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Fig. 1. A simple topological structure.
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Fig. 2. Part topology extracted from figure 1 from the
perspective of acertain sourcenode and target node:
(a) The path graph that vy influences vz and wvs;
(b) the path graph that v2 and vs influence ve.
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Table 1. Importance comparison of matrix with (0, 1,

2) three-demarcation method.
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Dis = [di;]// B M4 Floyd 5i%;

50, IRYERCEAEFEAE 1, TR A
TR X EE SS (i =1, ,n);

=00, MR 2, T AT S
BAAL(G =1, ,n) MFTA T SO 2 18] 2R AE
eij(i,j =1, ,n), ENKEHE E;

VUL, ARYE ST RN Z R dyy, tHE

BT B ¥ I 1) 56 [ Adis, ﬁiﬁ?ﬁAgﬂ/ZA;féa Pl
k=1

ALY /ST ARt LIS BOEE STP I
k=1

TIP

FID, R (8) 3, e £ BRI FE M; ¥
FERE M S i 47 R GRS R DA 1, B E HRE Py

SN, MR (10) A (1) R, HHEEANT A
MEZLE D,

FH, B ETE S I E B MR BN
1THERT.

2 8 B G LT S ANAFTE i, M AAFEANL,
bl 2 8 19 28w (1) AR 2 P, 5] ST 48 HR R A
G| H B S0, X E AR E AR AR D]
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#ON 0. O T SRS RO R O, AR SO SR
TR AR AR PN R DB N 0B, B
B A AR, (BRI R, HEFP B EE R,
T B

1 FAERT
4.1 BERBRMS

T 56 LA 3 BT 7 1 5 A X R 45 74 1 1) i A
W2 (91 45 38 FH AR SCRT B S A1 A
R FE S DA e 4 ) BB FR AR DL, 95 SCHk
[19] I 22 BAS RPN T ik AT X LL o i, VR,
SCHR [19] X SCHR [5] s, A PN 7 v R i
TAHBIBIAZE (A4 X =0.8).

THEAS BT S B AR AR A A HE P 45 R,
T2,

ARSCEEN DA B Y v Fop B
BB HEE AL vz Mlog [ H 2, IR T vy, vy
vy Mg [AZEEE, KT vs, vg: vo Mg B AN
HEAEARAL, AEMR N MBI 3T LLE H, 5 5
vy Moz b T2 R 5 B4zl e 1 KB &, A4
TS W A, RN SN R, S EER
B2 AP, R vy A o7 B B M ROK; [FIFE
Hi, vg Fvg IR 2 T B0 25 AN 3@, (H AR T
vy Mg, 5 v Flvg AR p B /b — 1 AL
BMEIRZ; vs Flvg M EERE, (HIHKE EE] “HriE”
PIFE R, DRl B A 225 15 B w1, vg Ml v, w10 1E
WX 2 rh R A B A ], AL T 2% i 2% B A
0, AHAXT T 01, vo, 1 R vo, vio B H SR EE /N —
g R HEE S E NS, A, WK 21T LR
H, ARSCEE R DS H 5 SR [19] 58 4 — BRI AT 4
ANEEEN A, BRI T AR SRR B .

{HIE, AR SCHVES Sk [19] 7E VAN 19 A B 2

AR RAFAE — € ZE Y, EE W SCRR [19] A 9T A
v1, Vg Fl vg, v M EE ELPEEREAR e T vs Flvg. Mtk
F3gth T MR AR LT R ) 48 1R P S5 R AR
L. R 3AMER H, MIBRTT o Ja, WESH-F
BIRCRA T RE, X BT S s MM BRAE — @R
RS TR AE B TR R vy JE, P2
(- 35280 ey b, XU S A vq IR B A4 1
LB AR LD, Sami$e i 1A R 2% 1)l (S
REJ1. AR LA, 5 5 vs il vg BB BN ER T
vy, vo Mg, vig. BRI, ARSI IELE RN Y S H 2
PE AR BE .

*2 RY AN T REDEN: ok R g 2B S
Table 2. Importance ranking results of network nodes

shown in Fig. 3.

KN RS SCHR [19]
WP
S¢ D! e HEE HF
1 0.6 0 7 —0.5108 5
2 0.4 0 9 —0.9163 7
3 4.6 0.1165 3 0.7340 3
4 5.2 0.3714 1 2.0794 1
5 0.7 0.0121 5 -1.3863 9
6 0.7 0.0121 5 -1.3863 9
7 52 0.3714 1 2.0794 1
8 4.6 0.1165 3 0.7340 3
9 0.6 0 7 —0.5108 5
10 0.4 0 9 -0.9163 7

3 MBRAE R SR B 3 P2 R R
Table 3. The average efficiency of network shown in

figure 3 before and after removing node.

o) 2 115 )5 WML MER vs Bve MR v1 Bl vo

W& TR T 0.1926 0.1921 0.2153

K3 HA R TRE A A T AR o 2 3 b

Fig. 3. A directed weighted network topology with symmetric structure.
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MR B3 X 2% 1) Sz 5w DL AR SC B R X
{7 BRL PRI AT [ JINASL DX % 30 AT 77 o B B P A AT LB
JFRIFIEEIR. A Tk — B IUE AR SCITVER A 3
P, ASCHA T £ E ) ARPA (advanced research
project agency) W& $hFEATHI . ARPA i &
TR TR &, A, A S0 o dof H kAT 12 AR 120
BT AL 4%, 7 G AE AT s [ 1)
A AN 2, a4 B, i e R
WA & SE TR R % RN R SR, SRS
FLBGIL (v, v5) PN I 1L 0 5 0y ORI R/, 24
S, < S, M, BRI v, B ;. S = S,
I, T EC AL v Moy 5 B AR AR AU SR BE 2 F, 24

D Sk< Y S (T(v), T(wy) 4 BRI R v,
kel (v;) tel(v;)

Ay B8R (U &) B, Bl )5 1708 v; 36 A
v 20N Sp = > S, Wy oy 21

kel (v;) lel(vy)

AEN D, FEAS TR (vy, v;) b RIBUE 9
FELA T 4 . el BRI 52 0 0 2 S50
B, A T IR 26 15 5T ) TR I 2 o 4645
AL,

AU T ASCHR R B DL SOk [19, 21, 22]
i 77 VT 5 A R TR AR (R4
A =0.8).

R4 NBGE RS H ARPA W45 5 E B HE P 251
Table 4. Importance ranking results of nodes in directed weighted ARPA network.

PN @ A7 SCHR [19] IR [21] IR [22]
RS
Di S¢ D} 7 HEF HEF EE 950

1 0 2.8 0 16 9 21 16
2(ROVM) 0.5691  35.2  0.3067 1 1 3 3
3(HOM) 0.3778 224  0.1296 3 6 1 1
4 0.1353 4.8  0.0099 12 20 7 11
5 0 2 0 19 7 11 14
6(#<$) 0.4099  14.4  0.0904 5 4 6 7
7 0.1817 4.4  0.0122 9 16 15 18
8 0.1870 4 0.0115 10 11 18 20
9($) 1.6 0 21 5 20 21
10 0.1870 4 0.0155 10 11 16 19
11 0.1984 4.4  0.0134 8 11 12 15
12(Va) 0.3194 11.4  0.0558 6 10 4 5
13 0 2.8 0 16 14 8 10
14(&OVM) 04675  28.8  0.2062 2 2 2 2
15 0.1194 9.6  0.0175 7 19 9 6
16 0 3.2 0 14 18 19 12
17 0 3.2 0 14 17 14 9
18 0 2.8 0 16 15 10 8
19(&OVM)  0.4951  16.8  0.1274 4 3 5 4
20 0.1194 4.4  0.0080 13 21 13 13
21 0 2 0 19 7 17 17

VE: ACCHLER R MR 5 A BB AU & bRiE, KM, SCRR [19] SCHR [21) ZOCHR [22] 251

)gﬁ ::<>777 “QQ”, “‘77 *;T;B‘E
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4 IRCE R ARPA %%

Fig. 4. Directed weighted network obtained by the ARPA network.

e MR AT LR Y, ARSCHI PRI S5 T DLk
G B 2 R A2 SO0 SS FRARIARN B, 5 EE B 4
JR3 IR 25 1) 56 B2 P 38 A DY % B g b X 4 5 A 22 ]
Pz R, than, FT 0SS = 5§, = S5, = 4.4, Lk
WHEATEA M A R E RS . %E
BT 25 AE A P IR AR G B B p; fE (pr = 0.1817,
p11 = 0.1984, pog = 0.1194), A WL voq 75 BN X 45
HH ARG B L B RN T o Fl oy, R DY 84515
Bl vgo M E ZLPERH R /N T v flvyg.

FAh, R AT pAREIE T LA H, ASCH
VAT BIET 5 AN EEE T RN va, v14, v3, V19, Vg, FI
e AT T 3CHR [19, 21, 22] B AT 5 AN E Y
MER IR XA ML 1O, T
ARSCHEFIA B, SR, SCER [19] HETE 55 5 0111
BT 4 v 1R A SCELVE AN SCHR [22] T ETHETE R AL,
FESCHR [21] W HRAE BI85 — A, AT 4 AT LE
B, W v BT AR ML B ST D B EAE A
AR, B ABN. SAh, TR [19] WA
T Rvs, vig, vi1 FA MR E ZEME, A SCREIERE
¥ v 5 vs, vio WEBEMEX TR, K05, MR
T Rvg Ja, S BERACTRE T 0.5%, 1 B
W Rlvn T, MESHFRIRCE TR T 4%. W RIS
v P EEE R T vs, X5 ASIVEAN &5 R AH—
. Bk, AR STUPY 7 A X STk [19] B BE 4R U
X 4377 f 2 TR ) 22 5

EH 749 R (8 e 2 TR TX 45 F B2 B 12k, 32 R 1Y
e VERRZE ) W6 RPN 7 VAT DRI, AR SR
FR AT SR, B ES R R 5 AN E B,
KX AT 53 AN FR AN VR BT, 2R (1
TEIE M TR R R UGS 1T B A KT
PR A FEbr okl &, FRI%H B2, s8R K+ K
FIT A B B9 s 00 b U050 B I 5% 3 1k 72

Xof I IR 7 v . Stk SN 5 s

M 5 A LAE H, fER AT 5 AN E BT M, X
R [21) R STHR [22) FIVEIN TR R8T 6 AT,
Hod g KT R A H o810, TR A SCHE
LR SR T AT E, B R K TEMAT SR E R
7. MEERERY, Lk RN FEEE, & 2&MNERKT
B 7 5 b, AR SCRVE R BLAR ZE AR T 3 Atk
Jrik. Rk, e s E B B AR R
ROR.

15

o iR TR o FEEH
10

5

KIS e Hk[21] SCiHk[22]

5 (WA E) BT 5 A E 2 5 5 ARPA W45 5%
PER AL
Fig. 5. (color online) The connectivity changes by re-

moving the top 5 important nodes on the ARPA.

4.2 BIRAEEDEEaIE— S

N T IAEFVERI TSN, AR08 ARPA W 2% i
AT IEB R AT FOR T N2 B B . X LB Mt
AR AP MR R AT R, — MRS B E
S, F A REBEEAT G, M2 RO T K
ML L G, HARBA N

nmax
G =~ (12)

Fo, nmas 78 48 A R T i R 38 1 P
TR EH . EBERR AR LR IS RS 2
(T o BB S R Y, MR RS ok I 4% v ) B 21
s T AU R R A 2 1 R Y PR
A DURGE AR R B 7 20T R R 48 A 1 20 A7, SR
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Wi SN TR TS . G, SRR, RN 2%
BRTERZE, Xt RPN TR T 5. AR SR 3
W [21,22] X N AT ZE A R 0y 45 R A0 B 6 T,

1.0

I S NS
0.8 |
L —a— ik [21]
0.6 1 —o— ik [22]
[¢] L
0.4
0.2 f
ol -
13 5 7 9 11 13 15 17 19 21
FBRT RAH
9
81 (b) R AR
Z' —a iR [21]
) 5: —o— ik [22]
4 L
3 L
2 L
1 L

[}

FBRTT mAH

6 AFIEMITEFEB MR (a) BTSN
B G I (b) BEBRT ROW 4R DR S K520

Fig. 6. The results of cascading failures with different
evaluation methods: (a) The effect of node removal on
G; (b) the effect of node removal on S.

MG RIS T LR I, EBAOKT L, b
FABBRAT R H N, ASCEAREE R G K
FEH TR, BARTEMIRR 55 275 s, RILEI 7%
J&, FEMIBRHT 4 A5 S, =R R R IR, H
FEAE S SRR T R RE R, ASCEEX NN G E
RN FICHR[21, 22 R, HESAEERET5 4
TR, AR SO N i K I RIS L S
Wk [21, 22] 92> 30%. AN, H S MIAREH RS H
H, ASCHPT N7 B S ETHEAR, HE K
ANFERS HAt 75— ARG DAL SR A5 SR AT A
P, ASSCRTHR A 5 B AR PR 7 AR X BN
CIES

5 %

AR SCIE I 3 M A SR S A DA R A 2%
P A 5 mLZ AR &, 3R 1 T —Fhdt T2 H R
Wi A B 59 R RPN T . R ZTTEN T
JUAN SR FRAT TR IR 2%, 45 DA T 2.

HEC AT, ARSCT73% ARPA W48 i 5
BRI X > SRS 8 BRI AL AT

205 2 1 5 BT R RS I8 BRI 281 P ROR B R
T B T SE SRR R0 5 A BT R, TR
HEE LA, R SCIEREE RCE 2 17 B 5
H, BLRSE /N oK B, XU 9% 05 i By
—E IR EENE, FLAG B A HE B A R 3 S M 4%
OEEE R, BE— D, X 2 R AT I B b 11 7
SEGy, 25 AR WIIZ T VARG R G R K 2 A B,
XL S AR SR H BT PR, X P IRERAIE 1T
R AT AT FEAE.

R NE 0 B8 L, HPPOr s RO 0. X IEA
S P A R BEAE A 2R kUi EAH B X 2 11,
A RS R et SRR VRO R AR T
— LI AR,
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Abstract

In complex networks, the node importance evaluation is of great significance for studying the robustness of network.
The existing methods of evaluating the node importance mainly focus on undirected and unweighted networks, which
fail to reflect the real scenarios comprehensively and objectively. In this paper, according to the directed and weighted
complex network model, by analyzing the local importance of the nodes and the dependencies among all the nodes in
the whole network, a new method of evaluating the node importance based on a multiple influence matrix is proposed.
Firstly, the method defines the concept of cross strength to characterize the local importance of the nodes. The index not
only distinguishes between the in-strength and out-strength of the nodes, but also helps to discriminate the differences
in importance among each with an in-degree of 0. In addition, to characterize the global importance of the nodes to
be evaluated, we use the total important influence value of all the nodes exerted on the nodes, which makes up the
deficiencies of the other evaluation methods which just depend on adjacent nodes. Emphatically, in the analysis of the
influence ratio of source node on node to be evaluated, we not only take into account the distance factor between nodes,
but also introduce the number of the shortest path factors. In order to make the evaluation algorithm more accurate,
according to the number of the shortest paths, we present two perspectives to analyze how other factors affect the
influence ratio. One is to evaluate how this source node exerts important influence on the other nodes to be evaluated.
The other is to analyze how the other source nodes perform important influence on this node to be evaluated. In
view of the above factors, three influence matrices are constructed, including the efficiency matrix, and the other two
influence matrices from the perspectives of fixing source nodes and target nodes, respectively. Then, we use analytic
hierarchy process to weight the three matrices, thereby obtaining the multiple influence matrix, which makes the global
importance evaluation more comprehensive. Finally, the method is applied to typical directed weighted networks. It is
found that compared with other methods, our method can effectively distinguish between nodes. Furthermore, we carry
out simulation experiments of cascading failure on each method. The simulation results further verify the effectiveness

of the proposed method.
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