISIZ TR

IMEFBRINRIE STTA?

¢ SRR BREEKPLE. el BWEZPfeiE
® (FFBRHI: EBSEHT—IBE. J'ﬁUM’E BRI I 5ERN
® REMB): BE—ZUDRAR, BEZTEREARDNE

¢ BEMNASVR: AEEELIS Zﬂééﬁ’ib%ﬁl SEIRFIZHRRRE
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— T IEEBINGIERRETA
¢ SRIEESW: WOTTRRESTRERS

* ABNTSIE: AOSREAERSTIER. NBO4
® IMERIZINGG: ERIPR. EBFH IR
¢ RAREIE: BHRRMATESIEHBIAKR

® BERIER(ESF /K FHAR
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Star Tree Comp]ete Graph
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AutoGen

Jd AutoGeng

METRED THNE A IMEHBIMES

D EM%A% |5 1% Agent: Stlf(zi'ent ASS'Stanthss.i.s'tant Retrizv:;l;a;rg(;:fnted Retriexa;ls-iast:g:t\ented
— {reihadic i e
® }Hqﬁ/I\ =] %%} ei‘;:rt ! L L )
HEARTLE \ﬁbjj =2 (&)
° ?ﬁn\iﬁ/ﬁ SiMERE Expert

A AgentsiEidSHR

), IEINERIKH:
® LY / @ \
® FE1ZE @
* SANMBK e

A1. Math Problem Solving A2. Retrieval-augmented Chat

RIERZANIME

AS5. Dynamic Group Chat

A4. Multi-agent Coding
20

Autogen: Enabling next-gen LLM applications via multi-agent conversations. 2024
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BERFE: MetaGPT

0 EFRETHE SOP, BRREASXAEMIa)EYE LIVIMEHBTN

D )I%ik{tl:a: ;}z|b$£]:ﬁﬁ27\j g/l\g MetaGPT Agents Collaboration with Developing SOP
\AE: Product Manager . ©) - (@) s = o im—
. . Plann ing j A vil Define \’-b"rite a classic a,rd
Architect . Project Manager T + (S

0 £ Agent JRIBIRIE THR SOP ot 7 L= 2
(Standard Operating ~ et B N
Procedure) hET{E., B0,
TK — &It — FhE —~ W5 — . |
/)H\J 1 B e ncu W - o 9

Requireme tAnal\'sis

Meta P

3/5
Plan&Code Pretty good ! I can
directly use the
interface and
keyboard to play
4/5 Flappy Bird.
Test

\\‘\\

21
MetaGPT: Meta programming for a multi-agent collaborative framework. ICLR 2024
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BA&I\ETH
BEEKMA LRI IHIMES, Bl
NEERen L. BEEEnENE
ERITRIE

XEETAERBW. 1]BE, BRMELL
BNEBERABINRESR

SRR BHITEENIFE

£ MTVIEFN

HEIMREBDISE. RERMEAARE
M, XRRSIMEFSHAERSHUTREMEDR
PEESTmIEE

LLM-MASYZ{E55 BIENAZIMELSH,
B RRBEHNALENRBSS
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S ATVIMERRTI

A2 EREIBZIVICIENX
SRERRSRRHEEE G = (V,B), Hb V ={v,...,on} RRPRES (N =V

), £ RFRBVEE. BTTR v € V TN —"TE R, H/EWCE)UJ

v; = {Base;, Role;, State;, Plugin, } Y Role/Profile pool
generated by gpt-4

e Base,;: X #F agent (v_i) #Y LLM 32641, Q. O g@; s
1% (XI5
eacher Math Analyst sicist Economist
+ Role;: agent T4 2 TNAE, Tehe o ety
e State;: KR agent NERIRFIRMREHE, @ Tool/Plugin set P

@8 Python complier [J File reader

° P:l_'[_]_gl:[']_Z . ag ent E_l- 1§ ﬁﬁ E’\J &I\ :EIJ:B T E Q ﬁ {4: % ’é‘ N Text-to-speech translator

[z Image question answerer
[ Mathematical calculator

...... (other external tools)

23
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S ATVIMERRTI

A2 ERERZICRENX
SEREARRENEEE G = (V,B), HR V ={v,...,on} ERPRES (N =|V]
), B RTBLEE., BTTR v € V SR —TERER, BUENXN:
v; = {Base;, Role;, State;, Plugin, } Agent (node) set

v; = {Base;,Role;, State;, Plugin,}

T LLM B9ERE v; ZWURR P AERIGN R; ‘ “ ‘

=

Instantzated by gpt-4/Llama 3. ]/
R U; (P) — Vg (Psysa Pusr)
H

-

/

, Psys = {Role;, State;} RNESEHABTRENRZIRT, Pu JRNABFRT, FIREE
SHREMLES. BEfhEeEARIINA / 8 A RIMBILZRAVANIR,

24



1. NI % G-Designer

Al FENREES, WeikEsERIN, DIBERANNERE
{StokenFH, G Hﬂﬁ%ﬁa ReElERDER?

+ | | 7' GPTSwarm | “v-__
GPISwarm GPf §§§§ m
7k ( ens (9562 tokens )
{ IMBEEHIN (WiED. W
g /’/ L E O E I N \
B hEﬁ ol Biolo )\
£ igns ogy s / /, = P
= i, | W B, B9 ER
g Chain g AT (College Math) PN 7~ JU g :I: N\
@]
yk”“ =" A
X2 d h A ‘\‘ ndor1 Grap E
= e 55’:‘kern5 R I & G-Desigpés Q {E%EJEI’SJ?.%I')E%#BU(
G-Designer ¥ L ar (1223 toKens)
1k (719 tokens) “Chain’/ +
ns)¥ + #1486 tokens)
90 9 96 58 60 66 68
Acc y(/) MMLU (Hi, gh cho lB ology) Acc y(/) MMLU (College Math)

@) G-Designer Fl| FAGNNAZERSt 45 (T 5 O SML IS H6F

G-designer: Architecting multi-agent communication topologies via graph neural networks ICLR 2025
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1. NI % G-Designer

1 G-DesignerEE(AHEZR
| Materials | Construct ]  Design ]  Optimize |

[1=q] Graph Auto-encoder

¢ RZEREMATERN
— T2 EREEMLS

® FIFCGNNXYEREMA (T3
=) REREESER
1T ImESFIRES

® FRENIEETKIE
(SRR

® Query/Problem Q

An electric motor has a label on
it that reads: Input: 120V AC, 1.0
Amps, 60 Hz - Efficiency - 75%.
At what constant speed can the
motor lift up a 6 kg mass?

& Agent (node) set V
= {Base;,Role;, State;, Plugin;}

|

Instantiated by gpt-4/Llama 3.1/
o] Role/Pr‘ofile pool

Y g*

ngther Muth Anulyst Physlcus? Economst

@ Tool/Plugin set P

[} Python complier [ File reader
W Text-to-speech translator

Image question answerer

[ Mathematical calculator

...... (other external tools)

Profile Assignment

Math Analyst Programmer Phycist C/llefSc:enlml

Xy

[-Node Encoder'

N7

Task-specific Agent representation

NxD
Ltask € RP xagent e R =
‘:’ Multi-agent Network O

Mathematician

Virtual node

Programmer
Multi-agent Network: G = (V, ) =
Anchor structure A € RY*¥ is either user-defined

or generated by LLMs as an anchor

Sentence Bert;

Decode:

e Encoder ¢: G

o Decoder p : Hogent —> S — Geom
1: Commumcahon Graph
. gcom — (V S ) s ( agentyA-’

Anchor Regular‘lze

— Hugent

Sparse Regularzie

[[Aa —ZWZT||% | ||S — ZWZT |2 + [[W]|.

p_g(s I H) = HHPa 1]|'Uz

=1 j=

q(H | G) =
q(h; | G)

Vj, Utask)

H{il q(h; | G)
= N(h; | pi, diag(o?))

YA TRRT

University of Chinese Academy of Sciences

35' Optimization Config
e Number of dialogues: K
e Execution order: 0 = [Ug,, "+, Vsy)

é"% Workflow

Input query Q [ Construct graph B
Encode & Decode [ Iterative dialogue

are correct.The key 5
relationships used, 1 The input power Py, is
such as the power calculated as:

equation P = F'xv, Pip =V x I=120W
are mathematically

t—1to K

N Iteration round

“python

iv = 120

ic = 1.0
eff = 0.75
eff mass = 6

its correctness;
[For Programmer, write Python
codes for verification

Solution a®) to task @

Based on the discussions, the answer is a speed
of approximately 1.53 m/s at which the motor
|_| can lift 6 kg mass.

arg‘l’lgax Eg,,,~G [W(Geom(Q))]

L= Lutility + Lanchor + Lsparse

26



1. NI % G-Designer

O 1. 2 EBE A BIIFE
855, N8 agent TR ZBHERT RIFE:

x; <— NodeEncoder (7 (Base;),Role;, T (Plugin,))

AE, NMESHERR query BI— MM ERTR” , ETRUEN:
Xtask < NodeEncoder(Q)

BINEE—THBHERIBINM oo, BIIAESEUTRE
BYBIMCAE Ao , BHIISEIZEREAELSH:

> Xa en A
G = (|: Tg t] Aanchm) (V 5)

xtask
—>

= (V U {viask }, € U {(vi, Viask)|vi € V)})v

‘f’(i] 4?7? W«’Lf?

rsity of Chinese Academy of Sciei

Profile Assignment

N alyst Programmer Phy st Chief Scienti

EE

\No

—
A

]
1
st

sk-sp eCIfIC AgenT repr'esenfahon
Nx D
task nt € R
Multi-agent Network -~ 7

Mathematician

Virtual node a g'
C]D

Programmer

Multi-agent Network: G = (V,€) = (X, A)
Anchor structure A € RV*Y is either user-defined
G ted by LLMs as an anchor 2 7

or genera



1. NI % G-Designer

2. @EHMEIT:
EFRNSREANS, R
SR PR B ALY B 4

gcom — f'v (g~7 @v) — p(gcom | H)Q(H | X, Aanchor)
e ~.
ZmIBESIRIR

THBEFNRBESVCAE o

_____________________________________________________________________________

) NFRBES, BERRARBABLERTERT Hogent © |

N
Q(Hagent | X7 Aanchor) — HQ(hz | X, Aanchor)

1=1

o = = e e e e e e e e - = = - -]

{’(i] ﬂ%’ WJL/?

rsity of Chinese Academy of Sciei

[I=1]] Graph Auto-encoder

e Encoder qg: G +—— Hggent
e Decoder p : Hagent ——> S —— Geom

§©® Communication Graph
A gco’rn = (V) gl) == (Xagent7 A’
e <>
==
Anchor Regularize Sparse Regularzie

A, —ZWZ'||Z | ||S —ZWZT||2 + [[W]|.

S 2 Y
Decode:
ps(S | H) —HHp (Sijlvi,
=0 =L vy, vtask)
S Encode: agent
qq;(H I g) = RNXD'

q(H | G) =TI~ q(h; | G)
a(h; | G) = N (h; | p;,diag(c?)) 28




1. NI % G-Designer

1 2. @ EHmIMKIT

EF RIS EEANE, RAEHBEEMDBVCAE /o ~- %m - e "
SREM S BRI TIBH: e
gcom — fv (g~7 @v) — p(gcom | H)Q(H | X, Aanchor)
e ~. \
FRIBESIRIR

_____________________________________________________________________________

2) WFERIS2S, FRRESSENDEREABIESIhIN Y]IE
P(Geom | Hagent) = / Pe(Geom | S)ps(S | Hagort) dS. |

RHBEHING TN GEH:

L ] a(H | G) = [IY, qa(h; | G)
q(h; | G) = N(h; | p;, diag(c?)) 29



1. NI % G-Designer

1 3RBILL:

BEFRRHEING Geon , Z2EREBRFHTNENERRZE.
ZIKLRE, BREMRHEIREZME . CBENN:

argmin KEg_ o, ,~0 [u(gcom(Q)>i| ;
667@d

R, G-Designer BEIZEIEN BN ABBVUESRFOIUK LT
e, SENESHIN, NEHR. BFEIDERER
AGNENIBRHE S —HEMOBROR

=% Optimization Config
e Number of dialogues: K

e Execution order: o = [Ug,, -, VUoy]

*@%/ Workflow

Input query Q u Construct graph u
Encode & Decode u Iterative dialogue

Ouput solution

Solution a*) to task O

Based on the discussions, the answer is a speed
of approximately 1.53 m/s at which the motor
| can lift 6 kg mass._

argmax Eg_,. ~c [4(Geom(2))]
v P

L= £utility S Cancho’r - Csparse

University of Chinese Academy of Sciences
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@ ronTmxs
2. T T55%: ARG-Designer

Azl BRASABEEXRAEERR, WENLBEARFRA
RERBIA—F, sIREBEEREEXLIRIMELTV?

Extensible Role Pool

) F D Fixed Team B8 @e O
A i) : : I ° : ,
Eres =t::im\ 3 Pr‘edeflned Llnk Project Alihm ?Pr‘o%ming% Mathematical ~ Wiki Math
mn § b g{:‘g > @ Manager Designer Fixer Expert Analyst  Analyst  Searcher Solver
[E .g &) Prune/ 2P Task/ B Select and Connect % Q Ecrensible Tear
Task/ cty— 1@ Optimize Query o o € 2— 8= Q Flexible Link
Quer'y Prog;a:\::ing . F?:Zr = . Lm lm é FINISH
P Analyst Task-Specific £ 8 — || ||
Template Graph Topology Generated Task-Specific Topology
(a) Template Graph Modification Paradigm (Existing) (b) Autoregressive Graph Generation Paradigm (Ours)

Q ARG-Designer 3£

JER VS TR FIZES I EMLS

Assemble your crew: Automatic multi-agent communication topology design via autoregressive graph generation. AAAI 2026
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2. NI\ Y% ARG-Designer

0 ARG-DesigneriBinFMGIHHE N B 0B EMRTS
o NECEEEMARE: MOy RHNABMIPNZNELES

=)

nnnnnnn ity of Chinese Academy of Sciences

B ER

® EIE{SHER:: ﬁm%ﬁﬁ%Eﬁ&mZEMEF%?

Gener'a’red
Topology

Node
Generation

Nod Edge
Gene%a?ion Gene r%’rlon

Condition Available to select

d-_-p S I~ -1 q--D STCP-A g 9‘:

’? ;'?';@{23 .‘ piol . \w & P\ ,‘7, ;

: Project Algor'rl'hm Bug Pr'ogr'ammmg Test Mathematical Wiki
Manager Designer Fixer Expert  Analyst

Analyst

Gener'%‘ri on

Math
Searcher Solver

Extensible Role Pool
(a) Pipeline of ARG-DESIGNER Generation

?ﬁ.’ﬂ

BV ERS

32



2. NI\ Y% ARG-Designer

U iRIR—: DEEBEAAE (TRER)

BSLEERA £ — GRU ey (|2, s Zrg s - - - + Zr, <) HreAAriEE
(i) (i) fia - fo
JZ-FX‘E&A fC(;Lnt — (1 - gz) ' fhizst + i - an gi —0 -
Vd
BRI h{%). = GRUjoge(MLPoge ([£in £50c]), hiig)

HETEMAE st = MLPyreg (b, ) - MLP,oje ([Z, Zend))

Node. Node

Ed ted
Generation Gener%?i on Generation GenEedr%?i on &Fgggﬁ)ge)’l .,
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2. NI\ Y% ARG-Designer

JRRT: EsEtE (BEmM)

DIABRRRES h(Y = MLProgeredge (0.

SRS h'?) = GRU gee(MLPyqe (e 757) 04771y

edge edge

- (i) (i) one-hot [, FTMBI—TIRHER
BIUBE segze = MLPprede(Begye ) SN VI B v YBRDBTRSE

*

: s, —> St

Ed ted

code. g Ede o Nede o Edge Spnerle

34



2. NI\ Y% ARG-Designer

J REY)|%R: MISEURES
O80: SPRESESRERER. FENEH, BRRITEIMUSERE. BB
® MISIKRERSE

Complex Cold Start %g Generation Egg}%
RIBATIRENRBERREHRAR, K5 9 | Doy 199 DModel Prune o Execution
EESNSAERERY, fTRIE, R | | semple | |
BEBLLRL RRIDBIRER & bk B8 =

Topologies | g - =1 Degy

l Execuﬂon—|4Drep,ay | Dyrun
. ‘ﬂﬂ: Z g I ..O
*@L\\ﬁxﬁ . L - . Simple _ Fine_-TTan
XY ERRIDEHTER:, PIROMFRT _Rokil, eg. Chan Diimpie (51292 2) Model
\ +

ER, TRREEHREYEIENIIZFER
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2. NI\ Y% ARG-Designer

- 1‘%2“:‘

7‘

IR

e \Lﬁ‘itﬂ%ﬁﬁiﬂﬂiﬁiﬁﬂﬁ’iﬂ%, 7" @—EI‘M‘%F

l\\\

,92&}:7" DeffJ: AT

VI

Complex
Lrode = Z ZIOO PH |g<z'7 Q R) e.g., Mesh ~ |
(G,Q)eD i=1 T
|V| 1—1 VAN
— 1/
edae - Y Y y‘ log Py(e I’L|Z i»G<ir Q). Topologies
(G,Q)eD i=1 j=1 l
Liotal = @+ Lnode + (1 - G‘i) : Eedge eglmg\im

University of Chinese Academy of Sciences

U NESLEH, DARREAD
B Do bift

FRBEg,

e
T e
Fine- fune 0‘0‘ 4

tage 2
(Stage ) Model

(b) Pipeline of Model Training
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3. £NT5E—OFA-MAS

QL MBERTIEFMEIT AZ{LE ‘one-for-one”3E 1\ S
MMESEERG— T ERBINERIREL, tRZ="one-for-all”8Y
i}E—ff%’L, - N ESEOBITESE R IMERTM

—\H EE ™
= % 22— | @i

@ OFA-MASMEBS(FRERIBINER,, EQRESHENG—
JENE RS

37
OFA-MAS: One-for-All Multi-Agent System Topology Design based on Mixture-of-Experts Graph Generative Models. WWW 2026
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3. £NT5E—OFA-MAS

1 RENERE: (T % NERSmSS N ER BT ENRIR

’.___________________________.\ e e e e e o e e e e e e e e i

E = ! @ E;"Q@ )
== s i
Ex-sfmgAgen-r Roles Query E = (=)
2 2 sy z (==»
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Oasis: Open agent social interaction simulations with one million agents. 2024
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