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Improvement of DV-Hop Algorithm Based on Multiple Communication Radii and Cosine Theorem

NI Ying-bo CHEN Yuan-yan YE Juan WANG Ming

(School of Computer Science and Information Technology,Guangxi Normal University, Guilin, Guangxi 541004, China)
Abstract In order to improve the positioning accuracy of DV-Hop positioning algorithm, an improved DV-Hop algo-
rithm based on multiple communication radii and cosine theorem was proposed. The improvement of the algorithm is re-
flected at two aspects. Firstly, the algorithm uses multiple communication radii to broadcast locations, multiply broad-
cast,subdivide hop counts,and makes the minimum hop count between unknown nodes and beacon nodes more accu-
rate. Secondly, the algorithm adjusts and corrects estimated hop distance by cosine theorem after estimating the distance
between the unknown node and the corresponding beacon node. The improved algorithm was compared to classical algo-

rithm under the same simulation environment, the simulation results show that the improved algorithm effectively in-

Vol. 45 No. 11A

creases the positioning accuracy of the sensor nodes.

Keywords

1 3l

i

To 2k AL &A% M 4% (Wireless Sensor Networks, WSN) # 7A
HREFERMRMASZ - EL LILFCEAREEN
A X I R FF T 5T, 0 4R A% AR I 4% A5 DL O T
T 2k A% A N 2% 1T LAY T ZEAR 22 40038, dn e e Ry 7 A 2k el T
NZSRUIBER- 78 F iR =i N ] et R o AR <
TR AR K X N 2 2 3 R 2 0 e R 7 2R TR s

WSN 3l 1o 1% B 19 i HEAT M0 4= ) 45— R A gl 1%
JRER T AE A QAL E A S TR B R AE AR A
i N e ST e o N i ot 3 D R R e W N L A 1
A Al 75 5 R S B AR 1 SCHE L S D i R AE AR T RO A
FYAR T G B, Heorb O I B 6 7 5 AR A | 199 4% 4=
AEBE 58 o8 DLKG BE A e il B2 S B L FH 19 75 22, R B
TR MM E R & B R M E Sz~
TR G55 ) BRE {3 5895 B0 38k \DV-Hop # i (APIT 45,
Horh , DV-Hop & i 5 32: A AUSAS G 17 L 52 30 /7 24

R 222 F AN S S 1 T i 2 il PR T ALK
B o AR, SCRRCOJHE T 4 5o 1) 45 4 4 s 1) SF- 22 8k B

WSN,DV-Hop, Cosine theorem, Hop count, Hop distance

SRR SN T VIR M, M By 0915 45T 2
RSP 247 B RO T3 R B B EE . SRR 108 T
— b e TR U B 9 23 A R O L R M AR
T BT AR B TR 4 S AR T R E A E AR T
SRR EE B . SCRRC 11X 1% 58 DV-Hop & fi 57 ¥ #2
TP D T CHE - 1) %ok T A fi) 54 Bk (A A IE 5 2) X P 8
T PEBLEE AT IE . SCHRC12 42 1 T K A DV-Hop(WDV-
Hop) 5 IMACKU £8 58 055 B (WHD AHZS & iy AR . W 508
a2 2 T £ A% I A I 265 1) 0F 9 R R 2 — T AR A B E S A
JE TR AL A M 4 e B AT BRI PR 2 — o AR SCB R DR &
AENLAE S B, X DV-Hop 58 $2 th 2 ik JF 32 5 H &
R .

2 DV-Hop EfrEES5HMH

2.1 DV-Hop E &%
DV-Hop(Distance Vector-Hop) 5 ¥k f& 1 38 [ & #% i K
2 (Rutgers University) Niculescu & 2003 4E# 1 09 & &
T 5 AL S S — P B 2 B0 B 10 G B I R R T
PR LR 5 BB,

AR S B2 T [) 5 45 RS B (1 TC LR 2 R A R T 4 B P R R B 42 (11163065) B ).
FRASE (1992—) 2 A Az, B HF S J7 1) R 3t 55 WL 4%, E-mail : 642433629 @ qq. com; BRITER (1961 —) , B, 1 14, H42, T EFR N

TFEALM 4 ST SIS M 351993 —) & WA EEPFR T 0 TN % E

LI % . A T %5 fig . E-mail : 19645338@qq. com GRS VEH) .

BB (1995 —) . 5 A+ A=, £ EWF5E 7 ) A5



5 11A

JEM YL 55 LT 25 F AR A X E B DV-Hop 58032 9 2k 321

CI AR IR FTS 455 15 b 35 25 22 1) B4 fme /B R

TR A5 i I 28 vh R A B 1 a5 i Bt 0k 1) e T ) 4%
FI S 0 B AR S 4 B2 S5 00RO A R AR st A 3R A5 He Atk
fRARTT B9 00 B 17 5 15 08 e ) ) di /D Bk

OWERAT A G ERT AR,

b 17 s AR R A 9 SH At £ A 39 1] A9 437 8 8 R AR B
B de /N BE R A5 ST A B BB

2 (i —a) P (G — )t
Qi P
HopSize; S D
#j

Horb, Gy sy ) By s 3 43 B0 AT 050 R A5 5 AL 5 A A
By JETT A AN 2 I B

A AR LT R E AR R0 A BRI R
THE 55 A 0 22 T A A T B, R Y A A 3 A5 A I

d; = Hopsize; X hy; (2)
Ho Hopsize, RFNTT S E MW A O 5l i E AR 210
A5 BkE,

CO TR AR N7 A0 AL AR AT B,

KA STERAS 348 3 AU LG IR S, F
FA = 000 3 b R AR SR A T A R O A B B AR A
2.2 DV-Hop EEMIEMIREN

1E DV-Hop 89k s, 717 a5 1) (14 16 B9 08 F 04 J2 15 A 1 A )
13 349 4 Bk BE s 5 B B 1Y TR BROR R R T SRS AR T B 2
T iy

R s R BRI WA 1 iR b B LB, . By NIE
FRA A, HAR B R R A 5L By (23D B By (s v 2 ) Z 1] (Y
BN dv= /(x,—x1)"F (3 —31)% + By (x5 3, Al By (234
YO R PIBE B R dy = /(s — a7+ (s — )7 WAF bR T
HOBy MY EBEE d,,, = (di+d2)/(2+6) M i F
BRRKEREMITA — AR HRW B, W EREERS
TP ERER A IRE a3 2B BRREST R, A
LR 2 I A R B 2T =2 I 1 Bk AT AR 3 1 7 Y Bk B 4 5
TR IR ER K.,

B 2T R s

3 Bk

A 3CHE DV-Hop & H kB BEal E I T —FM 3T £
A5 AR N4 5% B MCDV-Hop 8%, MCDV-Hop 5 %
(ZBIERR KA EM DV-Hop ) 1y B N . 1 %, %
M Z @5 R 1A &, 05 T HAE AR S0 & Bk EL.
BV, ARAT T 5] dme /N BRI AR L AR TE SR NI RS 0 R A
B T A B0 B R A 5 BRSSO AT R R
FEAFH] 3 AN B 2 0905 AR A B AE BRI Bk
5 A A

3.1 SEEFEEBEMRY

fEAR 1 RRA 4 DA, 45 0. 25R,0. 5R,0. 75
R.R N 2 it/ . fHF519 5 A B9 5 B /b 0.5,
fERRAT 8 A B9 8 C B/ B 0. 75, IR L B2 R
F—AEE 1R RIBAGIRT A A ST B MBITT A C W
Fo/NBKE Ry 1,3k R OR F 2238 {5 2 42 04T A Ak BB B AR R
2% T A5 B B RS W SR T A U — AR R R,

B2 45 fEER

Bz ) B ERT RS HEREWEFRE. BT
TR AL RAS T AR A PR A SCHE AU A5 22 R B
fd FH ULz 7 % 8 5 2E 48 0. 25R, 0. 5R,0. 75R Wf H 215 FFR
WEREFER.
3.2 REEEKREFBIE

Jump_times JE W FE AR 2L Z A BRIR S Jump_num 2
PSS ER T 5 2 18] () Bk 8. H Jump _times = Jump _num/
0.25,

(1) ) =35 5y e 4

TERE I B R AE AR W SR /D BB ML s 2 AR R
BERER M P A A, AN 3 R W 2R Jump_times J 57 5L
D) 3 B AR B R ) S S ED T AT SR Jump_times B KL, W) ik
B A v R 10 7 B )R S bRl s e, e LY AR
PR SE R TR U I N @, 90°<<a<<180°,

(D) SR 14 By Ml By 22 6] 9 Bk U b 1 $
3 i S B

(2)J& S o Y5 B A TE

£ B S G AR IR B R RN & 4 iR, 50 A Rl B Z 0]
HW&BE& LI, K 1 =& ACCB. |4 2 & AD-DB,
W5 W, f>a, ACH+CB 8 AD+ DB Wik AB W4, i 2Y4
1 B R A2 i I A 1 B R ST T A TR N LR L
AR A vh 2 B R 0 R R RN SRAT I B AR G L A T 0 Bk FE
S ECE L2 (W 25 5 23X A B4R 180° Y, BRI AR BT



322 B N N = R

2018 4F

BREE S B E T B . B, e M o« BIE I 90°~180° 1
oA,

D
P4 ff B He i AR BE B R R

(3) 4% 9% 52 HOR A 1 AR

W3 7 o v E] S A 0 e A W ST SR 3 g T e
TEOL 5 — PR Jump_times 98750, 58 M J& Jump _times
HABEL,

DB Jump_times 7375 %L

e 3R, BBy | B, 3| B W HZIEE, |B,M|
B, BIM WS, [ B:M| & B, 3IMWIE®, A [B.B; | =
dy S [ BsMIZEARF N, T8 M 2B A b A 35 8,
FE AT L | B.M | = | BsM| = dpy » MR8 A 5% 52 #LA T 51 2
¥

|B,Bs|*=|B,M|*+ |B;MI|*—2+« [B,M| « | B;M| -

cosa

A3 =dby +dby —2 * dpu * dpy ¢ cosa

d} =2d% (1—cosa)
W B, 8] M BB M By 8] M B R d o RIE R

dsM=d,/ ~/2(1—cosa)
WS- WEEE hop distance R -

2d gy
Jump_num

2d,
V2(1—cosa) Jump_num

2)BEK Jump_times 4 18 %

W 3Ch)Hin 1 B, B By BT S BER N dpw »B: Bl M,
RS A By B M, WIEESH dyw, - B, B M, (EEES I B, %
M, WFEE N duy, o T HEEE T PO A5 55 (5] B 7R SR o (] 49
BRI Az E BE PR AT AR B, B By B9 S dpn 9

hop_distance=
(3)

hop_distance=

dBM:d’M “gdmw2
_dy/ /2(1—cosa) +dy/ /2(1—cosp)
dpu = 7

W] A SS9 BRI hop_distance
hop_distance=2dpy /Jump_num

do/ 20— cosa) +d./ /2001 —cosp B

Jump_num

hop_distance=

5 A% IE AL AE correct_value P F Y BEIE | 52 BR Bk B
FB B H .

correclivalue:hopidislance*L (5)
Jump_num

(DR TEF-H Bk

o (5D 3R A Bk BE AL IE A correct_walue BEE AR T 1Y
Bk,
3.3 MCDV-Hop &%

MCDV-Hop Sk B 5 FiR .

R E
A R/
Boar1, B
HEAHE RS
AR B

fE#74 B ULLR A 315
e HLERAE,
AHEALE Bk

A 4
REX()FH(Q2)
WERBY EEE

TEEREREZER
TEfER

RARE ¥ R
BN : !
REHEE H A
HREAE

/\TS 7S

#
i EZ JE]
%)

MEAT
Bk ok jump_times
g

GENE)] ERA)
it Bk i Bk IE

R R (5) T H Bk
WA, FRBETHE

v

|£mmﬁ%%ﬁa%ﬁﬁ|

%X
[# 5 MCDV-Hop % ¥ i 72 &
MCDV-Hop 5.3 % b ik an F .
(D MR, T8 3h M4, 0L 0E B 497 AR K
CRR RS R AE A S L, T ORAE 5 A5 BR T A/ B AL
FOXS I B BRIR Tum p_times.,

(OFERR AT HEBE. [FAR1 ) 5 A 56 &85
P05 B AL P L AR A5 A 1 SR AR AR W A Ak Y Bk 80R Bk vk B
L BEART S — W LGB AR AR 0. 25 R MR R Y
TR WIIA LR BB T B 0. 25, BRI B 1 (kYR 9 R
BOMEBFREGHRTAAGMME. FIREREN
W RS R4 & 0.5 R,0. 75 R, R, BEE 4> 3 0.5,
0.75,1. BkikHH 1.

(OFABT T MBI F B AL, (EAR T B HIW =B — K
PR AR B 1 SRR S L SRR A — B Y
R A A ) A RO A A 5 A R AN R — R ) i
SR AR R W SR N KRS 2 W AE B A B T e B
RIS Al — B/ fE B, ) 8RR Tk,
5483 20K © A 9B E B AL i Bk BRI Bk R 4 B 1, K
RAR DA IR G SR U Al b iz B b T R R 1R B AL

OSBRI RS ER T s B AR R . AR (D Rl
TR R SERY R BT IE R,

G FERE A Y IFRAR A B, EREHEDN G ERY
RO BR /D BB A% i AR SRS TR R AR T )Y R

OGRS R BEEE . 24 Jwmp_times J 87 B0,



5 11A

JEA P LA T 2 5 AN Ay 5% 2 BRI DV-Hop 855 1 ik 323

GO FEBREE 29 Jump_times FARES 45 FH 2 (O 3
Bk,
C7) T30 Bk B 9 (B D R R S BB, il =X (5) 3 3 8k
PEJHHEAE correct_value ¥ correct_value ¥ 1E Y BEHE .
O RFA SAGEALE . KA SRS 3N BT LM
AR SRR B S A =ik 5 B SR A AR

4 MATLAB{FEZRKESH

T BIE Bk i) MCDV-Hop 535 19 £ fig, R T Mat-
lab 2014a PEA745 B, B ¥E AL 100 m X 100 m B X 3 79 k47 0F
B AL IRAS Y M B2 100, BT A T S #8AE IE @ 1 L
T4 A5 A 2 BE AL A Y L X HE 45 SR 100 WR 47 B 45 11 7
¥IfH .,

S E A B VAR 2E A N

S true —est |

aver_error="— g
Horb N R SBUR o0 SRAEAR T REE  R R AR true
FR ILBRAKR s est, FmAhiTHALAT

P BB 5Nk 1 s,

X 100% (6)

58 B

W 2 HL# /m® 100X 100
oA/ A 100
K F EANB/A 70
AR/ A 30
# ¥4 /m 30

i T# MCDV-Hop # ¥k 5 DV-Hop 8%k #E47 A %A
FG AR SR O B AR Rl — R A B S BT kAT, R IR IR IR S 5 5 %
1, H A7 B0 45 0 1 YT s UER R BEATL I 1 .

(D5 HR Y & % E %t DV-Hop & % .PEDV-Hop 5 31
M MCDV-Hop 53 325 b o 077 80 00K B2 04 52 e %t 1

HBR 1T A0 B B S X B0k B R TS R R B PR AR Y
W, 7 EC XS E AR T S B B 10 AN AEAR R 40 A TRDBR
5 AR ER R 30m, 78 H A A AU FR A £ 1 AN AR 11 B
T X%F 2 4L DV-Hop & ¥ \PEDV-Hop & % il MCDV-Hop
BT O L A R AR 6 BT, 6 RS A bR S R AR
B P AR BRI AR A AR iR 22 . IR 6 RS
H AT LUF Y MCDV-Hop S5 A ROB AR T E ALk 22,

40

pea
>
=+

—eo— DV-Hop# 3%

35 —a— PEDV-Hop#f 3%
—+— MCDV-Hop# 3%
4
30 b

25

20 4
N \\\\—\-5
10 4
5
10 15 20 2 30
¥ A HA
B 6 bn T B0AR A X 8 ARG B A 52
(2) il 15 2k % %F DV-Hop % ¥ . PEDV-Hop % ¥ #
MCDV-Hop % ¥k H oA 135 55 RE (K B9 52 AT 1
AR A B KN SE T RN AT ST AR AR (5 AR T A
B, Y AT 3RS T &2 B AR Y S BN E 67 45 SR
Wit TEM{EEA N 20~50m, A1 FE 5m B9 X (8] 9, BL 30 4

F R FHREALRE /%

35 40

{EHRTT S ), %) 2 i DV-Hop & % . PEDV-Hop % i Fl
MCDV-Hop ¥ 3 9 1705 F A 45 SR WK 7 iR, |/ 7 dhi
Tt A o S 3 1 20 A8 G\ AR B R SR T S X O 4 R IR 25
AP 7 (05 LA SR AT L LG AR R MR R SO R T
A ARG B O R 25 L ER L 7 SR R R R K i B
EAE R BTk WA SR KA AR

55

—eo— DV-Hop# 3

& 50 —a— PEDV-Hop#. %
45 —+— MCDV-Hop# |
K40

&

w

® 30

B 25

g 20

415

10

5 20 25 30 45 50

iaféa‘#s?é/m ©
B 7 3 A 2 7 Al s 345 4 5

LRIE @l DV-Hop 5% .PEDV-Hop % il ek ik
W) HETF £ 15 2 & 42 7% #A MCDV-Hop 5 3% i 17 1
B, B TARFIREE ST A5 br (R 9 5 %5 BE R A5 2R AR X
RENTT PR ZE IR, D5 B85 R 0T LUE 2t 5 1
MCDV-Hop 4% A2 45 1 DV-Hop %3 #1 PEDV-Hop % 1
BAE MRS Rm T e, XEN T LHE
5248 AR 7% 8 B DV-Hop 5 AHXT T HAl 3 A5 R
AN e 1 5 Bk H 160 A A AR 0 T EL AR A B A 38 B
Je {6 R 3% % R B T B, DT Uk 2D T M X R 2 . (H /N B
5 et e T B — A AT Y )

2 % X W

[1] LIZ.GU Y.TANG L,et al. Fire Hazard Location Algorithm for
Large Place Based on Wireless Sensor Network[ J]. Journal of
Computers,2014,9(3) :711-716.

[2] LV X,SUN X,ZHOU X,et al. DV-hop-MSO Based Localization
Algorithm in Wireless Sensor Networks[ ] ]. Computer Engi-
neering & Applications,2007,43(20) :312-316.

[3] RAMADAN R A,HAGRAS H.NAWITO M,et al. The Intelli-
gent Classroom: Towards an Educational Ambient Intelligence
Testbed[ C]// Sixth International Conference on Intelligent En-
vironments. IEEE,2010:344-349.

[4] EL-BENDARY N.FOUAD M M M,RAMADAN R A.et al.
Smart Environmental Monitoring using Wireless Sensor Net-
works[ M // Wireless Sensor Networks: From Theory to Appli-
cations. 2013.

[5] EROL-KANTARCI M,MOUFTAH H T. Wireless Sensor Net-
works for Cost-Efficient Residential Energy Management in the
Smart Grid[J]. IEEE Transactions on Smart Grid,2011,2(2):
314-325.

[6] SEEMA A, REISSLEIN M. Towards Efficient Wireless Video
Sensor Networks: A Survey of Existing Node Architectures and
Proposal for A Flexi-WVSNP Design[ ] ]. IEEE Communications
Surveys & Tutorials,2011,13(3) :462-486.

[7] BARCELO-ORDINAS J M,CHANET J P,HOU K M,et al. A
survey of wireless sensor technologies applied to precision agri-
culture[ C]J // Ecpa Conference. 2013.

[8] wde, EEs, BoiE 72, &5, L AL B 8% M 4% Range-Free H §5E
LAl 55k L] R T AR 5 N . 2004,40(23) :127-130.



324

i BN R

2018 4F

[9] HU Y,LI X. An improvement of DV-Hop localization algorithm

for wireless sensor networks[ J]. Telecommunication Systems.

2013,53(1) :13-18.

P 75 55 B OR L X, 2 ORGSR B A9 DV-Hop JE i # i

(0. 3N TR 5 R AT, 2014(21) 1 121-124, 156,

[11] B Uk 40 M, R e T , 55, JC 2R 1% 1B 2% W) 4% DV-Hop & v 51
BB, HHSEHLRE AT, 2015(2) :340-344,

[12] MASS-SANCHEZ J.RUIZIBARRA E,CORTEZ-GONZALEZ
Jset al. Weighted Hyperbolic DV-Hop Positioning Node Locali-

[10]

zation Algorithm in WSNs[ J]. Wireless Personal Communica-

tions,2017,96(1-23) :5011-5033.

NICULESCU D, NATH B. DV Based Positioning in Ad Hoc

Networks[ J]. Telecommunication Systems, 2003,22(1-4) ; 267-

280.

[14] NICULESCU D,NATH B. Ad hoc positioning system (APS)
using AOA[C] // Joint Conference of the IEEE Computer and

[13]

[15]

[16]

[17]

[18]

[19]

Communications. IEEE,2003:1734-1743.

NAGPAL R,SHROBE H,BACHRACH ]J. Organizing a Global
Coordinate System from Local Information on an Ad Hoc Sensor
Network[ C]// Information Processing in Sensor Networks, Sec-
ond International Workshop(IPSN 2003). Palo Alto,CA,USA,
2003:333-348.

AR AN, 5K A . TC 2R A% 8 2% I 4% 56 F DV-Hop & i R 1Y
Sk [) ] AL S 2016,33(3) 1 147-150.

SHI W,JIA C,LIANG H. An improved DV-Hop localization al-
gorithm for wireless sensor networks[ J]. International Journal
of Online Engineering,2010,9(6) :2232-2236.

WU H, DENG M, XIAO L, et al. Cosine Theorem-based DV~
Hop Localization Algorithm in Wireless Sensor Networks[ ] ].
Information Technology Journal,2011,10(2) :239-245.

S i TR AL IR I 4% AR I B E O Sk R (D). M T T
Ui 5 2%, 2016.

(k3% 314 7O

HE— 25 WG AT LA B 76 B> 5 401 A 5 T T 2 1) A% R A
By, S S AL BT B S BN S B B R . AR
i 76 BT A S0 b SRS IF R 2 B A O R ASR w4 B A2 L B
A B ST 25 e A2 RE AT A X 3T o L DG B IR B B0 AT I 8 A 5
T FRULER 3,

ERIE FAMOBEHBEG AR ERAELZEN. HK
T80T 45 R 6 DR O W B AR R A A — AT S AR B S — AT
B ARSCTE I A R IR ) B R A S T TR AR 04 % 7R
B, RS BT ik B — etk AR SCHE s F 4 58 0 46 3R
5 OF B G AR BB IR . 7F LA Mieghem B 52" 2 2k i
R A b S A, A SO T2 T A B B AR AT Dy L TR 40 TR 4
AN RUHEAT 4307 5 O (0 43 A7 AE 2R 04 A e 5 I Ol 2 T X 4
ARSI T A RERRESE M C ok 373 W 45 32 3 58 BE J 43 45 #l
St R P DA SR T AT AR 10 () 582 ) L BT 83 £ AT Sy o B T
S DL TR A A 1R 0 OC B BB A T I C A9 2 42 1Y 481 4K
(Bl oo =1/ ) o HE TREL LR L BERCEE LE
EZTEINEE ALy TR S i R e e N N T S
o5 5 A 3 R T 2 AT R B R AR OC L I A T ) — A
00 4 55 ey v o425 ol A BB AT g BB T A IR 1) 3 o 2
TR MU BRI R A 345 S 28 57 1 of 18] B A2 0 9 5 2) e o
IR B G T B R B BOR B AN TR B B AR e R . R T, A
SCHE— AR T o BYSRA H3Z R G AT A B i P
AR LAY T 3R AT i R ) BT 0k 0 5% 45 2 ) T G 2 T B
BB FRMIE T R S LS . BAh h T EA T A
a3 S HEAT P8 R R SCIE AT LIAR 25 5 M B i I 4 b a8 B 2 A%
R IR B T T R R TR AR USRI AR T B S 2w AR
FPOAIL R I 0T R b BE AR o R S o A DT A AR A A R
S 6 ER AR A 0 T 3 A B S T % o Sfe AR 5 )
Mo T AR SCRERY, SC S A% 1% B (ELRE A A B9 3% 0 1 2 ¥ 080N
BHUCGIESE T Paster B9 8F 78 h 56 T4 22 W0 25 o il £ 4% 5%
VBl R AT A e Y R P B WL R TR SO T v BT — i)
8 DRI AT LA 2 B o S e 5 R A DU [ ) £ A 20

2 £ x o

[1] We Are Social. Digital in 2016 Report[ R/OL]. http://weareso-
cial. com/special-reports/digital-in-2016,2016-01-27.

2]

(3]

(4]

L6]

(7]

[8]

[10]

[11]

[12]

[13]

[14]

o [ I 9 A5 B PG (CNINTO). B8 39 Y [ 36 190 2% % Jie iR
WG RS R/OL]. http://www. cnnic. cn/,2017-01-22.

R GG 0. 2015 U P % R i [R/OL DL hup://
data. weibo. com/report/reportDetail 7id=333,2016-11-10.
KEPHART J O,WHITE S R. Measuring and modeling compu-
ter virus prevalence[ C]// 1993 IEEE Computer Society Sympo-
sium on Research in Security and Privacy, 1993. Proceedings.
1IEEE.2002.2.

NIKOLOSKI Z,DEO N,KUCERA L. Correlation Model of
Worm Propagation on Scale-Free Networks [ ] ]. Complexus,
2006,3(1-3) :169-182.

COLIZZA V,VESPIGNANI A. Epidemic modeling in metapo-
pulation systems with heterogeneous coupling pattern: theory
and simulations[ ] ]. Journal of Theoretical Biology, 2008, 251
(3):450-467.

ONNELA ] P,CHRISTAKIS N A. Spreading paths in partially
observed social networks[ J]. Phys. Rev. E,2012,85(3 Pt 2):
036106.

MELONI S, ARENAS A, MORENO Y. Traffic-driven epidemic
spreading in finite-size scale-free networks[]]. Proceedings of
the National Academy of Sciences of the United States of Ame-
rica,2009,106(40) :16897-16902.

YANG H X, WU Z X, WANG B H. Suppressing traffic-driven
epidemic spreading by edge-removal strategies[ ]J]. Physical Re-
view E Statistical Nonlinear & Soft Matter Physics,2013,
87(6):064801.

XIONG F,LIU Y,ZHANG Z J,et al. An information diffusion
model based on retweeting mechanism for online social media
[J]. Physics Letters A,2012,376(30/31):2103-2108.

ZHAO L, WANG Q,CHENG J,et al. Rumor spreading model
with consideration of forgetting mechanism: A case of online
blogging LiveJournal[J]. Physica A Statistical Mechanics &. Its
Applications,2011,390(13) :2619-2625.

PANTAZOPOULOS P, KARALIOPOULOSM , STAVRAKAKIS
1. Centrality-driven scalable service migration[ C]// International
Teletraffic Congress. International Teletraffic Congress, 2011
127-134.

MIEGHEM P V. Performance Analysis of Communications Net-
works and Systems[ M|, Cambridge University Press,2006.
Rocketfuel. An ISP Topology Mapping Engine[ R/OL]. http://

research. cs. washington. edu/networking/rocketfuel.





