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Network immunization based on the node activities

ZHANG Leyan, GAO Shupeng, ZHANG Zili, GAO Chao
(School of Computer and Information Science, Southwest University, Chongqing 400715, P.R.China)

Abstract: Network immunization is an effective strategy for restraining the propagation process in complex
networks. Although lots of strategies based on the topological structure of a network have achieved good
immunization effects, they have the same homogeneous assumption, i. e., nodes have same
characteristic. However, more and more existing studies have found the heterogeneous characteristics of
nodes in a network. For example, nodes have different activity during the propagation process and a node
with higher activity can promote the propagation process. Combining the network topology and the activity
of node, this paper proposes a novel strategy for restraining virus propagation. Some experiments have been
conducteded in benchmark and synthetic networks. The simulation results show that the proposed strategy
can restrain propagation effectively.
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Fig.1 Propagation results with different distributions of node activities

AN R AR T 53 A1, 2 B R A R] A I R o A o S 6 295 2R 3 T L A () 0 BR 38 o 1% i i 7 A 3

%ﬂﬁo
2 BT AERERRERE

2.1 HEiRg

O 245 G 28 SR WS e 2208 4% — 2L W T N AT S DT 2 B R T AL R SOR . BOAR L e E SR T E

SRS ) B 25 2 b MRS  H X SR L B A% R R BRPE . N M SRR R T R A MR e L B
H%E‘Jw s AR A A o DR B T R T BR AR [ . SR L B R B 22 A T 5 R W I 4 BT
AT SRR AR 1Y A B R R AN AR TR PRI ok SRk 22 T T A IR R X Y R R AR
TP TN T R R X A R A B 0 S 6 A B, 25N 3 Sl k] () e S0 BN L o R A A R EtR . DL G
X AT /N TG S I ] 18] B B9 5 fd SN DG T o F S 41 1 R 771 i BB B R IO 8% D 2 A 1 it B i B L B
EAMZ G=V.E) LV R GES E NITABES . b MEPE AW EIE e L NTF
JRCT A5 ) 35 Sl 18] 18] B BA 510 355 sy Ak ] (5] i AT by 0 5 5l s 3 sl 4 DA il A2 199 A bR R80OBOT

L.={laslis=sli}s @)

1 RN KL 56— U0 % 35 S [ 18] B 5 £, 275 3 80 B0 o AL KRGS SN R]B] B . 25 L, fEBA
AU BEHIAS 5w AT o 2505 SIS )T BRIC % . 19 A e, 00995 Sl Ji] i) B 301 22

>

Qn) ="
m

PEM— AT A ERIER, FEE —NMEENEMESE MiES M h AT AT S AL, mideE X
B, Q) HM /N, B35 SR ER . & A ARG B0 s B0 7 S TG BRE dE AT 2, BRI
Al ——In 00 . (3)

ZW@Q(;@)
TN Z (3D, AT LK WA 2% e AR X 3 R A T A5 T A R L

(2



70 TRRXKFER %41 &

() BN 7 B 5 — A s B0 B A AE 15 s ) PR AR AR . A R AR (AR Y SOR R
T A AR M BT L A0 B b M A O P A AB B R AR ) i b PR SS  RB E BE O AR  T R R R
FNE PN 275 fin, B4R B PEAE S 7795 S, 09 B PG PR AR BD
Key(n;) =n;.degree, 4
Hrpn,. degree AR fin, ., &5 K7 JUB9IGEERE 5 AN EE S G 45 19 fin, B2 0 ), £
NH
ActiveRank(n;) =Key(n;)*A(n,), (5)
BRI A BRI ActiveRank {B , FETEAG B o B bl TG B, 59 5 09 30 FIMOL B 8T B, 0 A% 1 19 5 T g A
Ko N T REMAS B B A S HOR L W A0S e A B KA ActiveRank (B 19795 &0, Bk SR Mg fF 55 fL 7
BR BE B S PEAN 9 S e ) B — S E R R (75 N 48 4 F A5 A AN PR P — WY SR e ) B HE A
2.2 M
1 Rl 8 A E SR L8 AT 2 A N A AT I 45 10 5 R R AE . S TR 2% A A Ok E B 2EL A R 45 A
JIE BT AR 2% 25 00 JE L Newman #0482 A M55, N TAEH S5 M4 G, G & B Andreas 5347 &
JL HAL 1000 AN L3 AR I RS AR Bl o 2 2.5

R1 LHEAMLE

Table 1 Natworks used in the experiment

EE s % UL -4 B RERK
H, - R A 1Y) 4% G, 1133 5451 9.622 0.254
o e 4 B35 A AR ) 4% G, 9 877 25 998 10.521 0.600
1 RE 4 BT 5 2 5 A 4% G 12 008 118 521 39.477 0.698
KB A AR W 45 G, 18 771 198 050 21.102 0.677
YEXBVEM 4 G 56 276 631 632 22.448 0.687
Ji5: 5 1 % Gy 4039 88 234 43.691 0.606
Hamsterste M %% Gr 2 426 16 631 13.711 0.231
Hamsterster I & M %% Gy 1858 12 534 13.492 0.090
AT W% 1 G, 1 000 9 944 19.888 0.029
AT M 2 Go 1 000 7 938 15.876 0.022
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Table 2 Results of virus propagation
Net I/% DS/DS-AR Deg/Deg-AR Bet/Bet-AR KC/KC-AR EC/EC-AR
10 470/448 478/454 465/444 537/509 502/486
G, 20 195/162 195/161 185/157 319/282 295/271
30 25/18 21/20 30/29 128/80 117/94
10 983/557 326/146 735/625 2 757/2 407 2 093/1 964
G 20 11/10 8/8 15/13 322/94 83/49
30 6/5 5/4 5/5 11/9 10/9
10 5411/5 253 5 583/5 436 3403/3 279 5954/5 945 5 720/5 685
G 20 2611/2 141 2 697/2 457 353/327 4 164/4 057 3824/3 680
30 32/18 17/15 28/20 1241/779 1560/1 331
10 8 717/8 492 8 472/8 342 7 692/7 399 9 504/9 449 9 501/9 402
G, 20 5195/4 628 4 838/4 280 3157/3 027 6 360/6 091 6192/5 973
30 773/342 596/270 62/54 3 403/2 923 2 806/2 751
10 24 183/22 162 25 594/24 139 16 631/16 484 30 878/30 449 29 090/29 086
Gs 20 3008/1 117 4 046/2 455 1233/1072 19 671/18 903 15 135/13 876
30 12/14 16/15 27/22 8 203/7 574 2 925/2 235
10 1690/1 498 2 247/2 014 766/742 2 427/2 363 2477/2 424
Gs 20 1215/1 155 1586/1 350 567/562 1.819/1 772 1 650/1 599
30 866/835 770/758 387/378 1299/1 262 1273/1 093
10 671/634 550/508 552/547 720/689 648/649
G 20 120/97 38/33 119/118 248/222 192/181
30 17/14 10/8 14/13 33/25 37/26
10 564/544 556/512 568/544 700/690 647/642
Gy 20 84/62 57/49 164/154 232/224 311/279
30 11/10 9/9 24/19 35/32 100/77
10 625/613 623/612 628/618 689/644 628/617
G 20 462/435 460/427 461/445 586/487 484/464
30 208/148 199/153 216/180 338/311 302/257
10 596/586 594/587 595/591 677/635 608/596
Go 20 409/373 410/374 426/399 590/492 474/447
30 136/87 128/80 133/99 486/286 286/258
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