stHEA HHRLRES RS 2006—DBS—139 (11)
IPSJ SIG Technical Report . 2006— FI— 83 (11)

200675731

Web &~ =Tt WebaIa=T 4 KR

|
REI¥EKRY XERFHREIZHAR HEIZEX
T152-8552 ZRIERH B KM L 2-12-1 W8-59
murata@cs.titech.ac.jp

HHOEL :Web TR THY, 2005651 ABRTE, 41 T v 7 AAREZR Web _X— 13 115 {8
R=VPUELHEEENTWVEG, £ D Web R—JICEBWTIE, BEEEDH DO R— Tz
ANV VI ERDZLTEBRETo TV, XD Web R—V2HER . NA =Y %
BLurt e, Web R—VERITLEL LTI 7HELBRTILENTES, 20X R
NAR=Y 7 DI, BLLTarTF U YRKRETAULOERE2 LT L n8d R
KBV NANR=Y D7 T 7HEIZER L TR—VRBoOBEEEZRHE LAY, BEER—
ORI BT oV TAT I u—FiI Web i~ A = 7 EITHh GEEBAICHE
ENTETND, KFETIE Web i~ =L BT BT e —F2BNATBLLBIT,. =
BT 7RESWEEEDWeb a2 =F A EBROFEIZTHOVTRARS,

F—U—F:WebMBE~A =T NAR=Y 7 F77#E WebaIa=54

Web Structure Mining and Discovery of Web Communities

Tsuyoshi Murata
Department of Computer Science, Graduate School of Information Science and
Engineering, Tokyo Institute of Technology
W8-59 2-12-1, Ookayama, Meguro-ku, Tokyo, 152-8552, Japan
murata@cs.titech.ac.jp

Abstract: The Web is huge; the estimated size of indexable Web is more than 11.5 billion
pages as of January 2005. Most of the Web pages refer related other pages with
hyperlinks. If we regard each Web page as a node and each hyperlink as an edge, a
collection of Web pages can be regarded as a graph. Such hyperlink structures often bring
more information rather than information from the contents of Web pages. Approaches
focusing on graph structures of hyperlinks, such as finding relations among pages and
ranking important pages, are called Web structure mining. This paper explains
approaches of Web structure mining and our method for finding Web communities based
on bipartite graphs.

Keywords: Web structure mining, hyperlink, graph structure, Web community



1. IIC®IC

Web <A =713, BREFILESBHIRTE.
F—Bof = SR EODNTHREDOHIFIC L U F
bF, EHRESCT —FR—RA R EIRIEV ST L
BET AEAM LIRS E TH D, B T5 Web
F—Z DBHIZL > T, Web v A = 71T O
3DIZSEEND, _
1) Web R—20arF B L, BARSE
WBERLT —FR—2ADT7 Fa—FEANT, 7%
A b= A =V 7 X HIFRIAHEET —F I
BT DRFEOET /L2 L% BT Web WA~
A=7

2) Web _— RlEHESE A=Y Ik
THRENhS 7T 7GR L, BE~N—V0
RRAPEER—UDIT XS, I 7EDT
FLi L2 BigT Web s~ =27

- 3) Web _— OB Lo TAHELB(H—/—
fRr 547 MilD)a 7/ F—ZIZER L, 22—
F7a 77 A NOFEBRLYA MBI A5/
—vDOFRR R BET Web fIfi~A =27
BT, N 3—=V DTS 7i#EEIER
T3 Web #iE~A =L JIZoVTikR3E LY
12, FEED Web 23 2=7 1 FERORLIZON
TR %,

2. Web#E~(=7

Web _—DELFINA /=Y 712 E»T
MD_R—ILREE LTV, Web R—U#£41F,
{Ba D Web _—TV%TER, ~X—IHD/NA /13—
Voo BDE LI T G BIRTZ ENTE
%, ZOXDREEIZER Lz Web i~~~ =
CUIZBITBABEE LTI, LTOLORHITH
N3, FNENICOWTUT THREAT S,

1. BEER—-YOI0%07
2. PBHER—UNGA225 Web 2 2=7 4 FR
3. WebZ7570FFY Y
4. Web_—UoH¥o 7Yoo

2.1 EER—VDF %)

Web DoEHREBLI L LTH—Fzrov
THF—U— FRBEETDH2—FIcL > TL F—
7 — NIZBRE L= NED_R— OB RRERD AL

oo 7E8naZ EREE LY, —F. Web
N—EE DB XA DO_R—VHPRFE-ERD
HinizkaZ L 2BATEY., RXARVWETHE
DT RTT 572 EOBERRBENTI2bN
TWBR—=UH 5B, DT, Web _— EiZ

HETBF—T— RICESN =5 ¥ 7Tl
2R o THE LS RVRRE 72 5 RS

b5,

NAPR=Y 7 DEL L. FOBREDR—Y
AR T AXFERTHLOTH D LELLNS,
NAR=Y I DT T THEEIZE S Web ~
—ODTUFRVTIZBWTIE, HEIR—VDEE
BE%, EOR—IENA =Y LI TREALTY
BEEOR—COBEEERFE > TRET S, o
T, B k5 RBEORBEZTIZ<L., ¥—
FIUVNRIIBRERT X TEERTD
ETHFELWHBDOTHD, EDLIRTF T
DRFER2FIL LT, FED Py 7 DR—UIT
B+a35vr 773 XATHD HITS
[Kleinberg 98], &'y ZIZKELRWT %
YT T7NTY XA THD PageRank [Page 98]73
H3,

HITS 28 Tid Web ~— D AE Rt R 5T
HEHEL LT, $ED Y 7 ICBT 3158 0E
B & &% T authority &, authority ~D VY 7 D
BESEZRT hub 2HA LT3, authority &
L CTHEDRNR—I~Y 7 2R TV —
Vit hub & LTOMENEL, Fizhub & LT
MEOEN—U b U V7 RN TV ER—
Ut authority & UL TOMENEVE T X 3720,
MEIIEERROICERTAZ ENTED, N4
R=Y U7 K B— R DE A BRI LB TS
ICEoTREND, BEETHILIZ, X—Tidb
R=T j ANDNAR=Y I BFET BHAK
GHDOBHEN 1 T, ZRLSNI 0 THB L H5%n
Xn ODEFITHITH 3,84 D~—I authority
fEL hub EOFEIL, BT & £ DEEEITHID
BOEEERS bERDHEFHEICRET 5.

—%. PageRank ix [£< DRER~N—V0b
U2 ENTWVBER—IIR00L Y BERR—UT
HB)] LVWIBXITESE, My IZIEFEL
RS TAT) AAThE, HEN—



@ PageRank i, £ I/ A /3= 7 %3~
TWAMD~N—0 PageRank HIZ L > TiRE
%, PageRank {HOBVVERR_R—Ih b A 23
—V U7 ERELNRTVWED, BLON—TUh b
AR=Y I RN TN B L, ZD~—
' ® PageRank HEVREHL b, H£X—UD
PageRank fHIZ T LV F A NNA 28— o &Y
SHEESN—UEPNIERITHEL TV B,

B {8972 PageRank DFEIL, BHETHIZ R L
B ERERE CH - - HEBRETIOEES
I MERD HHEILRE SN D, PageRank
WZEBF 0% 7%, y—F TP Google IZ
B oF70—HELTRIARESNA TS,

2.2 BER—U 0725 Web 32 2 =5 1 5BR,

Web 222 2=F4 &\ 5 BEEITK~ 22 30RIC
BWTRAWONDN, FETHEAA/=Y 7T
Lo THEIRES LT-BE Web ~—UHES LWV
BERTHWAZ LI B, WebaIa=F 0 2R
RIDFEL LTI, BELES 7 7#E 2R
THFEE, BRES ST 7#Er T 2FE
DZDKRENIHTHZENTE S, ThEh
WZOW T T CHAT 3,

BE LY T 7Dk

NAR=Y I BEEDT T THEL T 5
L5 72WebR—VEANEHRMALELEV 2D
2RRbIE, WebDR ;w7 vay hF—Ehb%
DI T IRERRRT DI LTI > TWeb 2
2=T A DRERETRIZENTED, FDXS
R7 7 a—FORKMNZFIE LT, Kumar b2 &
Atrawling D FE[Kumar 991234 %, = OBFFEIC
BWTIE, ZHo0EREAFLCh LRSI, F
DETESUD S COETESvA~DA FEINTEET 5
LORFERTHT T 7%, FREHET I
1672 BWebaIa=F 4 ThHdLLTNE,
Kumar 513 2 E_X—CORFERF v 73
v FTF—=Fhb, |Fl=, ICl5ER25¥ 1 RG))
DFERTERT T 7 @B RER T DO
DFEEREL., BEONF2ERBERICLST
ARLTWD, i<iaD & &, YA Rl j)DELTH
75 7 DERERGYLTELTE ST I THB T

b, X EFIZRT VAV TATY Xa %
RAWBZENTES, JZERLTETO)ERY
L. ZOREREFIA L TEZE@)., B, & RH
T L THEL EFE#TR>TVWS, Fi-Kumar
LIZBoN-Web2 I 2 =F 4 DERFET 3
7ol T ¥ AR LT 400 B 7 7
EAFTHRAER, H@EEDOR Web— %
AL > TRBAIHEREINZ LN 4%HY, 7
—ZINEND 18 » A% DOWeb LIz TIFERIZ
FELROHODBH 30%H - T-83, FhLSD b,
DIZEBICEHEMEDH B Web—VHEESTH-
7

BRWS VT 7GRN
ERoO7Fu—F Lifilic, 5xbhi Web
TF—IDT T 7EEENEITERE LT, BRE
D877 THB Web 3 a=F 4% RHTT7
u—F b %3, Flake[Flake 02] 513, 2TEAES
V OEHEE CITBW T, COFER v V-C D
ERINVLCOERLIVEL YL ZLTWEZ
L% Web a32=F4DEHFELLTWSD, Z0D
£97% Web a3a=7 4 %#RHTZ &i3—H&iC
IENPELD Y7 7H5EMBETHDZ b, X
v b U — 7 BRI B BRKIRRREOREA T T
DRBERRAET, BLRIEAEAZEEL,
FhEgtek 972 Web =3 2 =F 1 %8Iz
RHTHEZE X 5,

TI7CBITBDERTAREBEESRELRL,
BDTIXEDRESFTEENLTWA LT3, HA
#E slource) & teink)dsE x bz & &, &K
FREI R ADBREEBX B2 L2 s Dbt~
DEREEROZFETHY, Zhiis Lt 25
B 2B INER S VEREERIETH D = L 2%
bRATWA3,

23 Web 75705y v 7

BEFE, 2L DEFR Y hT—2128BWT, Kikk
D& HPE Ak ¥ (A4 5 = & ASBarabasi b 12
Lo TSN T&TVWA[Barabasi 02], ZD X
D REEHMONFRNT, A2 R & — L
R)BENEWIBRTRT—LT7 Y — LT
Bo AT—NTY—+ Ry NU=Z L LTI »



A 73—Y 72k BWebDtic, WERYRA V5
—X v o, BEHEDHREDR Y hT—2,
FURIBORIEORy NT—7 i ERET N
T3, ZOLIBRRI—LTY— Ry bT—
I ERERTBETNE LT, BRE LERHHERD
ZoDA—LVEEOBAETF LR, — LT
Ao F57 ar4Xal—a rEwETARE
BREENTVWB[EA 05], £7-WebD 7 7 7H#
EDBRLEFNEFIA LT VT Y XLDDHD
v—s 2 ay 7WAW) R EIhTWVS
[Leonardi 04],

2.4 Web R—DY 7Y 7

Web IR TH Y, 21—V FIUET S DITE
8T b, Web R— BT BHEITREETT
2 oIt Y 7Y T EITR D LERD D,
PPV TOFEL LTE, (3= Y o %
RS UELIF—TIZLB Y TY TR,
IP7 RLRIZEBY TV v I D, RiEDT
VLY F—ZIZBTIE, PageRank fHOFV
R EHFRRT VD, Pl —T%
PageRank I RIGFI LI-REETY 7Y 7
BTETTUF DY TY VTR FEBRR
AhTW3, Lawrence bixF7 &Ly 7Y
Tz X - T, Web 2kt 3 KAA >(com, edu 72
L)DEIER, W% (Scientific, Government 72 &)
DEIE EHEE LTV 5[Lawrence 99][Henzinger
04],

3. ZHI7I771LBdWebaia=T4
DIEE.

K72 Web ~— e b DIFREE B
BlH0RBE LT, EEIINA—=Y IICK
375 7HEICE ST Web N—TOBhEME
RETHFEEZTROTVD, NA/3—=Y 7tk
3 co-citation # &Iz Web _R—URIDBEMEZ R,
HL, BETAER—MEET 289277 7%
AR BB AT AMurata 99]%°, Web @
75 7#ERDRLTEH ST 7 EIIa=T 4 &
Bl Y—Fz OB bn3 backlink
EHPEI Web 23 a=F 4 2BRTEHVRT
ARE 0l %R LTV,

o (QEDYLIEDD
W i<t R — D%
b (o

[€)) Lmzawﬂ&i?@ﬁ#
B 1:Web 2 2 =54 HERAFHE

EEBBRELE Web 33 2=F 4 BRFEH
A 01z Tk, NA3—Y 7tk 5 Web
DXy FT—I ML RFRERE b LITER 2
s 5 7%#RHT, A URL #% centers & L.
FDLTDH URL IZH LTS 3=V T %o
TWB L7 Web _—UEEEF—F Vv
@ backlink FERIC L > THBL T fans £ 55,
WIZFDR—=IhHDY 7 T _THH L.
B %< D fans RSB L T3 URL # centers
IZBIL, F0 centers AV T EROME 4
VIETEW) LD THBD, Kumar Hid Web DR
FyFvay hF—FERAVWTIHYS 7 7 ORE
BITo7-8, KM Web 7 —% #UINE LiRF
THZLIIRETH B, F—F TV ITHE
HFLW Web F—F2ERFLTWALEZDOND
b, AFETIX Web T— 2 BBOHD
WhITERE LTH—F o P TORERTT-
TW3, TDTAT 4 TERRIRET, by 7
BT A LY EELR—U b RBaIa=T—y
E2BA-HDOFHRRLEDRENLREHITo TS
[&mE 02] [Murata 03] [Murata 05),

4. BT

AETIL, M=V DT T 7REEICER
L7= Web ¥~ A =2 7 OB #1TH & L biZ,
BRI T T RFC L HEED Web =3
2 =T A RRFEIONTHRAT, Web 232 =
FARRFEICONTIR, EZFOHLDHEDT
Zhang DAIZEE < 8IS TV 5 [Zhang 06l

Web i~ A = BT3B OMEDNS



BV —7 v 3 v 7E LT, WWW conference
[WWW 05] ®°. WebKDD [Nasraoui 05] .
LinkKDD [LinkKDD 05]%2 £ 23 &if b B, 7=
Web IR THEER b oT —FDv (=0
% Link Mining[Getoor 05] & FEIEL TV 3,
Getoor iT—fi%AY72 Link Mining D# X7 & LT,
UTD &S 2B ET> T3,
1. Object-Related Tasks

(a) Link-Based Object Ranking

(b) Link-Based Object Classification

(c) Object Clustering (Group Detection)

(d)Object Identification (Entity Resolution)
2. Link-Related Tasks

(2) Link Prediction
3. Graph-Related Tasks

(a) Subgraph Discovery

(b) Graph Classification

(0) Generative Models for Graphs

ZDHETIE, HITS ®° PageRank 2 D5 v

X713 1@), I I2=F 4 FRIT 10, Web 4
RET/MIBNBT B LELXD, Web F—F %
BOEET —F 2O FEIBIERAIFE S
nTEY, SELIBRVISHASEZESLOL L
THiffEh B,

HEE
AFRO—EIL, B R & T )
[Web DA 23— v 7 #EDEFALIZEET
B ITLBLDTH B,

BEWR

[Barabasi 02] A. L. Barabasi: “Linked — The
New Science of Networks”, Perseus Publishing,
2002.

[Bharat 98] K. Bharat,
“Improved Algorithms for Topic Distillation in a
Hyperlinked Environment’, Proc. of the 21st
Int1ACM SIGIR Conf. pp.104-111, 1998.
[Broder 00] A. Broder et. al.: “Graph structure
in the Web”, Proceedings of the Ninth World
Wide Web Conference, 2000.

[Chakrabarti 98] S. Chakrabarti et. al.:

M. Henzinger:

“Experiments in Topic Distillation”, Proc. of
ACM SIGIR workshop on Hypertext
Information Retrieval on the Web, 1998.
[Chakrabarti 99] S. Chakrabarti, et. al:
“Mining the Web’s Link Structure”, IEEE
Computer, Vol.32, No.8, pp.60-67, 1999.

[Flake 02] G. W. Flake, S. Lawrence, C. L. Giles,
G. M. Coetzee: “Self Organization and
Identification of Web Communities”, IEEE
Computer, Vol.35, No.3, pp.66-71, 2002

[Getoor 05] L. Getoor, C. P. Diehl: “Link Mining:
A Survey”, SIGKDD Explorations, Vol.7, No.2,
pp.-3-12, 2005.

[Gibson 98] D. Gibson, J. Kleinberg, P.
Raghavan: “Inferring Web Communities from
Link Topology”, Proceedings of the 9th
Conference on Hypertext and Hypermedia,
1998.

[Henzinger 01] M. Henzinger: “Hyperlink
Analysis for the Web”, IEEE Internet
Computing, Vol.5, No.1, pp.45-50, 2001.
[Henzinger 04] M. Henzinger, S. Lawrence:
“Extracting knowledge from the World Wide
Web”, Proceedings of the National Academy of
Sciences of the United States of America
(PNAS), vol. 101, Suppl. 1, pp.5186-5191, 2004.
[Kleinberg 98] J. Kleinberg et. al.: “The Web
as a Graph: Measurements, Models, and
Methods”, Proc. of COCOON ’99, LNCS 1627,
pp.1-17, Springer, 1999.

[Kosala 00] R. Kosala, H. Blockeel, “Web
Mining Research: A Survey”, ACM SIGKDD
Explorations, Vol.2, No.1, pp.1-15, 2000.
[Kumar 99] R. Kumar, P. Raghavan, S.
Rajagopalan, A. Tomkins: "Trawling the Web
for Emerging Cyber-Communities",
Proceedings of the 8th WWW Conference,
pp.403-416, 1999.

[Lawrence 99] S. Lawrence, C. L. Giles:
“Accessibility of information on the Web”,
Nature, Vol.400, No.6740, pp.107-109, 1999.
[Leonardi 04] S. Leonardi (Eds): “Algorithm



and Models for the Web-Graph”, Proceedings of
the Third International Workshop (WAW 2004),
LNCS 3243, Springer, 2004.

[LinkKDD 05] LinkKDD Organizers: - “Link

Discovery: Issues, Approaches and
Applications”, httpillwww.isi.edulljlﬂd{DD'OS/,
2005.

[Nasraoui 05] O. Nasraoui, O. R. Zaiane, M.
Spiliopoulou, B. Mobasher, B. Masand, P. S. Yu:
“WebKDD 2005 — Web Mining and Web Usage
Analysis  Post-Workshop report’, IGKDD
Explorations, Vol.7, No.2, pp.139-142, 2005.
[Murata 99] T Murata: “Machine Discovery
Based on the Co-occurrence of References in a
Search Engine”,
Science (DS99),
Springer, 1999.
[Murata 03] T Murata: "Visualizing the
Structure of Web Communities Based on Data
Acquired from a Search Engine", IEEE
Transactions on Industrial Electronics, Vol. 50,
No. 5, pp.860-866, 2003.

[Murata 05] T. Murata: Graph Mining
Approaches for the Discovery of Web
Communities, in T. Washio, J. N. Kok, L. D.
Raedt eds., Advances in Mining Graphs, Trees
And Sequences (Frontiers in Artificial
Intelligence and Applications), pp.199-208, I0S
Press, 2005.

[Page 98] L. Page, S. Brin, R. Motwani, T.
Winograd: "The PageRank Citation Ranking:

Proceedings of Discovery
LNAI 1721, pp.220-229,

Bringing Order to the Web", Online manuscript,

http://www-db.stanford.eduw/~backrub/pagerank
sub.ps, 1998.

[WWW  05] WWW2005  Organizers:
“Proceedings of the 14th International World
Wide Web Conference”, ACM Press, 2005.
[Xhang 06] Y. Zhang, J. X. Yu, J. Hou: “Web
Communities — Analysis and Construction”,
Springer, 2006.

(&M@ 05] HEEER, 5 EFhiHE “%E?#ﬁ:ﬁ/ hy—
7 DRE, EEXERE, 2005.

@ 01l FEME: “BROLEMHICESL
Web 23a2=7 44 DRR", ATHEESIE,
Vol.16, No.3, pp.316-323, 2001. '

(FHE 02] HERE: "NA =V IDT T 7
HEICESL Web 23 2=F 1 O¥lE, ATHEE
222k Vol.17, No.3, pp.322-329, 2002.



