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Abstract

This study focuses on the resilience of the China Railway Express (CR Express) network under
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cascading failure scenarios, systematically evaluating the impact of different recovery strategies on
network recovery performance. Given the large scale of the CR Express network and the high inter-
dependence between nodes and edges, it is prone to cascading failures during external shocks or
internal faults, posing a significant threat to the network's stable operation. To address this, a resil-
ience model based on the CR Express topology was developed, and combined with simulation anal-
ysis, the interactions between recovery time steps, the proportion of recovered nodes, and the ex-
pansion of failed nodes were explored. The results show that different recovery strategies exhibit
significant differences in responding to specific emergencies. Proper timing and strategy selection
for recovery can significantly enhance the network’s stability and recovery efficiency. This study
provides theoretical support and practical guidance for optimizing recovery strategies and improv-
ing the resilience of the CR Express network in the face of emergencies.
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Figure 1. Schematic diagram of China Railway Express network topology
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Figure 2. China Railway Express network topology feature analysis. (a) All node degree;
(b) Degrees and degrees distribution
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Table 2. Network resiliency under different recovery strategies
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Figure 3. Analysis of network recovery time based on node attacks. (a) Attack based on node strength; (b) Attack based on
node degree; (c) Attack based on node betweenness
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Figure 4. Analysis of network recovery time based on edge attacks. (a) Attacks based on edge strength; (b) Attacks based on
edge betweenness
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