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1. Enhancing Reasoning in LLMs
*  LLM+P (Liu et al., 2023a)
«  RAG (Lewis et al., 2020)
*  Galactica (Taylor et al., 2022) -
2. Al for Social Deduction Games
« DeepRole (Serrino et al., 2019)
*  Deep Wolf (Shibata et al., 2023) -
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| Methods - Framework

e
(& Witch) day 2, Player 4: - Game state
: P
Player 9's speech sounds like a werewaolf. > W \_ ) | i:

[l
w [l
Right from the start, his speech seems to LLM Filters

. -> - EEEEE
. Identity
be :an attempt lto save you. You claim Identity
you're not afraid of being checked for .
] . \ predictions
shooting, so this round, Il vote you out. . .l
Speech history | Tonight, | plan to poison Player 9. | Speech history

— © GPT | Finetune 3 —

Player 2, look at how your teammate

i | strongly recommend voting for Player 2,
I | | let's whether you are a Hunter. | think | | ~--% L::agi:amge l' @ vi _
Speech Players 2, 5, and 9 are three werewolves. | % w peec (8 Villager) day 2, Player 6:
1 - Hello, | am Player 6 and | am a
! Villager. | think Player 9 is a good
1 . -
v 1 g ? g 3 g g g g g Policy Instruction -~ Speec_h < guy. | don't think he has any
@GPT + LtM I think werewolves are Players 2, 5, and ' model model instruction werewolf teammate. Both Player 3
9. | suggest voting for Player 2 to check : - 2: vote out and 9 coulc’ be the hunter, but Player
ummary the Hunter. | will poison Player 9 tonight. \ ;f \ - 2: werewolf 9 has a hlgher: tolerance. Player 5
5 o : 1~ - 3: hunter has revealed himself as a werewolf,
© '% . — i ~Jou [N B ! - 5: werewolf Player 2 is likely to be one as well. |
D\ Identities: Actions: ! ﬁ:{ g ]Br g g g g g g g | _: - B: villager suggest we vote Player 2 out first
- witch: 4 ' - “"5’!‘3 ‘3"{"3 42 |-- [==] R — - 9: hunter and then see what happens
easoning - werewolves: 2,5,9 - poison: 4 > 9 Vote Skills Speech feature tomorrow.

Figure 1: Overall processing framework and modules in the Werewolf implementation.
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Listener

Synthesize & summarize
(LtM prompting)
Reasoning and feature
extraction

+ ChatGLM-6B fine-tune
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Thinker

Direct knowledge from

databases + various optimizing
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Cloning) + Reinforcement
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Extract language features
Compare for similarity to
original speech instructions
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Presenter

Controllability (strategic
instructions from the
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Quiality (no hallucination)
+ ChatGLM-6B fine-tune
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| Experiments - (1) Deductive Reasoning
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Figure 2: Voting and identification accuracy evaluating the reasoning capability from the perspective of villagers.
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Figure 3: Human preference score for generated speeches
grouped by 1dentities.
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Day 1, first round speech sequence:

| Experiments - (2) Thinker-induced Speech Generation (TS

8: & Seer>9: € Villager > 1: & Witch > 2: ¥ Villager > 3: 5 Werewolf > 4: €¥ Villager > 5: & Hunter > 6: 5 Werewolf > 7: 3% Werewolf

Speech History
(8: = Seer): Hello everyone, | am Player 8 and my identity is a Seer. Last
night | checked on Player 7, he was a werewolf.
(9: €% Villager): ...
(1: & Witch): | am the Witch saving myself. | suspect that Player 6 is a
werewolf and | will poison him. Player 9 sounds like a good man.
(2: “3 Villager): | am a Villager, let’s listen to Player 7’s statement.

Speech without Thinker instruction

(3: maw Werewolf): Fellow villagers, | am Player 3. Based on the previous

speech, | think Player 9 is a good guy because he said nothing but external
information, which is an opportunity for us werewolves. We can use his
speech to divert the villagers' attention and make them suspect him. As for
Player 6, | don't have enough information to make a judgment. Additionally, |
noticed that Player 2 claimed to be a Villager, which presents an opportunity
for us to get him on our side.

Thinker-induced Speech
Speech instruction:

+ "identities": {"seer": [3], "good": [9]},
+ "actions": {"check": [[3,9]], "vote out™; [[3,8]]}

(3: e Werewolf): Hello everyone, | am the Seer . Last

night, | checked Player 9 and confirmed that he is a good
person; he is my verified innocent. | will protect him to the
end. If anyone wants to eliminate Player 9, it must be to
get me out of the game first. Just now, Player 8 and | had a
conflict over the role of the Seer, and he is definitely a
werewolf. Therefore Player 7 might be a good man. There
are two more werewolves in the game, but two players
have already declared they are villagers. There aren't
enough roles for villagers left. | will listen carefully to the
subsequent players' statements. Everyone, let's vote out
Player 8 this round.

Figure 4: An example comparison of speeches with and without strategic instruction.



P W

:§ | Experiments - (3) Online Evaluation

o5

- A Sa[0] oM e] ds 20l
o

- 5719 REE M0 37t2| combination A4

« = 9Y9| Al &21[0]0{ > 600TH Ofof A

« 552} Behavior Score 4

« O|= 12FHO| 2ZF AAAE 22, 1 human vs 8 Al &8 21
A O

[ ] GPT3.5+T [ J gpt-35-turbo-16k 0613
gpt-4 1106-Preview
GPT 4 + LtM GPT4+T




;\LLc! 3\5
Lt N

V.

Y&

ﬂ. ,{
e

I Experiments - (3) Online Evaluation [TRIY

Table 1: Online evaluation results showcasing the performance of 9 Als using 5 different models and 3 combinations.
Results are presented in the format: win rate | Behavior Score.

Method Total Seer Witch Hunter Villager Werewolf

GPT3.5-LtM  36.7% | —0.21 25.6% 1 +0.16 23.1%1—-0.51 299%1—-0.21 30.8%1—-042 53.4%10.00
GPT3.5-T 474% | —0.05 38.3%1+0.27 41.0% | —-0.14 36.4%|—0.12 338%1—-0.18 68.6% 10.00
Finetune-T 50.3% 1 —0.06 388%|+033 398%1—-0.18 37.0%1—-0.29 39.1%1—-0.11 74.4% 10.00
GPT4-LtM 37.9% 1 —0.01  21.9%1+40.25 18.6% | —0.25 19.4%1|—-0.06 20.3%|—0.00 73.6% 10.00
GPT4-T 41.1% 1 —0.02 204%140.25 23.2%1—-0.10 23.9%1—-0.09 22.5%1—0.09 78.4% 10.00
Finetune-T 43.1%1—-0.04 24.2%140.27 24.6%|—-0.15 234%|—-0.15 23.9%1—-0.11 81.4% 10.00
GPT3.5-LtM  33.0% | —0.22 144%1+0.12 204%1—-046 20.7%1—-0.57 21.6%1—-033 57.0% 10.00
GPT3.5-T 45.0%1—-0.07 33.6%1+0.29 322%|—-0.13 304%|-0.17 27.6%1-0.20  75.8% 10.00
GPT4-LtM 42.5% | —0.03 298% |1 4+0.27 22.2%1—-0.18 27.0%1—-0.20 28.7%1—0.04 71.9% 10.00
GPT4-T 46.3% | —0.05 28.6% 14028 34.5%1—-0.11 31.5%1—0.08 28.0%1—0.18 79.9% 10.00
Finetune-T 45.9% 1 —0.06  29.1% | +0.25 28.3% | —-0.16 29.2% | —-0.21 32.4%1-0.14  78.0% 10.00
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Table 2: Online evaluation win rates with 1 human and 8Als.

Method Total Goods Werewolf

GPT4-T 46.9% 37.3% 65.0%
Finetune-T  45.3% 36.0% 62.6%
Human 40.5% 35.3% 59.4%




Y I Discussion, Future Work

Language feature and speech instruction
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« Dataset (Audio)

* 6B LLM

* APl RAG, Thinker

*  9-player Werewolf game
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* Human participants

* Speech generation > Human Evaluation

+ Hallucination detection

* Fine-tuning, Prompt Engineering, External Module
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