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Abstract: As the Internet applications, such as social networks and micro-blogs, become popular, their scale of users has been
increasing rapidly. Community detection in these large-scale networks could provide important insights into customer behavior for service
recommendation and product marketing. The difference of these networks from traditional ones is that besides topology, they have
frequent information interaction between nodes. Information flow makes these networks directed and dynamic. Traditional community
detection approaches fall short in these networks because they do not consider these new characteristics. Inspired by the dynamics of
infectious disease theory, this paper proposes a novel community detection approach based on information flow analysis. This approach
effectively groups the nodes with frequent information interaction in the same community. Between communities, there would be little
information flow. This paper experiments on real-world networks demonstrate that compared with previous community detection methods,
the proposed approach is more effective at identifying the dynamics in the networks.
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Fig.2 Flow of information
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Table 1 Similarities and differences of the transmissions of epidemic and information
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®%1 B, Calculation Algorithm.

Input: G(V,E,T), R, I:(V,R)>T;

Output: B= {ﬁvﬂm |veV,reR}.

1. begin

2 for reR do
3 V,«{v,|all the infectors of r};
4 for veV, do
5. Ve (v, v, €V, A(ry) € B} U}
6 sort V' in ascending order according to 7 using 7
7
8
9

for ueV'Au#v do

Brny < U (w,r) =L W,r)- | VD) 5
: Vi V—{u};

10. end
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out __ _ 1T 75t
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Q,(H): Z [ z ﬁv,u,t Sv,t 'Su,tJ (9/)

EeA =t AU/
B3k 2. T-CNM.
Input: G(V,E), B= {Bv,r(w) |lveV,reR}, t
Output: /={r;}.
1. begin
2 TIl—{veV|{vi};
3 for v,ueV do
4 W«Beta_Calculation(v,u,t)+ Wy
5. while (true)
6 for 7, ;e l1do
7 for v,ue muz; do
8 Bv,u,t < Beta _Calculation(v,u,t);
9

for me {mmeVA(v,m)eE} do

10. sy« Beta _Calculation(v,m,t) +s}"';
11. for ue {ulue Va(n,u)eE} do
12. s,, < Beta _Calculation(n,u,t) +s,,;

/*Q; is calculated according to equation (9")*/

13. AQ . < QT —m,~ 7, +(x, V)~ Q)
g "
14. (7, 7)) < argmax(”i’ﬂ/)En2 AQ,W,j ;
15. if (AQ . <0) break;
T T
16. O=I1-7 -7, +(x, Ur,);
17. end

18. Function float Beta Calculation(v,u,t)

19. begin

20. B, < iB, rwn|rERA(MU)EE};

21.  sort B,, according to /{u,r) in ascendant order {7y,7,...,7,};

22, if(t<n), ¢t, 11T

23.  elseif (£>1,), 1,417, 1< 15

24.  else find 73,74 where 7<t<zy1;

25.  return vaw ;o /* Em, is calculated according to equation (8')*/

26. end

B0 2 EOEA S RUE SR N (CBB 2 47), 885 P8 6 8 Beta_Calculation v 545l 2 (1 S A (55
4 47). 84, 2 B WA AL KBTS 9 & JF L B b WM B Beta_Calculation, v SR L T 75 10
Stsit B, JEVSIALIK & IR ALK SRS O, (1T -+ (mom)), i A JF RIS AR (S 6 47~ 13
A7) AL SR FTAT AL DO G IR R B 1A 40 AQY R R A S K I AQyT I PIALIX 7 Bl ) (565 14 4T). 3%
AQ;Z,”; <O UL DR I R L AR (B 15 A7) 15 WK ) R 7, 45 0F G 16 A7), 4k 820 B AL TSRS O, 1), 75

SEF ) ¢ 2005 SR T8 3% B, WM B Beta_Calculation. ¥4 % Beta_Calculation 1 56 M H AR 4% & v Rl
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AT BeE 3 TF RS 2 A DX R I (A R FRATTE A T BA R LA SR AR (LR 2):

(1) I H RS AL AP I 2010 4F 12 H #8401 SU1E B shit %;

(2) 2010 4F DBLP 5| 32 ik i 41,

Table 2 Statistics of the datasets
Fz 2 BUREGE
HamsE EeE DBLP

Rip=t 78 179 035
b0} 1062 1 535204
SPH EE S 13.61 8.57
N RESL 53 3165

i lig bk AT G5

Hrh,
o TRl Kl rp A A R AL T N R A Tl T £ R AR T TR T R

o DBLP Hdfs i, BAITHs 51 SCOCHRgRE o (5 B IR B0, 5 L B FE 7 2 45 L I A i, 5 T A 0215 2 R 32

ey

TRATHs AT RE AN 285 1k P9 AN 7 T T LA 80 A DR B SR AT 20 A7 3 5 SCRR[S, 7] R R A X
S B B B R IRAIE AN ST R A XA BT VA AE AR S L 3l 490 5 A A A8 I 46 v A 2 s A PRI I 20 A & A A
DAE I ] BE Y A2 AL AT BE W,

TG, AT AR AG 6 15 5 U 3l 3 3 AR A DR 93 5 9 A Rk AR R T s AT SE L I 3(a) B R
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Fig.4 Dynamic community detection based on information flow
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Fig.5 Analysis of community evolution on the micro-blog data
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Table 3 Communities description of DBLP
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kX 4 5 X4 A
cl Simulation; Electrical & electronic engineering; Manufacturing
c2 Algorithms & theory; Networks & communications
c3 Al Software engineering; Programming languages; Mathematics
c4 Hardware & architecture; Operating systems; Programming languages; Databases
c5 Databases; DataMining
c6 Machine learning & pattern recognition; AI; DataMining
c7 Natural language & speech; Multimedia; Information retrieval; Machine learning & pattern recognition
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Fig.6  Analysis of community evolution on DBLP

K 6 DBLP X A81b 4> #7
4 tHXI{E

FRGE AL IX S B 1200 3 ) P X486 1A I 5 ) R 36 T A0 B LR b )| mlfs VA Uy i
SCHL.Newman H1 Girvan 55651 AR E PR & 2 WU FH R AR N 41 X R 43 B 28 1R 460, B AT L4 1ok 4t
DX % T 55 FH 00 R 0 B 0, 0 A X R IS W e £ AR X R B TE T 4 oL T B H b (41X R BT
U SRR O M A5 A X R ZE i KA. B TR AL O M B EE RS AR 2 s O v
SO FEREAT T O0AG, B 10 SRR B0 O {8, H L A s Sk BERLE UL A A A X e T v B

© PERREERSMROT  httpy/ www. jos. org. cn



558 Journal of Software ¥4 % Vol.25, No.3, March 2014

T R ALK I AR G R R AR A AR IR AL L

TR VF 2 B 5T 0 DT AL DX 1) 2 25 728 A White!" 2 e LB HY 178715 2 0% 2R B NS 130 AR 4 11 199 4% rh BEAT AL X
R IR Leskovec! I T P (g 3 FRF I, A9 G X RS 199 4 o (g BE 4 A1 o <</ SRRk 3o 199 45 1 3 25 AR AR AT T AT
FUM B E R I 00 44 1) 5 42 e JEE I I 13 52 1 5 98 TR I, 0 46 PO A7 20 L AR B /b O L Bl sttty 7
— P el 2B A Backstrom! ST T AL IR T R LR AR A o R AR H S e SRR SR Al T RO N B AN AR X (g T
b, 1% 7 V2348 T LA R B AT 1R A P AL X Kumart V38 3o 43 1 A 05K 100 45 10 65 A R AR A R A T AL RS
% T HLAT (R P ORI T IX SRR PR SR T — Pl A8 0 4% B0 45 40 T AOABE 2R LAy Y0 A2 A g 5 1 Dy T %t 4
25 A AR REREAT 70 M7, I B T 23 M 0 2% o A XD A A ok i e 1) 2% 1) AR A 7

DT AL DX B I 5] 11942 £ Berger-Wolf il Saial' i tH 7 — 7 SEL 9 A X A2 44 1 722 1 HE 2 76 A AT B U 110 LA o,
Tantipathananandh %5 AU )75 4L DR I Pt 70 20 b P 26 €6 ) 150, 0 D 8 25 B RS R s SVR AR AL T 4L
DR B 48 5 0 At SORE 22 I AR 2R 7 i A 5 8 2 X 46 v 2, 0 SR D 2 S A ot FE AN A ) e KR 0
AL 2 SR AR AL ) RO Falkowskil' 7R FH A 7] B 220 (1) 4 XK 43 155 000 30 3o 406 1 5 725 43 e A I o 8 i 3k e A
SE AR AL A1 X B AR IR B4t DR B 7 92 L 5 17 00 199 46 R 4 A8 B A R R 23 W AL GV BE 2 R T R ARt it
T T A DX I W ) I 4 05 0 D T 5 2 BRATT i 8 e 1) 23l 2 ek DX BT V0 A G 8 7 2 AR I T4 %
AR Hr b AL T R R 13l 25 A2 A [ I 0 A Xl 93 10 3 R R A% 8 9 A DR B i A A AL XU
PRI 25 AL T 5 2 AL A8 W % 5 M A5 R L Ah Zhou %5 APV T 208 T AL X A5 A 22 B AL COCOMP,
A DX I B e K

5 FHigMT—HIE

AN S A GEAL DX A T 5 12 W A A2 1 3% 0 25 KD AN R P A% o 8 g 2 BEAR 48 HH 4 R4 R
T 8B A4 X7 W5 10 T 1 20 AT A5 A A AT W0 4 T R R Bl e R R R DR R R A A R B A R AT 2
M J W TR G 2R B I ) P 3 25 A2 A, DAy A DX FKD S8 A 6 A 5 190 2% S5 R TR AR A B i 17— Ay iy a4 i ok
S RAIE 1B I B A AL ORI VEAR BAf U AL DR I A B L A7 28k B Ah 5+ A5 2 3h &AL IX
AR, QAT At 3K — AR A I St IR, DA S A IX Bl 25 R A 6 I (R AR SRAB ST - 23 W 48 S5 3 A1 5 3k — 2B IR

References:

[1]  Caluset A, Newman MEJ, Moore C. Finding community structure in very large networks. Physical Review E, 2004,70(6):066111.
[doi: 10.1103/PhysRevE.70.066111]

[2]  The guardian. http://www.guardian.co.uk/technology/blog/2009/jun/29/twitter-users-average-api-traffic

[3] Newman MEJ, Girvan M. Finding and evaluating community structure in networks. Physical Review E, 2004,69(2):026113. [doi:
10.1103/PhysRevE.69.026113]

[4] TangJ, Sun J, Wang C, Yang Z. Social influence analysis in large-scale networks. In: Proc. of the 15th ACM SIGKDD Int’l Conf.
on Knowledge Discovery and Data Mining. ACM Press, 2009. [doi: 10.1145/1557019.1557108]

[5] Tantipathanananch C, Berger-Wolf T, Kempe D. A framework for community identification in dynamic social networks. In: Proc.
of the 13th ACM SIGKDD Int’l Conf. on Knowledge Discovery and Data Mining. ACM Press, 2007.

[6] Freeman LC. Centrality in social networks conceptual clarification. Social Networks, 1979,1(3):215-239.

[7] Newman MEJ. Finding community structure in networks using the eigenvectors of matrices. Physical Review E, 2006,74(3):
036104. [doi: 10.1103/PhysRevE.74.036104]

[8] Pons P, Latapy M. Computing communities in large networks using random walks. In: Proc. of the Computer and Information
Sciences (ISCIS 2005). Berlin, Heidelberg: Springer-Verlag, 2005. 284-293.

[91 Fortunato S, Latora V, Marchiori M. Method to find community structures based on information centrality. Physical Review E,
2004, 70(5):056104. [doi: 10.1103/PhysRevE.70.056104]

[10]  Reichardt J, Bornholdt S. Statistical mechanics of community detection. Physical Review E, 2006,74(1):016110. [doi: 10.1103/

PhysRevE.74.016110]

© PERREERSMROT  httpy/ www. jos. org. cn



Zgh FRATFREADIIGHERR LT % 559

[11]  DuchJ, Arenas A. Community detection in complex networks using extremal optimization. Physical Review E, 2005,72(2): 027104.
[doi: 10.1103/PhysRevE.72.027104]

[12]  White HC, Boorman SA, Breiger RL. Social structure from multiple networks. Part I: Blockmodels of roles and positions.
American Journal of Sociology, 1976,730-780.

[13]  Leskovec J, Kleinberg J, Faloutsos C. Graphs over time: Densification laws, shrinking diameters and possible explanations. In:
Proc. of the 11th ACM SIGKDD Int’l Conf. on Knowledge Discovery in Data Mining. ACM Press, 2005.

[14]  Backstrom L, Huttenlocher D, Kleinberg J, Lan XY. Group formation in large social networks: Membership, growth, and evolution.
In: Proc. of the 12th ACM SIGKDD Int’l Conf. on Knowledge Discovery and Data Mining. ACM Press, 2006. [doi: 10.1145/
1150402.1150412]

[15]  Ravi K, Novak J, Tomkins A. Structure and evolution of online social networks. In: Proc. of the Link Mining: Models, Algorithms,
and Applications. New York: Springer-Verlag, 2010. 337-357.

[16] Berger-Wolf TY, Saia J. A framework for analysis of dynamic social networks. In: Proc. of the 12th ACM SIGKDD Int’l Conf. on
Knowledge Discovery and Data Mining. ACM Press, 2006. [doi: 10.1145/1150402.1150462]

[17]  Tanja F, Bartelheimer J, Spiliopoulou M. Mining and visualizing the evolution of subgroups in social networks. In: Proc. of the
2006 IEEE/WIC/ACM Int’l Conf. on Web Intelligence. IEEE Computer Society, 2006. [doi: 10.1109/W1.2006.118]

(18] Ih %I J8) S, A, 47 1A% i 3y ) 27 BB S 5 T 5 AL B 27 L iR, 2004,

[19]  Santo F. Community detection in graphs. Physics Reports, 2010,486(3):75—-174.

[20]  Chayant T, Berger-Wolf TY. Finding communities in dynamic social networks. In: Proc. of the 2011 IEEE 11th Int’l Conf. on Data
Mining (ICDM). IEEE, 2011. [doi: 10.1109/ICDM.2011.67]

[21]  Zhou W], Jin HX, Liu Y. Community discovery and profiling with social messages. In: Proc. of the 18th ACM SIGKDD Int’l Conf.
on Knowledge Discovery and Data Mining. ACM Press, 2012. [doi: 10.1145/2339530.2339593]

REN(1987 —), B, 8 M1+ 4 3
TR AT Ay PR B 5 L B 2

E-mail: caitou@mail.nwpu.edu.cn

TR (1961 —), 55, 1 b 082 1 Lk
Jili,CCF w20 4% I, 22 S 0F 5 U A il o
W HHA.

E-mail: lizhh@nwpu.edu.cn

© PEEREES AT

FREE(1976—), 5 [+ B2 M+ 4G
Uili ,CCF 1 2 4% B, 2 BRI 98 A0 8 0 == v
5L, RFID B0 45 B, XML $d5 25 1.

E-mail: chenbenben@nwpu.edu.cn

F 21989 —), 5 i+, = BRI 5T A0 i
R A B P B 42

E-mail: Zhongwang.cs.npu@gmail.com

http:// Www. jos. org. cn



