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Resistance: Avalon

* Social deduction game

* Heavy language and
conversation

component




Challenging benchmark

e Multi-turn
* Multi-agent
e Textual discussion

 Partial observability

1 think that players 1, 5,
and | would make a
great team

..
. ~3

. .~
+»* Players 1 and 5 went on *s

Deduction

.
' the last mission and it ¢
%, failed. Player 3 mustbe ¢
" evil 4
el s

and player 3

I need you to vote yes for
this team with you, me,

I refuse to be on a team
with player 3. He tried to
choose the last team plus

himself!

1 know the first mission
with me and player 5
failed, but it was obviously
5 who failed it

Would you be happy with I
a team consisting of you,
me, and player 1 then?

Coodination

Not true! It was player 1! 1
voted pass on the first

mission. n

Player 5 has been acting
very suspiciously this
game, trying to get on
every team

Deception
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Key challenge - ~

High level strategy ¢ . .. .

abstraction feedback
Stategy &
IdeaAeaB
How can we get an LLM- s
agent to self-improve itself T )

LLM-improved

for complicated tasks?
strategy

<=

- Leverage abstraction
strengths of LLM

- Extract high level
“intuition” of LLM

Low level policy

vy
0"

—>

Refined
policy
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Example value heuristic

The agent learns how to
evaluate game states!

Very intuitive for both
LLMs and humans

Avalon Value Heuristics Function (Before)

def evaluate_state(state):
num_successful_quests = sum(historical_guest_results)
num_failed quests = len(historical_guest_results) - num _successful_ quests
num_remaining quests = len(num participants_per_quest) - len(historical_ guest_results)

num_evil = len(players) - num _good
num _evil_in_quest_team = len([player for player in quest_team if not is_good[player]])

success_prcobability = 0.5
if phase == 0:
if num_successful_quests >

>
w

success_probability = 0.9
elif num failed quests >= 3:
success_probability = 0.1
elif phase == 1:
success_probability = 0.8 if num evil_in quest_team == 0 else 0.2
elif phase ==
success_probability = 0.9 if num successful_cquests > num_failed quests else 0.1
elif phase == 3:

if 'Merlin’ in roles and ’Assassin’
merlin_index = roles.index(’!
assassin_index = roles.index(’A
if assassin_index in quest_team:
success_probability = 0.1
else:
success_probability = 0.9

expected_winrates_per_player = dict()
for player in players:
if is_good[player] :
expected_winrates_per_player[player] = success_probability
else:
expected _winrates_per_player(player] = 1 - success_probability

m o f

: num_successful_quests,
: num_failed quests,

: num_remaining_guests,

2" ¢ num_evil_in_guest_team

return expected_winrates_per_player, intermediate_values




Example COT strategy

Example Generated Dialogue Strategy Guide for Assassin

1. Q1: Which player seems to have a deeper understanding of the game flow than

T h eada ge nt | earns h (0)Y,'} normal Servants should possess?

2. Q2: Develop a non-confrontational statement to subtly challenge this player. This

to cra ft d ece pt ive should cause them to either prove their innocence or reveal more clues about their

identity.
S‘t a te men t S ! 3. Q3: Who has been the most influential in the team selection and voting process?

4. Q4: Devise a statement to express agreement with this player’s viewpoint sub-
tly. This should make you less suspicious while enabling you to manipulate the
discussion.

5. QS5: Which player seems the most supportive of your views and actions in the game?

Th ea ge nt |e arns a Ste p_ 6. Q6: Craft a statement subtly emphasizing your alignment with this supportive

player’s thoughts. This should increase your chances of being included in quest

by_ ste p COT p rocess a I | k teams and reduce suspicion around you.

by itself



Selt-improvement loop

Use
evolutionary
search
strategy

Skill coach

Reflection and idea generation step

(

Key states in simulated trajectory )

State: Both players have cards 1,2,3 in their Sampled

hands Strategy Feedb
Action: Player 1 played card 3, player 2
2

Strategy Library

Stategy B

ack

played card 2
Outcome: Player 1 lost, Player 2 won N\

Search estimate: 30% winrate for player 1

Stategy A

Idea A Idea B

Intermediate values: Player 2 has the

L highest card

Translate to
\ natural language

You are a coach. \
Previously you suggested this
{strategy}, which produced these
{intermediate values} at this
{state}. Search suggests that the
value of {state} is {search
estimate}, while this is the {final
outcome}. What conclusions can
you draw, and what are {k}
ways we could improve the

—

Ideas
Score priors

strategy?

Idea Queue

| Improvement idea A, score

Improvement idea B:

Increase the winrate for whichever player
that holds the highest value card

Score: 2.3 => 3.1

Number of implementations: 2 => 3

| Improvement idea C, score |

Adaptive Tree/Bandit

Sampling Policy

(Slategy AA) (Sfcﬂegy AB) :: Stategy BB

<

Strategy improvement step

/

You are a coach. Previously you
suggested this {strategy}.

Implement this {improvement

idea} into the strategy as best

Sampled
as you can

stategy

and idea *

Example strategy

: def evaluate(state):
intermediate_yalues['num_cards’] = 5

return [<playerlscore>, <player2score>],

Strategy,
Feedback

intermediate values

W

Updated idea

score




Strategist agent vs other Al agents

Table 5: Results of STRATEGIST playing against LLM-based baselines, i.e., ReAct and ReCon.

Metric VS ReAct VS ReCon Ava I on
ReAct  STRATEGIST ReCon STRATEGIST 0.45
Winrate 475+ 25 525+25 389+£5.5 61.1+55 0.40
#Tokens perround 56 +14.3 1643 +£27.7 24574+212 248.2+24.1 :
o 0.35
)
©0.30
= 0.25
Strategist compares favorably 090

against both search only and 0.15
LLM only methods 0.10




Strategist vs Humans

/

Voting action distribution % Correct vote
B Approve I Reject B Correct Incorrect

- ‘ ‘ ‘ “ ‘

As Merlin As Servant As Evil As Merlin As Servant

Persuasiveness

Merlin Concealability

Adaptability

Cooperation

Reasoning

Evil Concealability

Evil Detection

=== Human  —— Strategist

Strategist is much better at concealability than

human players!



