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Hierarchical Dynamic Community Detection by Parallel Computing
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Abstract  We propose a parallel computing approach, namely Dynamic Social Network Commu-
nity Discovery (D-SNCD), for detecting hierarchical community structures in dynamic social net-
works. Usually, in most of the dynamic social networks, the network structures change and
evolve partially and dynamically in a unit time. By making use of this characteristic of the dynam-
ic social network, D-SNCD updates the Hierarchical cOmmunity Tree (HOT) in a timely and
choicely way. Compared to the existing community detection algorithms, which take advantage of
the snapshots of the social network directly, the efficiency of D-SNCD is greatly improved. Since
D-SNCD is an improved version of Parallel Social Network Community Discovery (P-SNCD),
D-SNCD have the advantages of highly scalability and resolution. Moreover, the inputs of
D-SNCD is simple and easy to control for users. The strictly mathematical proofs and experimental

results further guarantee the correctness and effectiveness of our proposed algorithm.
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v, 0y (0,50, € V) Z AN BR — S5 AL E Ry B e %5
M K 3% 2 BT AN T S Z T EOR i e,
AL I > By B ', =, — B=0. T i ¥ 5k
w, =w, —PPIREILTIE

(1) 2R w! | =0, BIFORIEH o, 0, A1 A
(1 e BUE w, | =B FEX BTG OL T A e, IIAUE IR
D BAHY T EHEMBR e, XS v, 0, FEG, P
BSR4 4 . R I A3 R B0 #E AT IR (a) Y
Jie {1, on] Mli1G e, EECCHM B e, HBLTELS
TN @ A, B BRI e, B 52 Clax
ALK I H CHIRAE ok 19I5 S At XY 254, R )t
e S EOR A N C R R SR AR AL XL R Cl T
TR A T E xR A R G T
Cl—e., ITl & A A 85 o0 E 7 X B 9 A B
EANTV =T —e., . MLWRA EIZE,, T =T,
WAL U EA E, =E L ERBRAES T=
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L
&

TV VR %k P-SNCD it A WA 3R (6 ~8) IF
AT, BORE L B 6~ 13) WA CY L CY
O<=z<|E/D. AH ECENT'CT., JFLH
CrucyU--UcrccClgi—& C e . CY R a A
51 BOFE X BBt A R Gl =G, —ep TR HOT'
HFHs o AL LY LY - LY Ry root 19 1510 F
BHMAR G, Xt v HOT 1 root 35 5.2 R - M B
HOT # LA LI A root ) F#. (b) 4%} F Vie
{1oeeesn VA e, € ECCHBE, B e, B A7 HBLAEAT
fr 25 1 AL X FEX A E BT L B e, AR S
AT A 5 2k e O AL DX s R BR e, AN S AR
G ., (AT A0 9 B L X 45 4 7= % 1R AR 4k

(2) W2 w! | =0, BIFORIE B o, 0, A1 A
A3l e, BIBUE w.  =>B FEXFGOL T W 5 )2 KA
XA HOT 33k B 19 7 05 L (1<<r<<n) i 15
e, EE(CHNSale,)=w, —BIFHMNT LI (1=
s<n )H e, €CI N Sa(‘e,,y ) =w, —pB+1,Hr
LR LiAE )2 R A X HOT (1 (41 R T
T PR A A Le, € E, RANE Sale)
BE&E HOT ¥R 536 34 i E 88 0T H &3k 3] w, B
PLER LUAN L s A7 7E. R TE Ly J LYl e
55 TR N AL X e, B4R SR X B AL X ) — 2%
i H e, 73X 26 Ak XA X R 48 A Sa (e, ) <
w,  — B BTLL e, AALAELI > B AN 23 52 i X 4640 55 1Y
ST R AL XA O AR X CUO R R 2
B e, IR FE X TE e, BIBUE IR A B 5 K A FifL
Tl e, UL CO R YR A A IR E B
WO I & N R AR G R E I A R
EERN T C —e, T T AR EE N
ELXIRI R ES R T =T 2 BRA
ECE . AR ERE, =E] A& AR E
HT=T" B3k P-SNCD i A I I 25
BR(6~8) Uy $hAT. MR B TE 20 3R (6~ 13) By i th Ky
CiV e,V (O<y<|E'D.HN E.CENT=
T CUCT U UCT ST )
S HE— A CUTY e SOV SRy AN L1 GBIAE X
PEEE LT (D () K G, =G, — eIt i HOT,
HEW v B4 LL LY LY e Lffl/ﬂﬂ root 7
RIFRIMAR G, i i HOT () LIy A2 T 9
MiBE HOT w2k LI 2R roor (FH4. TEEE.

EIE 3. BRHEEME G, =V, E.W) X} R
2L X HOT 78 G, 1 35 Atk 1 38 in 7 45
v, AN 5 o MER n (O<n<"|E|) & EH (el =,

R IAE S Gl =G, o+ {el el
JoE it IO 1) J2 R AR AL X HOT R 4 # 3 HOT
R EAE HOT My EaE B aE A7~ #4E .

(D WE n=0 i, HOT =HOT; EMH: A (2).

() B G el s sel B S5 1 HFE X 4
B C ) 2 (O<a<<m) PHLEIX Cyeee s CY gAY S
M B GO xR A AR AR T = T + v, 3 H
Ui G+ Ui e T & e R £ 4 H
El UAMMNES E.=EERHRKES T=TY
fE R 5k P-SNCD A% A - I 3R (6 ~8) JT 1R $h
TR AR CY e, CY (y<|E/|) R H IR
A DX R R S R AL Ry BRI B AR AOI A
2 HOT B root F H 2 F A HOT = #4051
PLLY weee s LY (W RE AL X 20 50 R CY e CYO Ny
root 15 ST

EW. 4 =0 F1 n>>0 WFE O HEATIE B

(D 25 n=0 B, BEREI01 05 0 8 G, %A 5 A
AT B e . %A HOT =HOT.

(2) 24 n=>0 i, BPHE I 5 v 8 G, 51 AB
WA el el b ARBEF G el s sel 53 50 5
81 BAFKES CHI o< PNEIX C} ey
CY v By 37 5 M & 3. — Dy i, X F YC e (CH —
Ui CD LN C RARTFAET v (453 v 5 v, A%
HOe g Ry &, frLR i &4 (el o el i
M AT A S #R T i 48 C i — 209 . o —J7 i, %t
FVYC €{CY e .CVY BB e, € (el ool ) SR
W o€ CTR v, W B2 T G, AR AR T,
IS v ERB T Gl =G, o+ {els el it
Xt A BLERAR TV =T+, B TS TV Ko7
R e WAUE w, =28 2Lk e, 5 “Fh 53718 L)
X C LAY A5 o, BT ARSI 5 o 85 1] BE S 5L
X C#—Huy R B U C+ Ui e ity
BT A ORI R A S EL LR i A A
E.=E[ AR ES TV ME R H % P-SNCD 1
A MHADBR (6~ 8) TF I $h AT R TE L JR (6~13)
ok Ay C e, CY Oy | E[|) . 1 FHIH E £
IEYCE (C'— UL CHEBE R AT E. B U
CVser s CY TR —2 5 C #1749, Bt
CVeee s CYV R v AN 1R IX . BRI B 397 A B
X CY'yeee sCV B HUR A 4 IX 42 BE 2 R S5 A F i v 1R
BB ZE A A S HOT 8 root 5 2 F , DL B
HOT H 2 #4389 LL LY e s LY OO 1 9 4 X 43 51
K CY e s CUY N roor T B T4 05 4 2 1 4 &5
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W45 G, BT 1 1 16 J2 O At IR HOT' . S,

EE 4. BKIESWE G, =V, EW) X
B R AL KA HOT, % F Vo, €V LIRS v,
FERE NG (e vei } (O=Zm="| E[) . 1E G, 1]
S EMBR S , U RS M EENLES
{ehsersel VR TG UM AL & M 2% G, = G, — v, —
{elseee sl ) JIENE I (9 J2 WAL AL X B 5 HOT' L B 4
i HOT R 2 HOT B3Rl 1540 T #4E

(D W m=0 B, HOT ' =HOT; & WE A (2).

(2) 78 HOT (55 1 275 500 %k i i 4 X 48
R v WRXF Vi€ {1, n ) #H v &
VCH 844 HOT =HOT a7 &0 CBp 3 €
{Toeeean] ME1R 0, EVCOIEEA(3).

) B BEMIBR S C! AR XTI Y A= B (R MO T
T R vy SO o MR 1) TR B A AR
MR TV =T —vs— ey, ey s Cl— ey vei T
WEMABANES N EL UARMLES E. =
El A BARMES T="T!E 5% P-SNCD [
A NI (6~8) IR AT, 37 AR AL X CY s
o O (=L ETD B H R A= 4 X 42 B8 2 YK 45 49 48
v KRB TE B AR AR A 2] HOT (f) root 5 2R »
MEE HOT F LA LI GF R ALK CH) N root BYF .

EW. AT Yo, € VL ZEMBR T 8 v, 09[R B
MIBR T 5% 0 A E SN T A LE A RIS S
v MHER R m (O<m<"|ED &N ELH
{ehyeeeyel b, A P-SNCD A BUat IX i 5 F2 0] 40
o DX AR ol R AR RO B s G 1 A AR S = )
DAL 3 B AR S R IR AE I X AN A X E— 21
FEX AL S RS W TR R W 2R o, BLAE
AKX CLUE L s h) jEL i D H LR A
WOSEFEREA 1A IX CLA=<i<n]) . {§i{5% v, €
V(CH L. X & & AR KRR 1 — A 1 20 4t
X CHEG v, € VICH 43 W R L1

(1) Y4B 1995 8 v ATEAT A 25 1 4k X
B E Gm =0 I8 T X g 00D, Bl X T Vi €
(1o anl VERAT va € V(CH REE - B 2 2 R M B Y 5
v AN S X AR A A DX 7 AR 5

(2) M MR 15 8 v, B AE RSB 1 B4 X
LR Fie (1, on Ml o, € VICH L. HE X 2
FE SC 3 AT AT ] AH ) A9 95 A5 23 0 B ZE ] — 9%
S P AS TR AL D B BT A 56 1 Rk X
BRALX CAMIHEH R A SO TR e € (s,
e b E—2 MR A v ARSI C R ILIR A A
DX AM AT Ay FE B DX 5 48 7 A 52 ol B I B A=

B CRMO T i1y 88 vg XI5 o M 7 452 19 30 )5 e
WA R R T =T —wvs— ey s} CLIT
AL EGRHE Cl— ey, e VT
WA RIE SN ELIBAMERT =T \EICE,
WAL, UGN ER E, =EERBKRES T)
fE 5 P-SNCD [yfr A NI 38 (6 ~8) JF 1Rk
TRy (O<y<<| E] DA 1 R JIFEIXCY s, CY
DA B3 26 4 IXF R A B R g 4k XL R TV S
TINECE: . JiiklEs CUCY U UC)=CHik
S CF e OV AN H RO R CHAMY LB AT
fif 1 2 5 b X A7 76 58 4. T IL, 8 B A A AL X
Clyeee s CF YR A A X i HE 2 UK 45 4 W B v AR AR
T MM A HOT (1 roor 5 5. 2~ H-Mil b LA
LA root 15 g0 T B ¥ 40 1 4k 2 M 4% G, T X
IO H9 38 B4 J2 O AE AL X HOT . JE 5,

RIS M G, T8 IF 20 G, =V, E,
W) IE 6y =t,+ At W% GL, =V E' W) I 4
5o W20 M . GLAE ¢ B 2038 3 5 S 4 A
V.=V =V @M A V=V -V R
Ev, #ARTEG, TSN AES VP TR S A %8
MG Eve R EG, P AES Vo EE
TS ERERNES B2 (i ZIA L Gl 7R ¢ B
ZB G I 1 4R A OGRS 486 Vi 3 iy
WD E, =E' —E—Ev, . B BR 0 32 5 & ORI BR 45
SESV, MBI E, =E—E —Ey,. 81
BT B S M 4 X R BLE % D-SNCD By g
LA, 5% D-SNCD B 170 1 56 R 35 20 B 21 1)
G, F e I ZI G50 o i S Ve B3l
MNEA EMBRISES Ve MR HES E,
o R A5 B 1)L 29 2~7 X 4544 n] B & 2B A8 b i 4
AT HRIL X T AS [F] AR R A 4 XCR B AS [F] 9 355
i T OEM L~ B 4 RE T AR A
XFZ WAL HE XA HOT 2584 5% Wi (14 J7 355 1 - 3 33 5
: D-SNCD A5 8~26 , F%F 225 s M 14 A2 A6 i fff
A5 I Z 52 m 1 5 1 GOk X R S SRR A A X E
BT BOIE T B A B s Ak o A S R
T BATRERITES b — 2 ek X &5 A2
4t X, B i D-SNCD %4 vk 0] DL & J§ 6 2 i
P-SNCD A iy HOT §— Bl 55 2508 B 533k

ik 1 B SN RIAILED-SNCD.

Input: (a) Social network G,, = (V,E,W) at time ¢,

and HOT;

(b) Social network G-, = (V',E'.W’) at time
ty =t, + At and the level h



1720 £2 - U VI A ! 2012 4F
Output: The community set with the level below & in communites being connected by ¢, with 1< el,
G, and the new HOT' €2, er<<m;
1.V,<V' —V; V,«<V—V'; E,<E —E—Ey,; E; < 21. T<Tl; E,<E,;

2.
3.

~N O Ol

9.
10

11.

12.
13.

14.

18.
19.

20.

. Let Clyy ey

. Let Chy o

E—E —Ey,;
for each v, €V, v, €V,, e, €E,, e, €E,
for each C& C' where C' is the 1st level community
set of G,,{
if 3e€ Ey, () 3v€ C makes e connecting v, and v
{C.tag<C.tagJ " Add-vertex”}
else if v, €C {C.tag<C.tagJ“Del-vertex”}
else if e, € C {C.tag<C.tag“Del-edge”}
else if e, connects two vertexs of C {C.tag <
C.tag\J“Add-edge”}}
C!, be the communities with 1<al,
a2y yam<n, and Vi€ {al,a2,,am}) C} €C' N
Cl.tag.contains (“Add-vertex”); Let E,, be the un-
saturated edge set of Cli,++,Cl,; Let E, be the
subset of E, with each ¢, € E/
of C! (i€ {al a2,
T<T{+V,—V,; E,~E, +Ey,+E,—Ev,

connects two vertexs
camy);

—E4;

. Call P-SNCD from setp (6 ~8) with T and E,, as

the input and generate the 1st level communities;
Let Cly s+, Ch, be the communities with 1<Cb1,
b2, ybn<<n; and Vi€ {61,062, ,bn}Cl € C' N
C!.tag.contains (“Del-vertex”); Let E., be the un-
.Cl. s Let E. be the
subset of E, with each e, € E. connects two vertexs
of C!Ge {b1,b2,+,bn});

T<T| Vs E,<E,+E —Ev—Ey;

Call P-SNCD from setp (6 ~8) with T and E,, as
the input and generate the 1st level communities;
Let C!y,++,C!, be the communities with 1<c1,
2y cp<n and Vi€ {cl,c2.,cpy ClEC'N
C!.tag.contains(“Del-edge”) ; Let E,, be the unsat-
-,Cl,; Let E, be the sub-
set of E, with each ¢, € E. connects two vertexs of

Clae{cl 2, cp})

saturated edge set of Cj, +=

urated edge set of C!,,

. T<T}; E,~E, +E,—E;
. Call P-SNCD from setp (6~8) with T and E,, as

the input and generate the 1st level communities;
,Cl, be the communities with 1<{d1,
d2,+,dq<n, and Yi€ {d1.,d2,-.dq} C!€C'N
C!.tag.contains(“ Add-edge”); Let E.. be the un-
saturated edge set of Cly, -+, Cl,; Let E, be the
subset of E, with each ¢, € E!
texs of C! GE{d1,d2,+,dq});
T<T); E,~EL+E;

Call P-SNCD from setp (6 ~8) with T and E,, as
the input and generate the 1st level communities;

Let E/ be the subset of E, with each ¢, € E, con-

connects two ver-

nects two communities of C' and C/, ,+++,C!, be the

22. Call P-SNCD from setp (6 ~8) with T and E,, as
the input and generate the 1st level communities;
Let {CV,CY -

generated from step 10,13,16,19,22;

23.

,Ci,/} be all of the 1st communities

24. Delete nodes which correspond to the community of

{ “1 TR (/“m s ( Ms s (//m . (/Ll LTI C}p . C(ll1 NETEIN
Cly+Cl e+ ,CL} from HOT;
. Add nodes which correspond to the community of
{CV,CY,.,CY} to the first level of HOT;
Call P-SNCD from step (6 ~8) with C, € {(J}/,
(/‘l/,...’
higher level communities.
BHiEMESREDN
35 D-SNCD J& % 5 % P-SNCD A= j 19 2 1k
oAt X HOT B — B 2l 25 55 5805 78 30 i /%
XS c i 2R B AL XS R S & A A b ) 4
X, D-SNCD S3EAE ¢ B 2354 55 EXxF HOT
HEAT SR R AE 2 B 200 T HOT v 5 22 85
A AE X, D-SNCD 55 38 i 8 A P-SNCD 55.3%
AT, B4k D-SNCD i3 B/ 5 P-SNCD
SR AR R R B () 52 4 B MR AR S I TR ) £
HE G, BN E|=m, W R V] =n,
M2 G, b o B H AL B8 A R O Chn®) 5
G, h % B H AL PRER B O Chmn) B, B %
D-SNCD iy it8 5 24 B 4 O(logn).

26.

CY} and [ =1 as the input and generate

6 SLIWER

£ X} BSP HAT A B, A SCS2 8 T D-SNCD
Sk JF 3R o “DBLP” F B VR 8 B A 52 B s
A 0T B RO R R AR AT 56 E. 7R R S I Ao R
P E SR h=co, H W& LR T 58 BT A U 1
FEXE A BB LR ER S Foi 5 A 90 4t
XA 5T 5 8t i IR LK W BB PC ALEE,
Hpy & 32 & PCOUZALFLES 2. 8GHz, WAE 2GB).
BeVE R %K 32 i Windows XP E VR , F-47 555 Hy
MPICH2-1. 1. 1.

6.1 EH{IET
DBLP i 3C & % 5% & W 4 © 02 iy 78 [ 45 R
(Trier) K27 & 37 09 — AN 1B HL IS T A2 8038 X

BB B AR A8 O P B BEBURR 98 SR R 7

@ http: //www. informatik. uni-trier. de/~ley/db/
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T PR 25 30 Jie 55 A SR 0 ik A i ok 4R 3R 7
2010 4F 7 Ay Z AT 40 A58 E R G B2
B R S U 5C B [ B 2 I CRL AR sigmod
vlidb.kdd.ckde &) BTl s i 18 3C 49 231 f . b &
FNEH 50396 . i bk A E R E Z IR At &
P EANITE NIV EE e P U

N T M EHERRMEGAR G EEE Z E A E
PEAT & BRGLAE » AR SOfF £ 38 58 R M 2% /R 4 Z T
REPERRE RS BAEFERELSR. B—-FEe#

WY TR B = R
FEARE SRR 1R H F 4 HE7 PSR,
W& S @ AR H R 1 AR 2 18] 5% A A #4175
BRI BCE. J 00l X 5 R R M4 AT Gt K
BB EEMEEBUNT T 4 I3RS 18X
B 88. 5. I T UL EF IR TG E XA
W 25 FRy A X B A DX A i 362 3 4 T 4 b
XA R A W 4 TR AR A A G 6 A A
M.

R2 TRARBTHNEREAR

Strategy Al-B-A2 Al1-B-A3 Al-B-A4 A2-B-A3 A2-B-A4 A3-B-A4 A1-B-OA
Strategy 1 3 2 1 0 0 0 0
Strategy 2 3 2 1 1 1 1 1
Strategy 3 4 3 2 0 0 0 0
Strategy 4 4 3 2 1 1 1 1

EFE 2 A-B-AjA<<i<j<DHX N BN a
(a>Z")FRIRXT DBLP Ul & P E R & X
BRSO A AR A AAAERIE L i EE S
E#HZ B R EEIG N o GESE (AEESH
VE# Z 8] 1 56 2 AT 48 5 A A8 (B8 o). Al #¢
AL-B-OA XI5 Ry B(BE ZH)FRTEREEEN
BRTEHETSMERT.HIEESSE S AHLE
WA B Z R C R AL E IS 0 B, & 58 1 1
HHE 5 MH UGG EEE Z I RALE 445
AT R A EEEBORT 1 B SCE AR
A A 50X 20 5 2 VR 3 22 (8] 1Y 0% R AL (B XS . X F
AR L 225 7 — R & F 0 SO VEH R L 2
(4 5% 2 B A SR b > AR X 2 5 F R Z 1) B
THE R, 5 451 7R A D-SNCD 8 i
A3 AE 4 B [R]AS R DR AP 5K I T AN () 2000 A X 4t
R X RN 43 A 4R

ML 5 Ca) ~ () AN [R] SR AN [] 2 ] 1) 4 DX %K
5 X KN s A i 2T LLE 1, R A D-SNCD
TR B AL AR 115 58 1 SR R e SUAF
FE PEE A 43 0 B BR AL SRR 2 A XA
RIS CREGEHR AN Outer Point) , 75 4 F A [A]
FRASC G SR S A ) B30 P A DX RN 5 4 X o
T ) REE A A AR 1 GO0 XY Strategy 1
(K 5Ca) F155 10 G R 4L X ) Strategy 2 (K 5(c))
FIATHCA I REHE o 5y 2. 87 A 2. 15, 3 5k
FE 4 FAS R SRS T o HL A A1 03] 1 A DX 8500 At
DX R/ IN A 3R B S 3 A ] 1 4 A R R s i A PR
RIEXH ——25 1) TR RIS T o A 7 00 19+
X AL —AEE ECE A K A X O R B 5 1Y)

Outer Point) , ifif H.3X A~ fie K AL X B 40 5 B 1 4 4L
BE A #E XU B TS W s b e AE 4 R TR
FEME A 1AL 55 5 L B 10 )L AR 20 G
8 i A DXF- 35 BT 6 35 9 4 S oo i) O 16 104
4065.,487 148, tHHLX B L 19 B H A B~ 1 e
ks AT Bl 4R A0 5 48 s B Y AR R (X
LAY AR O B0 B A X B SO B e K B R
XA AR AETT IR s — S BB E R R B2
A ARG AR R B 3 0 B[R] — 4R X b, O H
W A DX RO B B T B 1 A Al 1) T HAT B
AR AR R R BE M EE R 2 A — At X
FOR L AEAL B DBLP B 4f 46 i il T 3% R A7 H 44 4k
B XA I A ST 22 A X O A AR ) 24 AR
5 IR —> . IF B BEE T B R AT X R
B F ML s B S T A Sl MR AR R i A XL
Hb Gl X B 5 Ca) ~ (d) fir 7s By A [a) 4% 53] 4 X i
BEEE TG /0T R B 46K o 4k Kb i &
YEVEE RO 6 0. FEE 5 Frs 1Y 4 Fp oA [a] AL
TRAE R 26 20 Gl #E X AR & BoR ANl I 6 (g AL
DX A X B 95. 200, 9F H X AN He A B
A AL D Y b T A HE . R D H A X
A 10 AL BRI SR A X ECH
1. 8%, Jf Hax A~ Lo B B & 4L X G 19 BT A R
Wik X R W OR 22 B 8 2 LA/ T B 23 A7
5, I HLATBA S0 =22 8] 5 1 880 B %% T AT BA - 4R
A 887 1) 17 0 85 /0 HL R H B 1 B B3 22 1) 5 708 A
BN VE LG AR LG 1 55 %% 2 B IR B A A IX 4 ]
(0 b Tt Ja T R — 4 DX P 5 2 ) A R
MIEAERR. £ 3 4 T 1E Strategy 2 I Strategy 3
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AERAE 5 2T 2 50 U A B 41 X (78 Strategy 2
TR T X ECE R 10 4>, FE Strategy3 HETHY

10°

FEDCEC D 13 45 LR FE X A9 8053 44 L
H [ 2 531 4 AR 40 4 DX T AS TR B R 47 1X 4

S 10°
—— Strategy 1 —— Strategy 1
—e— Strategy 2 —e— Strategy 2
10k ——— Strategy 3 ——— Strategy 3
—a— Strategy 4 , —— Strategy 4
10°
x| 10} X
‘_‘
e e
. 10"t
10+
Outer point Outer point
100 L oo L L Co 0 n
0 10 10 10 10— 10 10° 10' 10° 10° 10"
XK FEXRAN
(a) BIHINHLIX (b) HE5GAEIX
10° 10*
—— Strategy 1 —— Strategy 1
—e— Strategy 2 —e— Strategy 2
——— Strategy 3 ——— Strategy 3
102 ——a— Strategy 4 —*+ Strategy 4
x| x| 10"
10't
Outer point Outer point
100 b . m 10° ' VAT
10° 10’ 100 10 10' 10° 10 10° 10°
AL KA FEX RN
(c) HL0ZHIMNALIX (d) 2045 11 X
5 FEATR G AL X v i Ak X 5 A R /N g A
R3 TAKBTHESORINHMREEHRK A
Strategy 2 Strategy 3

Philip S. Yu, Ming-Syan Chen, Kun-Lung
Wu, Charu C. Aggarwal, Bugra Gedik;
Yufei Tao, Dimitris Papadias;

Nikos Mamoulis, Man Lung Yiu;

Wei Wang, Jiong Yang;

Vivek R. Narasayya. Surajit Chaudhuri;
Ramakrishnan Srikant, Rakesh Agrawal;
Hans-Peter Kriegel, Peer Kroger;

Lei Chen, Xiang Lian;

Amr El Abbadi, Divyakant Agrawal;
Shoji Hirano, Shusaku Tsumotoj;

Philip S. Yu, Hong Cheng, Charu C. Aggarwal, Xiaoxin Yin, Jiawei Han,
Ming-Syan Chen, Bugra Gedik,Dong Xin,Kun-Lung Wu, Jianyong Wang,
Haixun Wang, Jian Pei, Wei Fan, Xifeng Yan;

Nikos Mamoulis, Man Lung Yiu, Xiaokui Xiao, Yufei Tao, Dimitris Papadias;
Ramakrishnan Srikant, Rakesh Agrawal;

Nicolas Bruno, Vivek R. Naras ayya, Surajit Chaudhuri;

Flip Korn, S. Muthukrishnan, Graham Cormode;

Wei Wang, Jiong Yang;

Christian Bohm, Elke Achtert, Peer Kréger, Hans-Peter Kriegel;

Xiang Lian, Lei Chen;

Amr El Abbadi, Divyakant Agrawal;

Wen-Syan Li, K. Selcuk Candan;
Jun Yan, Ning Liu;

Shusaku Tsumoto, Shoji Hirano;
Jim Melton, Andrew Eisenberg;

Bl 6 25 Hh T AE AR SRS T 45 35 00 2R R 2% 1 A
IF 45 o A X o 60 357 16y A DX BECRE A b 22y BT L
L AE 4 RS G SR P, SR Strategy 4 B R A
(1 DX 2 51) 85 2 o O o e o G A DX O 865 T R
I Strategy 1 7 A= iU 41 DX 20 030 5 2 fe 1 HCd iy
AL X 67, 33 R A 7 AH ) 1 3 50 H i 5 25 M
25 R Strategy 4 5 Z BCHE R J7 56 45 1X
B ML AR Z I 6 R R B IR (A
BUAE TR o BT A AR A AL X1 SR B A e 4
e TR] I b B S GO AR X R 53 ol i P 6

] PUA AR XA 5 5 R M 45 b AR R 92 0 /9 +E
DX Bt It A A X 0] 19 b T O LR BEAE SR 5
O 2 B R R B A A X ) S A X R
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