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Generation of Complex Networks
by Using Multi-objective Genetic Algorithm

Hisasar KoNnpof! and KAZUHIRO TOKIZAKI 2*!

In this paper, we present a novel generating method of complex networks,
generated through optimizing two evaluation functions by using multi-objective
genetic algorithm. The one is the average path length of a given network while
the other is the clustering coefficient of the network. It has been known that
real world networks (complex networks) have considerably short average path
length with respect to the number of its vertices, and have higher clustering
coefficient than random graphs with a similar number of edges and vertices.
Our method generates the networks with these mentioned features. From the
experimental results, we found that the generated network would have a de-
gree distribution that approximately follows a power-law (this property is called
scale-free) only if the number of edges with respect to the number of vertices in
the networks is limited to a value within a certain specific range. Furthermore,
we showed that the generated network has many network motifs and tolerance
similar to real world networks.
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Fig.1 Examples of the shortest-path length and the clustering coefficient.
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Fig.3 An example of chromosome encoding.
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Fig.4 An example of crossover.
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Fig.5 Examples of mutation.
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Table 2 The average shortest-path length D and the clustering coefficient C for each networks.
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optimized.
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Fig.7 The average shortest-path length D and the clustering coefficient C when only C' is
optimized.
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Fig.8 An example of Pareto-ranking method.
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Fig.9 An example of generated network by using multi-objective GA.
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Fig.10 The average shortest-path length D and the clustering coefficient C when multi-objective
GA is used.
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Fig.11 The in- and out-degree distributions ((k) = 6).
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Fig. 13 The in- and out-degree distributions ((k) = 4).
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Fig.14 The in- and out-degree distributions ((k) = 7).
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Fig.15 The in- and out-degree distributions ((k) = 10).
10° — 10° T manas
% 6 g w0l T T T ]
ol o I 1 oL oy COTH 1
10 ‘.J' \. 2 10 o e Zafyt ]
~ “i o 3 . 02 0 St
'«"‘ 2 0 10 20 ,30 40 ‘0_ '8/ 2 B Y 0 10 20 30 40 iﬂ_
5:10 . b o g1o » e o
» woa e ° oo
3 - 3 A
107 s 107 s
10'4 1 1 1 1 104 1 1 1 1
10° 10! 10 10° 10! 10
ki Kout
(a) 00000 (b)yDODOD
016 (ky=20000000000000000

Fig.16 The in- and out-degree distributions ((k) = 20).
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Table 3 The comparison of RN and GAN.

D C
RN 3.52  0.09
GAN | 3.49 0.40

04 0O00OD0ODODOO
Table 4 The rate of network motifs.

A B C D

RN 142 59 7.7 143
GAN | 58 11 49 54
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Fig. 17 Network motifs in the generated network.
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Fig. 18 An example of destruction node.

gbobooobcoobooooobooooboOoooboOooobOo0oboboOoDbOoOoboOoDOo
goboboooooboooooooooboiwsoooboooboooooboOoboOoOo sbobbo
uobooooobooooooooboooooooobooobooOoooboooDbbOOobboOooDoOo
goboooobooboooooooo
gbobooboooboooobooobooooboooboo1bcoboobooooboooDo
gooooboooooooooooobooooooobooOooooboOoooooboobooooOoobon

(© 2009 Information Processing Society of Japan



2392 000 GAOOOOODDOOOODOO

T T T T T T T T A

‘: -
5 15.0 i ]
5 L ® error Al
2 N N
S - attack A
s i A
= A
100 | N |
% I A
= r S
g B A -
ﬁ L AAAAAA

A
N 50 F AAAAAAA
s tﬁéé‘.“..“co‘oo“‘000“.“‘.0'"
g
= 1 0 L 1 L 1 ! | ' 1 N

0.0 2.0 4.0 6.0 8.0 10.0
fraction of removed nodes [% ]

019 0000000000 bOood
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function of the fraction of removed nodes.
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