G S I 4

Science Technology and Industry

%22 %
2022 4 5

Vol. 22, No. 5
May. , 2022

#
SH

ETNEEWNERERNTRERDRATE

AT E, FatA
(L##E T k¥ FE ¥k, LiE 200093)

BE: P LS TERFGERALLMNEAROELFM AR LRNEGE B GHAREAATLEL, B ZER
BIEAN M A4S B T B A R % A W A MR AT A IR — A E R SR R AR BT S S A R
EFZEF/HLSCHEZ. ATOANAZAEFRMEFRHAALIRS , AT ERIRG 5 X T M %4704, @ M K%
BAEAK ML HERMET S L RAEIANAFEEFO LR R GERAREE LSCAH THCH L Lk

KR AE W & S0 E R,
KGR A ML, ST ETRE AR
FESES:TP393 XHkFREARD : A

XEHE:1671—1807(2022)05—0326—06

Bl R 2205 B BRI e ke A A M 2% LS
RELYUNE S Rl LR NI A E N e
Ji& s NZERY H A I 8RR 5 A A W 48 R GE Y
FeoE MEY . B A 4% I R TR) 5 AUFE I 46 ThoR 2 e
AT AR TR HG ey 0 285 ey i 6 o S 500 ) 4% 45 4 A
BT ) L 28 X8 [0 255 45 g 1 A o 1k R 8 A 1 S )
P MEAE Y . T DA 99 4% T BT a5 A4 92 i A
LA 20 BOS M. i B W R S8 B
B » 40 10 265 v 4 X R B L B 9 R B 45 4 ok 45

T BEAE SR, 5T AR X A 4k I 285 e %) B BT R
AT AT . AT E AR AR R TIRZ
D7 ¥ AR R s AN TR o] UK 7 LT 4 2%

DT AR5 1 B HE P 5 . MR A B
A M BT 8 B 0 P (degree centrality, DC)
HEATHE P 2 — i (8 20 A5 200 R 0 HE 3 S 5 AR
A AR H #5820 (H-index centrality, H) #F 47
HERF LA RORE  28 3647 23 i e 5 9 iy KR 0 A
OV 3 47 HE F (K-Shell decomposition centrality,
KM,

) FET AR M HE T Oy k. MR — A AL T
oAy A e I AR b Y A B 0 P (betweenness
centrality . BO) AT HEF 5 ARG — A5 o5 2 HoAh 4y
SR B 2 A Y B Y ' %% s (closeness centrali-
ty . CO AT

3) HE TAFAE 1] 0 HE R 5 . AR — A R

W %& B H5:2021-10-19
HE&WMB B R A AFAFLEL(I571119),

PR &0 JE Y A P 5 R R M RIS AR RE AR ) A
oM Ceigenvector centrality, EO M #E47HEF .

A) F T M B R 4 i HE Y 7 vkl it )
T A Ik ) 4% ey B A 45 S R T £ 45 4 R 1) e Y 1
]S R DT 2 B 6 T g i AR T, (B
7% I 5% T Y s R R DAL A R R T .

R R E TR e A R T
FI P J5 ok 0 T % EL A TR 1 A B A R B, TE Tk
WIE T AR M 2 2, BT, [ A A AR
B % B L R R MR A B B AT S XA Y
W E TP AR ST . Gao SEARYE Y ALK
RIS 1 R BT 3 S A DT Y R R T A s
HEATHEF s Kitsak 45 38 13 43 07 15 46 2 1 2% v ) 4%
SIR #5278 AR 15 a5 78 I 45 v 19 % 1 2003 54 W 1 A
(AR T s Wei 45 5 2R BE I BE 43 A 5 A AR
Do 2 v {1 2l 2 1k BT . ) BT R AE I % ) R
FEV L WA 2R R £ P B 1Y A ) 45
S EMEM HI Wt . Yang %] Topsis 71, &5
B VO B — 48 b5 B A L 2 T A R W Y o
BdES s Lin i i D-S rikgi 5 H 2 A o
FEAm BT — B A B WAE Y O vk FT T R
Wi F3 RN S BEAR R VF 222 3 B 3 4R
S EE R RRAE A Y R M HE R S . Gao Sl
A3 ATT S R I B A BB A LR A BT Y A Y R e
F14% s Bea 85 a8 1 5 M H AR Y L HEAT

EEBNA RFEUINS . B, TEHHMA, EER I XFETRLR.AEMALAE AT AL LR %; 5t A
(1960—), § . B HEA, EAR I RFERFR, AL B AAFTOARNBHEEALFTAD A,

326



T R A T 46 5 S B AL R Y T A B R ) vk

Ao 1A 19 2% 301 % BEAF 3 AT BT T T
Zareie 55103 73 T 4897 s S5 HRRAE 19 2 HE P, ROR
P T AU R HE T kAR M s Wang S5 R
P 2 v 1 5 AT Y T A SR AR BT 2 B AR e e
B O PR ROR T R

L T 100 28 J=) 30 45 60 A9 1Y 0 B PR AN
FERAT R SRA B R RTS8, R T IR AR
TR R R AR X S E AR A R, HOBL S AR
I R A ORI 1) 24 235 g 2 B IF ] ) 3 % i 728 4 5 3R
ISE B 2 2R 0 265 45 A R0 £ B B IR M, DY ot T
ke JR M 45 5 A A B E T R 1 R — €
0 Jr BRAE o AR S o B A 1) 46 R A S L T R0 2%
T AR R AR R AL L 42 T — BT A4 )
26 VIS Bk LSC. I AE 4 AN S22 1l
PN N T 1 246 R B A7 5 56 56 I E T O 5 3k i
YRR 3L A 1 A E 2

| N(a) N N |

1 BEiEwi

T KON DO £ 1 B MR AR O (R T AR
B 0OREVE 3 5 BE AR T A8 s Fh A . BT
AR 2274 a5 E 1 PE A 5 1 SR AR Y R SRR AR
AT AR R L A 9 O 2 1 5 L 2 T R 46
AR AR S B 25 e B R B AR BT A 4 b
SRR XS T RS W ) R S W) T A A ) 2% 25 A JR R
5B BT A 4 SR R e 2 4B A B AR I
ARV AR o 00 2466 o 7 5 1) A4 A B o R
BRI T/ NP Sl D S ol o /TR NI
Salotn $55"E & SCARJE T 25 AR RLYE L B sim(a,
b = | N N NW|/ /(N [X [ (NGB ).
WARABEST 5 a Mo Z M AAFAEE SN ca 5 b0 1
FARIEE R Salotn $8HR1E s Q2R a Fl b Z A7 18
HEHRE,E X sim(a,b) = 1, B

s WA o Mo NFAEED

sim(a,b) { (] N(a) | X | (N
1,

Salotn $8 #5 5 Jaccard & 454 Le AL 5 4E T, 2 ik
PR 5 0 H 5] A8 S 15 Jaccard 8 45 VA % 1E B 454
I [R] AR 3k  w 7E Al AR R T FAUE R AN — R L
FE S BRI 46 T AN [R] 9 5 R ASUE £ 6F 1) 4% o0 24 1Y)
WA AR 2. FrAZE SR I, 5] A Salotn REL4E
Shy VAT D) 28 400 T A5 AR AL B B - B

T 5T A SR P 2% v g A5 08 T A R
2, HLAB I 5018 A0 0 40 25 40 F A PR DN SR 4R
ST R AR ARL PR R AL, 9 6 T R T A Y R
(NI S TS BTN | B RS- S Y B 3 o VT
P — I T ASUAS B R RIOR A B A M
T RE EZ I AL LSC(D) . KRN

| N(&) N N |
sim(a,b) =J (I N(@ [X [(NW ) (@
1’;5\:{‘@
LSCG() = > [1—sim(a.0)] (3)

FLUR RIS A% B AR OC B X LSC 83k i 47
EIE, 24505 ¢ (1 LSC{H K T 0 B, 35 45 ¢ AH ARy
K Z IR B A 2 X B B L LSC {E 4
LSC /M Fu %5+ 0 iF, LSC B 0 fH ., fanfE SIR 5
R AL RR A T P 19 5022 R 07 B A B A AT LAk
PTG s SALHE A8 /N F 545 T 01 s 22 8] 1Y B (BB
AR, BT T (O BT LSC &
A TS IR CRIE SR L B v P TR A KR

LSCGi) = >} fTLSC() —LSC(GHT (4

jE N

B (D
TR R a R b A7 AR
X.X>0
[(X) = (5
0,X<0

5 LT Bk LSC LA H B T A AR B EH
FARJE AT s F NS5 4, OF AT B AL R X 37 2 i
LSCHAFATIEIE , 475 41 ¢ 19 LSC BB KB, 1 BE
B R HL 5 AR TR T A AR R 0N B SR Y
R N A X 0 N S e i o L9 i i
R Rz, S LSC (B A /N % 4% 1
BEVEMA . AT LUR A LSC R B I/t 9 4%
YT Y S R AT AT
2 EMERAE

Ry R Bk ) AT AT M AR SR 3 R ik R T
SR AR AT
2.1 MR E]

3 3 Ik R 3 TR 3 ) Y A A0 X
I 4 v EE B R AT B R R R AT S
X IO 2% 255 AR BB L 4% % 3 AT LR SR S I 4%
PR IR 38 P 214 e ey N L 4 0 R B B AR
b 5 5 1) 5 26 K 420 70 K 3 T 582 W A I 4% 1) S
ST ES A S R V@ R (NS L R A
TR 2 G R L KRR TT AR

.
’7*N<N—1>(,;V’7‘f 6
=1 (D

"=

327



B A=l

Fezg HsH

EW%N%ﬁW%%ﬁﬁwﬁ:iwh%%%ﬁi
S 2 B 0 I B S 3 e ) 1 T
5 BB R 0 25 A D AR g R
6 24 o 5 3 e o 00 RO 460 g R B IR U
B 10 24 3503 A ) o= o/, 60 2402003 735 A 3 £ R4
b B LA/ LR B4 4 T o g
2.2 WBABERHE

i RS 5 T I VA 5 B A 7 A
KEVNHFTHET . B B — MR 40 5 AR - ILBE 0 D %
B 3 T A B RS 5

G =R/N (8)

U LR FIRAS B — WA R 0 I 2 MK T
A 005 0 N 5 I 2 o A, WK T
e HUBEBE 755 SRS R T/ R S ) L %
FH 2% 75 2% 0 04 45 10 0 S L 90 0 1 4
T I60 2 1 9 A
2.3 BigH

45 R HE SR X 43 4 15 $ ik ) A0S R0 R
FHEBRZ R M T E S R A A
B 45 A A A 3 T AR I 4 40 0 KR
B IR B L B R

Sn,n, — 1>T

M(R) = {1 rER (9

n(n—1)

Hion RIRIFH R 15 mi8UR  n, RRTEFH r
A B s MR IS B O [0 1] BB B R
FR LT A B VAR R
3 WHEWRE

2% BN AR ) 46 5 AT AN [ 0 # FD 45 1 L A S 3t
i 4 A 052 I 45 B0 s 4R I 2 AN T I 4 s 4R
A ES . HSE M 45 40 4 karate 38 [H %5 FiE R
IR . Dolphins ¥ BK M 2% . Adjnoun & [E 25 22 Jay 18 %)
2l Celegansneural W45 N T W 45455 WS /il
Gl 2% (WS) Rl BA Jobr B 19 2% . N T 19 45 338 1
Python #4824 i, Hh BA 92808 N=500,
M=5,WS S ¥ N=500,K=5,P=0.5%"%],
AN MR 2 DN T R FMREPE L 1,

F1 4NEXMEM 2D ATFKAEIFGE

EES s il RRE | RN | FHE
Karate 34 78 17 1 4.588
Dolphins 62 159 12 1 5.129
Adjnoun 112 425 49 1 7.589
Celegansneural 297 2 148 134 1 14. 465
WS 500 1 000 9 2 4.0
BA 500 2 475 88 5 9.9

328

4 KWHERSW

S PE A A SCHE M A S LSC 1Y
PR AT A PS8R O L E BIGhE B B —
FE L) P HES SETT AT B 0L 2% 8 57 B R Gl
A B R 322 30 - P R T ) 8% 3k 5 ) A Ak DT T
BTN EEEHY T O LSC Bk 5 R T
JR R AR AL ) LLS B3k B T A B B
K-shellZ& £ . Local Centrality 22 35 i [7] £ 3% ] J& 1§
15 B BE A HE P Degree S35 4T BRI 73 B 5 1
A58 ) P BRLR]  AG 36 AN [] o P A T e
PR IX 43 E T .
4.1 BEEWHHUER

TE 35 2 T 0 4% 445 F 0 X 45 W oK 8 R 8L G
S (4 S g6 b, Gl ik R Keshell 48 45 LC 48 R
Degree 5 F5 . LLS 45 b5 A SC 42 H #9 LSC 458 5 %
6 A~ LA 4% A 2 A~ T 4% rp HE & TR T R
AT R, X M g m g5 R E 1 fros . FEAT A
1 8 A~ 2% b, DS 25 SR B A HOR F L LSC
6 b T B 25 1 A KO G AR BRI I s ol B
4, H OLSC f8 45 £ 02 DL A 2 1 8 B 15 A L 41 gl g
T S (IO 4% 1) A R o G R B B R AR BRI 2R
I8 I 4% JR R I 25 AL AE DL M R B AL B B Y
W 2% 45 U0 Bk (LSOO fig B 4 it 8 591 M 6 B g
o JUHAESE PR M g LI 1 Ch) ] F AT M 2%
LR 1 Jh RBAFE A B, LSC 5 hr 78 & B K
3ok A v X R 2 A R % 5 e B IR G T H A
F8hR. HE# LSC F5 45 M LLS #8485 , N 6 4~ W 2% 52
B 55 Rk A YR B A R L) 08 S SR 7R 2 80
BT LSC 48 #r v LA W 26 1) % 30 4 B T8 K1 i
B2 BT LSC 48 #rid o %t Bk By O 1k A0 L T LLS
B AR TE P9 2% H 2 R0 1 T M B A AR
2t

AR M 28 80 e K F8 bR L LC #5458 .D $5
b JLLS $e AR FA SCHE 9 LSC b tEne . FIH
R Y A R VRN 4R A N BR — 2 L HE T
A 57 A5 P E8 AR B 2R e B R I 286 32 3 P 119 72
A A Ak, % 38 PR 25 25 850K I T B fa Bl
LT I QN N [ I N e 5 1= O 1] el
745 5SS SRR AR IE O . BB 2 WAL B
I 2% 715 A B8 Bk HE 91 A 48 0, LSC 48 b 5 20 45 550%
TR Aol W B LT A e AR . RN R
TEE 2(d) Karate [ 458, PAFE 515 88 FF 4 I 28 2008
T R R R v T A AR AR — ELOR AR B KRR TR
REE] 0, H Bl & A2 BR 1 00 35 0 I 45 250 [ e 34



T R A < T [0 4% 45 ) £ B A% 4 9 Y e T R IR O

IFBA BB e sh . GEUE i LSC BRI 2R IR AR IR, 00 28 25k 25 R 0 2% 1 1l O 32 3 AR K
SR A5 S T AR A5G f ol B3 BT LSC B3k a5 i v 4 3R
i LR M LSC AR i HE i I LR S 2% vp B E B A

1.0 F LS 1.0F —1LS 1.0 F
—K —K
08 —LC 08 —IC 08
=0 =10
Y3 R LSC 06k —.8C 06 F
© L) )
04 r 04 04
02 02 02r
0k ! 1 B 1 i 0y 1 I 0 1 i 0y 1 I [ 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
R s Lt TR i L] FEBRAT i L
(a) Adjnoun (b) Celegansneural (c) Dolphins
1.0 F
08
0.6
04r
021
0 C1 1 1 - VI 1 1 O 1 1 1 ".I _ 1 1 0 1 1 L ) L 1 1
0 02 0.4 0.6 0.8 1.0 0 02 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
BRI mi L B s Lty o BR L
(d) Karate (e) NW (H WS
1 AAREERHNENEEETRERREERBNTL
3

0 1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
BT s L R BT R L) FEBR T R LL ]

(a) Adjnoun (b) Celegansneural (c) Dolphins
1F e |
—K
08+ —LC
or —
0.6 F
=gtk <
04 F
—LLS
b= lfc 02
—D
- LSC ok
1 1 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
T BRT A LE] FEBRY R LEI P BR L
(d) Karate (e) NW (f) WS

B2 MATEAERREMNEEETREMERENTL

4.2 B ML, 5 LLS FRkMH . LSC REME 4 M H L
ANTRVEE B AE 4% 0 20 b A 380 B0 28 35 SRR M A P b B T SR SRR M i 2 T LLS Bk

W3k 2, F242RRWLSC LR T7E Karate I 8B AT LUSE vl o 3t 34 7 i A9 F 228

25 rh OGS S SR M LC B R Degree BME4L, 5 451F

e FA ) 25 v g P 3 e T M 4 RS L LR TR S 2 I 245 O B 1 00 o R B R B B

B TAERAR AR T 9 A A4S 0 G 00 R PR AR IR0 SCORISEBRAN(EL A ORI PRAT 2 4 S A 9 2%

BRI R T A HE T A B 2 e B AL AR D R R A BT B RO R A B TR

329



B A=l

Fezg HsH

R2 FREREREMEHELHAREE

EES M(D) M(LC) M(K) M(LLS) M(LSC)
Karate 0.707 9 0.882 5 0.936 9 0.772 3 0.839 5
Dolphins 0.831 2 0.963 7 0.976 9 0.962 3 0.967 3
Adjnoun 0. 866 1 0.977 4 0.997 4 0.978 9 0. 985 3
Celegansneural 0.9217 0.994 0 0.995 8 0.993 1 0.995 1
F & gﬁ. A 37T B8 #ﬂ%\/—fé:fi . FEE ﬁﬁﬁ% S = [10] WEI D,DENG X,ZHANG X,et al. Identifying influen-
ﬁi%ﬁ%fﬁ%)ﬁ }%F L &QB & 4_[454@: E/‘J %1:@ *H {U\ ‘I. , tial nodes in weighted networks based on evidence theory
o b iR e [J]. Physica A,2013,392:2564-2575.
%Uﬁﬁfﬁ%&ﬁ?*ﬁE‘J‘@Eix#ﬁ/fﬁﬁT{@IE’%tﬂ T%ﬁ: [11] YANG L,CAO J N,YUAN Y,et al. A framework for
& éﬁjﬁl‘)‘i—i éé': 1:/4] A ,f%‘ ’E‘ /ﬁ% j:% E,(J /E % ™ 2% 4‘[434 ‘I‘J_i i//l:l %]‘I E(J partitioning and execution of data stream applications in
B IR A DN ESE MR 2 AN T & i1y mobile cloud computing[J]. ACM SIGMET RICS Per-
5B I E B e i nl A7k . S22 B LSC ¥ 4R formance Evaluation Review,2013,40(4) :23-32.
Eméﬁﬁﬁlﬁ . Méﬁ %l’?])_’(%,'ﬁ E@iﬁ‘@ 3 /l\jj—ﬁ [12] LIN X,WANG Y Z.XIE Q.,et al. Task scheduling with
i’%’fj{iﬂ:,ﬁ\:’ﬂﬁ Hﬁiﬁfﬁff X ‘E‘E‘Eﬂ LSC %:{jg“m LI Eﬁ}i‘ﬂj i/l:l dynamic voltage and frequency scaling for energy minimi-
zation in the mobile cloud computing environment[ ] ].
jE:;IJ Hj Méﬁ. EFI E](J E%“dﬁf ‘I:I_:T‘ ° Iﬁ] Hﬂ‘m %%j\j }ﬁ gd; E/\J E:I: IEEE Trans on Services Computing, 2015, 8 (2): 175-
R —E NS . ARSI 2% 34 R T n) 186.
TEAL N 2, AR 1 7 15 v FH T8 1] AR ) 2% L) & [13] GAO C, WEI D, HU Y, et al. A modified evidential
%H#?&’E'f‘t E(] % éﬁ%}’é?ﬂ; E(] Eﬁ?‘ii)ﬁ . methodology of identifying influential nodes in weighted
networks[J]. Physica A,2013,392:5490-5500.
%%j{fﬁk [14] BAE J, KIM S. Identifying and ranking influential
spreaders in complex networks by neighborhood corenes

(1] BARABA'SI A L. ALBERT R. Emergence of scaling in [17. Physica A: Statistical Mechanics and ITS Applica-
randomnetworks[ J]. Science,1999,286:509-512. tions. 2014395 :549-559.

[2] SHIRAZ M, GANI A, KHOKHAR RH, et al. A review [15] ZAREIE A,SHEIKHAHMADI A,JALILI M, et al. In-
on distributed application processing frameworks in smart fluential node ranking in social networks based on neigh-
mobile devices for mobile cloud computing[]]. IEEE Com- borhood diversity[J]. Future Generation Computer Sys-
munications Surveys &. Tutorials, 2013, 15 (3); 1294- tems.2019.94:120-129.

1313. [16] WANG K,WU C X,AlJ. Vector centrality measurement

[3] BONACICH P F. Factoring and weighting approaches to method based on multi-order neighborhood she | number
status scores and clique identification[ J]. Journal Mathe- [J7. Acta Physica Sinica:2019,68(19);196402.
matical Sociology.1972,2:113 - 120. [17] RESTREPO J G.OTT E, HUNT B R. Characterizing

[4] KITSAK M,GALLOS LL K,HAVLIN S, et al. Identifica- the dynamical importance of network nodes and links
tion of influential spreaders in complex networks[]J]. Na- [J]. Physical Review Letters,2006,97 ;094102
ture Physies, 2010, 6(11) ;888 893. C18] Wit T 52 7 W) s H0 36 1 L 38 52 3 6D 4 I 5 40

[5] FREEMAN L C. A set of measures of centrality based on [J]. " E % 4R 2248 ,2012,22(2) : 122-126.
betweenness[J]. Sociometry.1977.40(1):35-41. [19] ZHANG Y J.AYYUB B M.SAADAT Y.et al. A doub-

[6] SABIDUSSI G. The centrality index of a graph[J]. Psy- le-weighted vulnerability assessment model for metrorail
chometrika.1966,31(4) :581-603. transit networks and its application in Shanghai metro

[7] BONACICH P. Factoring and weighting approaches to [J]. Future Generation Computer Systems, 2020, 29
status scores and clique identification [ J]. Journal of 100358.

Mathematical Sociology,1972,2(1):113-120.1-1. [20] YAN G,ZHOU T, HU B, et al. Efficient routing on

[8] GAO S,MA ]J,CHEN Z M,et al. Ranking the spreading complex networks [ ] ]. Physical Review E, 2006,
ability of nodes in complex networks based on local struc- 73:046108.
ture[ J]. Physica a:Statistical Mechanics and ITS Applica- [21] NEWMAN M E J. Scientific collaboration networks. II.
tions,2014,403:130-147. Shortest paths, weighted networks, and centrality[ ] ].

[9] KITSAK M,GALLOS L K,HAVLIN S,et al. Identifica- Physical Review E,2001,64:016132.
tion of influential spreaders in complex networks[J]. Na- [22] WATTS D J,STROGATZ S H. Collective dynamics of

ture Physics,2010,6:888-893.

330

small-world networks[J]. Nature,1998,393:440-442.



T R A T 46 5 S B AL R Y T A B R ) vk

Node Importance Identification Method Based on Network Structure and

Information Dissemination

ZHAO Yuchen, GUO Jinli

(Business School, University of Shanghai for Science and Technology,Shanghai 200093, Chine)

Abstract: Node importance assessment is an important issue in complex network research, and it is important to study the vulnerability and ro-
bustness of complex networks. By considering the network topology and information dissemination, and quantifying the topology among local
networks, a node importance evaluation LSC algorithm that considers the degree of nodes and the structural similarity of neighbor nodes was
presented. Based on six classical real networks and two man-made networks, the network is attacked by means of intentional destruction. The
experimental results of three evaluation indicators, i. e. , maximum connectivity factor, network efficiency and network monotonicity, show
that the proposed algorithm LSC can more accurately evaluate the importance of network nodes than other existing algorithms.

Keywords : complex networks;robustness;node importance;information dissemination
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