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Abstract

In evolutionary game theory on networks, the classical death-birth update rule is typically considered
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insensitive to network degree heterogeneity. However, this conclusion implicitly assumes homoge-
neous individual influence. In this paper, we introduce individual influence heterogeneity into the
death-birth update framework, where the probability of an individual occupying a vacant position de-
pends on both payoff and propagating influence. Under the weak selection limit, we derive the multi-
strategy evolutionary dynamics equations for networks with heterogeneous influence using pair ap-
proximation methods. The results show that the system dynamics can still be equivalently represented
by replicator dynamics, but the payoff matrix is modified by the coupling of network structure and in-
fluence distribution. Further analysis of the prisoner’s dilemma and coordination games reveals that
when influence is positively correlated with node degree, network heterogeneity can lower the thresh-
old for cooperation to become an evolutionarily stable strategy and promote the evolution of the pop-
ulation towards a more Pareto-optimal equilibrium. On the other hand, when influence is negatively
correlated with node degree, the effect of network heterogeneity is suppressed, and the system be-
havior approaches the classical result.
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Figure 1. The change of the frequency of collaborators with different parameters under the ratio of benefit to cost
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