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Table 2 Statistics of 9 combinations of complex network based on matrix operation

No. Number Matrix operation Type of network
1 Kronecker product Self-similarity network
2 1 Kronecker sum -
3 Kronecker product, Kronecker sum -
4 Kronecker product -
5 n Kronecker sum Random network
6 Kronecker product, Kronecker sum -
7 Kronecker product Unclear
8 [e%9) Kronecker sum Unclear
9 Kronecker product, Kronecker sum Unclear
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Figure 1 Diagram of 9 combinations of complex network
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Figure 2 Six different initial networks. (a) Ga; (b) Gb; (¢) Ge; (d) Gg; (e) Ge; (f) Gy

M (32) FRT LA, ARSI B — A B 2 I TeVA A P o 2 st AT 1 e 2 ST, B
HAETfolt, SORTAARDL T A IS B — AN 19 B — 25 AU I 4R 57, S AE DUR BEAE IS AR 3
1113 FH T3 S B G BR TBUK.

LR 0 H SR REATL I 2% RO, 2 B X E AL 28 BE 0 AR RS2 . X BEHLIN 28155, A2 BRI T
AT LR AT %2 G EAT I 2 IRl 1 AR OISR B In s 5. 1 (26) AR (7) A5 2

[Val [Val
. dkPoly(G) (d(vz + d 'Uj d(v;)+d(v;
p(k) = T |:E:0 L (d(vz) + d ’U] l ZZ

i=1 j=1

M (33) AT RAFE H, RTINS B — A% B — A I R DU e 2 3t AT 1 R X SEgT, R
FLOTH, EEHTARIR I AR 30k FHAN [R] S 7R P VRl i 24 A Pl T BB ATL IR 268 A T A IR ], 38 27
HIIEZS 70 A

JELEI N M AR P S SRR e HAE A 1 B M TR 5757k, 381 7 s, =
%ﬂimézﬂ%%‘ﬁiﬂéﬁffﬁﬁ”%m SRaE RN, T8RRI 5 R SRR E M B AT IR A I 2 W e
B TAFHIE A

(33)
=0

5 HETIHEMEENERMEHESE

A 6 AT HLAIATAR LS, s 2 B, HO R B SR 3 Fros, s 20 RS2 B AR
RIZ& o AT U &l 3 B,

ME 3 FTLLE H, He T — AR BT URM 2% 1) Kronecker R 1 EE /M AN T2 ML) ER BEHLIN 2%
FIVERA AT - WS /INE TR W28 1) 3 K 41 Je BA %*T}**‘I_J?%E’J%%%%ﬁ#/\ﬁﬂ*mE’J/\ﬂ‘ﬁ KRBT
H AR FREE. £F 2 1, Ga, Gy, Ge, Ga, Ge, Gy X 6 DMIGREIZ A AL R sl—4

621



FRIEASE: ST HERRE S R 2 M S M Tk

2.0E11

1.5E11

(a)

2.0E13-

1.5E13-

(b)

é 1.0E11 é 1.0E13-{
5.0E10- 5.0E12-
0.0E0~ 0.0E0
1T I I
5§54 H 2
428 H 2
gza = 2
€3 2 2
Degree Degree
4.0E15 (C) 8.0E11 (d)
3.0E15- 6.0E11
E 2.0E15-] é 4.0E11
1.0E15-] 2.0E11-{
0,050~ 0.0E0
25E13 (e) 4.0E15-] (f)
2.0E13-
3.0E15
1.5E13
§ 5 op154
E 2 20m15

1.0E13+

5.0E12

0.0E0

B 3 6 MIEMEER 20 REHEEH EEUNEESH

8L60V8PLL]
8985H06¥9

1.0E15-]

0.0E0

Degree
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Table 3 Statistics of 6 different initial networks

Fractal dimension Diameter
No.  Initial network  Degree polynomial  |Vertex| |Edge|

Exact Approxi- Initial Self-similarity
value mation network network

1 Ga 3+ 222 + 4 4 log, 8 1.5 2 4

2 Gy 223 4 22 + 2z 5 5 logs 10 1.43068 3 4

3 Ge 323 + 3z 6 6 logg 12 1.38685 3 4

4 Gq 223 + 2z 4 5 log, 10 1.66096 2 2

5 Ge 33+ 22+ 2 5 6 logs 12 1.54396 3 4

6 Gy 423 + 2z 6 7 logg 14  1.47289 4 4

LN S, BAER 3 A 20 RIE/HREINBMUMZR R ERER, Kb G, 5 Gy ZIF
REE AT R A FUNESR, G. 5 Gq RFE—KIUNER, REBIMEERERIHNERX,
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Table 4 Six Random networks and the corresponding 20 initial networks

No. Random network Sequence of 20 initial networks selected
1 G2 GaGeG G GyG G aGaGeGaGrGeG G GyGGyGaGaGy
9 G GyGeGeGeGeGyGeGaGyGyGeGeGeGyGyGaGyGeGyGe
3 G GG iGeGiGyGaG1GeGeGeG yGyGaGeG rGeGaGyGaGe
4 G(QO) GfGCGbGaGeGaGbGeGbGaGchGaGeGeGeGbGeGde
5 GEQO) GaGbeGCGeGbGaGdeGeGdGbGCGaGerGCGccaGb
6 G GGG eGrGaGaGaGeGeGyGrGeGeGeGeGaGaGaGeGy,
1.2E13 (a) L (b) (C)
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Figure 4 Random networks degree distributions when randomly selecting 20 initial networks. (a) GgQO); (b) GéQO); (c)
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Complex network construction based on matrix operation
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Abstract In this study, we explore complex networks from the perspective of an adjacency matrix and in-
vestigate approaches for constructing these networks based on the Kronecker product and Kronecker sum. The
Kronecker product is iteratively applied to the adjacency matrix of a simple initial network; then, a Kronecker
product graph is obtained. It is a self-similar network with a fractal dimension no larger than 2. If the initial
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network is a connected and non-bipartite graph, the obtained complex network is also a small-world network, and
its diameter does not exceed twice that of the initial network. Furthermore, the Kronecker sum is sequentially
applied to the adjacency matrixes of multiple simple initial networks and then a Kronecker sum graph is obtained.
It is a random network, which has the degree distribution as a normal distribution. Finally, several properties of
approaches for constructing complex networks based on matrix operation are presented.

complex networks, matrix operations, self-similar network, fractal dimension, random network
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