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Abstract With the widespread use of infrastructure networks such as power systems, transportation systems,and communication
systems,it is of great significance to improve the robustness of complex networks. The rewiring mechanism is an efficient and
simple method to improve the robustness of the network. The rewiring mechanism based on the 0-order null model improves the
robustness of the network by randomly deleting and creating edges. Although the number of edges is maintained. the degree of
nodes will change.such as the RM-ES algorithm. The rewiring mechanism based on the 1-order null model improves the robust-
ness of the network by randomly selecting two edges for rewiring,although the degree distribution is maintained,it is difficult to
find the appropriate nodes by random edge selection, which increases the running time of algorithms,such as the RM-LCC algo-
rithm. Therefore,in order to maintain the degree distribution and improve the robustness of the network, this paper proposes a
fast rewiring mechanism based on 1-order null model,called FRM. The FRM algorithm first weights the edges by degree for each
edge,then selects two edges with the probability proportional to the weight of edge,finally,creates the edges between nodes with
similar degree. We compare the FRM algorithm with other methods on real network data sets. The experimental results of three
real network data show that FRM algorithm performs better than four representative rewiring algorithms under the attack of de-

gree centrality,betweenness centrality and PageRank centrality with respect to the ratio of nodes in largest connected component
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s(Q) srobustness index R and robustness index I(G).
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Fig.3 Average robustness index R in term of different rewiring algorithm under centrality-based attacks(degree,
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Fig. 4 Robustness index I(G) of optimized network for

Karate club networks under different algorithms
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Table 3 Index of optimized Karate club network
Data set N M C APL o (G
Karate club network 37 78 0.5706 2.4082 —0.4756 0.9331
RM-LCC 34 78 0.3649 2.2513 —0.2342 0.9471
SRM-LCC 34 78 0.5047 2.2103 —0.3687 0.9416
FSRM-L.CC 34 78 0.3398 2.3672 —0.1915 0.9436
RM-SE 34 78 0.2337 2.3101 —0.2552 0.9554
FRM 34 78 0.3176 2.6827 —0.1047 0.9482
F 4 RS 3 EAL A R4 f8 b
Table 4 Index of optimized US air lines network
Data set N M C APL 0 I(G)
US air lines network 332 2126 0.62521 2.7381 —0.2078 0.9887
RM-LCC 332 2126 0.3199 2.7242 —0.1877 0.9905
SRM-LCC 332 2126 0.5755 2.6300 —0.2293 0.98904
FSRM-LCC 332 2126 0.2722 3.1973 —0.1223 0.9909
RM-SE 332 2126 0.2324 2.6143 0.0113 0.9937
FRM 332 2126 0.2623 3.5438 —0.0925 0.9915

5 AR B I 2 ) FE AR

Table 5 Index of optimized Email network

Data set N M C APL o I(G)
Email network 1133 5451 0.2201 3.6060 0.0782 0.9981
RM-LCC 1133 5451 0.0607 3.4873 0.2116 0.9983
SRM-LCC 1133 5451 0.2388 3.4746 —0.0303 0.9981
FSRM-LCC 1133 5451 0.0728 3.6517 0.3582 0.9983
RM-SE 1133 5451 0.0742  3.4376 0.1961  0.9985
FRM 1133 5451 0.0538 3.9079 0.6060 0.9984
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