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Abstract

Evolutionary game theory provides a key framework for solving social dilemmas, and it is not

NESIH: R, T, B, BoTE. R SRS SRk ST N GER S IR T AR D]. B S
%%, 2024, 14(1): 131-139. DOI: 10.12677/0rf.2024.141012


https://www.hanspub.org/journal/orf
https://doi.org/10.12677/orf.2024.141012
https://doi.org/10.12677/orf.2024.141012
https://www.hanspub.org/

FEF %

necessarily limited to a unified time scale. At the same time, reinforcement learning has been
proven to be an effective method to study the strategy update dynamics and agent learning process
in game theory. Therefore, this paper studies the influence of time scale mechanism combined
with self-focused Q-learning algorithm on cooperation in spatial prisoner’s dilemma game. Specif-
ically, game interaction and strategy update have different time scales. The diversity of time scales
affects the probability update formula of the strategy, and the self-focused Q-learning algorithm is
used as the strategy update rule. The numerical results show that under such a framework, coop-
eration can be significantly promoted. Finally, the parameters affecting Q-learning are analyzed
and the robustness of the mechanism is verified under different initial settings.
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Figure 1. The effect of betrayal temptation b on the proportion of cooperators o at different
n values. The remaining parameters « =0.8,y =0.8,6 =0.02
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Figure 2. The evolution diagram of cooperation ratio p with time t when » takes different
values. The remaining parameters « =0.8,7 =0.8,& =0.02,b =1.02
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Figure 3. Evolutionary snapshots of cooperators (blue) and defectors (yellow) at different time scales and different iteration
steps. From left to right, there are 10, 200, 500 and 5000 MCs, and the upper, middle and lower represent the cases of
17=1,20,100 respectively. The remaining parameters « =0.8,7 =0.8,¢ =0.02,b=1.02
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Figure 4. The two-dimensional parameters of «—y jointly affect the contour map of the proportion of collaborators. Left
Figure: 7=0; Right Figure: 7 =100, The remaining parameters & =0.02,b =1.02
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Figure 5. The evolution of cooperation rate with time under different initial proportion of
collaborators (77 =0). The remaining parameters « =0.8,7 =0.8,6 =0.02,b =1.02
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Figure 6. The evolution of cooperation rate with time under different initial propor-
tion of collaborators (7=5)
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