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Figure 1 Diagram of multi-source information spread process
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2 (M E) Political blogs M&EIRIMNREE
Figure 2 (Color online) Diagram of political blogs network topology
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Figure 4 Effect of the network community features on the spreading range of the source

I AN R B, TEVE R 2 AME IR AT A RO R RE AL, R BENEAT R UTE, AT LR
AR A IR BRI X 0 IF, %BAE*AEM/)?B’JT’%T%/EIW R —AME B, IR mT
LICRE 22 A% 52 0 1), B A0 O AE 22 A1 W P9 2 0 A5 R RBEAT RE A7, SRR B AT BASE 20 A3 W
S RBAT AL AR S, KR AL RCR.

501



SR S HT T B A 2 A ST X 48 2 AR R n e L 5
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Figure 5 (Color online) Diagram of extracting the sub-graph for multi-source
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Algorithm 1: Locating multi diffusion source based on community structure (LSCS)

Input: Observer vectors O = {(0;,v,ty,0i)}; number of initial nodes k; expected sub-graph size M;
Sort the observer vectors O = {(0;,v, ty,0;)} based on receive time ¢y o;;
Let the top-k observers be Ox={o01, ..., 0 }; initialize sub-graph C;={0;}, i =1,2,...,k;

s~ w N e

repeat
// Expand each sub-graph until they are large enough or did not increase
5. for each C; do

6. if size(C;) < M
/ /expand sub-graph C;
7. Let N¢; <—neighbor(C;); increase.C;=false;
8. repeat
9. let m = argmax,, ¢y, h(m);
10. if Q(C; +{m})> Q(C;) then C; <+ C;+{m}; increase=true;
11. N¢i < Neig —{m};
12. Until Size(N,;) = 0;
13. end
14. end

// merge sub-graphs if the result get high @ value
15. if C; ﬂCj # ? and Q(CZ UCj) > max(Q(C’l),Q(CJ))
16. then C; (—CiUCj;C]‘ «— 0;
17. until size(c;) > M or increase.C; =false;
// locate source node in each sub-graph
18. for each C; do

// find node with max value based on equation 4

19. Let 5§ = argmaxsETauZAfl (a— %us);
20. S*  §* 4 {5};
21. end

22.  Output: source node set {S*}.
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Table 1 Experimental data

Network name N L Community Modularity Pin Pout
Network1 20000 1733577 20 0.512 0.05 0.002
Network2 20000 1154479 20 0.269 0.02 0.002
Network3 20000 1636449 20 0.069 0.006 0.004
Network4 9947 25748 5 0.624 0.0012 0.00002
Network5 9958 20055 5 0.253 0.0008 0.0001

Political-blogs 1224 16718 2 0.431 — —
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20 / 1
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Figure 6 Relationship between the sub-graph extraction number and real source number

Cize = 1000. 7E1ZMZE R BAHLAE L & AR S, BEALEE 228, gEAT A8 R 7 . 52 s R
BEMLHE 7 20, WS A s I LN 0.4, B 6 45t TSR gs B X T4 A 4540 BH S5 R 9 4%, 451
W1 pin=0.05, Pous=0.002 I}, SFEFEA GRS MR 0 Y5 i 00N H. 2 SE Bl s N ECBU D I, il T 250e&
KT SLBRIE A X B T I S T A FL T, (5 5 2 DUBORKME R AL 3 2 AR AR AL ], AT i
BRSBTS M A BRI LS, 40 pia=0.006, pou:=0.004 B, 2452 FRiE &S HERE, 14
THE 2 B AR T S brdf s 3, 1X 3 202 i T4 S5 A B 55 AHARAE & R BTG R Rk, +
P B 0 1 H A W R AL S50 0 X 4%, RT DA 250 HE R A T AL R RS i A4

T bt LSCS FL R AL &, BATBEIC T 83 [12] $EH e AL AL LS Fyk/E X, LS
SRV AR R AR AR 350 28 ) 285 1R U 552 w5 I i (P WA 819 S5 (RO TR 7 ), SR FH e KB SR A 1
T i, VR4 Hp SR IR A (P2 R A AR SR 55 BABLER A T, AR Ak B B ORI BRI A SR
PRSI R, B LS A & AMBSRME THE BRI Y S ME N 2R RUE RIS R A 2% K
SERRM 2 E R SEEG g5 R aniE 7 f 8 BaR. AT LAE ), 6T B A BIRFHE R 2% Networkd, ™4 /2%
WO EZ S5 L) BT, LSCS Sk IR R 2 T g s LR 30% B, P94 I e AL A R
Bt 80%, XA B MM T8 3 [12] KIEMLEE. ST T4k BB AN B B A 4% Networks, Sk M
RAFT TR, B E TR AR AT e AL LS Bk, R R, BEATLEE 152 5 1 HE i e nk
T A AN PRP S E SR, X 32 B2 T REALE0 S 52 s e AR (5 B S B B 454 07 T AN B A AR

505



SR S HT T B A 2 A ST X 48 2 AR R n e L 5

1.0 T T T T 1.0 T T T T 1.0 T T T T
High-degree High-co Random
0.8 - - 0.8 - - 0.8 g
5 0.6 106+ 1 § 0.6 1
5 5 5
2 5 5
< 0.4+ 1 < 044 1 < 0.4 g
0.2 E 0.2 1 E 0.2 g
1S ——LS ——LS
—0—LSCS —0—LSCS —0—LSCS
0.0 T T T T 0.0 T T T T 0.0 T T T T
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
Percentage of observers Percentage of observers Percentage of observers
(@
1.0 1.0 1.0
084 High-degree 0.8 | High-co 0.8 | Random
> > >
g 0.6 2 0.6 - g 0.6 -
- -
g 8 g
< 044 & 044 £ 0.4 4
0.2 LS 0.2 - LS 0.2 { / A-LS
—-O-LSCS —-0-LSCS —-O0-LSCS
0.0 T T T T 0.0 T T T T 0.0 T T T T
0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5
Percentage of observers Percentage of observers Percentage of observers

(b)
7 LSCS B ATEERIME R ERDERE

Figure 7 Localization accuracy of LSCS algorithm on model network. (a) Network size: N=10000, number of communi-
ties: Chum=>5, group size: Csize=2000, modularity: 0.624; (b) network size: N=10000, number of communities: Crhum=5,
group size: Csize=2000, modularity: 0.253
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Figure 8 Localization accuracy of LSCS algorithm on political blogs network
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Figure 9 Distribution of localization error on social network
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Figure 10 Efficiency analysis of algorithm. (a) Relationship of network size versus algorithm efficiency; (b) relationship
of community size versus algorithm efficiency
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A multi-diffusion source-localization method for online social
networks based on sub-graph extraction

Xizhe ZHANG!*, Yubo ZHANG!, Tianyang LU%3, Shihai FU! & Bin ZHANG!
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2 College of Computer Science and Technology, Harbin Engineering University, Harbin 150001, Ching;
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*E-mail: zhangxizhe@mail.neu.edu.cn

Abstract Locating the spreading sources of online social networks is of great importance in many applications,
such as rumor detection and infectious-disease control. Existing work on source localization is not suitable here
because of the huge size of online social networks and the multi-spreading nature of information diffusion. This
paper focuses on the multi-source localization problem of social networks, and analyses the spreading principles
of a network with a community structure. We find that the community is capable of separating the spreading in-
fluence area of multi-sources. Therefore, we present a multi-source localization algorithm based on the sub-graph
extraction of complex networks. The algorithm extracts the local sub-graph based on the community structure,
and ensures that the observers receive the same source in the same sub-graph. This converts the multi-source
localization problem of the whole network into the single-source localization problem in a sub-graph. The al-
gorithm does not require the whole topological structure of the network, and it can significantly decrease the
computational complexity. Experimental results on real and model networks show the effectiveness and validity
of our multi-source localization algorithm. The proposed localization method is of great significance for locating
rumors and controlling infectious diseases.

Keywords social network, information diffusion, community structure, multi-source localization, sub-graph ex-
traction
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