@ SNU Graduate School of Convergence Science & Technology Human Centered Computing Lab

Lab Seminar

2024.02.28

UM



HCC
LAB
S NU

EXPLORING COLLABORATION MECHANISMS FOR
[LLM AGENTS: A SOCIAL PSYCHOLOGY VIEW

Jintian Zhang®; Xin Xu®* Shumin Deng"'’
*Zhejiang University ' National University of Singapore, NUS-NCS Joint Lab
{zhangjintian, xxucs}@zju.edu.cn, shumin@nus.edu.sg




EXPLORING COLLABORATION MECHANISMS FOR -
LLM AGENTS: A SOCIAL PSYCHOLOGY VIEW

SLER
A& 2
YEm
e E
Background

Can these NLP systems mirror human-esque collaborative
intelligence, in a multi-agent society?
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| Preliminary Concepts in Collaboration

- Society of Mind (SoM) (by Marvin Minsky. 1986)
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- Easy-going
- Adapt well to different situations and are able compatible with various type of agents

- Overconfident
- Overestimate their competence, ignore potential risks and resist the opinions of others
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| Preliminary Concepts in Collaboration
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Thinking Pattern & Collaborative Strategy

- Thinking Pattern

- Debate
- Several agents propose ideas, exchange responses, engage in collective argumentation,

and ultimately reach a consensus

- Reflection
- Agents review their prior responses, extract lessons from their experiences, and refine

their answers accordingly

- Collaborative Strategy
- Permutation of thinking patterns throughout multi-round collaborations
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| Society Simulation

Symbols

Symbols Definition
/8 Set of agent traits
t, Trait .:@.; overconfident
ts Trait 8% : easy-going
A Set of agent instances
a; The 2-th agent
P Set of thinking patterns
o «2 Debate
1 “* Reflection
S Set of societies
S The i-th society

- Collaborative Strategies

PoPOPO,

popopP1, Pop1Po, PoP1pP1, P1PoP0Os P1POPLs P1P1PO0;

L

.,v
%

S1 ={(a1 + t,), (az < t,), (az + t,)}

Sy ={(a; « t,), (ay < t,), (a3 + t.)}

Ss = {(a1 « t,), (az <+ t.),(az «+ t.)}

Sy = {(a1 + t.), (az + te), (az < t.)}
P1p1pP1
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Evaluation Principles

Overview

| am an expert skilled in ..._.. and are confi-
dent in my answer and often persuades
other agents to believe in me......
Overconfident Easy-going
; = - L~
=
L

| am an expert skilled in ...._. and are objecti
....... and | can be persuaded if other agent’s

answers make sense ......

—

Society 1 (5;)

(a) Two Agent Traits.

Agent 1

Agent2

Ayen13

,—‘ Society 2 (S_,)}

Agent |

Society 3 (S3)

Constitute
/

Agent 1 Agent2
P [~
o2y =

- -

Society 4 (S,)

Agent 1 Agent2 Agent3
[ A
SO = = “5

\ - - -

(b) Four Societies

Based on
responses
from agent 1
and agent 2,
| think this
problem ......

Agent3

Based on responses from agent 2 and
agent 3, | think this problem ......

Based on responses from
agent 1 and agent 3, | think
this problem ......

| offer my sincere apologies
for the previous erroneous
response. | made an error ...

Agent2

=

-
=%
=

Agent 1

Apologize once again for the
incorrect answer in my
previous response ......

After reflecting on my previ-
ous answer, | believe that

Agent3

(c) Two Thinking Patterns.

Create a

Society

=

g—
-

”C] Selected |

Solve problem

with Three Agents.
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3 Alternative

e Debate ‘;‘:--%.fl\ Debate 'En.:-‘?‘\ Debate ;-‘--'
ol } >

All 8 possibilities
P,-Debate P-Reflection
PoPoPs PsP.P; PP, P, PP P,

= P, PoP: P.P.P; PPP,

one of 8 possibilities

—>l Reflecfncnp [ Debate \‘—>(Reflec1'|on
~ o

(d) Simulating the Collaboration of a Machine Society.



| Experiments

 Dataset
 High School Multiple-Choice : MMLU dataset. 50 randomly-selected questions.
- Math : MATH dataset. 50 cases from Level 3~5
« Chess Move Validity : BIG-Bench Bechmark dataset.

- Metric
« Acc

« WIN-TIE (W-T) : the frequency (over five trials) where the accuracy either matches or
surpasses the continuous debate baseline (pOp0p0)

- Average token costs

« Use GPT-3.5 api
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| Experiments
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Task Type Prompt

You are an expert skilled in solving mathematical problems and are objective
harmony | and unbiased, and you can be persuaded if other agent’s answers make sense.
Please keep this in mind. If you understand please say ok only.

Imagine you are an expert in solving mathematical problems and are confident
confident | in your answer and often persuades other agents to believe in you. Please keep
this in mind. If vou understand please say ok only.

Here is a math problem written in LaTeX: <problem>\n Please carefully
Math question | consider it and explain your reasoning. Put your answer in the form
\boxed{{answer}}, at the end of your response.

These are the solutions to the problem from other agents:

<other agent responses>Using the reasoning from other agents as

debate additional information and referring to your historical answers, can

vou give an updated answer? Put your answer in the form \boxed{{answer}},
at the end of your response.

Can you double check that your answer is correct? Please reiterate your
reflection | answer, with your answer in the form \boxed{{answer}}, at the end of
your response.
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| Result
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Metric Spars Collaborative Strategy Metric (Society)
(Strategy) | “°¢*% PoPopo Popop Pop1po Pop1n P1popo P1pop 1P po P Cost| W-T?
S, 64.4+17 664422 58.043.7 552444 37.6+7.0 424471  504+43 448427 | 5050 5

- S 67.2+4.1  67.6+7.1 532464 532450 384455 404452  53.6+48 452436 | 5076 2
| ~e A
g £ce S, 62.0+£62  67.6+3.8 52.0+68 572464 424452 37.6+55 552466 400462 | 5073 8
- = 64.8+44 648458 584430 51.6+3.8 38.043.7 420424 540458 412452 | 5080 5

| Cost| | AN | 7528 5957 5402 4374 5812 4215 4272 3001 | )

| W-Tt | Al | ’ 14 2 3 0 0 1 0 |

S, 46.8+8.1  46.04+8.1 440453 444452 50.0+58 492481 420432  42.0+4.0 | 5816 17

_ A S 472464 540424 484438 43.6+43 48.0+42 444479  50.8+3.6 38.8+9.1 | 5844 22
> Acc S, 50.8+4.8 428466 45.6+6.8 452+44 492448 464455 452484  43.64+2.6 | 5837 9
< 5 508454  45247.0 488494 448433 492487 512423 484465 40.8+6.1 | 5834 18

| Cost| | Al | 6919 6302 6221 5667 6149 5645 5924 4807 | )

| W-Tt | Al | . 10 10 9 13 10 10 4 |
2z S, 472436 47.6452 456478 40.0+4.5 428423 292446 424465 200460 | 2927 10
E_-_ . 9 484450 45.646.1 43.6+43 396433 484452 356452 432488 188458 | 2930 6
= ACC o 49.6+5.5 48.0458 47.6455 37.6499 41.6+6.1 352483 404438  14.8+6.1 | 2947 6
S LA 484433  49.644.6 46.04+35 36.844.1 388433 272439  38.0+63  14.0+4.7 | 2959 5
-
2 | Costl | Al | 3736 3169 3196 2627 3266 2714 2698 2123 | )
S| W-Tt | An | - 11 6 1 5 0 1 0 |
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| Result

RQ1: How does problem-solving effectiveness vary across different collaborative strategies and societies?

 Collaborative strategies excel agent composition of society in determining
performance
« Variations in accuracy among societies with the same collaborative strategy are less notable

« pOpOp1 strategy consistently demonstrate superior performance

« The strategic sequencing of thinking pattern is crucial

« Commence with p0 outperform

 Different datasets exhibit varying sensitivity to collaborative strategy

« In MATH dataset, subtle performance variances between best and the worst
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| Result

Society Agents with Individual Traits

MMLU Math Chess Move Validity

B - EXaMmININg =50 [Versuhbds apgflpgrleejlerng

& a p,q l]’_ Ogl Ze s 51de 8 paividl " Hou g:‘al ]- l OWS apolog,ne

B Updated :a l lZ [ AP dﬁ%l%gﬁ},ﬂﬂi

no]oglp)tawfully‘ ' sproblem,

o exea:mqlg“r?m q? t ed TR, pqpsd' §e2}b%”e j ustifications

S Ning >a pologles w5 reevalyatlng
47‘ ap l glze GO rev1evv1ng
g. accuratee 20 response \: s ] l potentlrat C*tptur
(1 exp]_anatlons m-consrl'eerS pOﬂSE all‘év\;‘sapologles‘

 Collective dynamics tend to overshadow individual traits

* In, S1(0,0,0), S4 (e,e,e), the term “apologize” consistently emerges with a notably high

frequency in both
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RQ2: How closely does machine social collaboration mimic the dynamics of human society?

Given the chess game “"g2g3 1715 e2e3 d7d5 a2a3 d8d6 g1h3

V. eV V™ P ——
=.§:=’f§" “= '!ﬁ“ ‘\"-’.'nﬂ‘ of '.-'IL‘I)IUH'J‘-'\'I'IQ has an oclet of electrons around the =‘9'_‘:='<§»1=.'§‘:‘ déa3 "L-.‘g b8cH y-'t;-:” a:"ab d2d3 d5d4 g hé g1f3 -J:ty;-\j qu,-'
- e Pt central atom? Tt b=+ ot eBf7 atla3 798 b2b4 c6d4 3d4 gBI7 1213 {716 c1e3 aBa7 a3b3
- _— - A.BF3 B. NH4+ C. PF5 D. SF6 - - g g79g6 e3c1 aSa4 1314 c8", give one valid destination square for
Agent 2 A Agent 2 A the chess piece at "c8".
T 2 - - . ’ 2 . P " .
oy f \ D 5N \ ( f (
=e B NH4 c.PF5 | C. PF5 c.pF5 | e 7 b7 | 47 d7
- \ - \ - \ \ \
© ¥ ® “—® e o ® - o "
Y T
— ) -
v. . G.Pra A e e C. PF5 l) V. J b7 ‘ d7 ‘ b7 d7
e = \ \ e \ o {
;S @ x) : ‘® % X s @ X :
— ——
oSN OS5
— e o ‘ ey — — "] B ] = iy ‘
B cC P S . PFR | ‘ ( DF &R ( PF5 s - 8 1 47 ‘
P 2\ ) v (o A . 2\
Agent 3 ° "\~ ® ® ® ® er @ ® @
Initial Answer Roundl/Debate Round2/Debate Round3/Reflection Initial Answer Roundl/Reflection Round2/Debate Round3/Debate
<x> Wrong Answer O Correct Answer ‘ 'CX) Wrong Answer O Correct Answer
(a) Case in MMLU using strategy p,p,p;. (b) Case in Chess Move Validity using strategy p,p,p, -

« Group-think theory : members of tight-knit groups tend to value harmony and consensus over objective
critique of divergent views

« Initially responds correctly but swayed by misguided answers and explanations from the other two agents

« SoM theory : multitude of agents collaboratively yield intelligence

« Converge on the right answer after engaging in a society-wide debate
EXPLORING COLLABORATION MECHANISMS FOR LLM AGENTS: A SOCIAL PSYCHOLOGY VIEW (2023)
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| A Social Psychology View

« To determine the answer for each round, employ the majority vote

« 3 groups over the four rounds
« Correcting Mistakes (FFFT, FFTT, FTTT)
« Changing Correct Answers (TFFF, TTFF, TTTF)
- Wavering Answers (FTFT, FTTF, TFTF, TFFT)

« Categorization is under society-agnostic, considering performance

variance between societies is negligible
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| A Social Psychology View
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(Cc) Accuracy of Chess Move Validity.

2o

S Accuracy after 3-round collaboration

SN Accuracy before collaboration
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| A Social Psychology View (28
Continuous reflection experiences greater instability [ el 2
« Continuous reflection (pOp1p1, plp1p0, plplpl) £ 1] A _
- - : e N A
have high proportion of answer-wavering i SRS L S S SRS S SN L
PolLaPo Polaiy Pol1Po a1 71Pocfo P1Pol) 22y Po
(d) Behaviour of MMLU.
« Pure Debate (pOpOpO0) reduces answer-wavering o
« LLMs insist on their stance once confident ;:,fii‘;:
(degeneration-of-thought) B
« Debate can counteract the instability introduced 00
by reflection (p1p1p0 vs plp1p1)
« Debate’s capacity to balance and stabilize - i =
collaboration s
‘-g 10 %

e}

LofP:100 Pof2101 P1PoPo 1o DID:OFL .01!'?1132
(f}) Behaviour of Chess Move Validity.

WL Percentage of correcting mistakes i Percentage of changing correct answer A% Percentage of answers wavering
EXPLORING COLLABORATION MECHANISMS FOR LLM AGENTS: A SOCIAL PSYCHOLOGY VIEW (2023) 16
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| A Social Psychology View

Different Numbers of Agents
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MMLU Chess Move Validity
L 50 4 ke
60 o 204 - -
- V|‘| - R o
2 i 7 40 b N ;
= 00, > N, ) Bk, N
ga01 HH4 g % N, &7 % &7
g % 8 Y, &) & N %
o 0 U v NG 7 /7,
204 M = A '\’/ A )
i Z 1 N, B N ¥ N
2 10 + o /) \ %/ % = ;\\'\;/
004 . s N ’
M oT i | et wm il & 8 8D ND
PoloPo  PoPof1 PoiPo  PoliP) 21PoPe MPol)  Pi2Ro PoPaPo  PoPoPy  Poilo Loy PiPePo 2Pl Do ey

« The rise of the number of agents (52(0,0,e) + 0), most collaborative strategies exhibit drop

in average performance

« The dynamics of group decision-making can lead to suboptimal results, especially in

smaller, more cohesive groups where conformity pressure is high

EXPLORING COLLABORATION MECHANISMS FOR LLM AGENTS: A SOCIAL PSYCHOLOGY VIEW (2023)

17



<ff4’
0

ally

NS

T
Elwn
E

| A Social Psychology View

Different Rounds
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Chess Move Validity
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PoPap PoPop PoP1P Pap1P L1Pop P1Pap 21010 =239 - PaPop Popop Pop1P Pop1 P £1000 P1Pop 21010 piop

 Strategies start off with commendable performance tend to see a decline as the number

of rounds increase

« Strategies initially underperform witness an upswing in effectiveness with more rounds
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| A Social Psychology View

MMLU
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Chess Move Validity
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PoPoPo  PoPoPir PoP1Po PoPaP:  PiPoPo PiPoP1 BiPiPo P B)
All<Part All-Part Al <«Part All«Part All<Part Al<Part All-«Part All-Part

« Part: PO => 2 agents with PO and 1 agent with P1

PoPoPy  PoPoPy PoiPo PoPiPyr PaPoPo PiPoBr PiPiPo PP

All<Part All-Part All<Part Al-Part All<Part All<Part All<Part Al'<Part

« The presence of inconsistent thinking patterns within a society tends to negatively impact

performance
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