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Abstract. It is an important way for co-production efficiency improvement and system robustness to deeply
understand the relationship between the structure and function of interfirm collaborative production
networks (ICPN) .

characteristics of interfirm collaborative production modes. By introducing complex networks, a case of

This paper develops the topological model for ICPN based on the analysis of the

Polyurethane industry is simulated. The results show that ICPN has the characteristics of small-world,
scale-free and centralities of nodes. Moreover, complex network characteristics affect the capability and
efficiency of production system.

Key words: collaborative production; graph theory; topology; small-world; scale-free; centralities of nodes

Bl 22 U 4x BRI AE 23 6 20 T 00 2 B L ok ik
Z ARk LU=l BE IR B Lk R L Tl 3 A (AR
Tl BED 57l B A 2 R UK 5 1B ok B G R A Y
W g I T SR UR R S & AT Aol P R &
Get . T R Aol B IR 2R 8 NI S 2R R R LA
L R G HNAE K 55 D RE AR AIE A4 5 28 180 iR A5 A bR )

Y fs B E:2011-12-20

P R] AL

Aol Bip R) 2 G2 09 56 e — A R IR W L S
Be NRAEZHTME RN —TERREN
2% . A DAl Bl ) 2R 58 Y K 3 E A i R
4 R COLL-PLEXITY it H & 352 B3 [7] £
G, FARFWIT RO I R R R R

EEWB HEERREIE R H (71071173) ; 5 5 B G H & ¥ B H (2010GGB108) 5 U H s 8 45 24 i 1

£ R SORHIE 3 4 ¥R Bh I H (20090191110004)

EE B - o0 (1984-) , B, R KF I os A, 2 il R 5 T2 P R B L = 2% o 45 A5 I 9%
ME MR N B ERRFLE, WA S0, (E-mail) yuyang@cqu. edu. cn,



http://gks.cqu.edu.cn

22 TR K FFRK

% 35 &

S P R0 45 4 5 F , Hendrik %5 5% FH M B8 40 07 7 1
TF 5 A {i Ml % A By ] 3R 6 09 T 8 5% i) L (HL I AT
A3AT Al 1] B9 06 ZR DL KB 6] &R G5 i 45 4 s Maike
5 FH )36 L BIE 7 35 0 9% 2R e RS AE , 57 T Al B IR
FYGiH) GeMoC BRI e T Hih 6] 28 G N B 45 4 . 20
Bl /b Xk 52 4 R R LR MLER A B 5E 5 Schuh 2 B 4%
TN R 2B W T P R FR G 0 25 R AL, IR 45
LA BT R R B R G 1 R S R A, T R
GBS . BRI A R fg 5 & 4%
FEPE B RIF 5 22 06 T8 AN £ b ) 5 1R 28 45 10 5 i) L G
B WP E R G S AR A R R R A
Rk 1 P A HLEE

1998 4 Watts Fll Strogatz #& i} T /M tH 5 W 2%
BEFILCT 1999 4F Barabasi Ml Albert # 4 T Jokr B M
28 YE AL AR AR COT  3k  T  BRES T X 4R I 4%
SRR T FE I UK. A 2 R bR
5% Internet, 38 3 W | L 41 2 W 4% | 0 5 1% 4%
W 4T A A AU A ARG N L O
I3 M 45 Tl 090 2% £ i 555 1 DG S b R X R0 L A% 4 Bh
JISERRIE A . B BT 2 45 1 K e R BF 98 52 2% 7
S FNEEPE SR T T AL,

KT Tl R Ge 0 H 45 F o A A T 5 R
Brigitte BFFE T 4= 9 BH % Tk B0 46 30 1 45 44 7 o b
ORI i SR MDY Wang FERF S T TR L
HONDA NISSAN, TOYATO 3 # 0> (975 Z 77l
W £ 235 P15 RTR B A X HE T A LR T Y S A
KRR R B RS R T AEE TR
e R LN BE RIS B0 B S A S R AR AR
T 227l T () 6 AR A L O 96 TE T T B T

PEST L DL 5E 2 A BN T BE ST L D R
ST AR T L B B D2 A X ) e 5 o AR
FHBLER s ASHTON 657 7428 Tk (4544 . T
eSS ARG KR FTAELR™ , (HXseiiss 2 W&
AR GEIIE A o D b E T

2B 5 AN FH 52 2% I 26 B8 AT 5 A b P ) A
# #% Cinterfirm collaborative production networks,
ICPND (4 #1 $ 0 1 15 T BB e AIE 1 26 AR 4k A M B3 [7)
He R R 25 B 4R AL, 2 s ICPN 4 Fh AT 8L s SR 5 & F
AR T ) A 7 R0 26 1 S G5 AT I 4 2 A B A
T SRR L O B 1 5 A S5 AR A A % T 2% R )
T I 268 8 e P O D R 45 ) R 1 ) S B 2R B8
TIRE RS o A SCHIE 9T 2 i — 20 58 A Mk B W) 2
7 2 B R T L E 59 1 K Bl ) 2ERRAE I S A O
AR SRR AR 7 AR G N B R A R R A A 4R
5%,

1 7 E &R S

A B 18] 4 55 B3 5] B0 | P[] A B g ) A
IR TR B A R A 55 i RN AR L R A
NALTN: SvarAE PN PSS a7 Do /S P 4
55 AN AR B BEA L LYY A8 6 5 2 4 S B9 B [
7 RGeS Al B[R] A S B N 2

Wit 5 e [ 22 B 9 R A 4% A oMl A 2 ol R B T
I TR] A 7 A 3t U A% 3t 2 ) e 3T T e X b R
BUA - JE AU G TT k™ M R T Y42 7 ol i
P2 a4 B — R Al A Al 7 M A L B [ A
A Z RSB 3 A B A Rl P T
Tl A SE R 1 FR

®1 hREFEXLE

B Aol R IS s 7 K HOF A
PRI A O S R Z Y MG £
o % b
U ST A T A B 3 B dh R
Pl AR R BT SR B AL A R
TR X B 45
EE WA A FUESHE  RATH R .
B R0 . B A
WHE A A BB 4 ol 7
e BRIVE R e B - T e s e e
W A ) e
i 2% 53)
Tl REE A O 3 T SRR REE Z R £
Tk % 18
S % A Wy A FACPN Al R




http://gks.cqu.edu.cn

%64

RO AR A R W 0 36 A4 M 5 AT 23

SCH B A% Ao I ] A 5 R ORR L A LT S TR
fit: B B B ELE IRERI A A A Aol 2R 7
ZBEAEHIE A B M £ (1 R B g 25 J0RE A R i 5
YA B R E A 3l 254 A ol 18] 3 [7] 5S¢ 28 R R I ¢
R A s FR UL R U RS A L Al ) G AR
P — A B R AT AEARSL ) Aol 5 A 2 o3 [ )
Al AR LA SR AT — 5 52 GO0 3 o H B9 s feJm P IR A 7
AT 2% Al ) 7 7 9 3 5% AR o A 3t B AR Sy #8 A

| BEN¥LG I

X,

[FNEE A s o A w1 RSl T S
B Z A 7= R G RHIE I OC &R . R E AL T W )
A e 4R E A Al A 5B E A F B R R &
R ZRARSHHRKBMEATAFTH, HaE
AT AT, BN T LR T AN
TSk s b O L RE 4 T RC 2 A9 Al B R A R

Iy
[METELE —» ACEF T}

| ASCSEJ_ﬁ :

Y
[NSBHE —>50DA ]

HLE G
I L » PMHRIT
—  [ARcT] ~ PIACH:
| »{PSAM LT,
»{ PNA
choﬁ—ﬁl
/'y
M
BN i »[ANEE] T PO |
| — '
MH¥n JL » PUHLIG
>
= ’_T
L > PMAFTE |
X | N S I ——
> 5t »{PBDOL
——|— PVACHT
—|—|—
R
| 1 I T crg | T T »| PCRHLIL
o | »{ PVCHn : : i » PPVCH T
7 ESODH#.J0
|
»{WSOD 5
ISODHLJn

Bl ABRSUTIHERESMENBYEEXR

2 fedrihE A W AR B

o dti R ICPN KRR Jf g7 A5, 45 e X,

EX 1 ICPN ZH&BM Lz ERINEZAPE
I HE T ) Al B T AR A B4 B 32 8 56 2R A5 A Al
X B L IR 7E MR 1 4 P A BN R B B 2R A R R G

2%

EX 2 ¥ ICPN & 7 I BE H T ik W 25 715
s, V={v v, ,v,} i ICPN W) 5 4% .n i ICPN
UREI=E ¢

VAT H1 fE 50 18] 7 16 /9 W) o 58 4 52 &R AR R
ICPN #yi1. FHIRE HI0 8] Al GE AT 7E 2 Fl ) Ji 58 46
KR o 5 o, [ E A PPRHIE RO FR L B o 4R

v, ZRNIRE . R IEY AR O R S R R Y i 4
e X3 FlsE X 4,
EX 3 R={ri,r, . r ) AIAFHEEHRIT
] )W B sS e R AR, 8 T IHBEEAIT 0, 5 o, (0]
AR K R, v 5 o, [IAELEY) A e %
FM R, #TH R, SR, 5 v, BIANFFTEY) A 4
KEMR,,; =T, 55 AT I REELICA A7 1R W) T 58
LR R, =T,
EX 4 W v 5o, fAAEY TSR KRG M
2K A 01 A 3 AT T
ey v oer
N ] (D
€1, "t O

En><n -




http://gks.cqu.edu.cn

24 TRKFFR % 35 &
1.R.; © R; Bro — MO R B A A R R SR S 28 ORI 4% 1Y)

o 0LR,; = @;1
e =1 A 0 v, 3. k= - D, } ICPN
A,

7 ICPN b, FIIRE ot w i 2 5 Ho= 4 |
WA R F U RE BT sE . KR ICPN
Jry B £ Hh T R R R4S e LS,

EX5 do— De, WA KRG o

HAEEEN T S E DN E .S = (v e, =
b Rl o ML RoR 5 m o HIEEBENTY
HESR.

ICPN r ¥ Ty g 5 50 7] 38 2o ) #22 GE o H A &
FEWE A o0 Jr A F D RE e - AR KR R IR
BT 5 HAD A R RS e 6,

EX 6 i) RRMNT A v B o, B—
KR A R N o (L )HEE,

A ) ={a) (iyj)say (iaj),yeeeees bR T A o
FNY 8o, BWITA BRI A . ICPN i i K, A7
FEPRSE W 8 W AGL ) # T

i ELVICPN AT LI R G=G (VL. E) Rw.
MR 2 S 1 — 6, ] £33 Ak T B[R] A 7= 90 4% 0 Fh 25 4
REE L E 2 B,

= ls] Xx N,

2 #AABENTHREESNERINEN

3 et [E] A 7 % O R R I

RGP — DR AN N R LR E T
ZGLYIhE » SCHH L i /N SRR IG5
ICPN 5 2% (0 2% 41 $0 45 4 . 5 3 i 35 s b0 P 23
Hr &S MR S D RE R O %

3.1 SRR

ZINTH: 5 0 265 L[] Bl AL 199 28 2 B 52 /1N 4 2 A g

PR HE L I B4 55 R D00 o A P 30 0L 18 5 R Y 3R 28 &%

AR R

3.1.1 M Ak
FRAE R AE KB L

l;; = min z €io (2)
a, (ivj)

Fomv o, FEBKRREKE, L, floyd Bk
SEER

. 1
L= n(n*l);h]o 3
R A2 K Ay A O 4% v T A T e e B AR
17 B
RERBC
1
¢ = m;ei.jei./ye/;.jo 4)

Fon 5 A — 5 5 o FHIE B AT AR A A AR E R
R,

n

IR R 8 280 1Y 2R 4

c=13%, (5

ATt
R

W E I It A B — B 15 I 5 B B

LIS 24 He e 6 12 > B W N 2

W Cron N BEHL I 25 B2 B L 4 BEAIL I 45 19 7 AE
HARKE.
3.1.2 #A4%

iz Fl UCINET # 4 # 15 5 ICPN [R] 45 #i 5L
(n=40.k=55) ) Erdos-Renyi L% i E&=2 115
HAFHERAEKE 5 R RN, I 5 ICPN - 1E 12
KESRIERBAMET S5 R 2 iR,

% 2 ICPN 5 ER Rl E M %& S #37 Lt

n k C L

ICPN 40 55 0.1219 3.276 9

ER BEAL M 4% 40 55 0.080 1 3.646 5

TCPN i 45 F Bt 7 K 1 5 LR 40 BEBL P K B
38 26 3R KT BAHL I 2 i A2 > g
ICPN S/ ik A B
3.1.3 B

AN 4 o 51 A 283 0 B
QR S WS PN PN T N
S M B RO R E R4 £ L
B BB 0 FA I AR 0 8 R




http://gks.cqu.edu.cn

%64

RO AR A R W 0 36 A4 M 5 AT 25

W s AL R IR ED . ICPN A /M B . — 7
X JEOREE I T80 e — A 7= R G e PR T
[ R0 %6 5 o — 7 THT IR) 6% 285 A 46 Xof 30 s 1) 4% 46 97 BiOR
FEAR KA VR T . B ICPN il 5 4 35 3 B 1 5% i)
W T — B E RS
3.2 THREHMHE
3.2.1 M A%
K BN T 25 8 H 45 T b B2 RR R L B 25 75
SURE O A HLAS A R BURR RS T A
P(d) ~d7, (6)
Horp , P(d) Fn 5 g R d 11 R 45 v B
MRSy Oy I 265 1) BB 3 AT 48 85, A6 AS ) I 2% vy fi
ENGP
6 E ) 2 (14 T b JBE SRR M — B0 S BT L ROG) 5 A B
TR S AR log(P(d) 5 log(d) fF1E 2k
P F L R 2
log(P(d)) =— X « log(d) +a. (N
T ) 2 28 T b B R
3.2.2 #HAEAR
T ICPN B2 43 A BE 22, I 2 1 SO B AL A
WE 3 R, log (D AR E &R R —1. 221,
R —0. 940 B EL 6 - log(P(d) 5 log(d) 7
ELRPE I 2L U TCPN FE7E ToAT B 451 .

10°

102

10° 10!
k

B 3 ICPN E 4% Wt # 4 irEl

3.2.3 AT

e ICPN v, BE o A f8 8 A = 1. 221, Je B T
ICPN H il B0AR £ 1 422 30 F 56 4 I 45 (46 AT &
TR Z IRV D L 4% T BE ST Y P R I AR AR AR
KTz A TR IT R N SRR A O R,

ICPN H & Jo br B RF 1 o 9 28 45 7 % T B B ik
WS A i 8 R L TR AR T ORI 19 R
ANEE BRI X 5 ORB M 55 S B AS A R R
GEXT T — M S T H A AR R A A LBt L

KA I — B S BN A R SR
Fi 15t
3.3 T RdbE

FF LU ICPN A& /M 4 v TG i i 5
HIE5E AT X ICPN (145 25 B A7 43 Fr o X 4335 45
O R F T SRR A I 2% 52 ) 1 M
3.3.1 WM& AHK

/U N W | I R R R S s
PR S E BRI, O PR
WAL G T AR A B BE RO 4R GRS
ICPN H & R T fig . BF 58 47 o5 o0 1 200 A0F 5215 0
XiF T A T A B R T 3k HEL o B A HROHE A 1E A r d K
R VD & NI E R AT o O RSO
AT 45 1) T B EOK

T EL b 8RS b 2 it T A v, B B B AR
Hh ) B | T A I AR AR 1 E R

1 g..(D)
n—Dn—2~, g. °

gLFAR T v, 5N v, ZEEEKER. . (D
TRV o 5o, ZGaE 5 v W E AR
3.3.2 LR

THE ICPN #5715 5 A 088 A L HE P 9 5 1 46 A
Fods, 5 Rk 3 iR .

BB KB 5 ICPN B 5 5, [44SR i
B A B5CFE B KA 4T A L 2 1 2 1 O I AR
HR T o DA T T 5 A 90 45 1) 40 Rk 37 3 1k B R AR T K Y
Wi, S B A 7 o AR R R R B A K i A
HITHYIE R B AT, WNAE A B A R R AR
16 I A 2875 AR 25 TR R % LA R 4,201 25y
A,

B PR Y HE B R SNE T T2
i1 R A A R LI B A S R AR — B DL
2 Fp ) HAR R R AR A & BB 7= 50T, # 4~ ICPN
B LA KSR AL T o0 JE 0, — BH & 2R s s 5
i % 4~ ICPN,

FEFR bR 5 R DA TERE R L E IR P Ty
A Bl 2 A RURUE I 2 AT
Al BT A A 7= DORE R Y R K . VRS AR
RO AR UL s 18 AW AE T E N
I,

XEFAEE R 0 5 A4 Hr:10,19,20,21 H
JGTE ICPN oAy B iR L 2 L K 8RR e 7K 2 TR I iy
i T TR A B X, AN 5 T SRR I R Y A=
YOITLFE A RIBE R . 22~40 I R &R R A NS .S
SRS T IR Tl B B B BR T SRAE i E X Y




http://gks.cqu.edu.cn

26 ¥ R K FFHK %35 %

HEEAFRIOUAYRKAR ., ULEWRAS5E R
A i AN H A S A S IR R

x3 ICPNTRNHEH.ERE

B gt mme L P awome s
1 4 0.303 1624 10 18 21 0 1
2 2 0.287 347 4 8 18 22 0 1
3 1 0.249926 7 6 18 23 0 1
4 18 0.227 553 6 9 18 24 0 1
5 17 0.187 527 5 5 18 25 0 1
6 8 0.149 679 5 4 18 26 0 1
7 16 0.129 615 4 4 18 27 0 2
& 7 0.1202991 6 18 28 0 1
9 12 0.112 789 5 18 29 0 1
10 6 0.105 4 18 30 0 1
11 5 0.093 397 4 4 18 31 0 2
12 15 0.085518 9 4 18 32 0 1
13 14 0.070 390 7 3 18 33 0 2
14 9 0.058 974 4 3 18 34 0 1
15 13 0.048 717 9 3 18 35 0 1
16 11  0.046 337 4 18 36 0 1
17 3 0.023 461 5 2 18 37 0 1
18 10 0 1 18 38 0 1
18 19 0 1 18 39 0 1
18 20 0 1 18 40 0 1
4 & it

oK A ao A7 ACT E EWR V & SIS £ = 2 S
T2 5 28 BRI VR ABIFGE T 4l B3 5] 26 77 1 2% 4 4 b
G54 SOy Re ke BE IR LR 258 .

DY TES U 18] A= 7= W 4% RRAE (4 3L Atk 1. 35T
RE LRI T 4 O 3, A6 T PR ) AR 7 I 4% 4 b 2
RERY, SRy VR ABIE 5 45 Bl B 2 1) BIp ) A= 7 ) 6% 25 )
PES DI REREME 0 06 R 29 T A,

) 855 /NIRRT O RR BEARPE I Ao E
PE T T U R A 7 I g S NS R L 25 T 4 AT R )
RGN 5 DI RB AR AE R A R IS B Sy
B i 5

3) LA $L R H A T B[R] A 7 4% Ay 45 AT L

45 F 1% ICPN B g /M FURe P J0 b B o 1
s O AT B UE TR R S SR R AT R —
LTINS S IR R R RER R

T I T AR R 2 T ICPN 9 52 2% 9 2% ¢
PRI 4 v I F) 2R G 1) e A e B R M ) BT i
LTV R AR R T AR L 5T 9 46 4% 56 3l Jg 2 R AR
] 5 A 7 1z B SR | R T A 7 B R A R R S T Y
2%,

S 230K

[ 1] CAMARINHA-MATOS L M, AFSARMANESH H,
GALEANO N, etal. Collaborative networked
organizations - concepts and practice in manufacturing
enterprises [J]. Computers & Industrial Engineering,
2009,57(1) :46-60.

[ 2]JJAHN H. Value-added process-related performance
analysis of enterprises acting in cooperative production
structures [J]. Production Planning & Control, 2009,
20(2):178-190.

[ 3] SCHERRER-RATHJE M, ARNOSCHT J, EGRI P,
etal. A generic model to handle complexity in
collaborative networks [ C] // Proceedings of Portland
International ~ Conference on  Management  of
Engineering and Technology, Aug. 2-6,2009,Portland,
Oregon, USA. [S. 1. J:IEEE Press,2009:271-287.

[4]SCHUH G, MONOSTORI L, CSAJI B C, et al
Complexity-based modeling of reconfigurable
collaborations in production industry [ J]. CIRP
Annals-Manufacturing Technology, 2008, 57 (1):
445-450.

[ 5] WATTS D J,STROGATZ S H. Collective dynamics of
‘small-world” networks [J]. Nature,1998,393(6684) :
440-442.

[ 6 ] BARABASI A L,ALBERT R. Emergence of scaling in
random networks [ J]. Science, 1999, 286 (5439).
509-512.

[ 7] ZHOU S,MONDRAGON R J. Structural constraints in
complex networks [J]. New Journal of Physics, 2007,
9.1-11.

[ 8 ] DUCH J,ARENAS A. Scaling of fluctuations in traffic
on complex networks [J]. Physical Review Letters,
2006,96(21) :1-4.

[ 9 ] ROSAS-CASALS M, VALVERDE S, SOLE R V.
Topological vulnerability of the European power grid
under errors and attacks [ J]. International Journal of
Bifurcation and Chaos,2007,17(7) :2465-2475.

[10] NEKOVEE M, MORENO Y, BIANCONI G, et al.

Theory of rumour spreading in complex social networks



http://gks.cqu.edu.cn

%64

RO AR A R W 0 36 A4 M 5 AT 27

[11]

[J]. Physica A: Statistical Mechanics and its
Applications,2007,374(1) :457-470.

MOEZ D. Epidemic processes on complex networks:
the effect of topology on the spread of epidemics [J].
Physica A Statistical Mechanics and its Applications,
2006,363(1):120-131.

[12] LIU H T. The complexity of Chinese syntactic

dependency networks [ JJ]. Physica A.: Statistical
Mechanics and its Applications, 2008, 387 (12):
3048-3058.

[13] BRIGITTE G,BERNARD D. Innovation and network

structural dynamics:study of the alliance network of a
major sector of the biotechnology industry [ ] ].
Research Policy,2005,34(10) :1457-1475.

[14] WANG K Q,ZENG Z F,SUN D C. Structure analysis

of supply chain networks based on complex network
theory [ C] // Proceedings of the 4th International
Conference on Semantics, Knowledge and Grid, Dec. 3-
5, 2008, Washington, D. C.. USA. [S. L ]: IEEE
Computer Society,2008:349-354.

L15] RFHHI , A1 &, Lol Ak T 2% A 52 e vk 8 o B 8 461 23 A7

(16]

[J1. W #2224l AR BL % IR, 2008, 48 (9):
1441-1444.

SONG YU-MENG, SHI LEL Complexity
measurements for Kalundborg and Gongyi industrial
symbiosis networks [ J |. Journal of Tsinghua
University: Science &. Technology, 2008, 48 (9).
1441-1444.

AR AL R SRMAIIBTEAS T RS
R AR FE )], ARG TR, 2010,28(5) :58-63.

XIAO ZHONG-DONG, CHA ZHONG-PENG, XUN
CHEN. Application research on complex network of
industrial ecological system [J]. Systems Engineering,

2010,28(5):58-63.

C17] BRi IR, Ml 55 T 10 22 7= Il B UM R 2 A B LT .

TR ML WU 7 &R 482010, 16(5) :1088-1095.

CHEN JING,SUN LIN-FU. Model of business-related
multi-industrial chain collaborative network [ ] .
Computer Integrated Manufacturing Systems, 2010, 16
(5):1088-1095.

(18] 257 A5 B0y, = b 2 &2 2 P 4% 19 45 4 5 T g
SAL)]. ZUFHLEE,2006,26(3) :378-382.

CAI NING, WU JIE-BIN, YIN MING. The structure
and function of industrial clusters’ complex networks
[J]. Economic Geography,2006,26(3):378-382.

[19] ASHTON W S. The structure, function, and evolution
of a regional industrial ecosystem [ J]. Journal of
Industrial Ecology.2009,13(2):228-246.

[20] CAMARINHA-MATOS L, AFSARMANESH H. A
comprehensive modeling framework for collaborative
networked organizations [ J]. Journal of Intelligent
Manufacturing, 2007 ,18(5) :529-542.

[21] ERDOS P,RENYI A. On the strength of connectedness
of a random graph [J]. Acta Mathematica Hungarica,
1961,12(1-2) :261-267.

[22] F#k. 8. B4 M4 1 Scale-free ¥ | Scale-free 31
S HERIMIL Jeat: Bl A, 2009.

(237 SR Fj, 5 KAE, F M. Z Mmoot

¥ TR 2 25 42, 2008, 30(3) £ 227-236.
RONG LI-LI, GUO TIAN-ZHU, WANG JIAN-WEL
Centralities of nodes in complex networks [ J]. Journal
of University of Shanghai for Science and Technology .
2008,30(3) :227-236.

[24] HhmE » 25T L 10 SCHE L 5. 43 2% 0 4% v T 0 M Y 0 R 4R
R[], TFFHLRAE . 2007,34(12) : 1-17.

HE NAN, LI DE-YI, GAN WEN-YAN, et al. Mining
vital nodes in complex networks [ J]. Computer

Science,2007,34(12) . 1-17.

(4t KR



