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1 LRI ARPA W48 =15 5 8 R HE P 45 51
Table 1. Importance ranking results of the undirected weighted ARPA network.
Hee s SR 2 HER PageRank P GRS 27 NUIRES
1 2(44) 3(3.0748) 2(2.4973) 3(60) 2(788.5865)
2 3(40) 14(2.7486) 3(2.2703) 12(51.417) 3(743.7853)
3 14(36) 2(2.6350) 14(2.0432) 19(40.917) 14(678.0854)
4 15(30) 6(1.7634) 15(1.7027) 6(38.25) 15(568.992)
5 12(21) 12(1.1474) 19(1.1919) 4(34.083) 19(417.8813)
6 19(21) 19(1.1474) 12(1.1919) 14(33.167) 12(417.8015)
7 6(18) 15(0.1968) 6(1.0216) 13(30.167) 6(361.2524)
8 16(16) 9(0) 16(0.9081) 5(29.75) 17(336.9444)
9 17(16) 8(—0.2231) 17(0.9081) 11(29.583) 16(335.4049)
10 1(14) 10(—0.2231) 1(0.7946) 2(28.333) 18(297.2735)

*2 7 X FRI 2 A n B B AR

Table 2. Importance ranking results of the undirected symmetric weighted network in Fig. 7.

e Bk EREYSS PageRank e IR 22 NIEES
1 3(8) 3(2.3671) 3(1.7391) 4(20) 4(1014.0577)
2 4(8) 8(2.3671) 4(1.7391) 7(20) 7(1014.0577)
3 7(8) 4(1.3863) 7(1.7391) 3(15) 3(991.6293)
4 8(8) 7(1.3863) 8(1.7391) 8(15) 8(991.6293)
5 1(3) 1(—0.9808) 1(0.6522) 5(2) 1(392.6485)
6 9(3) 9(—0.9808) 9(0.6522) 6(2) 9(392.6485)
7 2(2) 2(—1.3863) 2(0.4348) 1(0) 5(305.2106)
8 5(2) 5(—1.3863) 5(0.4348) 2(0) 6(305.2106)
9 6(2) 6(—1.3863) 6(0.4348) 9(0) 2(286.3242)
10 10(2) 10(—1.3863) 10(0.4348) 10(0) 10(286.3242)
#3 AL Karate {5 5K 5 2% oy s B EAMEHR 45
Table 3. Importance ranking results of the Karate club network.
Herr FEH et HAZE PageRank Vi GRS 27 NUIRES
1 34(44) 34(25.3484) 34(3.3601) 1(231.0714) 34(1293.2532)
2 1(42) 1(22.6074) 1(3.2676) 34(160.5516) 1(1181.5447)
3 33(39) 33(15.2273) 33(2.6783) 33(76.6905) 33(1028.9196)
4 3(33) 2(8.2907) 3(2.561) 3(75.8508) 3(921.6497)
5 2(29) 3(7.6195) 2(2.2218) 32(73.0095) 2(787.0554)
6 24(21) 32(0.7050) 32(1.532) 9(29.5294) 32(574.3611)
7 32(21) 6(0.3824) 24(1.4419) 2(28.4786) 24(549.1364)
8 4(18) 24(0.0859) 4(1.3355) 14(24.2159) 4(501.5759)
9 9(17) 7(0.0119) 14(1.301) 20(17.1468) 9(490.7976)
10 14(17) 26(—0.1178) 9(1.269) 6(15.8333) 14(488.6659)
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Fig. 9.

Efficiency difference distribution function of the BBV network with every new node connected to the previous 9 nodes.
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Fig. 12. Efficiency difference distribution function of the BBV network with every new node connected to the
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Abstract

Identifying the most important nodes is significant for investigating the robustness and vulnerability of complex
network. A lot of methods based on network structure have been proposed, such as degree, K-shell and betweenness, etc.
In order to identify the important nodes in a more reasonable way, both the network topologies and the characteristics
of nodes should be taken into account. Even at the same location, the nodes with different characteristics have different
importance. The topological structures and the characteristics of the nodes are considered in the complex network
dynamics model. However, such methods are rarely explored and their applications are restricted. In order to identify
the important nodes in undirected weighted networks, in this paper we propose a method based on dynamics model.
Firstly, we introduce a way to construct the corresponding dynamics model for any undirected weighted network, and
the constructed model can be flexibly adjusted according to the actual situation. It is proved that the constructed model
is globally asymptotic stable. To measure the changes of the dynamic model state, the mean deviation and the variance
are presented, which are the criteria to evaluate the importance of the nodes. Finally, disturbance test and destructive
test are proposed for identifying the most important nodes. Each node is tested in turn, and then the important nodes
are identified. If the tested node can recover from the damaged state, the disturbance test is used. If the tested node is
destroyed completely, the destructive test is used. The method proposed in this paper is based on the dynamics model.
The node importance is influenced by the network topologies and the characteristics of nodes in these two methods. In
addition, the disturbance test and destructive test are used in different situations, forming a complementary advantage.
So the method can be used to analyze the node importance in a more comprehensive way. Experiments are performed on
the advanced research project agency networks, the undirected networks with symmetric structures, the social network,
the Dobbs-Watts-Sabel networks and the Barrat-Barthelemy-Vespignani networks. If the nodes in the network have the
same dynamic model, the network is considered to be the homogeneous network; otherwise, the network is heterogeneous
network. And experiments can be divided into four categories, namely, the disturbance test, the destructive test on the
homogeneous network, the disturbance test and the destructive test on the heterogeneous network. The experimental

results show that the methods proposed in this paper are effective and credible.

Keywords: complex network, node importance, network dynamics, stability analysis
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