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Fig. 1. A hypergraph has 10 nodes and 6 hyperedges.
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Fig. 2. 2-section graph (a) and line-graph (b) of hy-

pergraph Fig. 1.
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Table 1. The simulation experimental parameters and

value of CML cascading failure in hypernetworks.
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Abstract

In this paper, we analyze the diffusion patterns of cascading failure, which happen in the express hypernetwork
and electronic hypernetwork respectively. The cascading failure of the express hypernetwork is diffused by the node,
and the cascading failure of the electronic hypernetwork is diffused by the hyper-edge. According to hyper-graph theory,
we propose two methods to characterize these cascading failures, which are 2-section graph analytical method and line-
graph analytical method. We analyze the characteristics of the cascading failures based on node by using the 2-section
graph analytical method and based on hyper-edge by using line-graph analytical method, respectively. We construct a
k uniform scale-free hypernetwork and analyze the cascading failure process of this hypernetwork based on the couple
map lattice according to our methods. The simulation results show that the scale-free hypernetworks are both robust
and vulnerable for attack. It is found that the cascading failure based on the node of k uniform scale-free hypernetwork
is associated with the hyper-degree distribution of nodes, and the scale-free hypernetwork is robust for random attack
and vulnerable for deliberate attack. The more nodes a hyper-edge has, the better robustness the hypernetwork has.

The cascading failure based on the hyper-edge is different from the cascading failure based on the node. The
cascading failure based on the hyper-edge is associated with the hyper-edge degree distribution. The hyper-edge degree
distribution of the scale-free hypernetwork is not entirely the power-low distribution. When the cascading failure is
diffused by the hyper-edge, the hypernetwork is vulnerable for random attack and robustness for deliberate attack if
there are 3 or 5 nodes in a hyper-edge. Moreover, the hypernetwork becomes robust for the random attack if there
are 7 nodes in a hyper-edge. Furthermore, the k uniform scale-free hypernetwork is more robust than the same size
Barabasi-Albert scale-free network for the same attack. The cascading failure process based on the hyper-edge is slower
than based on the node. We find that the edge number is another influential factor of robustness. The network is more
robust if it has more edges for fixed node number. The line-graph has more edges than the 2-section graph in the same

size scale-free hypernetwork, so the cascading failure of node is slower than that of hyper-edge.

Keywords: hypergraph, scale-free hypernetwork, cascading failure, couple map lattice
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