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Abstract: In network theory,it is interest to study the influences of different nodes on the key nodes in the network,
and build or select the proper node importance index to model it. This paper selects seven node importance indices to calcu-
late and analyze their contributions in nodes’ importance evaluation with Principal Component Analysis. Seven empirical
networks are used for experiments. Moreover , the order of different contributions of indices is obtained,and the correlation a-
nalysis between the most important index and the other indices is carried out using the Kendall coefficient,and factors affect-
ing the correlation coefficient are also discussed. This paper provides a way to select the node importance index in the net-
work, and the results could also be used for studying the relationships between different nodes.

Key words: principal component analysis ;node importance index ;contribution analysis ; Kendall coefficient

1 3= S TR AT IR TS AR )5 5 T S X I 2 T
SEF S 5 LR L 0 T 26 45 6 i B IR 4 TR B
BERTSLIR IS BT TE IO 6 , WA SRS A 00V g, A S0 PR A 40 BT O 2 40
RS S MR TR B2 /8, 15 AR 0 i AFEREIEFTIREE L TR, 25 S0 YR BT AR [7) 25 780 g )
/iﬂlﬁ*ﬁlﬁl ,Wﬁﬂ : %?%,ﬁ&#{ﬁﬁg&# EP'[P‘@[I] ,}J\{g %ﬁﬁii’@ﬁffﬁ tﬁl@?ﬁﬁj\%ﬂﬁ m%;[x—xjéﬁ[ls] ‘ARPA
B B PR 18 VR A B RO P S R 2 eh Y |W§1%ﬁ$%ﬁ%$@%ﬁme%”%ﬁ&m
[ B 8 4 308 PR XA 0 ) 2 P ( éggﬁﬁﬁ%%dﬁémé R
(authorities ) HIAXZLH (hubs) iy HITS 553%™ Mg 7 > o
J5 R R B T RO RO R 2 BRIV ELA
VS, A 40 R 3 45 0 R 45 K T 49 . o
B R R S ik, R ) RS AMNHERE

LT AR RO AR POt kg (VERBREL .
ﬁ’ﬁi“o] ,PageRank j%;?j&[ll] ,;%ﬁ“%z“ﬂ ,LeaderRank 7%; ﬁﬂﬁﬁyj‘ﬁﬂﬁ%gﬁﬁg n &}fr‘ﬁ‘?ﬁ:ﬁﬁi% n gﬁ%lﬂ EI/‘J n
TN - | P T CIK= R ASBEMLAS 5 ) T A B E SR

Wk H 199 :2018-07-02 ; f& 18] H 31 :2018-08-09 ; 3¢ /T4 - 5

=3
FETH . HEK A RFESRS (No. 61672372, No. 61472211 )



o2 M BT R BT I AT B AR AR SRR A 359

Wa=(a,,a,,,a,) N n 750 R, BHALR
FHc A AL R EA N
R,={alaa" =1} (1)
Bl n AR PEAA S B EHLAS &0
X=(X X, ,X)" (2)

W D(X) KX W72 ,2 =a,X,a, e R, AR E X

i D(z) =max, , {a X, Bz N X W5 —F
ﬁ,fﬂj‘]:zl =B, X.,B, eR,.

(2) FRGT A

WX A ik, H E(X) =0,0 =
E(XX")

o =E(XX") =E(X)E(X") +cov(XX")
=cov(XX") (3)

B o 23— 32X BRI n B PR 7 255585, 7T LAIER] o HAT n
ARFEHFFEAR TR A, >4, > >4, >0, X
Bk ADEWIY 2, =B X WERERE B, J o BIEE kAFE
FEAR A, FOREAE 1) 35, AT SR A n A 1040
2.2 EHSUHESR

Step 1. XA TIREILAL ], FRifEALIEBR T R
FARPRIEEA, (AR PR Z AL BA AT Hobk. S+ A 08 -

Y, -Y,
J

Hrre

cola .
Yy =—3Y,(j=1,2,,n) (5)
mi=1

1 m o '
SJZ :712()/,,_)//)’(]:1’2’:’1) (6)
m =173

Step 2 F| il b5 #E AL 5 B9 AR A A 3T 00 1 0 =
E(XX") = cov(XX") AT, H ) A3l 1 A A A 1 B 1
P72 R AT

1 m o
ZXA'iXAj’(L’] = 1,2,"',”) (7)
i=1

m—1
T AT DR B — DS BRI 5 2556 1 o

Step 3318 E . RSB W ZHE o
BRI 53] n NAEFAFIEAR A, > A, > - > A, >0, 115
B n A FAAALFFE T & A — N IESCH [, 1D @, )]

o, =

a, Qap a,
Ay Ay 0 Oy,

a= (8)
a, a, - aq,

a, B i HE i AT R A T
3 LHIIEE

3.1 KIGISHRE M4 RYIEEL
(1) 45 b5 YL H
N T AR bR A 4 T 3t AN T R 2 IR o 24 4

A E 2, IR B I N AT ST, AR SR T 7 A5
BEARTR  BEAPLE(DC) AR (BC) (3T L
PE(CC) IR B (C) VHITS B 7 3 $7 7 0o 1k
(LP) Z5Hi (SH) . 7 MEFRIY AR SO 1.

®1 tHAREHREEEX

£t R

BEHLLE W, SRR R R RERYIE B (R
NELE | B AR T A R AR R L 1)
e rpue T i B LS AP B S
REARB | WAL ARAR SR B RS RO R R L
HITS { AT RSV AR A 1
PR | TR BONERIR AR A R RE A
BEALT T S A 5 R B 2R R AL

(2) FEpm BB

TR PR R R I R O A B P
Far S MR8 L WU 2 SR A AT 5T T R 45 1Y e B
Ph. $EAT AP O PR R I — 87 1 A B2 25 1, 15 AR B
AT L E R 45 v T Ak 1) 07 R B0 ) 46 L. HITTS B3
TR LYY e 10 Ja P 2 DA A1 AH EL B2 T 1 48 s < ALk
(ERIRR LR, H o S A il iR 1 X ) 2% o 5 16 B3 i
B, X AL DU 559 A I 2% v A% 4 1) A . 5 it
Sr O o A 5 3 o R AR 458 K 38 7
SEFREBOR, WYY OB B2 A0 T 45 M T o7 B A A
ST R BAT AR IR 25 P A5 B A R DL B, B M 45
5 S A R .

g b A FE AR 3 A R £ B A [ J2 kS
P2 FP Y i E B AT TR, AN [ 4 b 1) A A
FE, T RE 5 4 1T i A BT (78 9 465 v 110 T S e

(3) 45 1) 3 B

ASCHEHCT 7 R R R 25, b S A SEpr k)
2% P25  ARPA R 45 30600 [ PR SG R I 2% K
W 265 AR R 4552 A Pajek £ FLAR PR Y
P2 TC A D0 45 /I HHE SR 245,
3.2 f5HRiEEA

(1) ootk

ki

N-1 )
ko D9 BB AEL, N A Y R AR RO R —
SN DR R R G TR = A APV E N Y
.

(2) Srfehok

BC = Y (10)

sFEIFEL gst
g RN R s BN AR ¢ IR S BE AR R, n, AT A s B
AR HZ R AT i A B R AR R Y R BB R T

DC, =




360 HH, + = R 2019 4F
R P AT SR Z BV O R AR AR Al
i RE T K. (6) fr - hrdhr oo
(3) Btk C'=(AE),=E,(G) —E,(H) (18)
€C = == (1) E(6) = Y2 (19)
! d. i=1
Z ! E, (G) AWM G Wb hifiraest, £, (H) A MHER 5
d = LZ d. (12) Je 28 PSR BRI, IV R IS Y SRR, A, A 4
N& XoF 7 )L 38 S R o 1% R i L

d, R i B e EC BT A7 5 20 B 0 2, N
R 24 A d, K B 7 R 5. i
A J I35 7 1502 o AR XE G B, 5 0 B
B Y 2 2 H L.
(4) BEFH
E, 2F,
CE G -1 2 Tk (k- 1)
E, 44 (AR 2 [ S2b A 2 M50, b, 5 0 i 0
(L, B ECAR T, SR R e T 1 4 ] ) B
BRSO T S T 2 1 A B
(5)HITS %:{215

x’i(k)z Z ajiyj(k_l)ai=152’“.’N (14)
J=1

(13)

Yi(k) = 3 ay'(k),i=1,2,- N (15)
j=1
)

x (k) =——F—,1=1,2,--- N 16
L( ) || x/(k) || b b ’ ’ ( )
y/i(k) .
(k)y=7"—""—,1=1,2,--- N 1
yl( ) || yl(k) || ’ ’ 9 b ( 7)

' (k) y" Ch) G R I 220 ke I, 3 A5 0 A ASRR (AR 4
{H. @ B EAERE AP AT AL 38 R i B91E, o, A A4EAR
B4 a4 8 10 R AEL, N O 28 S B w, (B
¥, (k) 35 R A — AR5 35 5§ FERS %0 ke 1 P AU AEL A

(7) Z5FTR 29 R
C = _;)(pl_,- + 3 pupy) g #in (20)

Z.
G 21
P Y (21)

JeT (i)
1,08 HiEh
- 2
i {O,iiﬂj%ﬁiﬂ (22)

L) R i BB ARG, p, B i i W 4ERE S
5 AR O AR TR 2 1 AN 7 SRR 1 B Y R
A 28 R ) 2 SR R B T 145 T RS R T AT A B R
N, BRI B T SRR R, Y B, 2
3.3 WX\

R T BIFTEAE Sl I 285 o A [ 4 o B S B )T
U BV AR L, LA 2% rp 5755 s B AR X 7 Fb
P £ PR FEAT FE RS 43 BT, DA XUZR 0 28 24y 431, ELAA S 3
BT

Step 1.5 Pajek {5 ELE/FAG 3 W25 &S5 53 7
R ) LA L 2 2.

Step 2 : X HEA KR FEATARUEALAL 2], WA (4) ~
(6) , 8 I AREAL AL BAS 240N £dls, DLk 3.

R2 REREP-LHIEREEHE

TEFS DC BC CC C HITS {& LP SH
1 0.111 0. 000 0.310 0. 000 0.0112 6 1. 000
2 0.222 0.222 0.429 0. 000 0. 048 14 0. 500
3 0.333 0.389 0. 600 0.333 0. 196 32 0.431
4 0. 556 0.231 0. 643 0. 500 0.398 52 0. 445
5 0.556 0.231 0. 643 0. 500 0.3978 52 0. 445
6 0.333 0. 000 0. 500 1. 000 0. 286 40 0. 664
7 0. 667 0. 102 0. 600 0.533 0. 481 86 0. 470
8 0. 667 0. 000 0.500 1. 000 0.286 40 0. 664
9 0. 444 0. 023 0.529 0. 667 0.352 54 0. 541
10 0.444 0.023 0.529 0. 667 0.352 54 0. 541




o2 M BB T R AT A R 4 R SR R TR AN 361
R3 IRENLEEREE
V=2 DC BC cC C HITS {& LP SH
1 -1.742 -0.889 -2.117 -1.501 -1.758 -1.636 2.483
2 -1.142 0.728 -0.963 -1.501 -1.518 -1.282 -0. 405
3 —-0.542 1.944 0. 695 -0.540 -0.553 -0.486 -0.804
4 0. 663 0.793 1. 112 -0.058 0. 764 0. 398 -0.723
5 0. 663 0.793 1.112 —-0.058 0.763 0.398 -0.723
6 -0.542 -0.889 -0.274 1.385 0.034 -0.133 0.542
7 1.263 -0. 146 0. 695 0.038 1. 305 1.902 -0.578
8 1.263 -0. 889 -0.274 1.385 0.034 -0.133 0.542
9 0. 058 -0.722 0. 007 0.424 0. 464 0.486 -0.168
10 0. 058 -0.722 0. 007 0.424 0. 464 0. 486 -0. 168
Step 35K 7 BRI A OC R BOHE 42, L3k 4. Al ik EXCEL {77 (1) CORREL pf R A
R4 IEREEXREERER
X, X, X, X, X; Xe X;
X, 1 -0.021 0.729 0. 626 0.870 0. 830 -0.527
X, -0.021 1 0.519 -0.442 -0.036 -0. 060 -0. 650
X5 0.729 0.519 1 0.377 0. 821 0.739 -0.859
Xy 0. 626 -0.442 0.377 1 0. 629 0.524 -0. 140
X; 0. 870 -0.036 0. 821 0. 629 1 0.958 -0.587
Xe 0. 830 -0. 060 0.739 0.524 0.958 1 -0.571
X, -0.527 -0.650 -0.859 -0. 140 -0.587 -0.571 1
Step 4 RAFAR 3 UG HE MO RHAEGURURHAE (9, L3RS, Wi MATLAB 5 el ECR R,
RS MEXRBEMENFHILESHERE
FHEAH RPAE ] e
A il Ci2 ¢ Cia Cis Ci Ca
0. 0007 -0.0156 -0.0241 -0.3273 -0.8243 0. 0652 0. 1506 -0.4308
0.0317 0.3787 0.4296 0.2791 -0.2309 -0.2075 -0.7004 -0.0844
0. 1291 -0. 6421 -0.3030 0. 4654 0. 0073 -0. 1531 -0.2518 -0.4386
0. 1932 0. 1023 0.2803 0. 0472 0. 1444 -0.7700 0.4612 -0.2870
0.3919 0. 6371 -0.4314 0.3152 0. 1589 0.2314 0. 1398 -0.4586
1. 8868 -0.1651 0. 6549 0. 0230 0. 2685 0.5117 0. 1342 -0.4375
4. 3666 -0.0196 0.1716 0. 7045 -0.3859 0. 1451 0. 4160 0.3617

Step 5 315 & A~ F L 1 DTHR AR A R TTRR R,

n

IW:L

i=1

A r A F R 9 R TR, UL 6.



362 I - 2019 4F
F6 EBANERSHITHMEFRRTIE
FRAE(E Ay Ay A; Ay As Ag As
TR 0. 0001 0. 0045 0.018 0.028 0.056 0.270 0. 624
VA e 0. 0001 0. 005 0.023 0.051 0. 107 0.376 1. 000

[ B, R ARG B At 6 A 160 2% 9 4 AL {E 5 [6]
A TR AR R TR
4 LRSS
4.1 LIIEFRSIEREEKE

Oh T UL ML BB AN TR i A g1 5 E P ) B
A8 LI AS )8 AR % - RS ] 19 26 35 1 14 5T Rk A
kP, DLIA 1.

80

—o— R 2%

~ 601 —— ARPA%%
S AIDS¥ %
;+ —o— K45

= 40 —o— AR 2%
= TR
= —— /NS 2%
#E20r

i s 6 7
BRI
BT FEBR TR A 4]

T I E AR AR -E 0 45 1 R A
TTRRAR 2 R -ERR M2 SRR STk OC AR ], DL 2.

0.8 T T T "
——SH
0.6 ——LP 1

M HITS
k= —C

i 0.4 —=-CC
1= BC
_S'E

LRI
K2 S EER DTk Ao A 14
P 2 BT LA H - S5 R 3I 6 AR 1 o7 k3 A K, P
LT O PR PR IR 2, FEAR AR AR T 1Y 0 B TR R
BN HARZEA K. A 7 B8 B0 49 3 2R A
HEAT T B P ST R IS, AR E AN S 5 A L
PR B 0t 1 i SR 1 2 e P T, — 7 T A RSk
HAEbRA B B MRk B 1k 5 5 — J7 I A] Rk B 19 A%
S Kb TR 2 1% [T A TR A 7 A 1 A A P S
4.2 HHRICHERXTEE o1
SCHR[ 19 ]l I 25 4 3 5 3k Xof 4 e = M AT
5E A BN SRR TR bR U0 T HoAl T8 b, Horb i puo PR
FRpET A B0hO R F8 B3 5 SCHR [ 20 ] [R] 4 {45 44 ) 34
i, It X Netscience il E-mail R £% 55 &5 5% ) 1 gE 47 0F

58, A9 BN I F 450 i P8 A 200 T A Bobo 1 5
HUOPEFS AR SCHk [ 21 ] 35 F 254470, 76 ARPA (AIDS %5
P % H TS A ) 6 A X619 s B B 1 i ), S 2 AR
RS e bR 2 T H B Irik e br, Lk S S0k
SR 5RO R A5 R — 2

SCHR[22 ] 36T 2 @ PR o 5 1 S AT 4%
BV, e 3 5 43 43 B 1 A 48 R ACER L 32 STk
R T PARRAS [R] B 48 b , A< SCFE H S Al B35 1 %
et (HITS R 2R R 5 A8 45, BB fin 4>
TAT AR 99 i i E . SOk [ 23 R 32 040 T 4%
FUREFE bR AL TR, WA IE— 25 WF S8 AS [6] 4 b % ) 4%
A B B S R, LA RO [R) 8 AR AE AN [R) D) 2% v X Y
EEMER R .
4.3 LIWISFREREST

R T RGEESF R F8 A5 5 HA S AR 2 8] i A G 1
AR SCR P R A 56 BB RS FR AT A RSB

A A BEHLAS B2 500 X, Y, AT TR A5
FNXL Y, o B A BENLAS 5 © DN OCERE. S X,
SX, HY,>Y 8 X, <X, HY, <Y, i, ek
(924 X, >X, LY, <Y, 803 X, <X, LY, >, i, BT
ZRR—E ;S X, = X, Y, =Y, i, R T
. IR AE I REOE LUNF

Nc _N,l
TN(N-1)/2
N, =N, BHFRRITCEXES XY A — ST E
PRI —EE R TR X8, N R 28535 15 B

K 3 B TR 2% th 25 4T 6 AR 5w DU A s
FRZ [ AR GPE R

M3 a] LUE S, 25493 45 45 5w U R g br 2
TUAH I, 13X 2 R A 235 FA) 31 48 B (LB /)N 2 B 7 BT 2
T B DU R bR AH 5. 45 48 T 46 A 5 5 o PR S AR A
B OPEFE BRI R, 7 I AE - 0. 63 2475 M
RN TR AR YRR/, r S IHE - 0.54 24,
A] A8 Y T PR 2 45 A TR 48 A 0 EE A O PEFE AR AR R T
FLIY SR ERAE L N2 2540 &, 45 R4 7 St & — A
T S AR O P B AR AR B S

AN [] 19X 4% X6 i s A OGP 52 0 1 AT LA 2 A
RIS TR (1) [ 26 o) g B =2 [) 149 R G P 2 B 2 7 A 5 .
TE ARPA W 4% Hf | 5 K603 48 A 5 PO 48 A 19 A DG 14 R
Fe3E /N I AE - 0.40 A2 AT 5 1M 78 To AR JE P 45w, 25
FaiRH8 5 55 U B8 AR A SRR, r 3 TE - 0.76
ZeA X ] B 1 T 2% AN TR) 0 4 N 4 7= A R 45 2

(23)

T



2 BB T R T R I AR AR TR A 363
04 ° kendall's Tau=-0.400! 04 kendall's Tau=-0.8444 0.6 :, kendall's Tau=-0.6444| 80} ° kendall's Tau=-0.1778|
e
03 os . 60 .
° . ° L]
S04 Qoo ° ° s S40 .
L] L] L] L]
0.4
02 O.dp e 0f
0 ° 03 0
0.4 0.6 0.8 1 0.4 0.6 0.8 0.4 0.6 0.8 1 0.4 0.6 0.8 1
SH SH SH SH
(al) NE M2 (a2) WEMZ (a3) WM (a4) NE R
0.2 ; v A 160
ols kendall's Tau=-0.3714] 03} ®  kendalls Tau=05238 | 0357 © g kendall's Tau=-0.3810 140, & kendall's Tau=-0.3143
. L]
L] L]
120 .
0.16 0.2 t 0.3 o 3
I . . 27 : o1 ot 8 =100k .
0.14 o . . .
0.1 ] 0.25 . . 80 : ¢
0.12 HR : . 60 :
0.1 0 e 40
02 04 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 02 04 0.6 0.8
SH SH SH SH
(bh1) ARPAMZ (h2) ARPAZE (b3 ) ARPAIRIZS (b4) ARPAMZ
. P 4 400
0.21* kendall's Tau=-0.6372 0.61° kendall's Tau=-0.6244 kendall's Tau=-0.3962 Kkendall's Tau=-0.5397
. 0.35(* o 300
0.15) oad e o3l ° e
Q . O 8 o o oo
a A H 5200 %o
01 : ° ° 0.2 M ° U0-25 L : ° ;
: . °° 100 s
0.05 . . I, 02 °. . ' i
0 0.1 0
02 04 06 08 1 02 04 06 08 1 ™" 02 04 06 08 I 02 04 06 08 1
SH SH SH SH
(cl) SLHIRBETELRM (c2) SLURBHTEL RN (¢3) SLHmRBETECRM (c4) SLUARBHETEL RN
Q. g
0-05¢ Kendalls Taw—0.724 kendall's Tau=0.5899 oo} ® °  kendalls Tau=0.3860 ¢l e kendall's Tau=-0.6917
0.4 : s .
0.06t ® H 0.18 * ¢ .3 s §.
) . oo 003 Yotel e ] e 401 s e o
(&) m . oY =
004 . . 02t ® ¢ ¢ | | ¢
o 0.14} % .
be 3. 8 Lt 3 . 20t e |
0.02 ‘ ° 0.1y Ry oa2e T} . ) 1
0.1
02 04 06 08 1 9207 06 o8 02 04 06 08 02 04 06 08 1
SH SH SH SH
(d1) KM (d2) KM (d3) KM (da) KM
0.5 0.4 0.7 300
kendall's Tau=-0.6646 ° kendall's Tau=-0.6554 . kendall's Tau=-0.5508 . kendall's Tau=-0.6677|
0.4 0.3 0.6
. 200
80.3 ° oo e (&)02 805 e g’n 5 .
®e®, °
0.2 :oo..o . 0.1 ° 0.4 ° : - ° 100 .°: ‘.h
0.1 we o e® o : «°8 ~ LY °
. (] ° 0 . .'”0. [y - 0.3 0 [
0.2 0.4 0.6 0.8 0.2 0.4 0.6 08 02 0.4 0.6 0.8 0.2 0.4 0.6 0.8
SH SH SH SH
(el ) Hethfm s (e2) w2 (e3) Hhm 2 (ed) Hnm 2
0.4 ; ; 800
o, kendall's Tau=0.7763 0.04 ® kendalls Tw=-0.773] 0.6 %, kendall's Tau=-0.7478 e, kendall's Tau=-0.7478
e o
0.3 .o - 0.03 ...: -.. .:‘ 600 .' .0
Q ...o o Q0 > 8 v 0.55 e % -9 ".. °
la ®oo o 2 0.02 e &) M _1400 PR
02 °we : RIN . od
' “ s 0.01 Soare g 0.5 °.oooo.. °4 34 X
.oo.o.o. ) ° '*.o' ° 200 (LA
L] L] Y °
0.1 -
0.1 0.15 0.2 050 0.15 0.2 0.1 0.15 0.2 0.1 0.15 0.2
SH SH SH SH
(f1) TChREEI LS (f2) TChREZ I (f3) TChREE I (f4) ThREEMLE
<
0-ee—= kendall's Tau=-0.6441 ° kendall's Tau=-0.6384| 0.4 ,’ ,:uk.endall's Tau=-0.6163 ® e kendall's Tau=-0.6588
oo . ° *
0.1 o am oo 0.1 . . 0.3 0 .: '-.'0' i 100f® o o
LN ] (X ] ° o °
8 ° ° g . o0 8 02 ° 5 ° o O .
0.05 ° oo 0.05] o Sog ° 50 7% -
. ° .. Y "' . 0.1 ! (X ]
. ° .. ® o . .
0 0 00® 0 0 .
0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5

SH
(gl) /M R

SH SH
(g2) /MEF %% (g3) /MR
3 FabrH e

SH
(g4) /MIEFRZS



364 H T

2 4R 2019 4

T SO E WL S S5 AR 5 B AR AR AE AN [
2 RIAR S PEAZ AL, LL-E R 4% (9 7 5 R A A, L&
FaR 55 e FE AR 2 ) (AR 5 R B A AR bR, £33 T
JLIE 4.

Hi & 4 7T LA, S5 H I 45 bn 5 At 95 AR 22 18] fY
FHOR Z A S AR 25 TR BE R 45 /DN T 5 1o 245 v ) 22
SR/ TR AR R 2%  ARPA 2% S0 95 S0 5 PR G &
P28 FIIK 9 265 rp 22 S 50K, S 1 A [R) 48 AR A8 A 7] )
28 PP G EE B R TR R 1 25 5

0.8
0.7
0.6
&
W% 0.5 1
K ——SH&DC
=04 —+—SH&BC 1
03 SH&CC |
: ——SH&LP
0.2
0.1
1 2 3 4 5 6 7

W47
K4 MR RER R K

5 #it

BT FE R o3BT, A SCHETE T AR SR 7 5
FEPERRFRXT 1Y 0 HE B A TR A E 10 AE 9 15 £ 5 RE
i S AT R PR B[R, RIS T 25 $5 45 Z 1] i) A
SN B ANTR] 2 Y 0 465 5 435 s B K 257 AR R W 114 Ji A
AT 2 JE R AR b e B R AR (I 1T WF 5 07 3k, k5
A FFEARIR] AR EL G 28 LA S SD J SR B 068 48 B 7™ A2 52 )
R BRI T — b L

5% 0k

[ 1] Bonacich P. Factoring and weighting approaches to status
scores and clique identification[ J ]. Journal of Mathemati-
cal Sociology,1972,2(1) ;113 —120.

[2] Freeman L C. A set of measures of centrality based on be-
tweenness[ J | . Sociometry,1977,40(1) ;35 —41.

[3] Freeman L C. Centrality in social networks conceptual clar-
ification[ J]. Social Networks,1979,1(3) :215 —239.

[4] Kleinberg J M. Authoritative sources in a hyperlinked envi-
ronment[ J]. Journal of Acm,1999,46(5) :604 —632.

[5] Qi X,Duval R D, Christensen K, et al. Terrorist networks
network energy and node removal:a new measure of cen-
trality based on laplacian energy [ J]. Social Networking,
2013,2(1) .19 -31.

[6] Burt R S. Structural Holes; The Social Structure of Compe-
tition[ M ]. Harvard University Press,2010.

[7] Chen D B,Lii L,Shang M S, et al. Identifying influential

nodes in complex networks[ J]. Physica A Statistical Me-

chanics & Its Applications,2012,391(1) 1777 - 1787.

[ 8] Phillip Bonacich. Factoring and weighting approaches to
status scores and clique identification[ J ]. Journal of Math-
ematical Sociology,1972,2(1) ;113 -120.

[9] Dangalchev C. Residual closeness in networks[ J |. Physica
A Statistical Mechanics & Its Applications,2006,365(2) :

556 —564.

[10] Kitsak M, Gallos L K,Havlin S, et al. Identification of in-
fluential spreaders in complex networks[ J |. Nature Phys-
ics,2011,6(11) .888 —893.

[11] Brin S,Page L. The anatomy of a large-scale hypertextual
Web search engine [ A ]. International Conference on
World Wide Web[ C]. Elsevier Science Publishers B. V.
1998.107 - 117.

[12] Poulin R, Boily M C, Msse B R. Dynamical systems to
define centrality in social networks[ J]. Social Networks,
2000,22(3) .187 - 220.

[13] Linyuan L,Zhang Y C,Ho Y C,et al. Leaders in social
networks, the delicious case [ J]. Plos One, 2011, 6
(6) :e21202.

[14] FENE. R LA 45 5 BRI M. bt HUAR Tl i
#1,2015.52 -55.

Wang Ying-luo. Systems Engineering. Fifth Edition[ M ].
Beijing : China Machine Press, 2015. 52 - 55. (in Chi-
nese)

(IS ] RN, 2550, BROGoR. MR g [ M. deat. & 4
HEH B ,2012. 161 - 162.

Wang Xiao-fan,Li Xiang,Chen Guan-rong. An Introduc-
tion of Network Science[ M |. Beijing: Higher Education
Press,2012. 161 - 162. (in Chinese)

[16] Klovdahl A S. Social networks and the spread of infec-
tious diseases; the AIDS example [ J ]. Social Science &
Medicine, 1985,21(11) ;1203 - 1216.

[17] XS4, T4 Ay 7 . T 52 2 I 45 BEAE 1 7K I 35 1

FEMEPFMATFELT]. P E B AR E,2014 (12) ¢
1280 - 1294.
Liu Zhong-hua, Yu Hua, Yang Fang-ting. Evaluate the
node importance for water network based on complex net-
work theory[ J]. Chinese Science ; Technical Science,2014
(12) :1280 - 1294. (in Chinese)

(18] EBL, FMAAR XGRS, 45, T4 Z% 00 45 B Y R HL 46
PR 28T S BRI [T ] b T, 2017,36 (5)
1581 —1588.

Wang Zheng, Sun Jin-cheng, Liu Xiao-giang, Jiang Ying,
Jia Xiaoping, Wang Fang. Evaluation of the node impor-
tance for large heat exchanger network based on complex
network theory [ J]. Chemical Industry and Engineering
Progress,2017,36(5) :1581 - 1588. (in Chinese)

[19] SR8, A7 IR TL, S5 THT 1) 25 44031 114 52 2% 1o 4% O



o2 M W] A T BT T I I 454 A B AR TR A 365

TRHER [T ] W RAE4R ,2015,64(5) 1421 - 429.
Han Zhong-ming, Wu Yang, Tan Xu-sheng, Duan Da-
gao, Yang Wei-jie. Ranking key nodes in complex net-
works by considering structural holes [ J]. Acta Physica
Sinica,2015,64(5) :421 —429. (in Chinese)

[20] FRIEHE, KA. FHABI 54010 7 T $oAk 2 W 2% b i
HAZ R 45 s [T]. Yy PE~E4i ,2015,64(2) -1~ 11.
Su Xiao-ping, Song Yu-rong. Leveraging neighborhood
“structural holes” to identifying key spreaders in social
networks[ J]. Acta Physica Sinica,2015,64(2):1 - 11.
(in Chinese)

[21] Yu H,Cao X,Liu Z,et al. Identifying key nodes based on
improved structural holes in complex networks|[ J]. Physi-
ca A Statistical Mechanics & Its Applications,2017,486.

EEE T

#OW 55,1970 LR A, HON RIK . T
)5 BB, EEB T 0 e M R G
BOi RS B0 2 SR o AN BE G .
E-mail ; hug_2004@ 126. com

[22] T, XU%E, 22 55 5. BT 20 Jm MR DR SR 52 2 I 46 45

BEMELL AWM L [T]. Py o2 4, 2013,62 (2)
020204-1 —020204-9.
Yu Hui,Liu Zun,Li Yong-jun. Key nodes in complex net-
works identified by multi-attribute decision-making meth-
od[ J]. Acta Physica Sinica, 2013, 62 (2) :020204-1 —
020204-9. (in Chinese)

[23] Zhang K,Zhang H,Wu Y D, et al. Evaluating the impor-
tance of nodes in complex networks based on principal
component analysis and grey relational analysis| A ]. IEEE
International Conference on Networks [ C |. 2011. 6955
(2):231 -235.

[24] Kendall M G. The treatment of ties in ranking problems
[J]. Biometrika,1945,33(3) :239 - 251.

O 51993 AEH A RBURIN . B
A O A A, R EWFTE 7 10 S A I 4
ARGUERLT B B o AT A3 I 2 0
S .

E-mail :18726008700@ 163. com



