RECONCILE: Round-Table Conference Improves

Reasoning via Consensus among Diverse LLMs

Justin Chih-Yao Chen Swarnadeep Saha Mohit Bansal
ACL 2024

2024/9/30 ZEEAZEHHESE M2 BEATF

https://aclanthology.org/2024.acl-long.38 1 1



B

.

B XTICTH L. BEHOLLMI—Y Y MK 2EREE

L7 —727RECONCILEZ 2%

Aray

. [DDON3S

D

. —EBDNRYF

FD T X

. BERZEEOLLMOF A, thT— /I/I\/\@JHE\ HEEE
CEDLLMOF>HA#HEZHRE L. BEDRE

:7_

k

= LV BE 7 3ZE K

ESH

—

-V — 7 TlEChatGPTClaude2FE N GPT-4 &

RTEEZEL 7L —

5 AT

x%T:F'UJ:
JICED, B—IT—I 1Y MNPREEDVILFI—I TV MNFEL

0|5 Z



=HE

5=

. LLMOH#EEREENI DR LD e, AEIDEZEDBEBREZERMU cFENHZL RSN
TW5

. Self-Reflection-LLMICBBDEIZEZiEDiRUBEIE. BEDOmEZF L

. Multi-agent debate B—DLLMOSEHDOD I -V N Z2ER U TERS
_tJ-\ =X:I%XE/]7LCJ~ 0|2 €%<

 EFDODFEIFE—DLLMZTRE UL TWBD, EFILDOED/I\A 7 APEFIFEEL
e R DEFH IC [N D= ICEREN TS L < 7R L)

w2752 MBEFONBE OBRNDETH B IR

) Z5 5L MICERS TS & THEEAE LT 2D TIFBRWA?




REFE

. RECONCILED LI LU D

Phasel: #JER#Z D4 Rk

Phase?:
Phase3:

e

8

=
=174

all]l

2 EIOF
IRNTREEDRTE

NSZ

P!

D

Question: Is August a winter month for part of the world? J

/—( Phase1: Initial Response Generation )

Initial Prompt

. Yes, parts of the world in
. Southern Hemisphere...
' | am 60% confident ...

R —_—_—_—_—__—__—__—__—__—__—__—__—___—_—_—

- ————

Round 0 N
Initial Prompt Initial Prompt
T 2 S \ 2
A\ . . : 3 *‘N . N
. Yes, in countries like | | 'No, August is a summer
' Australia... { | month... :
. 1am 70% confident ... { | 1am 70% confident ... ,:

. —_—_—_—__—__—__—__—__—__—__—__—__—__—__—_ -~

Phase2: Multi-Round Discussion )

o7

—————————————————————

Yes, August in Southern
Hemisphere is actually...
| am 80% confident...

- —— -

Yes, after reviewing, |
still think the answer...
| am 80% confident ...

o ————— -~

No, in Northern

Phase3:

CTeam Answer Generation)

/_( Weighted Vote %

Yesx 0.1 Yesx 0.3 Nox0.3

\_yes no

—— Ans: Yes

J

/_( Weighted Vote k

Yesx 0.5 Yesx 0.5 NoxO0.1

—— Ans: Yes

\
I
Hemisphere... i
| am 50% confident ... 1

——————————————————————

————————————————————

| Yes, August is a winter
| month for part of the...
| am 95% confident...

L ————_—_—_—_—_—_—_—__—_—_—__—__—__—__—__—__—___ -

- ————
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I
\
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Yes, | agree that August
Is a winter month...
| am 100% confident ...

<>
Yes, | think in Southern i
Hemisphere... :
| am 60% confident ... !

\_yes no )

/_( Weighted Vote k

Yesx 0.8 Yesx 1.0 Yesx 0.3

——————————————————————

I — Ans: Yes
\yes no )
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Question: Is August a winter month for part of the world? J

O é é: I:: Ea . ﬁ L'TZJX % |I:l:l| jj é —l:J: % ;\ Southern Hemisphere... E E Australia...

B

XConvmcmg Samples C ];e[x

Question: Can a prime
number be represented by the
number of days in a week?

r( Phase1: Initial Response Generation ) Round 0 \
Initial Prompt Initial Prompt Initial Prompt
¥ R 2 SR \
Yes, parts of the world in Yes, in countries like | "*No August is a summer :
t 1 month... E
| am 60% confident ... | am 70% confident ... | | | am 70% confident |
L Initial Prompt )

—b

Explanation: There are 7 days
\in a week. 7 is a prime number)

{convincing_samples}
Q: {test_question}
Please answer the question with step-by-step reasoning. Also,
evaluate your confidence level (between 0.0 and 1.0) to indicate the
possibility of your answer being right.
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/—( Phase2: Multi-Round Discussion \ * Round 1

Phase?2: f224[5] D

---------- s ®-------Feee N
Yes, August in Southern Yes, after reviewing, | No, in Northern

\
| 1
. Hemisphere is actually... still think the answer... Hemisphere... i
r lam confident i

3 S | /‘-AA- » | am 80% confident ... | am 50% confident ...
- ‘y 1 / I\ 0) EI — % \‘ --------------------------------------------- N Y

- ——
o ————_—_ -~
- - - —

- —— -

: 1 o; g
e - e R , Wy X ,
e L i Yes, Augustis awinter | | Yes, | agree that August | | Yes, | think in Southern ¢
/_Ii,:,, :IZ | /\-§ % > L 4= = i month for part of the... | | is a winter month... { 1 Hemisphere... :
g -I- / 1 / I\ Lj: ] d) L — = CTrog/= «  lam 95% confident... |  lam % confident ... | . lam 60% confident ...
— e k -----------------------------------------------------------------

. EEEZL NI 5
0| & & HEHR, EER El

e ( Discussion Prompt ) ~N

/_ii @ /-:-\ = 7'3 - :l:& —é" % 75\ ;EJUE 7 Ij \/ I\‘\ %& L: {convincing_samples}

{initial_ prompt}

i:':'_:':- 'a— % i T\J//(J: % l%gl% D lX 'a_ Carefully review the following solutions from other agents as additional

information, and provide your own answer and step-by-step reasoning to
the question.

Clearly state which point of view you agree or disagree with and why.
There are {majority_num} agents think the answer is {majority_ans}.
One agent solution: {agent_reasoning} {agent_ans} {agent_confidence}

One agent solution: {agent_reasoning} {agent_ans} {agent_confidence}

There are {minority_num} agents think the answer is {minority_ans}.
One agent solution: {agent_reasoning} {agent_ans} {agent_confidence}
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Yes, August in Southern
+  Hemisphere is actually...

] .
v lam confident... i L lam

————————————————————————————

E . . \
{ ' Yes, after reviewing, | |
{ ' still think the answer... : ! '
confident ... | 1 lam confident ...

———————————————————————————————————————

pv Dgl)

No in Northern
Hemisphere...

/—( Weighted Vote k

| I

\_Yes no

Yesx 0.5 Yesx 0.5 NoxO0.1

—— Ans: Yes

J

1.0,
0.8,
f”) =4 0.5,
0.3,
0.1,

if pi”) = 1.0
if 0.9 < p{”) < 1.0
if 0.8 < p\"”) < 0.9
if 0.6 < p\” < 0.8

otherwise
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SRERIER

Method Category Method Agent StrategyQA  CSQA  GSMBK  AQuA Date
Zero-shot CoT GPT-4 75.6+47 73.3+04  90.7+17  65.7+46  89.0+22
Vanilla Zero-shot CoT ChatGPT 67.3+36 66.0+18  73.7+31  44.7+05 67.7+12
Single-agent Zero-shot CoT §* Bard 69.3+44 56.8427  58.7+26  33.7+12  50.2+22
Zero-shot CoT A Claude?2 73.7+3.1 66.7+21  79.3+36 60.3+12  78.7+2.1
Eight-shot CoT A Claude? 74.3+0.38 68.3+17 84.7+09 64712 T8.7+17
Advanced Self-Refine (SR) ChatGPT 66.7+2.7 68.1+18 74.3+25 453422 66.3+2.1
Single-agent Self-Consistency (SC) ChatGPT 73.3+05 73.0+08 82.7+05 60.3+12 69.3+04
SR + SC ChatGPT 72.2+19 719421 81.3+17 58.3+37 68.7+12
Debate X3 66.74+3.1 62.7+12  83.0+22 653431 68.0+16
Single-model Debate §¢ X3 65.3+25 66.3+21 56.3+12 293442 46.0+22
Multi-agent Debate A x 3 71.3+22 68.3+17  70.7+48 62.7+26 75.3+33
Debate+Judge X3 69.7+2.1 63.7+25 74.3+29 573421  67.7+05
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SRERIER

Method Category

Method

Agent

StrategyQA

CSQA

GSMSK  AQuA

Date

Zero-shot CoT

()5. 7:4.6

Zero-shot CoT

©) ChatGPT

67.3+36

66.0+1.8

73.77+3.1

44.7+o0.5

67.7+12

Vanilla

Single-agent Zero-shot CoT §‘ Bard 69.3+44 56.8427  58.74+26  33.7+12  50.2+22
Zero-shot CoT A Claude? 73.77+3.1 66.7+21  79.3+36 60.3+12 78.7+2.1
Eight-shot CoT A Claude?2 74.3+0.8 68.3+17 84.7+09 64.7+12  T8.7+17

Advanced Self-Refine (SR) @) ChatGPT 66.7+2.7 68.1+18 743425 453422 66.3+2.1

Single-agent Self-Consistency (SC) @Lj ChatGPT 73.340.5 73.0+08 82.7+05 60.3+12 69.3+04
SR + SC ©) ChatGPT 72.2+19 71.94+21  81.3+17 583437 68.7+12
Debate © %<3 66.7+3.1 62.7+12 83.0+22 653431  68.0+16

Single-model Debate Q‘ X3 65.3+25 66.3+21  56.3+12  29.3+42 46.0+22

Multi-agent Debate A ¥ 3 71.3422 68.3+17 70.7+48 62.7+26 75.3433
Debate+Judge © x3 69.7+2.1 63.7+25 T4.3+29 573+21  67.7+05

Multi-model Multi-agent

RECONCILE

79.0+16

74.77+0.4

85.3122

66.0+038

86.7+12
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Method Accuracy
Best Single-agent (zero-shot) 75.6 ([€)) 73.7 (AV)
Best Multi-agent (Debate) 83.7 ([8) x3) 71.3 (@) x3)
RECONCILE 87.7 ([E.¢,.®) 78.0(0).®.gf)

ETIILDER A TCBRDSQAD HERE

& D3

SMOBELTDZENEETH S

Method Accuracy GPT-4
GPT-4 (zero-shot) 44.0 ([8)) ¢, Bard
Best Single-agent (zero-shot) 50.5 (W) A\ Claude?
Best Multi-agent (Debate) 48.7 ([ x 3) ChatGPT
REC 58.3 , A\,
ProNCILE B8 of LLaMa2-70B
BTy X7 | c_f|:— 1t b J=E€7)LDeepSeekMath%z @& DeepSeekMath
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. LUT DEE TCSQAD 4 EE 2 51

. w/o Multiple Model---EF )L =2 TChatGPTICd %

. w/o Grouping &g D 7OV M CEWTEAERZEHICHNZET S

. w/o Convincingness:-- 7 A~ 7 k Mconvincing samplesZ X D [& <

. w/0 Conf Estimation---fEEEZHDRE. RRNLBEOKREZ ZHRTITO

NTHEMRENMET. SEREROLEENTEND — rv—
RECONCILE 79.0+1.6
w/o Multiple Models  72.2+2.1
w/0 Grouping 76. 7425
w/0 Convincingness 74.541.7

w/0 Conf Estimation T7.7+13
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Metric Method Accuracy D (Al1,A2) D (AI,A3) D(A2,A3) D (Al A2, A3)
RECONCILE ((&) Paraphrased) 72.2 0.9364 0.9376 0.9453 0.9398
BERTScore  RECONCILE (@) x3) 72.2 0.9077 0.9181 0.9049 0.9102

RECONCILE (@), 4, @) 79.0 0.8891 0.8833 0.8493 0.8739
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—e&— ReConcile —e— Debate (ChatGPT) -—=— Debate (Bard)

82
80

o3 —7
76
74
72
70
68
66
64
62
60

58
56

Accuracy

0 1 2 3 4
Discussion Round

(a)
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—— ReConcile —¢— Debate (ChatGPT) —=— Debate (Bard) —e— ReConcile —&— Debate (ChatGPT) —=— Debate (Bard)

82
80 100
78 —— o

76
74 90

72
70
68
66
64
62
60
58 60
26 55

0 1 2 3 -+ 0 1 2 3 4

85
80
75

Accuracy

70
65

Consensus (%)

Discussion Round Discussion Round

(a) (b)
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ReConcile —&— Debate (ChatGPT) —=— Debate (Bard) —e— ReConcile —— Debate (ChatGPT) —a— Debate (Bard) ——— w/o Discussion w/ Discussion
82
80 = 100 0.9
78 % . 95 0.85
76 S
74 s, 90 0.8
>~ ~ >
@) 72 " 85 O 0.75
£ 70 5 80 e -
35 68 2 = 0.7
o 66 o 75 9
< 23 8 70 < 0.65
@)
60 O 65 0.6
58 60 0.55
56 55
0 1 2 3 4 0 1 2 3 4 0 20 40 60 80 100
Discussion Round Discussion Round Consensus (%)

(a) (b) (c)
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