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Emergence of Cooperation in the Iterated Prisoner’s Dilemma between Reinforcement Learners
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The iterated prisoner’s dilemma (IPD) has been studied as a minimal model of cooperation. One of the key
questions is the impact of learning—adaptively choosing actions based on past outcomes—on the dynamics of the
game. Past studies have considered two distinct types of learning, the belief learning based on other opponents’
behaviors and the reinforcement learning based on the rewards to its own actions. It has been known that the
belief learners often converge into mutual defection. The potential impacts of the reinforcement learning, however,
have not been fully understood yet. This study analyzed the reinforcement learners in the IPD as a finite Markov
process, and showed its convergence into mutual cooperation when learning is sufficiently weighted. Our analysis
revealed that this mutual cooperation emerged in a similar manner as in the IPD of the tit-for-tat strategies, which
are known as the best heuristics. We discuss the effects of learning on mutual cooperation.
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