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The Influence of Décision Mechanisms on Network Cooperation Level

in Q-learning Evolutionary Game

ZHANG Zundong'?, WANG Yannan',ZHOU Huijuan',ZHANG Yifan’
(1.Beijing Key Laboratory of Urban Intelligent Traffic Control Technology,North China University of Technology,
Beijing 100144, China;2.Intelligent Urban Transportation Systems Liaboratory ;University of Washington, Seattle 98195,USA ;
3.State Key Laboratory of Rail Traffic Control and Safety , Beijing Jiaotong University , Beijing 100044, China)

[ Abstract] Aiming at addressing the problem that individuals face an inability to obtain benefits from their neighbors in
the process of game decision making, this study examines the characteristics of self-experiential learning of Q-learning,
thereby proposing a Q-learning evolutionary game model. Considering that different Q-learning decision mechanisms
have different effects on the cooperation level of the network, the influence of the decision mechanism on the network
cooperation level is quantitatively analyzed using three Q-learning decision mechanisms: e-greedy, Boltzmann, and Max-
plus by conducting comparative experiments on different network types, game model parameters, and reinforcement
learning parameters. Experiments show that compared with the traditional evolutionary game models, the Q-learning
evolutionary game model can generally improve the cooperation level of the network, with different Q-learning decision
mechanisms having different-effects on the cooperation level of the network. The cooperation level of the model using
the g-greedy decision mechanism is approximately 35% and 37% higher than that of the models using the Boltzmann
and Max-plus decision mechanisms, respectively. Lower learning rates, higher discount rates, and moderate benefit
uniformity promote cooperation between individuals in the network, such that for the £-greedy decision mechanism, the
cooperation level of the model using lower learning and higher discount rates is about 40% and 45% higher than that of
the models using higher learning and lower discount rates, respectively. At the higher exploration level, introducing the
Max-plus decision mechanism to consider global attributes of individuals improves the cooperation level by about 22%

and 17% compared to using the e-greedy and Boltzmann decision mechanisms, respectively.
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