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I» GAMA-Bench Motivation

»How is LLMs’ decision-making ability in game theoretic scenes?
1. Multiparty: theory-of-mind reasoning
2. Calculation: arithmetic reasoning
3. Understanding: environment & game rules

»Games: ideal test bed for LLM evaluation
1. Scope: abstraction of real-world scenarios
2. Quantifiability: compute scores with math models
3. Variability: changing game parameters
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» Limitations in Existing Frameworks

1. Two-player setting
» Prisoner’s Dilemma; Ultimatum Game;
» Diner’s Dilemma; Pirate Game;

2. Pure strategies

» Games without Pure Strategy Nash Equilibrium: Rock-Paper-Scissors; El Farol Bar Game
» Mixed Strategy Nash Equilibrium (MSNE) n 7 2

3. Fixed and classic setting

» Guess 2/3 of the Average
» Guess R of the Average
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» GAMA-Bench Game Types

GAMA-Bench Framework

i51> B W ©

1. Cooperative Games
» Get worse if not cooperate

3
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2. Betraying Games

> Get better |f nOt COOpe rate Cooperative Games (1) Guess 2/3 of the Average (2) El Farol Bar (3) Divide the Dollar
- 7 * I - -
» Simultaneous Games F{> |:{> _@“r@ W@H
N ; = fe=]
| Betraying Games (4) Public Goods Game (5) Diner’s Dilemma (6) Sealed-Bid Auction
3. Sequential Games !
i
. 3%
> GAMA_ Bench Strengths . | Sequential Games (7) Battle Royale (8) Pirate Game
) 1
1. Not just 2-player/2-action games
2. Not only PSNE
3. Not only one game setting
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2» Highlighted Games 1/4 (Cooperative Game)

»Guess 2/3 of the Average Winl
21\ /37 21 37
Average: 54.25 > Take 2/3:36.17
64 95 95

»Average of [0, 100] -> 50 -> Take 2/3 -> 33.33
»->Take 2/3 -> 22.22 -> Take 2/3 ->14.81 -> ... -> 0!
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> El Farol Bar Game
» The most historic and iconic bar in Santa Fe, NM, USA

> Rules

» N players decide independently whether to go to the bar

» Bar has its capacity:
» If < 60% of N are in the bar, they have More fun than staying home
» If >= 60% of N are in the bar, they have Less fun than staying home

> There i1s no PSNE!

> If everyone acts the same, either All or None are in the bar; Less total utility!
» MSNE: (60%) Go + (40%) Not Go
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2» Highlighted Games 3/4 (Betraying Game)

»Public Goods Game

a a6 a 6

$20 $20 $13 $17
733 $28—x2 $56
$0 $18 X

$20 $20 $20

»Dollars in the public pot multiply by R (1 < R < N)
»Players tend to free-ride
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2» Highlighted Games 4/4 (Sequential Game)

> Pirate Game

ATl Fﬂ

)

-0 -8 &

> 15t Pirate: 0 for 2"d, 1 for 39, O for 4™, 1 for 5t ... And keep the remaining

)
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I» GAMA-Bench Evaluation Metrics

1. Optimal Strategy
» For self-interest
» For social welfare: Require priors

2. Human Choices
» Require user studies

»We mainly study optimal strategy
for Self-Interest iIn GAMA-Bench

» The scores are re-scaled to 0-100
(the higher the better)

(MAX _MIN)—51 4100, R<1
5= 4 (1 - BRI ca00, R=1,
S1
et * 100, R>1
max(R,1 — R) — S,
S, — 100
2T Thax(R,1-R)
S5 = max (G_ 5, 100,0) ,
G
g =51 %100, £<1
P78 %100, E>10
S5 = (1 - 85) * 100,
SB = 86 * 100,
S7 = 87 * 100,
2+xG— S
Sg= i 8P*50+ng*50.

2x G
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» How Does GPT-3.5 Perform?
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0- 07
10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
(1) Guess 2/3 of the Average (2-1) El Farol Bar-Explicit (4) Public Goods Game
Average Number and Winning Number Number of Players in the Bar Average Contribution and Return

Pirate Rank 1 2 3 4 5 6 7 8 9 10 Sg P SSV

Round 1 100 0X 0x 0x O0x O0x 00X 0x 0xX 0X 8 1.00

Round 2 - v 00X 1v 0O/ 0x 0X 0X 0X o/ 6 0.75

Round 3 - - 50/ v W W W W 1V 4y | 94 0.57

J Huang et al. Competing Large Language Models in Multi-Agent Gaming Environments. In ICLR 2025.

10




» How About the Robustness?

Temperature 00 02 04 06 08 10 Avgistd Version V1 (Default) V2 V3 V4 V5  Avgisuy
480 500 498 547 6LT 654 549i71  Guess2/3 of the Average 65.4 664 479 669 69.7 63.3157
: : : : : : e Divide the Dollar 68.1 81.0 914 758 79.6 79.245;5
15.3 10.7 17.8 18.0 36.5 41.2 2334125 -
Diner's Dilemma 00 00 00 00 00 40 0716 peeublicGoodsGame 41.2 266 452 502 242 37.5:i115
Sealed-Bid Auction 13.1 14.0 122 11.1 13.0 146 13.04;, 144'06 131°58 103'04 58760 igg 11%%i23-7
Battle Royale 28.6 26.7 46.7 15.0 33.3 20.0 28.4.;, caled-bid Auction - : : : : 043.0
Pirate Game 75.0 539 T77.7 838 595 80.6 T71.74121 Battle Rovale 20.0 308 15.0 25.0 188 21944
Overall 38.1 367 419 39.9 432 459 4l.0.igs 80.6  87.9 60.8 60.5 53.7 68.71is7

» Temperature
» Some games have higher performance with higher temperatures
» Others do not have correlation with temperatures
» Overall, a lower temperature decreases the performance

»Prompt sensitivity:
» Pirate Game and Diner’s Dilemma that have more complicated rules are more sensitive
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2» How About the Generalizability?

100 m Lol 20.01
9 17.51
80 1
15.0 1
60 | 12,51
10.0
y
40 7.51 /) "
5.01 /]
201
2.5+
0 0.0
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20
(1) Guess 2/3 of the Average (2) El Farol Bar (4) Public Goods Game
Average Number Probability of Player Choosing To Go Average Contribution

»Vary in different games
»GPT-3.5 has very low generalizability; Especially on extreme settings (0)
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» Our Leaderboard

~-Bench Leaderboard GPT-3.5 GPT-4 Gemini-Pro
0613 1106 0125 t-0125 o0-0806 1.0 1.5
Guess 2/3 of the Average 41.4:|:0_5 68.5;&0_5 63.4i3_4 91.6i0,5 94-3j:0.6 77.315_2 95-4j:0.5
El Farol Bar 74.8:|:4_5 64.3;&3_1 68.7;&2_7 23-018.0 70.0;&22_1 33-5:t10.3 37.2:|:4_2
Divide the Dollar 42,447 7 70.3433 68.642 4 98.141 9 95.240.7 77.6+36 93.840.3
Public Goods Game 17.7:|:1_7 43-5:|:12.6 38.9:|:8_1 89.2:|:1.8 90.95:3.0 68.517_6 100-0:|:0.0
Diner’s Dilemma 67.O:|:4_9 1.4:|:1.3 2.8:&2,3 0.9:&0,7 10.7:|:g.3 3.1:&1.5 35.9:|:5_3
Sealed-Bid Auction 10.3:|:0_2 7.6:|:1_8 13-0:t1.5 24-2:t1.1 20.8:|:3_2 31.6i12_2 26.9:|:g_4
Battle Royale 19.5477 35.7168 28.6111.0 86.8497 6731148 16.5169  81.3477
Pirate Game 68.4:|:19_g 69.5:|:14_5 71.6;&7_7 85.4;&8,7 84.4:|:6_7 57.4:t14_3 87.9:|:5_5
Overall 42.7:|:2_0 45-1:|:1.6 44.4:|:2‘1 62.45:2.7 66.7:|:4_7 45.7:|:3_4
~-Bench Leaderboard LLaMA-3.1 Mixtral Qwen-2
8B 70B 405B 8x7B 8x22B T2B
Guess 2/3 of the Average 85.5139 84.0417 943106 918104 83.6446 93.2113
El Farol Bar 75-7:t2.2 59.7:|:3_5 20.5:|:24.2 66.8i5.8 39.3:|:12_2 17.0:|:25.5
Divide the Dollar 56.4;};8.4 87.0i4.1 94.9:|:1,0 1-2:|:2.8 79-0:|:9.6 91.9:|:2_4
Public Goods Game 19.6:t1.0 90.6:|:3_5 97°0:|:0.8 27.6:5:11_7 83.7:|:3_5 81.3:|:5_9
Diner’s Dilemma 59.3404 481457 144445 764471 799453 0.0+0.0
Sealed-Bid Auction 37-1i3.1 15.7:]:2_7 14.7:|:3_2 3-1:t1.6 13.2:]:3_7 2.5:}:0'7
Battle Royale 3594121 T7.7T4260 92.7+101 126494 36.04210 8l1.74196
Pirate Game 78.3+100 64.04155 65.649093 67.3+176 84.315.8 86.116.4
Overall 56.043.1 618147 434425 | 624125 56.7434
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