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Abstract

In evolutionary game theory, it is essential to study how stable evolutionary strategies are achieved
from the player’s perspective in the game. In this paper, we improve the particle swarm optimiza-
tion algorithm based on the fact that biological population evolution has similar elements with the
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particle swarm algorithm, namely population particle swarm optimization algorithms (PPSO).
Then, the phenomena of imitation and variation behaviors in biological populations are simulated
to successfully find paths towards evolutionarily stable points. Classical 2 x 2 game models, such
as the Hawk-Dove game, are used as examples to simulate the evolutionary process of a single
population. The results of the experiment show: 1) PPSO can not only clearly show the position of
each group in the iterative process, but also that the deviation of the derived stable evolution
point from the expected point is minimal. This verifies the effectiveness of the PPSO in searching
for paths towards evolutionarily stable strategies. 2) After parametric analysis, we find that the
precondition that determines the successful realization of the evolutionarily stable strategy is not
the presence of variation, but the location of the variation.
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Figure 1. The diagram of prisoner’s dilemma game. (a) Particle location diagram; (b) Optimal fitness diagram
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Figure 2. The diagram of the coordination game with evolutionary result x" =1. (a) Particle location diagram;

(b) Optimal fitness diagram
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Figure 3. The diagram of the coordination game with evolutionary result x; =0. (a) Particle location diagram;

(b) Optimal fitness diagram
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Figure 4. The diagram of the hawk-dove game. (a) Particle location diagram; (b) Optimal fitness diagram
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Figure 5. Particle position diagram of the prisoner’s dilemma game under weak variation. (a) Not evolved to
evolutionary stability point; (b) Evolved to evolutionary stability point
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Figure 6. Particle position diagram of the coordination game under weak variation. (a) Not evolved to evolutio-
nary stability point; (b) Evolved to evolutionary stability point
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