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Abstract: In this paper, a specific epidemic weakened in Gy ion Strategy lor the weighted network was studied based

on that the classical immunization behaviors proposed in the pidemic spreading study would cut off edges connected on
the network structures when immunizing the epidemics, t inrphedreduction of the network efficiency. The Susceptible-
Infective (SI) model of epidemic spreading was consl@%ﬂnder which the evolution equation of density of infected nodes was
deduced. Theoretical analysis indicates that the ;é% s

size of nodes’ degree and network efficiency wﬁﬂi yetled. “epidemic spreading. Meanwhile, the weakened immunization

peading rate is closely related to network heterogeneity, and the

strategy achieves the purpose of limiting the epidemic) Spreading rate and reserves the necessary network efficiency via
weakening the weight value of edges therefore de€reasing the spreading speed. Computer simulation results verify the feasibility
of theoretical model and the rationality of weaKened immunization strategy. Finally, the weakened immunization strategy was
effectively applied to the local world and%arget immunization on controlling epidemic spreading.

Key words: weakened immunizatigny weighted network; Susceptible and Infective ( SI) model; epidemic spreading

0 3%

RIRMGH RRRE AR T A BT AR R M B )
—AHHT T 1, BT R T A AR SRBT I R8T
B ANIBR T R AR A 2R R G B Bh
TIZEARARAT R Z 0 SRR RE AL SR AT A B0 G B8 A B By SR o
PETARRIR TS 7 o BT E M4 M 5 B oL, 8
SEARGE AT AE P45 P i B B R AT R H Bl 4, SR LU
TR RS . SCERIS T $2 H A BEL S B % BE R 35
MBI RCFSER T, AT S RE R REAL I Y AL, B
A LSBT 77 ik e 208 D 4% v BT 7 3 o St SR SR s 4
BEBIIE TS PO R, B — e R PR . B ARtk mAI A
P2 AR S ST A, T T A B R BN R 1)1 A AT B
o — BB, WBHREENITEND T AM %
B, XS R REM T MK, VINT TR TE R LR

s B #E:2012-03-17 ;& 5] H #7 :2012-05-31

7270 H B AR R B E M MR s B A R, 14T
SR T —H R SRR , B R AE N S AR AR R A
TROLT , F BT 5 R B R A5 R, R A
Bl —SE R d ATER Y L, BTG B4 R R AR B I 48 ML
i LOREN oI kAl e s G UL

MR LT AR SRR S BT vk R SE ORI Y
FART 5 HA T M B RS, — B B AR 1Y R e X RR
B STENA T AR LR, BART R AR R 2
FRSL SR IX A0 5K BE S VI T 3 I (L A2 (R A
ARG 1 B AR BN 4R 11 50% DL b, R4 T e
HARSAERFIEA M RR . H R Hd 10 A B BRI, &
o R B SBOR SR T e, SR AR A 1 2 1A R T AR

HT B3R B AR, 7 S0 A AR 45 B AL
B HPENNERRER RN EEEE, HREMALEAR
B} RREAL BB 2 Bl 2 o 5@ 43T 5 Ak 3 B AR

E&WmE: BF A ARAEERITUE (60673047) 5 1L AR HABAEES R B E (J07YJ02) 5 INARE EFITRHES B (J07Y]02) ,

EEE ST HE (1974 - ), B, IDFREMA BT, 3L, TEMR T A RME ERAL B

FEEF (1985 ) B WRFTA HL

W E, FEME I ARG HRRE EWMREEY; BE1988 - ), B I SMAL R E, EERR TR RN ERER,



EA

WEF ARG T GBI R RSB

B e A S e T AU G BT T A AL
-SG5 G PETT AT RS LG, DA BRI X R AL HR B B R
FHATNT P 2R B AR ROCR B AN RN o 55 K 55 A B A0 R R
BN B S B SRS 7 SR RE I PP 45 DR L R B R e R
Mt BE A5 A 20 B L i 7 A5 AR T B BE AR KPR IR

1 EHER

PUEEEXRSWM%

PR BE B B Jr 2R BB 1T A SR 4 A Bk LA DT
REAEBINRIE, 207 % 5 MG PSR e e £ E—
FERY o BRFCARI, 352 Bt B T ol o 2 I 48 1) — S LE 45
B A RIS R4 THREBCIRES 2 BT IME G S B T B A
AT RELE BRSE P25 v R MBS SRt hy il 6 I 4%t BRE SRS
75 JEAE A A P 4% P SR BUREAIR-5 A B T AR IR AR A UL B
SeabER 0 5977 =, BRI B U5 il 5 A~ R4 B R
A R RBET RE L E R B, [ AR —E T
e AL R IE I AT, X PR RE 07 B AR 2 0 S A e o

YRS —ARERE T ALIAT S LSBT O AR I, AR S
BB S BT SRR BTA ABUE R E ¢% (¢ > 1), BIFT
ERDELEDNE 9% o B R B RMETE— DB
SR BESE B — UGB , T 55 16 S B2 BE R S X S T AT 22
WHRHBE M q T 0B, S5 AL e AR BRSE U TE G S
W4, SRR R R M s a2 R R R ML

1.1

zfsjcﬂ%aﬁﬁﬁm%ﬁﬁq:ﬁmmwxﬁ,izm@m

FRE A R R %ﬁgom R S
AT PR 018 1 S T T A P
EE@;ZXTET%E@HEE%F%?ETEE’J%%& 1&&@me
BB, i P S , 5 7 0 0 B At e o AT A
T N34 3 RIS 25 1 O B, D -

Wiy =wo(kk’)lg (1)
F o ARFEBEN K R SCRIBE N k' 1 N 2 1A B 2 AL
18,280 w, JHH 85 B KBTI (A % i R (1)
ATLAAGH Bl b 5 3R N, 1okl .

= kY P(k/k)wy

Hp R P(K'/k) = E'P(E) /()
1.2 SIRSEIEER

ZASCHIEE S1( Susceptible-Infective ) g A AL 3B A A1 -181 43
M s iR K TE S AU 4 sl S B, BRI A RAW
FRES : ZBGUIRAE (S) FIRELRAE (D), HE BT A2
NEEMREZ R AL E B R, G SR L LR R AR B, B
WBERE BE R k(1 s BB RE A AR S SE b TEAR SR TOAL
W% b R RTE BN b e R AR B B A, X
H9 kBT RUBMBRR Ry Ak Ry TR B A 48 T 2 1 AL
P, A SCHE IR 5 0 BE 1) LU AR R R B B A &
b, AR

(2)

Wiy

/\]f]f = /\k_ (3)
lr

M(3) FIF WA o H K, 230 b i 2 4% R ik
5, X SRR A AE R R B R 4, 3 (3) ATLLRR
H g = AE )P k) /(B i— P IR E— R k5
TRGCRAT RAE ¢« 2R B BER

2621
1- (1 - Akk’)
V&' & NIDS(1)
Hrb NIDS (1) A7 ¢« W21 5% RUE b B 5 BRI SUAHE R
SRR TS

H T P 4% g TORm B 4%, 3 i 2 TEL ) BE AN AT, [N ke 4
20 ERERETR A RN A T REE 17 T 3 15 1%
B IR, AR SCH S B 4 7R I S A M 4 vh STAR R
AL A

di,
D - 1) S PR/ (D) A )

H R (4) AW, AT S B EFIEAX, MR -1,(0) #&
AN k5 B 8 B R BN AN RN R | B IR
5 AT — A48 B R T IHEER A A K
WA R kW R R R, BRLEA & B R
R X2 GG IO ST R AL E B X,

HE—B R EALAR (K (4)) #HATARE, AAK(3) fIE
RHR LR B BEARSCMERR P (k' /k) =OAP (k') / (k) JT 2GR BT
LTIV EEY:

% = k(1 = (99 zp(k'/k)lk,(t)Ak,k =
AP () EP(E ) AR (E)
<k1+ﬁ> ; (k) L (1) = <k1+ﬁ> 8,(t)
<>é><> 5

FERBING 1,6, (0) HEETLR(REAP TN RE k
PSR ) , FIA -

0(0) = ooy = 3, B0 (0

XK (6) HITRS, TUES .
do(e) _ 5 KP(E) d(1)
de ; (k) de
EP(E) A PRy 0y ACKE >n/
2 ) 0 = g o0 (D
FIRBSWIR&SEL (1 =0) = 1, &K () ~ (7)),
IR

L(t) =1, +1,

G

(6)

k1+ﬁ<k> vr
<k1+ﬁ> [ - ]

X TR R 1(e)
1(t) = Y P(k)1,(2) =1, +1,

(8)

EPY (k) e v
<k1+ﬁ> [ - ]

(9)
He:
(K)
A<k2+ﬁ>
MK (10) BIETTF H 7 75 M A ok 10 3 I It AR 7
5L i S AR IR 56, A R BE B 35 i 7 14 48 19 SRR
B AHE YR ESEN > o B, 70 MEREF 7 1T
KAFEH B EX KR ERAEERNE & 1(b) 4
T A BE T RABAE LA, Foh i(e) A ¢ T4
BET M LB, TR B BK Rt R R AR 18 T 1 (a) il
BIUGERY B = 10, B ESRE 7 FBHS(E AL ) &
Bl 1(e) éAtHT#XT’f&Jé*TT,TI—JBﬁ??ﬁﬂ@%&%ﬁﬂﬁ%
BOMBLSE M EH DL, Ko B EM LRI T 4500 1,15 F1
2 KRR, MR HB = O B, AT Y 7 5T B P 4 A5
AR TR AR BE AR T) o R B ok R 288 24T S B Bl AP i, 5 22X BE AR
AT AT E AR, LR B A Y S B R

(10)



2622

P HEAL B

532 %

o
.- B=15
A3
100 | |
28 -;-;_.—e/__/ i
* 40 /ﬁ/ : ?
20| | |
00"36 70 60 80100 050 10 60 w0 10 O I 234356780910
<kHPsi<k >0 «(BHE) S
(@) B=0RFXfrHIRL SR IE (b) WEZ ?;&%fw AT (©) A HZEE

1 RAFBET ¢ XT%%*’@%‘%%EE‘J%HDZZHAHH%

2 WA

T Rt 57 4 e B 2 A
AT KAL Gl BE NG AL 9% . S TE B2 IX 247 X

2.1

RSN ™ | BIAE— S 10 PR V9 AR A 1 SR M (O R T, XA

o DX CR BB R IR B , LA DI AR R R A, B Ak B IR Y
B I 8 RO BT BROBE IR IR A R, R X AT s 2 Fa
TR X AT PR R o 52 X R PR B SR i3 2, e 5 4k
BN X b B 45 A ol , M3 H — ol A R B R B
AL SeBE SRS , BB R 28 53O m A B R BR AL 5, SR 5 R AR
17 ) AAE 12 R 55 A S BE BRI 4 /N2 g% , LA IR X 25 4
PG

N TR SR SR R ek 1 5 4 A ke, 5 X R SR A S 4
WERATHII. B, AMRE TR EZA AR (Rt )
(TN k% ) | RS 4 R I 4 R0 3 AR 2 4 PR Py 22 31

K& R, B AR SR A A AR, e
— e (T 2 4 0 T AR T vk 7B W
1210 42 it ity ) Do, P RSB T 4000 4 1A+ A i
VAR b B4R SR S B . T Raghavan 2™ 42 44 T RI4F TS
5 A IR A B R4 B 240 R RO , e ik
BT T HO A I A 22 B o ZE L, A SRSk [ 22
RIS SR B, R AT ¢

F15 XA R abel) B, 5T
A o, RS Cx(0) = x, IR ¢ = 1,

$2F  BEHLHEIIH T SRR TS VA 4 X,

3% ATHEEXPOEYTS e, X R kL
Cx(8) = f(Cx, (1), Cx, () Forh x, B x, Ho/ x B94R)E
53 HL 3 ] BRI A AR 4 . S — BRI 5
MR — AN

B4F ARG R AR IR
HOARBEAIR, A LB BB e = ¢ + 1, FFREASE 2 4,

AL RIS R U S 1 5B 5 4 2k AR B )
OWHMﬁM%%m%ﬁﬁﬁmﬁﬁ%ﬁmTiﬁDﬂﬁ

RS RIS R B B, (RIS 7E £ R B 1 L T 5T
ﬁfﬂ%mﬁTﬁﬁmﬁi%Aﬁ?ﬁ&ﬁﬁwﬁo

h T RIERAI AR AR TS 8 = 1 i, RA
TR ¢ T, RBSE m IR %R o XX R,
T 2, AP 2(a) AT, 2 B K B R 1
A TRCHEAR, T LR Rk T 20 i, 4 FhES AL AR
g FHRABRHEEA/NT 0.2,% ¢ = 10,m KT 10 i
B /NT 0. 1, TT LA REXH A B I 06 15 15k 7 0 W 0 R o
TiAE 2(b) AT, BME ST AR ¢ % 10 i, 3R G
BT 0. 2, 3 B8 59 1k S 77 s o — o BB US40 15 0 e R SR 9

%ﬁ%%mﬁw%wo@%ﬁgﬁmeﬁ&mw@§%§§

BE RSB T 9 28 B0 R ) S PSR S
0.35 0.50 —
0.30 0451
0.25 . 040 !
= 0.20R 0.35 e
0.15 | ™) 0.30 \\
010} 0.25 |
0.05 e 020 ey
0 e 01t T
5 10 15 20 25 30 35 5 10 15 20 25 30 35
m m
(2) mATRR ARG B S (b) mi¥e P B IR B

2 WAFBLRRE g fHgF ml e A ML B I PR B8R M

2.2 BMABURZEREBNE R ERERES
E%%B’Jﬁaﬁ%ﬂ%* B AR S B A R ToAR B R 2% vh
Qﬁ‘t ERBIE i S B B D YT AR B AR
BN 5 R A R R B S o X BT A S5
@ R IR e SRS R AL ) B AR e, BV SR R
RS ERE , (EL2 S I AR E RN S8 B, T LA —
HE LB 1551k
7 JE P 55 1b S B AR I A A RERSA B 4 RE A B8 55
BRI H I AEAR R S
wy = w, (kk")?
e IRUREIRE ¢ % , AT IR B REARAAUR 1wy’
wy| = wkk/qﬁ = Wo(kk’/ll)lg (11)
MR (11) AIE AR E ¢ % e 0B A0G1T
R REAR R g% , B ST 55 465 ABUAZ R 5 A" 2
M
Aw' = A(k’/Q)ﬁ<k>/<k1+B> = /\kk'/qﬁ (12)
MR (1) F(12) WA, BRI AER ¢ % REEIAE
1 AR R AR ¢ % W Rk / g B SR C A T
RS R TXHE %R A AKX (8) , T AR 2] 6
JERIEEN kR R R A
() ) [ ey
(k)
MAZRBEERT b, BT, XA SRR
'y = Y PR () + > P(k)I(1) =

(=%, <7,
k /T
e

[;;,P(k) (B/g)"* + I;P(k)k“”]

M (14) TTF H EMEH DS EIE (B EE) BfE
LT, S B R B B RS b, A g HEA K F5 5
Hi, 2k, = min(k) H q BE TN JREFEHETTELLT,
I'(8) = 1,40 g T T J055 KN, R i 55 4k S Al 24 T 1%
GER) BARGLSE ;T2 b, = max(k) B q = 1 B, TREHCR,
I'() = I(2) T3 FNETIR Y R 55 0 B AR M 2% 19 2
SrAR P(k) WA RKER , FIILFRE P 30 ML RE S R i 75 1%

L'(t) =1, + 1, (13)

I, + 1

(14)



EA

WEF ARG T GBI R RSB

2623

AT

Bl 3(a) /R TARRER B FISSALERRE ¢ 7, S5 s L A5l
i(¢) WERTIE] ¢ MZBALIB DL FI R H B F1 g MBI K , 55 S AL
RBFE3(b) BN T AR BT ¢ T , MR H A
B[R] ¢ (X D6 2R o AL R BB SLINT

Vi (1) = di(e) I(¢) —I(t-1)

T N (15)
He:i(e) = I(¢)/N,N N W4 AE ¢ B0 S B8 A
B’ 3(b) AIE 8 BT g EER AT LARE G B I B BB
HIEMRK(15) BBl B W, q (HEX, R ERK, &
PERUR BRI T SRR, (K8 /(B ) IMERRAS, i(2) 1)
Tt/ R B HLB/ N 45 v, T BB K W S 8 BE SR
Xof P £ 9 B A5 3 SE A ST

0.9 0.05
0.8 - =la=
0.7 /f ﬁéﬁj 0.04 oo B=1,g=2
06| o 5203 | | = 003 - p2g=2
=051 ¢ g O — f=2,4=3
=04t ¢ t &
03} ¢
02l 2
0.1
o b 0 _
0 50 100 150 0 50 100 150
(I IE)E) TGrIE)
(a) (X R ARG B S0 (b) IHREAEER AR

3 BRI Bug (T ¢ RBAS B RO A R 0 B
3 4

ASSCHR Y — PR ) S B SR, B 55 Ak BB SR ﬁ%

Wﬁ%lﬁT@*XW?%J:%,@ZIEIEiﬁﬂfﬁﬂﬁﬂﬁtﬁi‘%gli@ﬁ?
ARG ARAL 38 P4 5 32 R W ST L AU,
T RAR SRR E — B KR , 24 B BHL RS 2
S S R IR Y R BT R RN TN R
Ho AR TR BN R A MR M T fetE. TS
e RE R M TE S22 M 25 73 A7 vh AT Ak T2 280 i B, R # 554k
HPERIE S 2 Rt A A R &GS A, DA S5 1k e
SRMEAE R 28 BB b RO R FH BT T S8 LA TN T I TR
SEH:
[1] PASTOR-SATORRAS R, VESPIGNANI A® Epidemic dynamics and
endemic states in complex networksMN| Physical Review E, 2001,

63(6):066117.
LI X, WANG X F. Controlling the spreading in small-world evolving

i

[2]
networks: stability, oscillation, and topology[ J]. IEEE Transactions
on Automatic Control, 2006,51(3): 534 —540.

[3] VOLCHENKOV D, VOLCHENKOVA L . Epidemic spreading in a

[4]

[5]

[6]

[71

[8]

[9]

[10]

[11]

[12]

[13]

variety of scale free networks[ J]. Physical Review E, 2002, 66(4):
046137.
LI'Y, LIU Y, SHAN X M, e al. Dynamic properties of epidemic
spreading on finite size complex networks[J]. Chinese Physics,
2005,14(11): 2153 -2157.
ZHEN ], LIU Q X. A cellular antomata model of epidemics of a het-
erogeneous susceptibility[ J]. Chinese Physics, 2006, 15(6): 1248
-1256.
PASTOR-SATORRAS R, VESPIGNANI A. Immunization of com-
plex networks[ J]. Physical Review E, 2001, 65(3): 1 -8.
Vit S8, HANMA. EARME R RERERT ]
PrRizE4R, 2007, 56(3): 1313 -1317.
BARRAT A, BARTHELEMY M, VESPIGNANI A. Weighted evol-
ving networks: Coupling topology and weight dynamics[ J]. Physical
Review Letters, 2004,92(22):228701.
T, DL, R WA RS aEalll. g
HRMESAR, 2010,13(10): 32 -39,
FEFE. IUBRM L M R BB S D] e LR
IR 2, 2010.
HOLME P, KIM B J. Vertex oyetfoald breakdown in evolving net-
works[ J]. Physical Review E;2002, 65(6): 066109.
MOTTER A E, LAI Y, “Gascade-based attacks on complex net-
works[ J]. Physical Réview E, 2002, 66(6): 065102.
MORENO Y, PASTOR-SATORRAS R, VESPIGNANI A. Epi-
demic outbreak§in“complex heterogeneous networks[ J]. The Eu-

an Physical Journal, 2002,26(4):521 —529.

"?' WURRAYNYD. Mathematical biology[ M]. Berlin: Springer-Ver-

MS6]

[17]

[18]

[19]

[20]

[21]

[22]

AR, DL BRI - R R T AR . it
LTS5, 2009,45(35): 80 -84,

WRIE. I 2% R AL 3 A L S B SEL 1T L%
4, 2010(11):7 - 10.

WA B, B R R Z R T RS AR R A
BERERILI] . FEh 555, 2006,21(7): 817 -820.

SEEL. ERMETIRREERPIRID]. k¥ EHER
4, 2007.

WANG L, DAI G Z. Community finding in complex networks-theo-
ry and applications[ J]. Science & Technology Review, 2005, 23
(8):62 -66.

NEWMAN M E J. Detecting community structure in networks[ J].
European Physical Journal: B, 2004,38(2):321 -330.

WU F, HUBERMAN B. Find communities in linear time: a phys-
ics approach[ J]. European Physical Journal: B, 2003,38(2):331
-338.

RAGHAVAN U N, ALBERT R, KUMARA S. Near linear time al-
gorithm to detect community structures in large-scale networks| J] .

Physical Review E, 2007,76(3):036106.

(L% 2619 7))

[4] WANG P, ASLAM B, ZOU C C. Peer-to-peer botnets: The next
generation of botnet attacks [ M]. Berlin: Springer-Verlag, 2010:
335 -350.

WANG P, WU L, ASLAM B, et al. A systematic study on peer-to-
peer botnets [ C]// ICCCN *09: Proceedings of the 18th the Inter-
national Conference on Computer Communication and Networks. Pis-
cataway, NJ: IEEE Press, 2009:1 -8.

i, BIER, B#E BF MERMEARTRER. T&
s 5 & &, 2010, 47(12): 2037 -2048.

SONG L P, JIN Z, SUN G Q. Modeling and analyzing of botnet in-
teractions [ J]. Physica A,2011, 390(2): 347 -358.

TS, MM, ER. B MEERIN]. HEVMRS RR,
2011, 48(8): 1315 - 1331.

FRAUENTHAL J C. Mathematical modeling in epidemiology [ M].

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Berlin: Springer-Verlag, 1980.
KALNE, Sha, |40, 5. MLAR BRI IR e m ] . iHE
HLRLFH, 2011, 31(5): 1262 - 1264.
G, EEAR, GRS BN SR HEUREEERE
[1]. FEHLRIFA, 2011, 31(7): 1891 - 1893.
GEAME, Ak, WE, 4. P2P BEMEIRIN M 5 E AL
HEHURRE, 2011, 38(12): 121 —124.
RN, AR Matlab SOR[ M. Jb3T A2 TR H AR
#t,2010.
YUAN H, CHEN G Q. Network virus-epidemic model with the
point-to-group information propagation [ J]. Applied Mathematics
and Computation, 2008, 206(1): 357 -367.
DEBANY W H. Modeling the spread of Internet worms via persist-
ently unpatched hosts [ J]. IEEE Network, 2008, 22(2): 26 -
32.



