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Complex Network Community Detection Based on Core Graph

Incremental Clustering

ZHANG Xin-Meng® JIANG Sheng-Yi!

Abstract This paper references the principle of clustering in clustering-based method for the unsupervised intrusion
detection algorithm (CBUID), and proposes a clustering-based method for community detection (CBCD). We propose
a method of community summary building, and give the formula of the similarity between node and community. First,
it detects communities on the core network composed of a small amount of high-degree core nodes, then partitions the
remaining nodes into core community according to the similarity between the node and community incrementally. Its
running time mainly depends on the network size, the number of edges and the number of communities, and our algorithm
has essentially a linear time complexity. Applications on several common real networks demonstrate that this method is

very effective at community detection of networks.
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Fig.1 A schematic representation of a network with

community structure
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Fig.2 Add a new node vg in the network shown in Fig. 1
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P P A XK 43 R T R Tt 088 o, v 9 4 5 K1) o )
FFEIAH Y, AR IR, #0071 sk, VLI
TE) TR/ A AR PSR, EL I /N 1%
T, #EX RIS AT REIA A B FAR R 45 B Lt 1 T
BI{ELLE 220 (P10 R, BEELEE R 0.4291, BEAR T A5
AR L4 R 0.4304.
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FEX L 1/4 ~ 1/3 09755 RUAHEE, AT DA %01
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Nk, IBARZONT RBEBE d,. 2928 n/k/4. HIR,
FITIEAZ O R 1R BE 2 FIR L) S AN P 248715 il 1T
2 ~ 3 1%, BEMSLRUFAZ 1T mi AT AR08 120 f 1 i Ay gt
WAL 2. 32 2 o2 sise T R 4 A4S
SR B AE PT I U AZ OAL CRRAE, o) n ST AR
B, m AR, d, NEBME, ne 0T R d,
ARG E RN, pe A% RUBE IR AT B 75 AR
BERCREI L, o] DUE A AZ 001 R s USRS ARG 2 DL
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%1 AFPBEBET Polblogs Mt X Xl 44T 1550

Table 1

community detection under different thresholds

The implementation of Ploblogs network

d, Ne d. t. (ms) t, (ms) Q
300 4 1566 15 465 0.4289
250 6 2105 16 467 0.4292
240 7 2350 16 437 0.4302
220 11 3260 78 469 0.4291
190 16 4319 922 438 0.4304
186 17 4508 1281 438 0.4304
180 18 4690 2140 453 0.4304
170 24 5734 8828 406 0.4304
160 28 6389 19110 453 0.4304
2 TUAPL %L BT
Table 2  The characteristics of four
subgraph of network
Network n m k d. ne d. Pe
Zachary 34 78 2 5 10 91 58.33 %
Dolphin 62 159 2 8 13 122 38.36%
Polbooks 105 441 2 13 22 326 36.96 %
Polblogs 1490 19090 2 186 17 4508 11.81%

23 HEERE

A SLIRE I 8] T4 th A Aa A X & 43 WIaR 41X
TR . PR R A Bk AR 4 AP IRRA

e, T EE d,. B SR R A 0
TR AL X R 43, 48K 2 50T 22 W 45 LA Tohs
RPE, AR 1) B o A 22 BOIR N R A1 122) ) 4%
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A LA FEAZ 01T R 380 54 X ) B, I ) I F
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Sk Java gafE S, BAE R 42 Windows
XP (SP3), tFHEHLEE Z: 2GB [N AE, Intel Core
2 Duo T6400 &bH %, 2.00 GHz.

AR 2 H B 10 A M2 e A, B
15 2 F R SR W 4% (Karate) 91, i K W 4%
(Dolphins) 01, 3¢ [H K % £ 2000 %€ 7= 3¢ K 2
Bk BE 28 W 4% (Football)M, 2004 4 3% [{ K %
B 36 1 % W 4% (Polblogs)?™ . Bl 2 K & X &
YE M 4% (Netscience) 8. Bk 15 4% W 4% (Pol-
books, http://www.orgnet.com/). H F #l £ K
4 (Email)?, B L& IR KA EML (Jazz)Bo,
LFg I+ (C. Elegans) #7 Bk AR W 4% (Cel)BU,
% B Mt = MW 4% (US.air, http://vlado.fmf.uni-
lj.si/pub/networks/data/).

3.1 Zachary ZTFEEKREBMLE

55— MRS R Zachary 25 FIE{H SR N 4%,
BT T [ — P R A 2 T AR RS 7 1) O AR I R 5%
Zachary Wayne i WAFEFILEE, ST 34 ARk
DAL AR KRR, NAFE] T — AW, EXAN M
gerp BRSOV AT AL WER AN RO AEARLUR
N BAEAR AR S AN AL A8 AE G &R, IX PR B 6
NI 2 T — 450 AHIE. TR AR A A1)
V&, 3N DI R 248 0 0 [P AN /MEL SR 58,
Wil 3, 77 SRR 5553 0 27 SEBR 70 2405 1 &4 MELUR
BRI

Kl 3  Zachary 75 F-18 {H IR M 4%
Fig.3 The friendship network from Zachary’s
karate club
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4 Zachary 75 F-18 {H SR 45 4% 00 1 s AL 1 1&]
Fig.4 The core subgraph of Zachary’s karate

club network
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Fig.5 Dolphins network

K6 I S 2% 01 R J 1
Fig.6 The core subgraph of Dolphins network
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K7 BUR RS L
Fig.7 Polbooks network
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Fig.8 The core subgraph of Polbooks network
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ANAE DRI Ar JE TR A S R B AR A
{(1,45),(0,7)},{(2,43),(1,4),(0,6) },{(1,45)} &
RSB JE T AL 1 T AN EC 45, A g AL
Fofls, HAHLX 1 g 4 AN SRR 5y, AT
—UOEAE SRS R

FESCIR [9, 19] WAL A (R A 24 4l RS
PRI JEAL XA 19 4504, AR G AL X AR Bk
K 0.457, TR GN &k, Bl 0.434.
332 ZHEXH

BUYE 0 A W 208 52 B B = TR, TR0 T A
KGN HERIr 0 3 ANHEIX, SR, M4 AH 8L
TR AT R R ARy, RIS g5 R 9 B
N, B RS 7 RS M8 5 AR R TR R B
SEALD, TR K A AL DXL A2 R I A B
4 {(1,45), (0,6)}, {(2,5), (1,2), (0,5)}, {(2,38),
(1,2), (0,2)}, =AML AL SN AN 253 )
(205, 19), (26, 21), (179, 22), Btk H 0.501,
SCHR [17) SE A4 AR O 0.480, SCHR [9] 5
AR S5 RAEHE ) 0.467.

9 BUATEEM 2 AL X RIS
Fig.9 The Polbooks network partitioned into

three community
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Fig. 10 The core subgraph of Polblogs network
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FETNAF L B [ B 2R A7) Spinglass #on H iE
P IR AR A8 Similarity A FE T R A B A

DX 4 b e B0 18,

% 3 hk CBCD &ykah, HAh S AL X R BT
g8 ARk [ TS0k [18]. R 3 8 1 SR T
2R (IR GE T BE, Nodes X B W 4% ()75 14, Edges
X I D0 28 PRI HR . PR T, et T AR X R
FIRERE . 4EIXEH . B0 Karate 4% H] Similar-
ity SLykA5 AR 0.41, #EX ¥ 4. CBCD
SEA PR TR L A XEH  AZO R BIE  #
DT AEL e Email M2 CBCD 5473
g8 R 0.53/8 (70, 32), FonEHLE N 0.53, 41X
BH A 8, RO FEBIE R 70, A0 Sk 32, MSE
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W £ Ak XA 0 255 L e kg BRARL 3k FH AR 00 A L
GRS, T PR EAR AT, 1K 9 4 #8 HAT EL
B B T hR BRI, CBCD &3 Fe s Fl o bs
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AU P25 . ST D S VR I % L SR R T FE QOB I 4%
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TIBEFLE 12 N EX TR 3 AT AE ARSI LR
FEDX R Y, SR, R AR s BT AR X K4y, BT
REHRFE Rk 0.60. 555 — AT A & P EIELE A 508
£ EIMRK B L - 34{H, CBCD H3% SR RR
FLAR R .

3 BRI G R

Table 3 ~Community detected by different algorithms
Network Nodes/Edges  Fastgreedy = Betweenness Label Eigenvector  Spinglass  Similarity CBCD
Karate 34/78 0.38/3 0.40/5 0.37/3 0.38/5 0.42/4 0.41/4 0.37/2(5,10)
Dolphins 62/159 0.50/4 0.52/5 0.51/4 0.49/6 0.53/5 0.52/4 0.52/4(6,38)
Jazz 198/2742 0.44/4 0.41/39 0.28/2 0.35/8 0.44/5 0.40/4 0.43/3(120,7)
Football 115/613 0.55/6 0.60/10 0.58/12 0.45/13 0.60/10 0.60/10 0.58/9(11,78)
US.air 332/2126 0.19/4 0.14/124 0.00/3 0.27/16 0.03/24 0.30/10 0.28/6(70,9)
Polblogs 1222/16714 0.43/10 0.42/205 0.43/3 0.27/62 0.43/16 0.38/2 0.43/2(186,17)
Cel 453/2025 0.39/9 0.40/38 0.33/8 0.32/28 0.44/10 0.37/14 0.36,/9(40,31)
Email 1133/5451 0.49/16 0.53/61 0.01/4 0.42/45 0.58/12 0.45/16 0.53/8(70,32)
Netscience 379/914 0.84/19 0.84/18 0.81/38 0.78/33 0.84/21 0.82/17  0.81/12(6,111)
B 0.47 0.47 0.37 0.41 0.48 0.47 0.48




1124 H ]|

¥ {1

39 %

4 ZEig

AR CBUID SLA SRR AR N H] T4t X 45
el o rr ) B H o T A P R SRR A X K
UL CBCD, 45 AL X i S iy i s
DAL BE VRS A S Sk S A R R
JR A R REA T A DX 2y, AR, KRR A
FHABLRE d5e KR AL DX rR I T A 2 AR T 1 45 v
L, BATEER TR R

P ) B 2% P 2R AR AR R, Aty 3has
R, T et P B 0 R A2 DR, FT LUK CBCD
R PLHLHE) ™ BUTX AT % 4 25 1R A DAL ) R
ADCRE PR AT HE R 23, 10 HLAE % R 3 57k
AW AR B (079 R 0 AL X

CBCD SVE MAFAE SRR AR 1 1) 2. 7
TR Y RE I, BARAS SR H (A% 0 R I
TP AN T AE S5 R M 46 1@ Y, (HAE S 2
AL 4 T, A0 i O MV AR AR BEK
ZE 51, JEILJE e BRI RN B P AR S A IX ) 5
R EEARE AT RS DR, AR AL A% 0 R 3L
R, oy HAT AL QAR AR R P 2% v R0 Y RO BT Ay
R AZ Lo el 3 78t 52 AT BLAE X R th i — A A
TRUHI )L 5386, XA M %, B i1y s 2
B0 RUEAZ O RO T, T RES S DRAR XA 7 A2
I REET, AL MARRENAE X I TS E
Bkl oy,

CBCD $iik H 2 e s, 4
R IBCAT 1) 0 28 PR i g A DX I I 2 K%
T A AR XA ABL R T 5 ik, A B 2 4 i AR
kB BRI AN R ST R 2% TP O R IR . [
IR 2 LS R IR M 28 A0 T AW sh AL R, L
Ly LA 0 T IO % R Aol o 8¢ 452 e LS 12 vk A
1 N AN W B A AR A B % M 46 2 — > B A PR
WHFLIT 1A

References

1 ZhaoY P, Levina E, Zhu J. Community extraction for social
networks. Proceedings of the National Academy of Sciences
of the United States of America, 2011, 108(18): 7321—7326

2 Kelley S, Goldberg M, Magdon-Ismail M, Mertsalov K, Wal-
lace A. Defining and discovering communities in social net-
works. Handbook of Optimization in Complex Networks,
2012, 57(2): 139—168

3 Angeles S M, Boguiid M, Sagués F. Uncovering the hid-
den geometry behind metabolic networks. Molecular BioSys-
tems, 2012, 8(3): 843—850

4 Ino H, Kudo M, Nakamura A. Partitioning of Web graphs
by community topology. In: Proceedings of the 14th Inter-
national Conference on World Wide Web. New York: ACM,
2005. 661—669

5 Farutin V, Robison K, Lightcap E, Dancik V, Ruttenberg
A, Letovsky S, Pradines J. Edge-count probabilities for the

10

11

12

13

14

15

16

17

18

19

20

identification of local protein communities and their organi-
zation. Proteins: Structure, Function, and Bioinformatics,
2006, 62(3): 800—818

Palla G, Derényi I, Farkas I, Vicsek T. Uncovering the over-
lapping community structure of complex networks in nature
and society. Nature, 2005, 435(7043): 814—818

Newman M E J, Girvan M. Finding and evaluating commu-
nity structure in networks. Physical Review E, 2004, 69(2):
026113

Newman M E J. Modularity and community structure in
networks. Proceedings of the National Academy of Sciences
of the United States of America, 2006, 103(23): 8577—8582

Newman M E J. Finding community structure in networks
using the eigenvectors of matrices. Physical Review E, 2006,
74(3): 6104—6126

Backstrom L, Leskovec J. Supervised random walks: pre-
dicting and recommending links in social networks. In: Pro-
ceedings of the 4th ACM International Conference on Web
search and Data Mining. New York, USA: ACM, 2011.
635—644

Shiga M, Takigawa I, Mamitsuka H. A spectral approach to
clustering numerical vectors as nodes in a network. Pattern
Recognition, 2011, 44(2): 236—251

Newman M E J. Fast algorithm for detecting community
structure in networks. Physical Review E, 2004, 69(6):
6133—6138

Reichardt J, Bornholdt S. Statistical mechanics of commu-
nity detection. Physical Review E, 2006, 74(1): 6110—6122

He Dong-Xiao, Zhou Xu, Wang Zuo, Zhou Chun-Guang,
Wang Zhe, Jin Di. Community mining in complex networks
clustering combination based genetic algorithm. Acta Auto-
matica Sinica, 2010, 36(8): 1160—1170

(fIARIe, R, £, 6, £l &5, SRRz — ik
TRFERG EALHVE. AEEAER, 2010, 36(8): 1160—1170)
Jin Di, Liu Jie, Yang Bo, He Dong-Xiao, Liu Da-You. Ge-
netic algorithm with local search for community detection
in large-scale complex networks. Acta Automatica Sinica,
2011, 37(7): 873—882

(G2, M, W, RIE, XURH. REHER SR EALS SRR
I A AL X BRI, B3Ik 54R, 2011, 37(7): 873—882)
Shen Hua-Wei, Cheng Xue-Qi, Chen Hai-Qiang, Liu Yue.
Information bottleneck based community detection in net-
work. Chinese Journal of Computers, 2008, 31(4): 677—686
(Phteth, B2, BRifgam, XN, B T5 RO AL ORI 1L
4, 2008, 31(4): 677—686)

Guo Chong-Hui, Zhang Na. Partition methods based on
common neighbors matrix for the community structure in
complex network. Systems Engineering — Theory & Prac-
tice, 2010, 30(6): 1077—1084

(B4R, TRUM. & T SCABRERAE 1K) ST A% P 28 AL DX S5 R ) 2 T 7. R &
TR 5 5L, 2010, 30(6): 1077—1084)

Liu Xu, Yi Dong-Yun. Complex network community de-
tection by local similarity. Acta Automatica Sinica, 2011,
37(12): 1520—1529

(e, By ARz, FET RFSAIE 1 52 A P 2 AL X R BT 5. A3k
4R, 2011, 837(12): 1520—1529)

Radicchi F, Castellano C, Cecconi F, Loreto V, Parisi D.
Defining and identifying communities in networks. Proceed-
ings of the National Academy of Sciences of the United
States of America, 2004, 101(9): 2658—2663

Clauset A, Newman M E J, Moore C. Finding community

structure in very large networks. Physical Review E, 2004,
70(6): 6111—6117



7H

HOBTAR A T A% [T 1Y

IR R IR LR 73 1%

1125

21

22

23

24

25

26

27

28

Jiang SY, Song XY, Wang H, Han J J, Li Q H. A clustering-
based method for unsupervised intrusion detections. Pattern
Recognition Letters, 2006, 27(7): 802—810

Deng W B, Li W, Cai X, Wang Q P. The exponential degree
distribution in complex networks: non-equilibrium network
theory, numerical simulation and empirical data. Physica A:
Statistical Mechanics and Its Applications, 2011, 390(8):
1481—-1485

Li Hui, Zhao Hai, Xu Jiu-Qiang, Li Bo, Li Peng, Wang Jia-
Liang. Research on hierarchy of large-scale software macro-
topology base on k-core. Acta Electronica Sinica, 2010,
38(11): 2635—2643

(ZEH, RXHE, TR, 250, 208, £550. 2T k- AT
TR Z AR, 0 T244), 2010, 38(11): 2635—2643)

Zhang Xin, Zhao Hai, Wang Li-Fei, Li Chao. Analysis on
the internet AS-level topology. Journal on Communications,
2008, 29(7): 50—61
(5kWr, &R, ERIAE, 258, AS 2% Internet $HFh 0 #7. WfE 44K,
2008, 29(7): 50—61)

Zachary W W. An information flow model for conflict and
fission in small groups. Journal of Anthropological Research,
1977, 33(4): 452—473

Lusseau D. The emergent properties of a dolphin social net-
work. Proceedings of the Royal Society B: Biological Sci-
ences, 2003, 270(S2): S186—S188

Adamic L A, Glance N. The political blogosphere and the
2004 U.S. election: divided they blog. In: Proceedings of the
3rd International Workshop on Link Discovery. New York,
USA: ACM, 2005. 36—43

Newman M E J. Scientific collaboration networks, I: Net-
work construction and fundamental results. Physical Review
E, 2001, 64(1): 016131

29

30

31

32

Guimera R, Danon L, Diaz-Guilera A, Giralt F, Arenas A.
Self-similar community structure in a network of human in-
teractions. Physical Review E, 2003, 8(6): 065103

Gleiser P M, Danon L. Community structure in jazz. Ad-
vances in Complex Systems, 2003, 6(4): 565—573

Jeong H, Mason S, Barabasi A L, Oltvai Z N. Lethality
and centrality in protein networks. Nature, 2001, 411(6833):
41-42

Raghavan U N, Albert R, Kumara S. Near linear time al-
gorithm to detect community structures in large-scale net-
works. Physical Review E, 2007, 76(3): 036106

SKETIE ) ARAMESN R AU,
WF5E 7 100 A B a2 4 R AR T 5 AL B
ASCEFVEE

E-mail: javad0902@163.com
(ZHANG Xin-Meng
Guangdong University of Foreign Stud-

Lecturer at

ies. His research interest covers data

mining and natural language process-

ing. Corresponding author of this paper.)

BEEEE ) ASMESN R B, Wt
T EWETTIT ) 4 B AR AN A AR AL
. E-mail: jiangshengyi@163.com

(JIANG Sheng-Yi Ph.D., profes-
sor at Guangdong University of Foreign
Studies.
data mining and natural language pro-

His research interest covers

cessing.)



