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Fig. 1. A diagram of the K-shell.
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Fig. 2. MKV algorithm implementation flow chart.
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Table 1. Several basic network information used in this paper.

o 2% T A Bk Gy A EEfE RIERE SRS HIGES S
LesMiserables 7 254 6.597 0.736 2.641 —0.4756

PowerGrid 4941 6594 2.669 0.107 18.989 0.4616
Email 1134 6556 11.563 0.526 1.992 -0.0436

Coauthor 1589 2742 3.451 0.878 5.823 0.0035
Dolphin 62 159 5.129 0.303 3.357 -0.1652
C.Elegans 453 4596 9.007 0.657 2.664 —0.1085
Club 34 78 2.29 0.588 2.408 -0.2145
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Table 2. Value of Centrality Distinction in Different Networks(the larger, the better).
DR BC EC Degree K-shell MKV
C.Elegans 66.225% 88.962% 8.830% 2.208% 40.839%
Club 61.765% 79.412% 32.353% 11.765% 47.059%
Coauthors 9.880% 29.264% 1.447% 0.692% 9.880%
Dolphin 87.097% 96.774% 19.355% 6.452% 70.968%
Email 62.346% 94.533% 4.586% 0.970% 53.263%
Power 59.279% 86.217% 0.324% 0.101% 8.561%
LesMiserables 41.558% 67.532% 23.377% 10.390% 37.662%
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Abstract

The K-shell has important theoretical significance and application value in measuring the importance of
nodes in complex networks. However, in the K-shell method, most of nodes possess an identical K-shell value so
that the relative importance of the identical K-shell nodes cannot be further compared with each other.
Therefore, based on the K-shell value of nodes in the complex network and the K-shell values of multi-order
neighbors in complex networks, in this paper we use the vectors to represent the relative importance of node in
each of complex networks, which is named multi-order K-shell vector. Multi-order K-shell vector centrality
defines a vector indicating the number of multi-order neighbors with different K-shells and groups them into
elements of the vector. Each vector infers to not only the original K-shell of the given node but also the number
of its multi-order neighbors and their K-shell values, which indicates the propagation capability of the given
node. An approach to comparing two multi-order K-shell vectors is also presented, which is used to sort the
vectors to evaluate the node importance. The method is explored by comparing several existing centrality
methods. Through the experiments of SI propagation and static attack experiments in seven real-world
networks, it is found that multi-order K-shell vector centrality provides low computational complexity,
effectively evaluates nodes with high propagation capability, which confirms the improved performance in
susceptible infected model propagation experiments. On the other hand, the static attack experiments show that
the multi-order K-shell vector tends to preferentially select the core structure with powerful propagation
capability in the network. The multi-order K-shell vector greatly improves the difference rate of node centrality
under the premise of preserving the K-shell structure information, as well as balancing the importance measure
of nodes in the complex network and the structure evaluation of propagation capability. The multi-order K-shell
vector is not appropriate for all types of networks when considering the result of network attacking. For the
networks with low clustering coefficients and high average path lengths, multi-order K-shell vector method is
dominant and the effect is relatively obvious. By contrast, multi-order K-shell vector surpasses most of
centrality approaches when spreading information is our priority. In a few networks, eigenvector centrality
presents a slightly better performance with a larger computational complexity. The proposed centrality measure

is therefore of great theoretical and practical importance.

Keywords: centrality, multi-order K-shell vector, susceptible infected model, static attack
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