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Abstract

In response to the problem of the coexistence of uncertainty in returns and heterogeneity in enterprise
behavior patterns in industrial cluster cooperative innovation, triangular fuzzy numbers are used to
depict the uncertainty of returns. The payment matrix is set based on the Snowdrift Game. A hybrid
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update mechanism (imitative update IM, death-birth DB, birth-death BD, existing in proportion) is
introduced on the regular network. The defuzzification is carried out by the center of gravity method,
and the replication dynamic equation under weak selection is established and a Monte Carlo simula-
tion is conducted. The results show that the hybrid update mechanism can continuously regulate the
cooperation level by adjusting the IM weight. Pure IM promotes the cooperation ability the most, while
pure BD is the weakest. Network density has an inverted U-shaped impact on cooperation. The coop-
eration level varies significantly under different topologies. Random graphs have the highest level,
while small-world networks have the lowest. Scale-free networks fluctuate violently due to the polar-
ization of hub nodes. The theoretical analysis provides a directional criterion for the evolution of co-
operation. In the finite population simulation, the cooperation level fluctuates at the intermediate
value, and the two complement each other. Cluster governance should prioritize guiding the imitation
learning culture, constructing a moderately connected network structure, and adopting differenti-
ated strategies for different topologies. The research provides an operational analysis framework for
cooperative evolution in uncertain environments.
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Table 2. Select the gradient coefficient under different update rules
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Table 3. Simulation parameter settings
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Figure 1. The evolution trajectory of cooperation frequency under different update mechanisms
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Figure 3. The evolution trajectories of cooperative frequencies under four network topologies
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Figure 4. Box-line distribution of steady-state cooperative frequency
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Figure 5. Snapshots of cooperation strategy propagation on four network topologies at different time steps
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Figure 6. Robustness heatmap: steady-state cooperation frequency under different N and w
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