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Abstract: Currently, the number of Internet users, along with complex networks including online social networks and electronic
commerce networks, is growing explosively. To effectively and efficiently detecting overlapping community structure from complex
network, big data plays an essential role in point of interest recommendation and hotspot propagation. In this study, a new algorithm over
complex networks is proposed to detecting overlapping communities with a time complexity of O(nlog?(n)). The algorithm applies a new
method for updating node and edge modularity based on the techniques of modularity clustering and graph computing. Balanced binary
tree is used to index the modularity increment, and an overlapping community detection approach is provided based on the idea of
modularity optimization to reduce the frequency of node analysis compared to traditional approaches. Experiments are conducted on real
complex network big data, and the results show that the DOC algorithm can effectively detect overlapping communities with high
accuracy, the normalized mutual information (NMI) can reach to 0.97 in large-scale LFR benchmark datasets, and the overlapping
community detecting standard F-score value is averagely higher than 0.91. In addition, the runtime efficiency beats traditional approaches
in complex network big data.

Key words: complex network; big data; overlapping community detection; modularity; graph computing
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Fig.1 Example of overlapping communities
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13. if AQ,,>0 then
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14. add this node to Cy;

15. else if ve C then

16. separate this node from Cj;

17. else

18 if ve C, THEN  //3%F 15 RO A DS A7 100 3
19. separate this node from Cj;

20. Output C';
S 4 T U AL D SRR T R 4 A 3 R A S
() AT R AL X SR B KT 0.55 I35 %45 X A B A6 Rl 4 AR B, DU AS 06 JE AT 5 A 2 %A XA A Jit
BRI 5 b DX UK 2 A A A R A X
(2) 47 RO AL X I S BE A 1[0.4,0.5 5T, VS50 715 soln AN A R L DX A5 A 5 A DX AR B 1 i 4
80, PR T RUIMNAZAL X 2 AR DO AS BB AT 3X — 9 R D AR X o 2 3L b B A 5K (10)
T SEAZAT 250N R A BT 7 2 R e 3 484
(3) 4T R AR X A SR BE N T 0.4 I %Y SR % AL X L .
34 HEMBERESHR
T YWl DOC 83k BLAT 55 4 10 I 1) 2 g, 7T T A B R 8% K 080, A 70K 20 DOC 550925 1) INF 17 &3 2% 1k 1
SERH AR T B Ak X B W BB AQ FEFEI T B 24l O(m); WITRHLAQ “F-4iF — X I (A1 B 2% BE 294 O(nlog(n)),
BV SR S AP O(log () ); 38 I B KB ER FE 38 B3 EA T4 X B IR VA R B2 O(nlog?(n)). 254
IR R SRR TS A X RN A S 2SN O(nlog®(n)) AR AFVE 2 IR 2 K 22 B0 X R BS99 R 2% e 3 5104)
B AN R I ) S Z P (ARSI 1 056 2 20~ 9 D VIR L I R 2R TR 2 O(n?)), 0 T FRIE S35 v B A8 5L 22
W5 2 BRI S A 1A RF 1) 52 2% 188 L A ) . 85 A DX B BV A AN 4 A AN [ A X 35 S8 AT 8l 3o 43
A LA BB 4 I G 24BN O(nxp®), IR AL A p b 550, BT DL 8 4 DR 0 5790 52 2% 88 vl KL s A 1
N O(n).25 1,DOC Sk M R T S A% FE R O(nlog?(n)+n) LBy O(nlog?(n)).

4 LRI

4.1 FIBEHIR

R T BRI A SC T AR FR) B B A R 00 G ¥ A X R 4 ) A A e R D e s, 2 5 SR P AN [ 1 A 2% T 4% R A
BEREAT SR (1) A LFR FEvHERE 326 i N TR KRR AT 2% ) 2 Sl 41 715(2) M SNAP st 13K HUf 3
AN B AT LG LFR FEvEFE 72 1 Lancichinetti 25 AR HY A2 N TR0 2% B FE e, %8 e 78 A B S v I 4%
{1 TF) B A2 B B A AR (R A X 4 AR SCRVE AR il 8 SR B LR 1L, 3L AL KO A S B IUE Y6 2 (0,158
AE T #1254 00 B 2 B, 2 0 O, U8 W L DX 45 ) J AN B

AR S0 T LR SEVERE AR T 2 ANSEHE 4R, 5 1k

(1) TAZHEN 1 000~10 000 [ 10 AN KA 28 18, AL X IR A 5 800=0.3, AL X EEST SN EH

10~100 AN, 75 s o] Y JE A+ XA 2;
(2) FAHESN 5000, AT EAL X AN 2~8 AN 4.
T2~ 4 i TSI P T R AR PR AN R



640 Journal of Sofiware A%+ % % Vol.28, No.3, March 2017

Table 1 Parameter setting of LFR benchmark network generation

FT 1 LFR FEHEM %4 5 $0i i

ZH L

n I 2% B35 R 0 H

k P 4 PR T R T 2
Chnin B NALIX Y R
Conax B RAEX AT R8O H
O AW R

om 5 AT AR AL XA HL
u DR A S5

Table 2 LFR benchmark network dataset 4
%2 LFR SEVEM 40354 4

A-1k 1 000 7471 0.3 14.942 10
A-2k 2000 14634 0.3 14.634 20
A-3k 3000 21800 0.3 14.533 30
A-4k 4000 29648 0.3 14.824 40
A-5k 5000 36636 0.3 14.654 50
A-6k 6 000 43557 0.3 14.519 60
A-Tk 7 000 51437 03 14.696 70
A-8k 8000 58242 0.3 14.561 80
A4-9k 9 000 65350 0.3 14.522 90
A-10k 10000 73044 0.3 14.609 100

Table 3 LFR bechmark network dataset B
3 LFR AEUEM S HARLE B
g W g PR W AT R A XA

B1-1 5000 0.1 9.96 2
B1-2 5000 0.1 9.91 3
B1-3 5000 0.1 9.97 4
B1-4 5000 0.1 10.0 5
B1-5 5000 0.1 9.83 6
B1-6 5000 0.1 10.1 7
B1-7 5000 0.1 9.88 8
B2-1 5000 0.3 9.99 2
B2-2 5000 0.3 9.91 g
B2-3 5000 0.3 9.99 4
B2-4 5000 0.3 10.1 S5
B2-5 5000 0.3 10.0 6
B2-6 5000 0.3 9.94 7
B2-7 5000 0.3 9.84 8

Table 4 SNAP real networks
R4 SNAP F WA HHR4E

¥ 2% RS S UL
Ca-GrQc 5242 14496
Ca-HepPh 12008 118 521
Ca-HepTh 9877 25998

AT A HER TR AR S Java 1 5 m e SCL 841 & 4 2.5GHz Intel Core i5 [¥] CPU, N 174 16GB,iz
ATLE Apple ] OS X $:4E R 45 b AT i %8 b S5 A4

(1) ETFFR2 453 AT COPRA 5yEPIRI SLPA 4231,

(2) ETZEAE CONGA PN H CONGA & Fh Rl 43 106 B s I HE R B 4 by e 28 485 L.
4.2 XM AR ES T

AT N 4 A FEAR AT L2 BT 52 2% 9 4% R B A XA 0 vk (e v v L AR P R T R
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Fig.3 Comparison of the NMI value under LFR benchmark network datasets among different algorithms
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Fig.4 Comparison of precision under LFR benchmark network datasets among different algorithms
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Fig.5 Comparison of recall under LFR benchmark network datasets among different algorithms
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Fig.6 Comparison of F-score vlaue under LFR benchmark network datasets among different algorithms
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