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Abstract

This study investigates the self-organized criticality (SOC) of stable coupled evolutionary neuronal
network by employing Bak-Sneppen (BS)-like neurons. In the network, nodes represent BS-like
neurons, while edges denote synapses between neurons. During the evolutionary process, barrier
values uniformly distributed in the range are randomly assigned to neurons. The neuron with the
smallest barrier value, i.e., the most unstable one, is selected to “fire”, thereby altering its own
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barrier value as well as those of its nearest neighbors. The firing neuron subsequently enters a re-
fractory period. This research primarily simulates the avalanche size distribution, first return time
distribution, and all return time distribution under stable conditions in coupled evolutionary neu-
ronal network, revealing their power-law characteristics. Notably, when the avalanche parameter
is approximately 0.45, the power-law exponent of the avalanche size distribution is —1.5, consistent
with experimental results. These findings indicate that BS-like neurons exhibit self-organized crit-
icality when co-evolutionary neuronal network possess stable structures.
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Figure 1. The conceptual structure of co-evo-
lutionary neuronal network
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Figure 2. Temporal graph of co-evolutionary neuronal network
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Figure 3. Degree distribution graph of co-evolutionary neuronal
network
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Figure 4. The minimum barrier distribution of co-evolutionary neuronal
network
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Figure 5. The power law distribution graph of avalanche size
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Figure 6. The power law coefficients of avalanche size

change with avalanche coefficients
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Figure 7. The first return time distribution graph of co-evolutionary neu-
ronal network
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Figure 8. The all return time distribution graph of co-evolutionary
neuronal network
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