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Abstract Discovery community structure is fundamental for uncovering the links between structure and function in
complex networks. In this context, recently, Li et al. recently proposed modularity density objective function for com-
munity detecting called the D function and gave the equivalence between modularity density objective function and the
kernel k-means by using a kernel matrix. In this paper, based on this equivalence, we used the kernel matrix to optimize

the modularity density and developed a new kernel 2-means algorithm, Experimental results indicate that the new algo-
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rithms are efficient at finding community structures in complex networks.

Keywords Community structures, Modularity density, Kernel £-means

HERG D, A TILERMEAERERRE LB,
MABZ RN R ARBKEDND, L8, MERHES
HEMNAC, FINEERN M EUREYNE, A EH
RIRER T AR R E G=(V, D MIERX, X B V E R —4H
WL ERRSZ A E AN —HiA. ERES, — M
A HE BN E B H SN ESE A MBI TS F
£, XS TERMBHIIEE, Bk BBEA
REMERMENHKIH ., 4R S4MEFHEZIES
BT Y4 SRSz 1,

AAEEERRREIE 22 M4 et 25, 5kl 4
BARY WMmsi s REGEENTI S, EXK, FEE %
BEA—F M AN RR L R Q. R
T, B B 5 2 BAR0 ), 3XA4~ REOR BB /N F—Fh I
R-opest g h ., X EBERHEA—-AFBH S RHEET R
PN SR E ., FX b, IFE A 2B H 71T 1A iR
BEE L,

BT RMRFERT X Rk B TRl R PR R B A
R T — R0 A R R R B (BT D
) . XAEE D ETE TR, M4 EIRI4 , BIFEAG 41 A 2 H R,
MIEETHARDNED, TEESETHAPTEHNED,

IR H . 2009-10-26 B H #.2010-01-19
07010013) , E &K B AR 410 H (60970065 ¥T B .

3T — Fhad BEER VR ] IR B IE B T AR B BE R RN
Ak RIS M KRR . ASCH XS, RE T —
P k-means FIE . LREREN, IMPEEERAR
MG ERERE .

1 # k-means

BAINB—FELI b-means™3, BE—H v ER"
BRI E B v e N EM k-means WEHMWREZH p T~4&
FEEARI (Vo UE T8 BAR R s /ME

HUV) D=3 3wl [¢(uw) —m, |2 ¢h)
=1y €V,
_ngiqs(v;)
itcp ’mc:ﬁ_— s Wi %ﬁﬂﬁ Vi B‘thﬁﬂivﬁﬁ ] =
vt-EVr

— s U e 2 B — R 5 R iR 3, ORI
s RYIRE., BWSRA. MRFEHNEFET 1HE 4 B
—FpiE S R B, (D TR AREE R -means ik, 7l
L, AUSH MESET 10, XML E R k-means #5 T
FRAERIR k-means B X . WRY BANEME b-means FEH
BIEEEE K | $Co)—m. | |7, AIIR 3.

FXZERAARFEESE ST H (60933009), HEHR L L LES BT A (2008

FAFA973—), 5 14, PHil , EEBF TR A B 2 M4 ML E & B .0 BB %, E-mail: fulidong2005@163. com,

» 212 »



_? wig(u) » $()
¢(U)_ b Z w;

v €V,
Eevw,-w,gs(v,-)gS(w)
’ ( %;uyy

FEIROOFHHEESNEUARKENDR., W
L, RATREMT A T R K FoH B gt 25 B H 5 S5 2 6]
HIBEE, X B K, =¢(uw) « ¢(u) . RITEIZHMARNRZABIE
XPBER K; B2 B EMIEREE CHER K %8N —
MEEERE. XA EER K EEHTER (D d m)= |
¢<vi)_mr | IZ ﬂugﬁi

HgCod—m | [?=¢(u) * +

2 2 w, Z w,sz,z
L — U €
K Z w, + ( 2 w0, ) 3)
v &V, v €V,

%%»?ﬁﬂ]ifl«)liﬁﬁ*ﬁ*ﬂfu? k-means B3k, LR
WX AL E B k-means HERREL.

2 BEREESHALSH

ik G=(V,E,DFFR—PREMG, LhVE-IMEE
n ABENES ER-TMEm FANESG AR InX
n BRI FREERERE . A RRF A TS j ZEHHH
WE., EEUGWE GHTUEE p MEEBHESEH KA
RS 7 B R B0 E AR -

ﬁ Links(V, ,V.) —links(V.,V.)
V.|

A, Links (V. ,V[)%ﬂ:igv Ay BB THARRHNRE

ALV V. BAME, #—%.1k V. WESTHE V. AHTH
BBIETA H AL TS B9 B, Bl degree(V.) =links(V., V), ]
A links(V. »VC) =degree(V,) — links(V., V), &8, links

(Vo VOERTARMEZ M MRE. V.| BiH V. B
TS E ERT —MEER RN,

B MR B D (H% T T4 # A E R B £ BT A
FEE TSN, Bk D (A R bk B RO A0 B 2544
TR RIS 5 B T A+ 3 36 Rk F R B 4038
B IR AMREE D EANTSTFE.

3 #% k-means &%

AT RBAL R G5B A BRI T s, ZE AN AR TR
REE R, B R RS IRl TR
S B R ORI AR £ BRB S R 2R .

SHH—HEEHNB U={(w Xl w €R DR~ NXN
BRI -

K=¢I+2A—B (6))

Aoft, TR SARRRE B XA B BRI ST B =2,

DV, }E 4

Ajso B—MBOE N R R UERX N BER K i

RETIEE. HFRUMNATERSLE, BRI D M e R
¥OH gRBR

H=(N—p)s—D (6)
AR AT LUE 1 3K (2) o B 58 R SR (8 I -meeans, ALK
B BRI D, T 72 B 24 W 2% P R AT PR 454 . i BRAUAR
B 18 AN EE P 4 ob i 4 RS I 1) R, R b i B B TR AR

HH 1. BLABE LW LI HER -

WA BHEE K, p: BB o B RPN BRI (VO 12
ﬁé%’ﬁﬂ‘l?ﬂﬁ“%?@

By Ve B IER S
DR B VO Y- i p B
DHEBEE K=l +2A—B

DEE =0
OXF—APTE z RGP RE o IHE
2 X Ky Z K,[
vjEVc v -u[
d(xiym.)=K;—
Vel V. |2
5K c* (x;)=argmind (x; :m. }
O HEX T EHHRAE
VarD ={z;.c* (x;)=c}

D IR W toax >, R E e=¢+1, 3 EE)H 3025 60,
&1L I AR R (VD e,

4 HEKE

AT A B R B XS 0 B
Kb e T RATHR 00 4% brmeans B3k I ST Q Bl
AT A AT RS A 128 TR 5%
VTR BER S RAH A/ 0 4 LRSS 354 46 o
& 32 MDA BT B SR BRREHLACR | W (i — 1
KBTS T 16, 8D 2+ 20 = 16,3 2 2, 4G
AU TR AL B 2o R — T
HESE 9 TR AL A 0 R 1R T ML
gt 128 ANTAAE 7 = 12,5, =4 BEBERI AR 4 LRSS
PO BKBENL . 35 BEOLIR 4 B T F B 5
S

ML % R 18N R %

B

Fﬁﬂﬁ%#mﬁﬁﬁ Wfo‘ﬂ?NZ 2048

B BN RE S 128 MTURTE 20 =12, 2ae =4 BT HERY

SR 4 AL SRR A B
$ R
m 08 R
= \
i€ 06 I~ E
=
ﬁ 0415 | e—e £ FDUK-meansK i
T el ETQHAALR
W

0

R SR B S S S ]
S NRANUBNRTF YL EZ,,
B2 PR BT B G0 0B L A B b X T 42

G B T HEE zou (K78 ALFTFN 7 B2 BE IE #0540 2 TR Y
[ZEid: )

RXALI TS REEEE 2k, B 2 BR T HN
BRI TEHRER D M k-means 7k R I TR Q 184y
WIOIRE 2o MALBEIERI R I LA M E 2. B 2 7
B 2, <5 B, BRI ERRE IE SR KL 2 F 9520 BTN
(F#% 256 7D

« 213



W ERAEREE M AT HRMER TR A, Bk, 72X
AR B R R I E B 5 BB R S T B AR AR SR AR AR, A S
Ei3, SCER[19] B ax 7 B % Hamilton [81 %4, SCER[20 ] &
XBETIE TSP K. AXMTFREGREH, Bt REER &3
BARREBRAEEH, LM, 5T F TSP [, AR —4&
KERn NBEEBE-TR—KER 1 NEBEM—KENR 0
—1 MEREBREHE R, XFESGRLERBREN n 1Y
BENEEEE, G4 Y /REEEMNIER , & X T RILHE
HIRHE e, At — ST IR T HSEM,. NTENHA
ME, A RN B L EF TS,

LitBRAMRETHRBRS28BE.

2. WA BRI ES R F B AR &, B F F ) 2 H Ab AR
R T A 1o 4

3 ME N —FRE TR B, LA AT LU A LB IR TR R
#.

4. TEREARET 2 22 E B Rl ot A UGB RACLEB T TIRKW
MRz E—8EER SERMTEE ARG R ZE
BEEINEREM.

2 %X X #|

[13 Xk, BXC AR XRBEH %R A A i & Hamilton B
BB L] HEVBR S R &, 2005,42(10):1809-1814

(2] ZEH. BEBEFRASRSFRER] . /RETL RS
#,2004,36¢(1)

(3] &M, A% . %. RETRREN AT REEREE NS
[ FTERE A Ao oA LT ). THEHFH, 2006, 29(D)

(4] XU3R, XMEAE RE. RBIRAT B RIES AR EE ] HHE
BB A, 2007,27(5)

(5] B—, Xtk 2B REFRBIRTTRRET LI FRgIHE

REFFH . BABEIR, 2002,27(3)

(6] BEz,BH®. BEEFE@EITR M. 5. 5SHFT K
#2004

(7] ®&,8fk, R/MR, & RIFIRFT R MBIR AR TR %
[1]). #H5%%. 2004,19(1D)

[8] setiter. BRI RM CTSPLJ]. KR ,2008(4)

[9] BUARSLERP, 225, %, FIEIEH S %ok TSP &1,
HEHLN A, 2004(24)

(107 #ut., 880, SIS SRR EMRAT R RIE M F S £0T] BEX
£ 54 78,1993,8(3)

[11] L. AR BHPERT O] R, 1999(5)

(12] 7%, R, BAKR. HEME ST ENIM]. R m
K AL 1991

[13] BRF. XTEFRKERWFE ] REAEEMR. BRBE
R ,2004,23(4)

[14] RIVE. A RFABEO N H—A LG [J] BETERER.
B REHERR, 2008,22(11)

[15] BKFEHEK. BE XM EXFHERBRKEF/ILWEATRE
{1 BE&E¥B¥MH,2005,27(4)

[16] #EH¥. EESF . LEFHEN ] BABHERB, 2009,31(3)

[17] RABHL S HFMHEBHEMIM] KiE: KEBTR¥EH
Ritft, 2008

(18] #4EK. B & B ETFMWBAH BT ], AR5, 2005(2)

[19] Scedg, BREL. — DR L E B A Hamilton [H B 8 B i
[V, WEKE . A REHEFH,2005,27(4)

[20] #x{AEK. EEZE, SMBL. 5 E AT i 0 A — SR R & ok
&)1, BAIRS 5 A THEE, 2000,13(2)

[21] E4oig. BEEH S0 IM]. Jb5 . 4R AR, 2006

[22] IR ZFE,BR. —RETETERM TSP RE R[]
THEYLEY:, 2009, 36(8) : 254-257

(L% 213 1)

BB SR, 2 5T <<8 B, BE/RE X 4 ML E M THASUBEE
AL R, BT QIS E RN REE TR, BRkE
B E AL A T s MR B 3R . e B, Y8 1 4
HEAEIR R EAIIR AL AR k-means B AT, XE A
BANARBEIER 3 82%0 A BT, LR T Qi BIRHE
MR . BEIE R, BEE 2w ML, ROTHE T k-means
BRUET QIEABRERERGNI HX 4 2 Met A
4,

HRIE ASCREEITER RIS R IAL R B
HHE D B S k-means Z M M F 41, B T —FEH
AR £-means Bk, WA AEMHATRENLR
RPILIE N, RO H 678 £-means HEHET QB®E
HEST RN

B F# k-means FEN BT KR4 HERE, Bk
W LGE g B R R IR B BRI 4G LA k-means
Jrgk, R AT RE iR Tt A A 25 R .

2 % X &

[1] Fortunato S,Latora V,Marchiori M. Method to find community
structure based on information centrality[ J 1. Phy Rev E, 2004,
70(13):056105

2] Girvan M, Newman M E J. Community structure in social and
biological networks[]J]. Proc Natl Acad Sci USA,2002,99(12):
7821

* 256

[3] Palla G,Derényi I, Farkas I, et al. Uncovering the overlapping
community structure of complex network in nature and society
[J]. Nature,2005,435:814-818

[4] Newman M E ]J. The structure and function of complex net -
works[]]. Proc Natl Acad Sci USA, 2006,103:8577-82

[5] Kernighan BW,Un S. An efficient heuristic procedure for parti-
tioning graph[J]. Bell Syst Tech J,1970,49.292-307

[6] Pothen A, Simon H D, Uou K P. Partitioning sparse matrices
with eigenvectors of graphs[]]. Siam ] Matrix Anal Appl,1990,
11(3):430-452

[7] Fiedler M. Albegraic connectivity of graphs[J]. Czech math J,
1973,23.298-305

[8] Newman M E ], Finding community structure in networks using
the eigenvectors of matrices[J]. Phys Rev E, 2006, 74 (3):
036104

[9] Newman M E ]J. Modularity and community structure in net-
works[ J]. Proc Natl Acad Sci USA,2006,103.:8577-8582

[10] Fortunato S, Barthélemy M. Resolution limit in community de-
tection ] ]. Proc Natl Acad Sci USA,2007,104(1):36-41

[117 Li Z P,Zhang S H, Wang R S, et al. Quantitative function for
community detection[ J ], Phys Rev E,2008,77(3) ;036109

{12] Dhillon I 8, Guan Y, Kulis B. Kernel K-means, Spectral Clus-
terng and Normalized Cuts[ C] // Proceedings of the Tenth ACM
SIGKDD International Conference on Knowledge Discovery and
Data Mining. ACM, New York,2004;551-556

[13] Dhillon I S,Guan Y,Kulis B. A unified view of kernel K-means,
spectral clustering and graph cuts[ R]. University of Texas at
Austin, 2004



