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Learning of Reward Distribution in a Multi-Player Game

o Katsunari Shibata and Tsutomu Masaki (Oita University) shibata@cc.oita-u.ac.jp

Abstract: In this paper, autonomous learning of reward distribution in multi-agent reinforcement learning was applied to a 4-player game
named "not100". In this game, more shrewd strategy to cooperate with the other agents is required for each agent than the other tasks that
the learning was applied previously. The reward distribution ratio after learning was varied among simulation runs. However, the validity

of the average reward distribution ratio was examined in some ways. The three agents with higher probability of win after learning were

stronger when the distribution ratio was learned than some cases when the agents learned with fixed distribution ratio.
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(a) confilict state
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(b) when the reward is distributed
Fig. 1 Principle of reward distribution learning.

Fig.2 Selection of the agent to cooperate with
depending on the reward distribution ratio.
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Fig.3 Not 100 game.
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Fig.4 The rule of Not 100 game.
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Fig.5 The reason why an agent always loses the game
when the other 3 agents cooperate with the others.
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(A) when reward distribution ratio was learned

(B) when reward distribution ratio was fixed
at 0.91 for itself and 0.03 for the others

Fig. 6 Change of each agent's win-probability and reward-distribution-ratio to itself.
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Table 1 The reward distribution ratio after learning

the agent whom the reward is distributed to

. next |opposite|previous|
itself | agent | agent | agent
the agents with
g 3| win_prob>0.9 0.961 | 0.011 | 0.013 | 0.014
=1ES)
g | all agents 0.895 | 0.037 | 0.033 | 0.035
% the agents with
;; Q win_prob>0.9 0.922 | 0.022 | 0.030 | 0.026
=1
S LI all agents 0.905 | 0.029 | 0.035 | 0.031

10 probability of win _

reward_distribution_ratio .
of the other agents /-
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0.0 T T T

0.0 0.5 1.0
reward_distribution_ratio

(a) final temprature ¢ = 0.01

probability of win

1.0

0.0 0.5 1.0
reward_distribution_ratio
(b) final temprature ¢ = 0.02

Fig. 7 The probability of win, obtained reward and the
reward distribution ratio of the other agents to
themselves when the reward distribution ration of one
agent is fixed. x-axis indicates the fixed reward
distribution ratio to itself. The ratio to the other
agents is uniform.
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Fig. 8 Effect of non-uniform reward distribution. The
alphabet with circle indicates the agent with non-
uniform reward distribution.

Table 2 Change of win-probability by the replace of one
agent between two groups.

the agent with the minimum win-
probability was replaced
: selfish |uniform| 0.91
max | leaning| 16’0 |0.25-0.05| -0.03
min 0.238 | 0.578 | 0.711 | 0.592
< .
P §learnmg 1.000 0.504 | 0.898 | 0.511
= . &
§-§ z selfish | 0.921 | 0.158 0.932 | 0.568
= 2
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(=) E [553
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