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Node importance evaluation in dynamic convergence complex networks
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Abstract; To seek key nodes and improve network robustness, the dynamic convergence complex network model
and its node importance evaluation method are proposed for wired and wireless integrating layered networks.
Considering characteristic of dynamic convergence complex networks, parameters including edge connection
probability, path connection probability, network connection probability, convergence node proportion,
convergence node distribution and convergence path proportion are designed. Based on node importance evaluation
indexes in single-layer complex networks, the node degree centrality, node betweenness centrality and node
convergence centrality in dynamic convergence complex networks are presented. Node convergence centrality of
convergence nodes indicates their contribution to network convergence, and that of non-convergence nodes indicates
their auxiliary effect to network convergence, especially they are used as relay nodes among convergence nodes. At
last, node importance evaluation is implemented considering network topology structure and its dynamic
convergence characteristic. Typical example results of improved dynamic convergence kite networks show that the
proposed method can comprehensively depict the node importance in dynamic convergence complex networks.
Simulation network composed of fiber communication network and satellite communication network is designed by
NS2, further indicating the effectiveness of the proposed method.
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Fig.1 Convergence path example
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Fig.2 Convergence centrality example of non-convergence node

EX S il My s R

MR E 2~ 58 X 4, 4557 8RR E (5 R
2R EAR S MR E R 3 AT ,EXWE%I—J
LR A

I.=axD, +BXB, +vy xC.

AP aBye(0,1), H atpty=1,ifit 3 2%
BRI AT AR T 25 Ho O MR e T S R VR4S
(A . —FRER I, O 6% 4 F N5 ) % ok i 8 8 1 52
M R, IS8T o Fl B i B K — 28 fl G
HC PSR TE S ARG X8R AY ot 0 B 2 B PEA,
B — I FIRN TS, ISR y BB /N — 2L,

3 SLIn AT

3.1 HEEG|

Shy 6 UE A SCY L R B R A O ik A Ak,
SCHRL 15 ] B BUR N 45 Sl SRR 2%, 5 A%
B R E LI 1 sh A il A R 2 4% (an &l 3
) BR R o A1F 10 AN 18 kil
JZMLE b AL AL 8 AN A 13 il il b
ORISR A S UL EHC LTEJEK,MAI—J% R a T b
FlA R BB R 2% A0 13 AN AN 31 4, Hivp s
ARSI 4 o A b R B MR e S 1 T
MG IR .

TR ESH a=0.4,8=0.4,y=0.2, 58T



- 116 - R N R N AN S 549 &

MATLAB 2010a #EAT05 S8 iR RZ M o BlE IS4 SRR 2 b B D PR bR, 1) FL4G
b FPAY R BE O PR R B, AR s SRR 1~3.

() M4 a (b) W% b (c) %
OMI% a YT 15 O© MZ5 bRy 5 @ il 51
W45 a B3 —— — Wb

B3 HERRARNEML

Fig.3 Dynamic convergence kite network

®1 Edubik
Tab.1 Degree centrality
R 1 2 3 4 5 6 7 8 9 10 11 12 13
M2 a 0.111 0.222 0.333 0.556 0.556 0.333 0.667 0.333 0.444  0.444 — — —
M4 b 0.428 — 0.714 — — 0.571 0.286  0.571 — — 0.429 0.429 0.286

&% c(SCHR[15])  0.674  0.167 1.586  0.416  0.416  1.445 1.349 1445 0.333 0.333 0.231  0.231 0.167
2 c(A3L) 0.444  0.167 1.067 0.416 0.416 0.875 0.667 0.875 0.333  0.333  0.250 0.250 0.167

R2 NHHOM

Tab.2 Betweenness centrality

WS 1 2 3 4 5 6 7 8 9 10 11 12 13
R4 a 0 0.222  0.389  0.231  0.231 0 0.102 0 0.023  0.023 — — —

"4 b 0 — 0.432 — — 0.211  0.135  0.211 — — 0.254  0.254 0

R4 c(SCHk[15])  0.092  0.184  0.856  0.396 0.396 0.586 0.602 0.586 0.126 0.126  0.503  0.503 0
B2 c(A30) 0.044 0 0.374  0.020 0.023 0.157 0.021 0.175 0.010 0.011 0.009 0.011 0

®3 MATOENTREEE

Tab.3 Convergence centrality and node importance

T 1 2 3 4 5 6 7 8 9 10 11 12 13

Al Hro 0.429  0.500 0.429 0.375 0.375 0.429 0.429 0.429 0.300 0.300 0.600  0.600 1.000
TR E R 0.281 0.167 0.662 0.250 0.252 0.499 0361 0506 0.197 0.198 0.223  0.224 0.267

EEEHT 5 13 1 8 7 3 4 2 12 11 10 9 6

HIZ 1 AT DU RS 1R 1.3.6.7 8 YR D IEHEA s
O PERGR , — 45 Rl G Rk Y R A B H1 2 AT U A SCHH R B AT 19 s A4
TRI(2) MR R R O PR B s, AR RO PEERAS AR R R E R AR T 2 T
RS O T RS 28 S SR T L e )RR R AR HE(3) RS B AR N 45 3 2
PR, BERIA SO W R R O R TR YRR RS R BN 5015 J AT T, SR AR SC
RS BRI X S SCHR 15 1R 2R R i 3 TRl S THE A BOR O PR SR PR LU BT A B RE I TE
P 2% b HAT By B9 BE RO ELAF N, DI RE b SSRGS B 48 BRI T LS8 R e fis A% F 0T A %



5510 1]

YL, 55 - ShASRlG 52 A W 2% 35 m B PRAG 7 15 - 117 -

() BTHR. T A 3 7645502 W 45 Rl LA B i I 8K
He 4% Rl G 5 AT R VT 2 Rl B R B AR I 4
b BT R, PR A b MR HE A B i YT A 6 A
8 FEEAL)Z M 45 i B A B PO PEHE S LRBCAIG , (N 2%
flAr J5 e Tl A B B AR 1 I TR R AR, R A
oo vEHER SRR R BT, T 8 AT A 6 1)
(ELFH =, 2 PR 28 b 20 25350 43 1) 3 342 Sl AR L A
R Y R 3 5 LA X BRGSO (TN A 4
5.9 A1 10,11 A1 12) Z [t A7 B3, AT 136 B A<
SC I FE B B A5 Fz L D) 246 376 38 14 A R ). 4T 8 1 gAY
B DA RZ MR 0, FE ML a4
JE T SRR B AR A T STk, T A 2 A
B D PEH B2 o T 0.222 28R 0, & T A
113 Z ] 04 3% A5 55 2 B9 AR 4RIk T T
RIEEAR.

W 3 Fiow, @A o e, @A T SR E
0.429 , J& il 575w LU | il B8 A LU A RN Rl 519
AR 3 A Rl S BCUL R PuE i, R T RS
TR R R ) BT RR AR B AR AL AT A 21112,
13 B Rl A o PER E , BAET e e R B N 2% fh 5 7
TS TR AAE, N8 rb -t o] LA 1A
IS T R R A B AL 7 A R AN T A R 6%
H R AT A EE L SR AN RE 2. T e L T, AR
LA RGNS R R S A A G R S R R
XY A AL R — A TR R RS ARl
AT LA R ETA XA S P AR B A
B — S R R S R 2 Rk
BT B 2 B T I 2 Bl A 1 X Y
FEE AR ARRLA T 13 A HER BERAS Y AT
Za, FEAEFHAE oM E R, R T X E R
A A E BN A S P 4
.

FET B RV T A B O PR R
IS 6 o Ty A e R I - AN
FEZ EM KSR, Il o By X 34
SEA B E AT . BT A L R A o
SO SE DL I F N5 48 A Bt T P 8% 4 I 5 4
WHERENFEEWE R, AR LSy —
MR EE, I B SE o B B AR AE AL XT
WA EEE M, 7 A R 4 FoR. AT LA
S o BG4 Rl G PR RS e 3G R RS T
S EEER WL A B K, M4 a3
PR SE I 1 38 | 451 S B A TR A, X
L9~ 12 AP PR N AT S AR, B =
0.2 A B BRI HELE 1Y 55 13 Z 010, 1 B=0.8 B3
HEEST 5 13 Z 5.

09

Rt
B4 FARSHEETHHSEEE

Fig.4 Node importance with different parameters
32 (FEM%Z

SRtk — 2 WA SO R IS R, R NS2 #5
A E LS A5 B35 B G R Y R4 FFan E S
6 JIT 7. 12 A5 L I £ ph St £ 0 TR 5 1 I il G
FA R, 2 MR () A 4R 5 TR TR B AL I ) 17 5. Do 4% v
A 15 A, P AL S 7T AN (WL~ W7), TG
LA 5 N (ML ~M4,B1) B4 & 3 (B2~
B4) . Mg Al 18 Sk, AT AR K 11 45, B4
B 7 45 5550 D B 45 P AU B JE 21 A 2 AT 1)
IR (B AS To 1y sl Z )2 5 A7 7E o4 it
%), A B F I 0L

QUL o8 TR g TR BT
BRI i

Yo

% Eﬁf jrid —“L——jﬁdﬁ{%‘ﬁf%
Bs5 HEBS

Fig.5 Simulation scene

R - \ 9
2 ws o Wa
Tl JGEEM T

OJtilfEM s @IUEEEM YA @A 1A

VB — — —[EE R
El6 M

Fig.6  Network topology




- 118 - MR

[ A NI S

49

il 3O AR S B S A i 2 TR K
FMCRAE AT B0, R AR SR FH i s o2 38 543550
2B B ) 03 e A AR B T R R AU 26 Y
BRSO 8 5 e kAR A AR H Y R
(o R AL B T P A BB (7 LTI L 100 s, A T s O

Fis ] ) o 0 2 T 2 % B8k %) 376 38 %% I R G A ) A
0 S T A5 P B T3 A PSP A ik Tt I 11
AR TR RN L 4 RESH «=0.4,8=
0.4,y =0.2, FFE AU B rfro e A 80O |
AT S WK S.

T4 MEBEGER
Tab.4 Edge connection probability
BEH G B1-MI B2-MI MI1-M2 B3-M2 B3-M3 B4-M3 B4-M4
SUBUS LR 0.445 0.543 0.135 0.043 0.302 0.502 0.422
x5 HOMERERTREERE
Tab.5 Centrality indexes and node importance
Y = Wi w2 w3 w4 w5 W6 w7
B 0.071 0.286 0.286 0.286 0.214 0.071 0.071
Vi Gl 0 0.022 0.024 0.047 0.034 0 0
il e 0 0.428 0.375 0.428 0 0 0
R E R 0.028 0.209 0.199 0.219 0.099 0.028 0.028
=t 5 Bl B2 B3 B4 M1 M2 M3 M4
BEdo 0.286 0.321 0.571 0.321 0.214 0.143 0.143 0.071
btk 0.020 0.044 0.053 0.074 0.002 0.010 0 0
A Ot 0.492 0.491 0.491 0.491 0.667 0.500 1.000 0
W ERE 0.221 0.244 0.348 0.256 0.220 0.161 0.257 0.028

5% 5 AT LAE B2~ B4 45 3 ARG S0
L PRI B AR G LA AR R A Y SR, R
B T AE Sh AR Rl 28 A5 A SR NS A
R BB X T W1, W6 W7 M4 Z240F W 2% 55 %%
(79 s, SR O PRI B M AR ARG
A IR HU R 0,491, T M1~ M3 25 3 D IERE
BTSRRI B AT S
BN E IR B K256 3 DO Fs br i 315
3 ARG Y R R R A, M3 T AR Tl
A HpC e v T A L R L R, WL W6 W7 M4
BT R T4 TP M S B 4 R A0 i et R R R A
AR, LAY o5 A EE R A v ) 7 L O AR gy
BT, R R AR SO V6 LA R 08 6 3L 1l S B AN [R) 0 05 FE
SIS A PG AR, I — 2 0 T AR B
) £ 858 HR AR SO A .

4 %2 @

D) BXI A/ JC R 2 Rl G 192 2 R 45, R S0 25
BE MR SR G RSN R R T
SR I 2% W 28R R e LYY R R AL O vk
PATSCHE B 8l 285 58 ORI 2% 1 NS2 45 2 Y 1 L5
B W28 R AT LT, 5 SRR 12T L RERS L

52 e T M S Rl S Rl A 2 I 2% TR R T
2) AR SCE S Bl 2 P 45 AR T 30 Y o
A, AR AT B AR 2B TR
TEA / TCL il 5 308 {5 19 258 LS T 28 4 A T B
3) SO R E B A THICR A L PR R AR
LM AR ) S BB LU B, ROk i) 5 iR
EAENE S i DR (i Al P

5% Xk

[1] WATTS D J, STROGATZ S H. Collective dynamics of small-world
networks[ J ]. Nature, 1998, 393 ( 6684 ). 440 —-442. DOI. 10.
1038/30918.

[2] BARABASI A L, ALBERT R. Emergence of scaling in random
networks[ J . Science, 1999, 286 ( 5439):509 - 512. DOI: 10.
1126/science.286.5439.509.

(3] dl%. MERPELIEIM]. S8R, BRi, 3. Jbat: 3 Tolkih
figkt:, 2014 106.

NEWMAN M E J. Networks: an introduction[ M]. Guo S Z, Chen
Z. Beijing: Publishng House of Electronics Industry, 2014 106.

[4] J%, SkFAT, BROCIR, S5 2B PSS BRI ].
HLFRHE K2 2% 4, 2014,43 (1) 1-5.DOL: 10.3969/j. issn.
1001-0548.2014.01.001.
ZHOU Tao, ZHANG Zike,

opportunities and challenges of complex networks research [ J].

CHEN Guanrong, et al. The

Journal of University of Electronic Science and Technology of China,



5510 1]

AP, 25 . ShAS Rl G 52 2R R 2%

S TP <119 -

2014, 43(1) :1-5. DOI. 10.3969/j.issn.1001-0548.2014.01.001.

[5] g, ALl 6o, 45, 52 2 M4 iy sl E M HEIF (R 5T

PEELT]. PrE2E4R, 2013, 62(17) :178901. DOI; 10.7498/ aps.

62.178901.

LIU Jianguo, REN Zhuoming, GUO Qiang, et al. Node importance

ranking of complex networks [ J ]. Acta Physica Sinica, 2013,

62(17) :178901. DOI.:10.7498/ aps.62.178901.

KOURTELLIS N, ALAHAKOON T, SIMHA R, et al. Identifying

high betweenness centrality nodes in large social networks[ J]. Social

Network Analysis and Mining, 2013, 3(4):899-914. DOI. 10.

1007/513278-012-0076-6.

[7] SOLA L, ROMANCE M, CRIADO R, et al. Eigenvector centrality
of nodes in multiplex networks[ J]. Chaos, 2013, 23(3) :033131.
DOI: 10.1063/1.4818544.

[8] SAITO K, KIMURA M, OHARA K, et al. Efficient discovery of

influential nodes for SIS models in social networks[ J]. Knowledge

and Information Systems, 2012, 30(3) : 613-635. DOI; 10.1007/

s10115-011-0396-2.

ZHOU Jingyu, ZHANG Yunlong, CHENG Jia. Preference-based

mining of top-K influential nodes in social network [ J]. Future

Generation Computer Systems, 2014, 31.:40-47. DOI. 10.1016/

j-future.2012.06.011.

[10]5KIK. 2252 M2 BRI Tk A e g (7], &2 5%
RO E MR, 2015, 12(2):103—107. DOI: 10.13306/
j.1672-3813.2015.02.016.

ZHANG Xin. Multilayer networks science: concepts, theories and

[6

[

—
=]
[

data[ J]. Complex Systems and Complexity Science, 2015, 12(2) .
103-107. DOI: 10.13306/j.1672-3813.2015.02.016.

[11]BULDYREV S V, PARSHANI R, PAUL G, et al. Catastrophic
cascade of failures in interdependent networks [ J ]. Nature,
2010(464) :1025-1028.DOI; 10.1038/nature08932.

(12 BRzok, BEBE, Jrepis, 55, ZJchEdLM )], WEi4, 2009,
58(3) :1383-1390.
CHEN Hongbin, FAN Ying, FANG Jinqing, et al. Bielemental
random networks[ J]. Acta Physica Sinica, 2009, 58 (3) 1383 -
1390.

[13]HR0ES,, PM, 2G5 ZFMEAGERM% L HiEH
WoE[)]. BRRG SRR, 2012, 9(4) :20-25.

SHAO Fengjing, SUN Rencheng, LI Shujing, et al. Research of
multi-subnet composited complex network and its operation [ J ].
Complex Systems and Complexity Science, 2012, 9(4) :20-25.

[ 14]5FHER], BUNTH. 2K AR EERR AT BN T]. A BI2Ed , 2014,
63(9) :090207. DOI;10.7498/aps.63.090207.

GUO Jinli, ZHU Xinyun. Emergence of scaling in hypernetworks
[J]. Acta Physica Sinica, 2014, 63(9):090207. DOI. 10.7498/
aps.63.090207.

[15] 7k, Zegde, sKom, 55 sC8URBRE M), YHFH,
2014, 63(19) :190201. DOI;10.7498/aps.63.190201.

SHEN Di, LI Jianhua, ZHANG Qiang, et al. Interlacing layered
complex networks [ J ]. Acta Physica Sinica, 2014, 63 (19).
190201. DOI:10.7498/ aps.63.190201.

[16 ] HOLME P, SARAMAKI J. Temporal networks [ J]. Physics
Reports, 2012,519(3) :97-125. DOI:10.1016/j.physrep.2012.03.
001.

[17]BASARAS P, KATSAROS D, TASSIULAS L. Detecting influential
spreaders in complex, dynamic networks [ J]. Computer, 2013,
46(4) :24-29. DOI: 10.1109/MC.2013.75.

[ 18 ] MASAKI O. A method for extracting influential nodes while
considering the development of social networks[ C]// Proceedings of
the 2012 Second International Conference on Cloud and Green
Computing. Xiangtan, China: IEEE, 2012, 456 -459. DOI. 10.
1109/CGC.2012.77.

[19] ZHOU Jian, PAN Jiaxin, ZHOU Yanran. Node importance
evaluation based on network heterogeneity[ C]// Proceedings of the
2010 International Conference on Communications and Mobile
Computing. Shenzhen, China: IEEE, 2010; 188 - 194. DOI. 10.
1109/CMC.2010.112.

[20] T2, XIRF, ZEO 25, JET 2 I M U SR 1) 52 2% o0 46 3 o T 4

SEATEN L[], W34, 2013, 62(2): 020204. DOL: 10.
7498/ aps.62.020204.
YU Hui, LIU Zun, LI Yongjun. Key nodes in complex networks
identified by multi-attribute decision-making method [ J ]. Acta
Physica Sinica, 2013, 62 (2): 020204. DOI. 10. 7498/ aps. 62.
020204.

(miE 7k <o)



