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Community Detecting and Analyzing in Dynamic Social Networks
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(School of Computer Science and Engineering, University of Electronic Science and Technology of China Chengdu 610054)

Abstract Real networks such as e-mail, co-author and peer-to-peer networks can be modeled as graphs.
Community mining on graphs has attracted more and more attentions in recent years. It not only can help to
identify the overall structures of networks, but also can help to discover the latent rules of community evolution.
Community mining on dynamic graphs has not been studied thoroughly, although that on static graphs has been
exploited extensively. Based on time-sequence, the community mining including community detection and analysis
on dynamic graphs is researched in this paper. And a two-step model is presented to discover the dynamic
community structure. The effectiveness and efficiency of the model are validated by experiments on real networks.
Results show that the model has a good trade-off between the effectiveness and efficiency in discovering
communities.

Key words
sequence

community detecting; dynamic graphs; dynamic social networks; modularity; time

FE I S AR v E 40 B R B 2 AN T & A 2 Y
#%, AFEAAZ M (social network site, SNS). HfJ i
WIRMZ% . P2P. HLFHEME. %, flidsE. ok
2oy BT R 5] 1 2 AU SN ORI, anaiAR
ot AR BT B, a0y,
HHEHLE. SR HEWR. LU KEYFS,

IR X RENS EAF I ARFI A L5 M), REHS
S M AR R R IR 2 [ R
1 .00 il T B Fh 22k P A 30 0 £ D B R HE
— AR PR 53 T RETT B Eh AR R QR
1 shiSHERNEZERXMR

ML, A BIECH AT RSN W] se b

HEMBHIRZ IR MEFRIR . FH
oA ALRIEH . R A AHES R A2 M
28 1K) A B ERFVE SR AR AE N 48 AR IR
AT SAR IOE R R, A S 4L R Y %
LT S e g s i i I B 23S O P RS
AL Z ER G IOER, FIIE R 2% 124
hREFFA—E RERE R MERI & B W TRE, Bltit
P 425 R A0 T 3 L 498 ] 2% (100 45 K AN T e AR 1 B AT

Weks FI . 2013 — 03 —20; f&[8I H 4. 2014 — 03 — 19

T A AL A R AT RE R A U . W B R AR L%
BEAT AL BTN, 75 2225 FE X 28 A2 A R I 2 PR B A 2R
Ao DREARRBPE AN 2 A R 7 BAT R BT
EEXIE— I 2 F S 4%, BFAN R &t
H AR AR 2 1) e R AT S R A I S o T Bh A N 2%
Rk A A T 7T, bl A ) SR 2 PR AT S 6 A
B, AT HIRGED B Hil, 3188

FETH < KSR TR TR 32 R H (2011AA010706); [E 5K H SRR 2% £ 43(61133016); H e m R B AR L 5% 9% & T % 43 (ZY GX2012J067)
VeI XIPE(978 ), %, {4, FEMWEMEHT, 5ERLETFHIKIAR.



555 KRG, 45

BN A AL 2 I 4 1A S5 A RS 45 93 # 725

F X 4% (14 [ 68 R RS I 6 A DA R 2Rk — 3K
FTHAR AL RGN 55— 2 i i R+ I AR 1 O
AR R AL A AR . SCRR[L] 3 — AN
SRR, RO RIS, 1&I7E T LA IR A ]
(AR FE o T SCHR[L]HE HE A A [R) T A4, HY
LT — ey AR R . SCRR (20K B A 45 AL G
I i) AR A A B ), SR T AN AS R %)
P4 265 H (1) 4 AR AT SR AR VT EC 4 )3 ke AN SCHR[3]
P2t Facenet BE AT #1 AT I ANV AZ 40 Hr, @i ik
N HHJT7 S AL A S5 K 13 BB (RSP RESE, fE—A 4
— I AR R IAL AR B A . X E
(19 7 V27 S s B FH AT 1R Il A A1 i o )
(A Ak 4 A R 5 2 ] e AN AR 1, 2 B0 S 1 R 8¢
HR el P 2 I o T ) D R 2 R AR A B ) AR Ak
B w0 AL H AT RE S 2 RIS, FTRES A 8T
A AE R EAEE R R G I E MR I, 3
BR[A13R H T — AN S flohar R s B 1 v A8 S 2R A%,
ZENETT DUR I AR HH . AT BOE AN 73 R 4L
Hl, (02 Gef5 204k FE AR I R — B8 AR, Tovk iR Atk
VB 43 il B A5 I o 3 ol 155 I TR S PR ek [T A 0 59
AT DAA 2 — 2 I [8]P 38 (4L B e 21, DR ks 1 B
S I [B) A% A [ 25 4 L AR s I N 28, 4 (41 B [
WA 2 R AR B B ) e

L PP AT B A 2 K081, T ERER
AR AR, AATTEC T AR A AR R R AR
HF, WSCHER[B)FE R TR R R R R SR N
VIR Cib R sl PS : 2 C b pUE S Hi A O RS vi
FEETREI ; SCHR[6]HE HE 5 1 UL RC i+ AR 3 7
e, WP AR AT b, AN [ B ) A [ 56
RIEFEAE AR E T BT R RS S M4 At
AR I RFAE S, X o3 T 6 R B 5 A X 4% & A
SHUNI

NT R ER A, ARSI T — AT ]
5 B A4k 2 P 4 A T 45 AR AR Y o i A
FEx 0 265 (RIS P 301 2 1 RIS 2200 4 2 P ) 1) 71
T ANFRIR, TER Z) IS AT A A 45 R A ) B3
LMA; SRS TERT T BB AT 307 w1 [ 45 R R 5 7%
DNCD; i) 3 24t A 45 M I S AS AR FLE . %A
RUE T R A 22 M 4

2 ISR ML E G AREY

AR SCBETT ) B 25 90 4% 4 [ 5 P G AR 7Y 3= A
FLMAFIDNCDM AN, a8 ik 45 M AH BB T A
B, TR B2 ) 4% 1047 35 T B 1) 737 4 ) 4 A 4
PRI o 1ZA R 43 R LR AP 3R

1) XFt=1FZIMRIEM % G, 81T LMA ik,
HATER A WAL A5 AR, 45 204046 1) b ()i F2
HHEAS MS;.

2) XFt>1HF %I M 2% G,, DNCDH ik il itk
LMARELS B 4 7 s 2 b 1) i #E 4E H 5R 5 MS,,
5 — B 220 0 4 A B 18] 7 51 SR A 3 AT UL AT, R IAL
HIZER I s ARG, MBIAS #h 2 I 2% o eh A2
SERIARIES, FIREH SIS,

21 1EIRE

SCHR 717 fife R A [ ) SEERE 51 N 7 A5 B ) 4R
&, RIEEL e AL R A RN S 6 1E R
FE TN 32 5 X 4 e B b 2 BEATL I 2 A AT
A5 BB IR E . © T A X5
MUFIR, B MEUEVERZ[-1, 1], E{EARR
BRI A B . FESEBRNFH A, AR R EUE
—EAE0.3~0.7 22 1A,

EA B, B

1 kiink;)ut
Q=EZ{%— m}émmp
_1 (1)
m= 2 Zij Ai

£, Hu=v, 5u,v)=1, FUEHO; A Z—D
AREEAERE, 0 B AN 2 A R A 91,
HBNAN0 . FATHEAN:

K:Z%

BT R, SRR
%=%;&ﬂ%wmw)
m=%2kﬂqw

R 8(c,.¢;) = Y 8(c,v)a(c;,v) » T AR )
HEB .

1 kikj —
Q :EZJA] —?}Zﬁ(ci,v)(S(cwv) =

3 %z AS(c, VS (c, V) —%Zkﬁ(q,v)%Zk]ﬁ(Cj ,V)} = (e, -2) )



726 SRR S N 5 A N =

43 35

2.2 LMAE

LMAGREVE A SCHR[8] 472 H 1 J5k T AH ALk B2 g 8
BRE PR AL, X2 o [ P T R AR AL L e T
o3 I8 T A TR A 5 s e BIARALRE o ST R4 E
% G,(V,,E) #tAT 4L F A& W, 13 24 HE A
MS, ={C,.C,,---,C,}-

BT AR UL (RS L P v 5

S_Nc E_D_Siz
© _EQ{TS [TSJ}
IS, = > o(u,v)

u,veCy (3)
DS, = > o(u)

ueCyj ,veV

TS:Z}ﬂmw

X, NC M +ERIEE s 1S, 2+EH] C H7
A HIAALLEE 2 A DS, Ak C I A5 /4%
HEAE T S AR ALLRE 2 s TSI M8 R BT 5 bt
FRARACLRE 2 AT, T G5 M RRACL B (R RS i B T DA >R
Al H A A 5 RS I (1 T B, SR (1 B R AE X R AL
EiEEp AR Erim e s

NTIRESEIEE, REEBAELEENLEE
FFX R B2 o XS IS ] C, A1 C R 1
AQ® 5N

2US, 2DS, xDS,

AQS _ QctiUC[j _QC“ _ch — TSIJ (TS)2

us, = z o (U, V)

ueGyj veCy

(4)

A, US, 2L C, iy sl S5 4R C rh s sl HOAR L
FEZ Ao FHETARABLRE A ABEH B m] DL T 1Pl #1 1K)
SR, LMARE BRG] N A &
I, WMREIF T AEMBIEE S AQ KT, 4
XL NG IR — AN

LMARE R AR RZ: AEME% G (V,,E), MK
e R — N S u TR, SR A u R
T WSRAFETT v, 2 TP(U,v) (B v 5uF L
BRI H v 2 u R0 EES N(u) 5 u oAU Y
M), MBATHE UV & IR & AQ® ;s IR
AQ° >0, &EIFuMv BCA—A/ER] K8 A R
INHERIEBGETT U, FX U TR AR SO,
HHEAQ H, WRAQERTEMEIFEEU K
P . BE FRPR, HIAFECS T
RIS R dREEXTV, HR IR — AN AR U
[ s St IR IR, BB 2 B BT T e A
Bl X an i

Hi%kl: LMAREL

WA G(V,E)

#ith: MS,, node, acnode

R IESE SR P

PR MS, ={u,,u,,++,u,},Q° =0

1) MV, R EE S — AR T AU .

2) X Ru, BT SES NQ) -

3) M N(u) &+ TP(u,v) -

4) W R A7 E TP,v) , FFH AQ >0, NI
u’=merge(u,v) , MS =(MS, —-{u}-{vhUu’, Q° =
Q°+AQ°, u=u', BEEILE3),

5) ARV, HARFE AR YT ik S AL ML 28
% 2),

6) X MS, FMERALI], WRAFAE|C,[=1, W
MS, =MS —C, .

7) X C, AT A W, WHRAFE X,y e N(W)
C,.C,eMs, , I H xeC,NyeC,NC, %C, Ml
wenode; 75w eacnode .

8) Wik
23 #HERTEH

97 RIAL B AR, 8 T AR AR
2018 AN [F] IS 0 PR b AR AR PR o RS DU L [T A A
(1) S BEAE T e DT T AN [F] IS 2] () v ) ik A2 AR ] . ST
HR [13-14] 53 50l 5 SC 1 200 18 B 74 A [X 358 A2 R AIE 1)
i, AR X AH AR 2204 AR S B UL RD . A SCdE
b B — IS 1 ) o TR AR A A S 22 (AN
T I S R IS 200 ) B s ) e 2710 4 (41 G 38 1 A B BE R
FlE A HERILES . VRS e LT .

1) +EEIB A WSRAE p BT %, FEAE—ANHRE]
HREMHIC, 5 qifZI(q < p ) AR I 8] 7 51
B TSC, .head AULAC, IBAAER—HHIEE C, H)
TSC, .
2) HLHAIMFET:: WERAE p+d %, XHER
TSC, , Z/DIELL d AN ZIER A il R 5 2
VLHECHT, AEA M TS H il TSC, o

) M WA H: wmERAE N A,
TSC.head ={TSC, .head, TSC, .head,---, TSC, .head}
(R — L5 g W ZI(q > p ) —N ) R
#:HC, VTAS, Jf H C, 5 TSChead 17 sUAH[H % 2
LRTF e%, AAH TS i A8 kil A .

4) #4535 1E p %, TSC, .head 5 q It}
ZI(q> p)ERK—MS, ={C,.C,,-,C,}ILIL,
FH TSC, head 5 MS_ )45 sifH AR 2D KT e%,
A4 TSC, head #4524 .

5) #HRIRAEK: WERAE p %, fAE—E



555 KRG, 45

BN A AL 2 I 4 1A S5 A RS 45 93 # 727

TR C, 5 g ZI(q< p)FEA TSC, head It
fic, HC, KT TSC,.head (£110%), #F4 TSC, head
KK,

6) tLEIMSE: WRTE p %, fF7E—/ A
TR C, 5 g ZI(q< p )34 TSC, head It
fic, HC, /T TSC, .head (£110%), #i4 TSC, head
B4 o
2.4 DNCDE%

DNCD Syt b A [ i 2] i 4 A 4 & i3E 4T T
P SR R AT AT A A, AT SR B ] (1) B 2 e A
#132F . Hungarian 77 2244 UG AL 7] /258 7 5% R i A A 1] DG
Fic i 8, SR 74 B DT G 7 VA A B P N A R 1
T RATAE 0:1 B 101 By, HEe 11 UCRE, oA
SR A IR AR AR ST AR B AL
JERUCEA RN 2 (4 B A, BEM I NER £
Xf 22 T L A AT BE o

Hi52: DNCDH.Z:

N B MY% G ={G,G,, .G}, AL
FEBIE &, #EEWE R A A% d

. FLHIEE P YA TS={TSC,, TSC,, -,
TSC,}

BRI EE LR

1) WAk : R LMA S3E M G, il
MS, ={C,.C,,---,.C,}, k& MS 5K
) R At A H s F MS, b ) R A R R AE
ATSH, BITSC, ={C,},TSC, ={C,},TSC, ={C,.}-

2) #xfF—4G,, P>1, HHUH MS =
{C..C,,.~.C,}-

3) ¥ XtFTAIIC,,C, e, C AT LT PR

@ HC,,C,.--.C, 5 TS A 4k Bt A
JF BB ARALE, 4R H LA AR KT & AL
G 1) 5 41 5

@ mHEC,,C,,-,C, WHETES TS it A
B 8] 7 510 B8 Sk AR AL BEAS KT & (19 7 ] 3ok R 41 41
DG 2 39 P e B T B0 SR B e AT

@ I, AR R AR A N 236 B
(1741 TS 1) 3 371

4) ¥ TS th BT A ) TSC.head $5 1 35 b A ()
)3t R A Ao i R EAS TSC.head 5 N AN (Al it FE 4k
AL, TIBIE N —1 AN 37 AL i ) e 51 ok —
— AL N =L ASH 1 R R R A

5) EE SR 2)~ 5% 4), BRI E R %)
[P 25

6) Hikdh

L LA MS, R TS AT+ I 18] 5 51 B 11
KA, A3 BUH R AL Bl A 25 C L RA—Ak
FRULAC, 53— M ERKE AT E 1T B2 AR
VLT, 193 — &gk 55T BIME e AT
i —A SR EEUL A, SR — NS EEER
Z), TS TSC, ={C,,--.C,,-~.C,}» abdeTH
a<b<d X —HEREE{C,U--C;U---UC,},
X A ES T AR B S . AREECE
[EIEIBE d , s R AEAR A I A7 I AN R e 1715
5, BAES DN ZIEAAERR T RES.

3 EWERSTHN

31 LIMBIRE

AT FH LS W 4 B R AR AT SE 5, DAIGHIE S
A BRI

BoEtEL: ZacharyZs T8 {H SR HB M 4%

4 5 & Wayne Zachary M1970~ 19724 Wl %2
e [H — P K2 FIE 1R SR #3444 B 71 22 T (At 4 5%
A, MBI R RML ., T EERRR, A
[ (S AR R P AN B 48— A AR SR TG 3
Z AR AR A . PR SRFEEE John A(1 4534) 5
M Hi(T A1) 2 8] 1) G 30T 4> R AN % BN
O/ MELR S . 4 LA 534N i, 785k,
WELR .

BAREE2: AN 2%

s B R E = A A Tl 4 S Al 45 2% 201141
H1H~12H31H etk H Bt 5t %83 ok
W EAEAE R E MBI IR, 2 52ma AT+ 24T 9 ts
I EARAZIE R, MRS 28 b R & e i A
SR FH P BO3EBl, T A 2R AR 25 2% FH P 14T
NIESRANTEAS o N PRUIE A 5 1) Se R M R vl S
AR IR A F P 0 H e st . AR A A P
B HAERK— B I thiscdase, i — 3 46
HA M e LS. BERBIFH R,
FAE 7 R AR WA FH P H ko

MR B HE A2 55 435N AR A4 Fi 7 st il A
1 400 740 HRA:, &N AE20114F AP0k
257.73HH . HHT RS BE 0L 2% B R A 45 P
AAHHELER P, T T IR AT B R T2 4
FIT ASE S S b i R G0 HE K5 H Al
3, W “admin” “webmaster” “mail-Daemon” #lI
“emdg-daemon”; [FII AR P H Ok 4 H O
WRAE H Gl s, RIFEA B —Le BIER M. #
IR - 50 Bt i PR 2 BT 7 O T L 1 AR



728 L N

43 %

R AU 7, LR P AR BR

AR FEiH4 368 MEBN T AL, 77 93655 A AL

Bl ZacharyZs FaE SR 3B 4 0% 2 4 2 5]

12 s 2 el

32 EXEGRSW
321 EERVEmME

FESEI B4R FIZATLMAK S, 15340 KI3AT
IR HE R 5y, AN EUEA IR 55 50 B AN ] () 4t
H, SRR IZ A R . 5B SER
RINEAEBUHATHER, DA s AR O RIS TR LR
TEAL BRI DL 34 9% 0 B AN il R4t B, A
FEAAR R G PN R % &R . FTLALMA
SRR A ) T IRAIE .

B3 = FE R R AL R 25 R

322 BIERIERIE
ESLGHE 2 FIsTLMAK S, KREL T 700
e, 5HAE SR LB E LR
F1 HHARNEFER

ok RIS E A RS
Newman-Girvan 65 0.486
GN 67 0.576
CNM 67 0.584
LMA 70 0.617

FH SIS SR n] L, SR AN [B] B SRE 1S 21 (1 4 4]
R B EAE, BHREEBA XA BT EE
AT DA SRVPAS AL A I 25 SR R A B, R 2 5 Ik
o LMARERA R RMBREE, Frile A
BRI SR EA, HREEH.

BT 2 dE HE 24 A4 36811 55, 77 936%%14, A
IPRBELE R B 28 (R TH B 2, AR SCEVER A T
RIG AT T 588 . TERCE Nintel Core™2 Duo
E4400 2 GHz, RAM 2 GBfJitH AL L, CNM&H LT
A7 min, i LMARE X4 min, FTPALMAS%
{09 =R =T

4 A 2 AL Rl 23 1



555 KRG, 45

BN A AL 2 I 4 1A S5 A RS 45 93 # 729

LMASLE 4 B R 73 45 R an 4R, A FB
) R JE T ANFE AR

4 % B

ARSCHR T — AN B I 255 4L P 45 ) A A
o KBl 8]y 510 A2 AL PR 3h 25 B e A hRic 5 AN A
AR AR A B, (2 T AU I LMASLIZOR IR
WA KRR RS . FELMARIESR
fRohit b, B0 E BRE e SO AR (1 SR B S A F
X AN [T IF Z20 A L) o )5 A A 3R 4T 22 06 22 UL
i T R T P 0 A PR 0 ] R A 14T
FHARE SRR A AR ) T 3o o 72 3 S B 4R
bR AT A A I, JFISAIE T SARIA R

2 F X M

[1] CHAKRABARTI D, KUMAR R, TOMKINS A.
Evolutionary clustering[C]//Proceedings of the 12th ACM
SIGKDD International Conference on Knowledge
Discovery and Data mining. Philadelphia: ACM, 2006.

[2] TANTIPATHANANANDH C, BERGER-WOLF T, KEMPE
D. A framework for community identification in dynamic
social networks[C]//Proceedings of the 13th ACM SIGKDD
International Conference on Knowledge Discovery and Data
Mining. San Jose: ACM, 2007.

[B]LIN Y R, CHI Y, ZHU S, et al. Facetnet: a framework for
analyzing communities and their evolutions in dynamic
networks[C]//Proceedings of the 17th International
Conference on World Wide Web. Beijing: ACM, 2008.

[4] KIM M S, HAN J. A particle-and-density based evolutionary
clustering method for dynamic networks[J]. Proceedings of
the VLDB Endowment, 2009, 2(1): 622-633.

[5] PALLA G, BARABASI AL, VICSEK T. Quantifying social
group evolution[J]. Nature, 2007, 446(7136): 664-667.

[6] ASUR S, PARTHASARATHY S. A viewpoint-based
approach for interaction graph analysis[C]//Proceedings of
the 15th ACM SIGKDD International Conference on
Knowledge Discovery and Data mining. Paris: ACM, 2009,
79-88.

[7] NEWMAN M E J, GIRVAN M. Finding and evaluating
community structure in networks[J]. Physical Review E,
2004, 69(2): 26-113.

[8] FENG Z, XU X, YURUK N, et al. A novel similarity-based
modularity function for graph partitioning[J]. Data
Warehousing and Knowledge Discovery, 2007(46-54): 385-
396.

[9] KUHN H W. The Hungarian method for the assignment
problem[J]. Naval Research Logistics Quarterly, 2006,
2(1-2): 83-97.

OB oK R



