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Network Immunization via Community Structure based Node

Representation

TETSUYA YOSHIDAY®  YUU YAMADA!

Abstract: We propose an approach for immunization of networks via modularity based node representa-
tion. Since epidemics (e.g, virus) are propagated among groups of nodes (communities) in a network, network
immunization has often been conducted by removing nodes with large score (e.g., centrality) so that the ma-
jor part of the network can be protected from the contamination. Since communities are often interwoven
through intermediating nodes, we propose to identify such nodes based on the community structure of a
network and remove them for immunization. By regarding the community structure in terms of nodes, we
construct a vector representation of each node based on a quality measure of communities for node parti-
tioning. Preliminary experiments are conducted over synthetic and real-world networks, and compared with
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other centrality based immunization strategies.
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Fig. 1 Network immunization
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Fig. 2 Node types in a synthetic network.
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Fig. 3 Distribution of node vectors (upper: ¢=2, lower: ¢=3)

cbooboboOoobOooboOobOOoobOOoOobObOoOoona
goooooooooooboocooooooooboooo
oooooodd et 230000000000 ¢0 20
giooooooooooooocoooooooboogon

cooo3boboooooooooobocoooooboooa
oooooooOoomOoOoOoOoOoenoOoOOODODOOO
gobooooobooooooocoOoboooooboooo
uoboooooooooobooooooooobooooo
uoboooooboocooooocoOooooooboooo
uoboooooooooocoOoboocooboocOoooa

03000000000000000 (Couooono)
uoboooooboooooboooooooooboOooo
000000000000 a000000O0000O0O0O
oooooooooooobOeOoOoOoOoooOooOODbO
oobooooooboooooboooooooooboooo
oooooooooocooboooooooooboooo



gogoooooood
IPSJ SIG Technical Report

oobooooboooboooobooooooboooon
OO0 b)0DO00O0O0O0O0DOOOOOO

3.3 00OO0OOOooo
j2000000000000000000O000O0O00
coooooooooooobooooooboOooooooo
oobooooooooooboooooooooobooooo
O000000oO0ooO0ooooooooooooooooo (3,
j)0o0o0o0oo000oo0o0ooo0o0 ;0000000 6,;0
odooo0o0ooo0oooOoooOooooooOe;o00
oooooooooooooboobooOoooooooooa
gobooooooooboocooboooo

D = diag(||2:[, .., |®al) (6)
X, = D'X (7)
© = cos H(X; X, T) (8)
1(84,0) = { 0 (otherwise) ©)
1

wd(Ti) = =g

ivd(z;) ICI) (10)
00000600 DODOOA (ei,-.., /e )T OO

O00000oooooo0ooeoOOOOOODOI0OO
wd(-)0000000000O0OO0O0OO

0030000 XO00o0O0 D 'ooooooooooo
ocooooovoooOD X, 0000 L,ooOoOooooo
oooooooooooooooooooo X,0000
cosooooooooboooooooooooooOooo
go0Oo0OO0O fO0O0O0OOOOOOOOOOOOW;O
O00o0o0o0oo0ooO0o032)oo0oooooooooo
cobooboooooocoobooooooboOooobooooo
O00ooo0oe0ODOOOODODOOODOOOOOODOO
O000000000oU0o0oOooo1o0n dwd() 00O
coboobooooooooboooooooOooboOooo
ocoooooooooooowvbooooo

3.4 0000OO0O0OOCOO0OOOOOOOOOOOOOd
gbooooooooooOooobooobooooooao
tobooooobodobooooooobooooooooooao
2300000000000 O00O0O0O0bOOODOOOOO
cooooooooooobooOoooOobocOoobooooo
coooooooocoooooosooooooooooo
cobO320000000000000O0C000O0O000
coboooooooocoOoboooOoooocoobooooo
cooss3soolwvbooooooooooooooooo
ocooooooooooon
goooobOoooosoooooooooobooooo
cooOivbooOOoOOOOOOOOOOOOOoOoOooooo
cooobooooooooboooooooooboooo

(©2012 Information Processing Society of Japan

Vol.2012-MPS-88 No.2
2012/5/17

01 00000ooo
Table 1 Synthetic networks
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Table 2 Real-world networks
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Fig. 4 Results of synthetic networks (upper: single, lower: recalc)
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