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Topology diagnosis of power communication network based on node influence

WU Runze', WU Wanxu', LI Li*, FAN Bing', TANG Liangrui'
(1. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China;
2. State Grid Jibei Economic Research Institute, Beijing 100160, China)

Abstract: Based on the structural characteristics of the power communication network, this paper establishes a complex
network model for the power communication network, and the node influence is defined from the neighbor topology
characteristics and network aggregation characteristics of nodes. This paper uses the information entropy of network
attribute value to calculate the overall contribution degree of network topology to node influence, and then analyzes the
effect after node deletion on network topology vulnerability from the perspective of network connectivity and efficiency.
Finally, the simulation analysis is conducted on the influence of the nodes in BA network, WS network, the regional
backbone power communication network and the provincial backbone power communication network. The results show
that this method can better reflect the impact of key nodes in terms of network efficiency and connectivity compared with
other methods using complex network indicators.
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Fig. 1 A 10-node network graph
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Table 1 Attribute of each node in the network

A5 RS k, /i D, z & q;
1 2 8 02898 03333 0 0.159 0
2 3 11 05913 06667 05556 03571
3 3 12 07259 06667 07778 03728
4 3 11 07728  0.6667 1 0.388 4
5 1 4 05193 0 1 0.070 5
6 3 11 05913 06667 05556 03571
7 1 5 05555 0 1 0.070 5
8 3 10 07366 1 1 0.547 4
9 1 5 05555 0 1 0.070 5
10 1 5 05555 0 1 0.070 5
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Table 2 Characteristic parameters of simulation networks

Networks N M <k> <d> <c>
o
POOOTHA 1000 5972 119431 30725  0.0385
BA %%
o
POOOTBA 1000 3708 74157 43790 02170
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ok
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Fig. 2 Change of network efficiency decline rate

in simulation network
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Table 3 State of ranked higher nodes after sorting by £,

R EEMRT R ERNESESE

Table 7 Robustness of the network after the node is

deleted continuously

T

e 1 2 3 4 5 6
7 0.980 0.960 0.941 0.921 0.883 0.864
7y 0.980 0.960 0.941 0.921 0.902 0.864
m, 0.980 0.960 0.941 0.921 0.902 0.864
7, 0.980 0.960 0.941 0.921 0.883 0.828
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3 16 116 7 04225 0.3649
7 11 78 2 0.3178 0.2373
11 11 84 5 0.3337 0.2373
13 10 74 3 0.306 4 02118
4 9 79 3 0.3200 0.186 2

R4 IR [ HFHRENTRER

Table 4 State of ranked higher nodes after sorting by f;

LS i ¢ P 4
2 22 144 12 0.499 8 0.5180
3 16 116 7 04225 0.364 9
11 11 84 5 03337 0.2373
4 9 79 3 03200 0.186 2
7 11 78 2 03178 0.2373
13 10 74 3 0.306 4 0.2118
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Table 5 State of ranked higher nodes after sorting by p,

REPSY RE k; /i ¢ b 49
2 22 144 12 0.499 8 0.5180
3 16 116 7 0.422 5 0.364 9
11 11 84 5 0.3337 0.2373
4 9 79 3 0.3200 0.186 2
7 11 78 2 0.317 8 0.2373
13 10 74 3 0.306 4 02118
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Table 6 State of ranked higher nodes after sorting by g,

Tams k /i ¢ P ‘
2 22 144 12 0.499 8 0.5180
3 16 116 7 04225 0.364 9
7 11 78 2 03178 0.2373
11 11 84 5 03337 0.2373
13 10 74 3 0.306 4 02118
40 9 46 1 02295 0.186 3
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Fig. 3 Real electric power communication network topologies
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Fig. 4 Network efficiency decrease rate change of real

electric power communication network
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Table 8 State of ranked higher nodes after sorting by &,

R k; /i ¢ Pi 4
47 12 37 1 02219 0.258 9
179 12 47 1 0.261 6 0.258 9
12 10 53 4 0.284 1 02128
57 10 47 1 0.264 1 02129

R 9 IRIE /[ HEFHEREATAT AER
Table 9 State of ranked higher nodes after sorting by f;

o R k; i ¢ pi 9;
12 10 53 4 0.284 1 02128
57 10 47 1 0.261 4 02129
179 12 47 1 0.261 6 0.258 9
125 7 46 2 0.256 0 0.143 7

R 10 1RIE p, HF AR EAAT RER
Table 10 State of ranked higher nodes after sorting by p,

A S k; /i = P q;
12 10 53 4 0.284 1 02128
179 12 47 1 02616 0.258 9
57 10 47 1 0.261 4 02129
125 7 46 2 0.256 0 0.143 7

& 11 RE g HFHRENMTRER
Table 11 State of ranked higher nodes after sorting by g,

A S k; /i = P q;
47 12 37 1 0.2219 0.2589
179 12 47 1 0.261 6 0.2589
57 10 47 1 0.261 4 02129
153 10 36 3 02167 02128
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Table 12 Robustness of the network after the
node is deleted continuously
TR A 1 2 3 4
/A 0.890 1 0.8143 0.795 8 0.7417
y 0.979 5 0.9293 0.851 8 0.8423
m, 0.979 5 0.899 9 0.851 8 0.842 3
, 0.890 1 0.814 3 0.759 6 0.706 7

OSN3, RIS U )0 2 S P A
FEPEI AT 0T, 15 AL R T ) E ) 2
IR SR bR AT R IR . ZEM AR,
IR IR LA AR I TSI R AR
WEBREINT 15 U ) S B — BRI, i
iR S S A A A AR
P AT A TR

&% ik

M2 8—3K8 12 W4, 48 Fabn £ T 2%
FERIBE R R A ARAR p, N 12 S R EZE, (1
12 575 pi AR R 2 A4 4 4cideily, MR Ja 5 4k
W4 285 (R SR S AN K, AN SCHRAR g, FIBEFERR £, WA
h AT S5 R 179 S5 i EEE, RUA AT TN
BB R, B4R E LSRG D, i H4s
FALTE AR IX AT 2 G, LR SR AR T
B2 MAEMIBR AR E B 4 N2 )E, B
FEARSCHRNR g, INBRG X 28 SR 22 . fERSE
TG a2, A R BHER 7 N AR
ZJEANFFRFR Z TR R BT B 22 57, A SR PR g,
RO I B, WA 0.877 1, L&
B ke EJETRAR f, FIIET % R RE TR
b p TEMIER 7 AN 522 S5 R 2 3438 B 43 il ok
0.9042. 0.9142 1 0.9142, XULMAAIIER ¢, 1%
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