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Abstract

Critical Phenomena in Repeated Prisoner’s Dilemma

Satoshi Yoshiura

Game theory is a theory dealing with systems consisting of two or more players
with autonomous decision making capabilities. It is a prime tool bringing traditionally
non-mathematical cultural and social sciences into mathematics. Central to the game
theory is the concept of Nash equilibrium which is the stable state of players resulting
from playing strategies which are the best response to strategies chosen by other players.

Prisoner’s Dilemma game is a two-player two-strategy game in which there is a
unique Nash equilibrium which is not an optimal choice for the system as a whole. This
result can be improved by allowing repeated games with discount factor.

In this work, we examine the repeated Prisoner’s Dilemma game with the intro-
duction of two types of strategies unique to the repeated game, mixed strategy and
Tit-for-Tat strategies. Through numerical studies, we confirm that there is a new Nash
equilibrium in repeated game made up of both players playing Tit-for-Tat strategies.
We also establish the existence of critical value of discount factor below which Tit-for-
Tat strategy stops being Nash equilibrium. We also show that this critical value is a
decreasing function of defecting payoff value. This gives an insight into the severity of

game’s rule and the emergence of social behavior.
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