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p=1/8, a=0.1, 8 = 0.1, BA network

158901-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 63, No. 15 (2014) 158901

MELG6Ha] LB tH, 280y A BN, SR
S0 HR A 5| P T 288 2880 3 P T B R, 3 (R Ay
PR TR et FH 2 550y (AL R VR B 0 ol o 2 M s At R 11
KN, SHy HIEBR R, 3115 0 4 1y st g e i e
BN SEy ERNIE LT, P2 i 201 A
{100 e M et L A, e 3 sl LU e 2 5 R AR T
B, 73 B X 4% 1) AR BEAR. BRI, S8y 1A
/)N AT 0 B A R 5| D D T 6% 200 8 R A1k
P B 6 AT LG H, S0y BEBOR, At
S0 FH A i | P TR 8% 2850 3 A A1 ) i PSR/ 3 2 R
NSHL Ay R, 5528 o R B 5] e P 1Y 4% 2%
2R AR P RS, TR Hp g B A K ML AS AT —
SE B[] N 2 7 38 0 R 1 P B TR IR o I 2%
RRAR—EE. Kk, S50y FEOK, A
HH 2R I 5] D D X % 280 R AR A i B /S [ B
M6 (a), (b), (c), (d) PG R 25 46 b Hh i X 25 21
R A AE DU AT LA B, DU 0 25 71 41 Hh 9 285 2380%
MR 2 IR N R R 5 B 4 FIEE 5 AT,

1.0

0.8

0.6

0.4

0.2

0 L
0 10 20 30 40 50 60
t

NC < WS < ER < BA. HML&IRF T SRS
A ) S ST AR e R, IR A T 3 5 P 8% 2k
4D 2R AR S 2 AR P 7 L 45 TR F VR A5 B B0

3.2 MY REERTES

TE 3K 38 43 A% SCAM A 50 A8 R o 1) S 50 )
H5 e o 3k R T IO 4% R R () s, I AT
DR 286 47 A A A DY o AN [] P 9 28 B 4 1 A8 A
T

ER RSN SR V=R R g EE R e
R 2 AR R, BASHMIEN: o = 0.1,
B=0.1; v =0.1. fELL ESHHIHE FB1T RIBkiL
PRAR R it S p 20l 9 0, 1/16, 1/8 F11/4
INf AN I 20 0 2% 1) 15 RO 2. B TR T AE R
ARV SRR p (1) Ik B A 2R e o 2% 1 g e e
7ENC M4 ER M4 WS W25 F1 BA W25 7 [ 224,
T L.

1.0

i (v

0.8
0.6

0.4

0.2

0 L
0 10 20 30 40 50 60

0 N H
0 10 20 30 40 50 60
t

BI7 HA A TR R S 52 2 I R o (o 4 4 o e R AE Y 2% S BE BN 1 2 AT I R AL L (a) o = 0.1,
B8=0.1, vy = 0.1, NC network; (b) « = 0.1, 8 = 0.1, v = 0.1, ER network; (¢) « =0.1, 8=0.1, v =0.1, WS

network; (d) « = 0.1, 3 =0.1, v = 0.1, BA network

M7 f 5 A5 RPFTBLE ], #Ep = 0B
SRR BT, AR DU AR ) 2% 31 41 (175
wL R PR AL AR JE I [R) YR KB 1 e, DAL

BRIt e 25 MR 1) T BN 3 OB P28 R K
PRI, TN, S R AHLE S, W48 5 s
HAETE ) — N KAE R B HTRK, & EHRE N

158901-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 63, No. 15 (2014) 158901

0, MEEIEH. K79 RR, BENSKEHE
p BISER, WY R i YO P, I HLik 2
B KA X 2% 74 o 1 PR T bR X2 P
DR SR P B 2 S 2L R A A PR R
IRESAETT — I 2 IR p K IR H, IS5 p il
R, BRI 2 B PR R AR AR, B
I 2] Fh SRR A P RO IR IR BT ik, 5
RRE R AR PR R . B LS E ok, A
20T R R A R S, I HLJE 31 0 B
FERRPR. R M 7 ] AT B, S8 p ok, K
28T R R PR B (1 B KD XA NS4
p BROK, BRI 22 R R R I RO ARBOK,
AN 2 p IR S R O IR RS BT Rt
FE B RIS HCRHE S R 25 1393 TR], A T
I Y A TN S R AL R IR ROIR S, A
W0 2811 s R IR 245 B AR, P AT e e =R ) d
KEANZIERL. S8 plR, SRR IEFIRES
(075 B2, T R (K PR P oK. R
IS SR p K, TN 281 med e 3 T a2k 38 1 e
KAEME .

M7 (a), (b), (c), (d) PYF 48 30 b i) 75

0.010

0.008

{1141
T
cosos
BEE5E

0.006

0.004

0.002 /\\\N’\“‘-‘

0.12
()
0.10
—~—3=10.05
~3=0.10
0.08 —~—B=0.15
—~B8=0.20
—~—B=0.25
& 0.06
0.04
0.02
0 . .
0 10 20 30 40 50 60

t

B8 HAMNFESH B KR b o 25 755 1 i S0 N 48 G B 0 2247 9 b AR A 1 L

R ZE AR T mT DA 3], R 286 747 sl e 2 ) AR
GOl M AR —E R R, Bl 7RI
ol ) 8% 0 P v T Rl 5 R B G K TR R
INKFEN NC < WS < ER < BA. I\ 2] L5
# ((B)ne) < ((B)ws) < ((¥)er) < ((K%)Ba)-
DR] L A7 B 5 TR 2% B DX 8% 3 H 1 B 20 AT 1 57
A FR BB, DX 1 A e 28 [ 1 Tl B P, IX
Je DR O B ARY o B A 0K R T H I AE A1 Rt R
A BOR B B e o R AR R, AR AR il 4R
FEART AL, DX 28 Fh o =5 50 BE 201 1Y) S B A A i
Fer, R T R A T AR A S e BT s 2, A
1 P 21 R W 2 ) 30 T R kR

IR JE I SO o 1) 240 8 A Kl o A
Xof P 4% T a5 MR R R . R S A U
p=1/8 a=0.1;v=10. £ LSHKKE iz
AT RIRHERE R, Gt 240 6 AN [A] (R AE I 44 i
ZI W28 BT R 2R AR DL B S HOR E T Is AT AR
100 R JG it FHME. E Sk T HERAB AR S
3 V1) 2%k A o A 7R e ) 8% 4 55 W e 2R A DU o ) 4%
S R AGIE O

0.10

0.08

RARR
jeSjesieiesiey)
Ceeoo
WN == O
aorto U

0.06

0.04

0.02

0 .
0 10 20 30 40 50 60
t
0.7
(d)
0.6
—~— 3=0.05
. —~— =2.00
0.5 — B=3.00
—~— B=4.00
0.4 —~— B=5.00
0.3
0.2
0.1
0 .
0 10 20 30 40 50 60

t

(a’) p= 1/8» a = 0.1,

~v = 1.0, NC network; (b) p = 1/8, @ = 0.1, v = 1.0, ER network; (¢) p = 1/8, a = 0.1, v = 1.0, WS

network; (d) p =1/8, a = 0.1, v = 1.0, BA network

158901-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 63, No. 15 (2014) 158901

ME S AT BLE ), S8 6 BOK, B S g
B R I OE S X R BV 2406 (11E
PE T M MR RN RN, ZHBNHE
R, X 28 PR 4T R SBOA EEROKR, Y R
WA ) E ) b, AT 8 (0 S Bl 45 1%
TR A G1EZ T S I AT . R, S8
B HEBROR, AT rh 5 i b R A RS A
B8 st n] DU H, Z5808 I EBCR, B8y T
AL IR PR e R AR B /N, X R Dy b S ey A
R, ZHB IR, AL A ol e R i T
R, TR T R SR E LB R — € RN =
AR I OB R R IR, A1 24717 R
FAFE—E MRS Bk, Z508 R, B
TR A ) B KA. RIS (a), (b)), (c),

% (a)
0.02 | fom, }

22200
(I |
coooo
W= o
o oo or

& 0.01

0 40 80 120 160 200
t
(c)
0.6
v=0.1
v=0.5
v=0.6
0.4} =08
=1.0
K, v
0.2
o Ls
40 60

B9 BAAIFEZHy M o [0 25 5 o e 2 18 90 2 083l 0 2447 D h AR AR 15 0

(L) VU [0 2 1~ mh 5 A B 26 1) A8 A0 A D SO,
VU ) 2 1 P r 5 i B 4 7 00 0 ok 2 T) 1)
KAKRFEE7THIE, 5 NC < WS < ER < BA.
EAT I . S H o) 28  0 715 5 82 20 A 1) S o A A 2
Ta, PR3 R 3R 1 G e R R 4 SR 1 3
THRIE.

BN ORI TR vh 1) 280y 7R R B e R
HHORT R 2 717 e AR R R S AR 2 B B B
p=1/8 a=01; =0.1 {EU-SHHKEFiE
1T IR, Gi it 25y WA 5] A B I A I
ZIHI P 2719 R AR, AE DL B SO B T s T A
100 G Geit~F3ME. B ok TE B A AR S
~ FR) 5 TR i o RS R o [ 8% 4 g s A DY o ) 25 4
T AL A L

(b)
0.6

04} ¢

2220900
1 |
o000
O 0O Ut =

0.2

0 10 20 30 40 50 60

A (d)

0.6 f 4o\
v=0.1
Y=95
v=10
y=15

0.4y v =20

<3
0.2}
0
0 20 40 60

t

(a) p=1/8, a = 0.1,

B = 0.1, NC network; (b) p = 1/8, « = 0.1, 8 = 0.1, ER network; (¢) p = 1/8, a = 0.1, 8 = 0.1, WS

network; (d) p =1/8, a = 0.1, 8 = 0.1, BA network

MIELO H AT BLE Y, 28y EOR, B
T A ) R RS IR PR D A ek
SRy R B L B R K. 2
By IE R, 75 X 28 PR 1 B g R ), A
28 v o YT 0 A A R B R, o Y Rt
ANE G RAEMEE. H, 80y EBOR, BT
TR R R R AR 9 R ] DUR
B, ZHy FEBOR, BT OO R 1 K fE

BN, R B 2 5y R, AR F g
S 3 K A, T R o £ 2 S LB
152 ) P 2 45 R A TE AR,
I 24 4 i R A ) — 5 O BAIG. BRI, 20y (1)
fid R, TR P A K (. R A
B9 (), (b), (c), () DU 46 i £ o 45 i b 2
B A0 T LA, O 24 1 1 e 5 b 2
T (3 FE 2 ] B A/ e 265 1 7 I 8 LA

158901-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 63,

No. 15 (2014) 158901

HNC < WS < ER < BA. [F L2583 b A4 i B
O3 AT B 5 AR PR Ry, DO 4% 1 R e 6 ) 4
JE R B 4548 TR AS B B8 AIE

4 % #®

ARSI T — Rl A LS R R ALEE IR 5] N
s T A A A R P D) % K PR AT R
7 K AL B8 A R s I I S A i I 45 el
BT A E — EMER T AT LUK R IE R X — IR, A
B e s 1 AT DA SRR B X 2% R AR 1 D
TG ER, AT LLAER Rk 2 A 00 2% 1) RC3AE G I i
B Ik A ) AR A A L. A SR ST Y 48 R B
B A5 28 T SR AR 5 P 4% (nearest-neighbor
coupled network, NC), Erdos-Renyi (ER) [ 41 [
%%, Watts-Strogatz (WS) /Mt 51 [ 2% Al Barabasi-
Albert (BA) T FE W 28 5 DU Ffr i 78 X 4 36 41 (1)
RPN G, X A X 4% 280 25 AR IO 2% 5 pd g e 28
FEDRIR A I A b ARG DLEAT T LA HT . AR
SCHIT TR B2 v ) 25 25 B0 ) 28 2980 5 R 2% 747 i
W A I B A v AR A A DL B2 R BT A
S5 RARWI L SR R p K, X 248 R0 3 O B A1 T
JERNS, X 28 25 3 B B B A5 AN 48 R R
TRPERRR, I ELREA D023 R B 36 (10 1 K 3ol R R
18, 32 B de R AB I Wi 2 1) PRI ol BB g Y
25T SR B NS HL B UK, B 2
R 5| R Y IO 206 00 PR AL P2 B, [ P ABE 2R ety
SRR R P A R P A . O R Y e B
NI O PN Eith s8R sl
2 B AR AT PR AR, ) N A TR e =1 g s 2 3
T LA AR 1 AR 9 45 $0 P o0 B A
POA) 0% 200 3 R 0A) 2% 45 e g e 2R A 20 0K Wi e 1 AR v )
ARG BL I REM . BIF 70 285 SR B I 4 s o 1 B
3 A R AR B v, TR AR T 5 ) D % R
FER PRACTA BB TR, JF LI 2% 1 R e 2 1 1 ok
FERRER. AR SCHE AR B 08 A1 4 1) S5 Bk S B X 2%
2 PR B R KRR AR, X B 2R I 2 by A R R
YISV ER B X 2% G IR 51 70 2747 9 BRI 98 ) R0 52
I DX % w0 TG Wl 5 B 5 4% ) R 1977 91 5 A AR 4 1Y
ZHEHr .

SE

[1] Wang J W, Rong L L 2009 Physica A 388 1289
[2] Heide D, Schafer M, Greiner M 2008 Phys. Rev. E 77
056103

158901-11

Bao Z J, Gao Y J, Ding L J, Wang G Z, Han Z X 2008
Physica A 387 5922

Simonsen I, Buzna L, Peters K, Bornholdt S, Helbing D
2008 Phys. Rev. Lett. 100 218701

Li P, Wang B H, Sun H, Gao P, Zhou T 2008 Eur. Phys.
J. B621

Bao Z J, Cao Y J, Ding L J, Han Z X, Wang G Z 2008
Phys. Lett. A 372 5778

Wang X F, Xu J 2004 Phys. Rev. E 70 056113

Kinney R, Crucitti P, Albert R, Latora V 2005 FEur.
Phys. J. B 46 101

Crucitti P, Latora V, Marchiori M 2004 Phys. Rev. E
69 045104

Zhao L, Park K, Lai Y C 2004 Phys. Rev. E 70 035101
Goh K I, Kahng B, Kim D 2002 Phys. Rev. Lett. 88
108701

Zhao L, Park K, Lai Y C, Ye N 2005 Phys. Rev. E 72
025104

Wu J J, Gao Z Y, Sun H J 2007 Physica A 378 505
Motter A E, Lai Y C 2002 Phys. Rev. £ 66 065102
Goh K I, Lee D S, Kahng B, Kim D 2003 Phys. Rewv.
Lett. 91 148701

Moreno Y, Gomez J B, Pacheco A F 2002 Europhys.
Lett. 58 630

Wang W X, Chen G R 2008 Phys. Rev. £ 77 026101
Motter A E 2004 Phys. Rev. Lett. 93 098701

Zhao H, Gao Z Y 2007 Eur. Phys. J. B 57 95

Sun H J, Zhao H, Wu J J 2008 Physica A 387 6431
Ash A, Newth D 2007 Physica A 380 673

Wang J W, Rong L L 2009 Physica A 388 1731

Latora V, Marchiori M 2001 Phys. Rev. Lett. 87 198701
LiY, Lv L, Luan L 2009 Acta Phys. Sin. 58 4463 (in
Chinese) [, B, I8 2009 ¥H 21k 58 4463]

Xu Q X, Xu X J 2009 Chin. Phys. B 18 933

Li T, Pei W J, Wang S P 2009 Acta Phys. Sin. 58 5903
(in Chinese) [Z=¥, 3£ 3CIT, T/AF 2009 #H %4 58
5903]

Chen H L, Liu Z X, Chen Z Q, Yuan Z Z 2009 Acta
Phys. Sin. 58 6068 (in Chinese) [FFfER, XIE(5, BRI,
FEAL 2009 WK 58 6068]

Tian L, Di Z R, Yao H 2011 Acta Phys. Sin. 60 028901
(in Chinese) [H M1, Jk 30, Ul 2011 ¥ ¥4 60
028901]

Wang J, Liu Y H, Zhu J Q, Jiao Y 2008 J Zhejiang Univ
Sci A 9 101331

Barabsi A L, Bonabeau E 2003 Scientific American 5
50

Newman M E J 2003 SIAM Review 45 167

Erdos P, Rnyi A 1960 Publ. Math. Inst. Hung. Acad.
Sci. 517

Watts D J, Strogatz S H 1998 Nature 393 409

Barabsi A L, Albert R 1999 Science 286 509

Li Z, Xu G A, Ban X F, Zhang Y, Hu Z M 2013 Acta
Phys. Sin. 62 200203 (in Chinese) [2541], 1R H %, Pibe75,
iK%k, BHIER 2013 #HE %R 62 200203


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/j.physa.2008.12.067
http://dx.doi.org/10.1103/PhysRevE.77.056103
http://dx.doi.org/10.1103/PhysRevE.77.056103
http://dx.doi.org/10.1016/j.physa.2008.06.049
http://dx.doi.org/10.1016/j.physa.2008.06.049
http://dx.doi.org/10.1103/PhysRevLett.100.218701
http://118.145.16.217/magsci/article/article?id=16846710
http://118.145.16.217/magsci/article/article?id=16846710
http://dx.doi.org/10.1016/j.physleta.2008.07.034
http://dx.doi.org/10.1016/j.physleta.2008.07.034
http://dx.doi.org/10.1103/PhysRevE.70.056113
http://dx.doi.org/10.1140/epjb/e2005-00237-9
http://dx.doi.org/10.1140/epjb/e2005-00237-9
http://www.ncbi.nlm.nih.gov/pubmed/15169056
http://www.ncbi.nlm.nih.gov/pubmed/15169056
http://www.ncbi.nlm.nih.gov/pubmed/15524565
http://dx.doi.org/10.1103/PhysRevLett.88.108701
http://dx.doi.org/10.1103/PhysRevLett.88.108701
http://dx.doi.org/10.1103/PhysRevE.72.025104
http://dx.doi.org/10.1103/PhysRevE.72.025104
http://dx.doi.org/10.1016/j.physa.2006.12.003
http://dx.doi.org/10.1103/PhysRevE.66.065102
http://dx.doi.org/10.1103/PhysRevLett.91.148701
http://dx.doi.org/10.1103/PhysRevLett.91.148701
http://dx.doi.org/10.1209/epl/i2002-00442-2
http://dx.doi.org/10.1209/epl/i2002-00442-2
http://dx.doi.org/10.1103/PhysRevLett.93.098701
http://118.145.16.217/magsci/article/article?id=16438261
http://dx.doi.org/10.1016/j.physa.2008.07.028
http://dx.doi.org/10.1016/j.physa.2006.12.058
http://dx.doi.org/10.1016/j.physa.2009.01.015
http://dx.doi.org/10.1103/PhysRevLett.87.198701
http://wulixb.iphy.ac.cn/CN/abstract/abstract15759.shtml
http://dx.doi.org/10.1088/1674-1056/18/3/016
http://wulixb.iphy.ac.cn/CN/abstract/abstract15983.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract16009.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract16009.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract18070.shtml
http://www.ncbi.nlm.nih.gov/pubmed/18837108
http://www.ncbi.nlm.nih.gov/pubmed/18837108
http://dx.doi.org/10.1137/S003614450342480
http://dx.doi.org/10.1038/30835
http://dx.doi.org/10.1126/science.286.5439.509
http://wulixb.iphy.ac.cn/CN/abstract/abstract55959.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract55959.shtml

) I8 % 48 Acta Phys. Sin. Vol. 63, No. 15 (2014) 158901

Analysis of cascading dynamics in complex networks
with an emergency recovery mechanism®

Li Zhao! Guo Yan-Hui Xu Guo-Ai Hu Zheng-Ming

(Information Security Center, Beijing University of Posts and Telecommunications; National Engineering Laboratory for Disaster

Backup and Recovery, Beijing University of Posts and Telecommunications, Beijing 100876, China)

( Received 2 January 2014; revised manuscript received 9 April 2014 )

Abstract

A model of cascading failures in complex networks with an emergency recovery mechanism is proposed in this paper,
and the cascading dynamics is investigated by running the proposed model on nearest-neighbor coupled network, Erdos-
Renyi random graph network, Watts-Strogatz small-world network and Barabasi-Albert scale-free network respectively.
New concepts in emergency recovery mechanism and the efficiency of networks are defined. And the effects of the
parameters on the network efficiency and failure rate are investigated. Results demonstrate that the increase of the
emergency recovery probability would reduce the network efficiency decreasing speed and the failure rate growing speed,
and also improve the resilience of the network. And the greater the load capacity of the nodes in the network, the
slower the speeds of network efficiency reducing and failure rate growing. Meanwhile, with the decrease of the overload
node failure probability, the reducing speed of network efficiency and the growing speed of failure rate would reduce
gradually. Furthermore, the changes of the network efficiency and failure rate during the process of cascading failures in
different network topologies are analyzed. It is found that the rise of the heterogeneity of degree distribution increases
the reducing speed of network efficiency and the growing speed of failure rate. All these results can help analyze the
cascading dynamics in complex networks with an emergency recovery mechanism, and may provide a guidance for the

controling of cascading failures and protecting against them in real-life complex networks.

Keywords: cascading dynamics, complex network, emergency recovery mechanism, cascading failures
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