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Abstract

Recently, the research on a complex network is active. Most networks such as paper
co-citation network, movie actor collaboration network, Cellular networks and the
Internet are known as Complex Networks. It contains features such as Small World,
Scale Free and Clustering. The WWW is being rapidly researched as Complex
Networks, because the network of hyperlink at the WWW is the typical example
of Complex Networks. By contrast, it’s not being leveraged the features that is
efficiency or clustering of Complex Networks. This research’s proposal is the in-
formation extraction technique by knowledge of the social science; in addition, it
applies the WWW. Especially, we focus attention for the weak ties, and we propose
the information extraction technique on the WWW.



Regular Small-waorld

p=0 p=1
Increasing randomness

B 1: WS EFIICKBAE—)VT—)VR « Xv bk
7—7 (UK [12) Fig.1)

1 FAHEF
1.1 Ry bI7—2

BE, #2MNx AMBEGRPELNOMHGHE, v
Z—3v FOHEKRME, WWW, Za—aroxy bk
J—rikE, EHRICHBIFBEICBL DRy FT—
IH, RE=IVT—=)VRRAT—)IV 7=\ ofz
R ED XY b —2 ) OBENS KB XY
rI—UTHBT STV [L, 12).

chboT kid, 1960 FRUICHEEETH S Mil-
gram DEER [8] *® Granovetter DFEEX [5] Ic kD A
FIBARIC I B2y U — DREHEES M Eh
TEICLICHHZRT S, %z, TOBRBICBNT
Kilc TRE—IVY—)V R (small world prob-
lem)] LPUENZEEMBREENTN, TORE—
WI =V ReREENS MR Y U — I s
IClo TR, £M%, STERRERED
DHCBOTLEEINTVS [13). Z0O3HL
Ixol=DH, Watts & Strogatz I X DRI niz
WS (Watts-Strogatz) €7V [12) ThH 3. Thid,
M1ICRTE5 %1 R FZRAVERETF7
ZITCEREND. TORLISTDIR%, HB
(IZADMENE) —EDOHERICK DFID /) — FICRE
EXBEERTHTET, WSEFNMCKBRE—
WI—)VR Xy bT—UD5EKTS. TTT, /—
REREBZ ARy NT—DJiLBlFBva—
Fhy FOREIERETTET, TOXRY RT—F
EEEED X D /NEHHAR (RE—NVT—IVE) A&
Zkds. ki, HAWERY rI—s LS5
YELRXY FT—7 LOHEOFICAEL, v
PV DERENKEL, HDIIARFE OB
WY FI—=7 DT R AE—IVT—IVE < XY b
J—2 LS.

L3y bVI—JiBIF B/ — FOEROEAVERT.

2: RR7O—g/hhy hEEICKZAY F

2 v FT7—71ED S DFHRMM
i

2.1 7A—x&xvbkr7—9

BR7a—=7)13dY XL [2) &y BT — 75
FicBFB 70—y hU—JORKTO—RiEE
WWW ICER LD THB. BATO—RiEE
i, M2I0RT LI ABTY VICER (BARRE) H
BEzohizxy hU—=7IicR LT, AO (source: s)
A HHO (sink: t) ND 70— (FHE) ZEAICTS
&5 R EFHET 2RE T, BOERHEREO—2FF
TH5.

BAR70—[ETI, RROT70—ZM5LED
2w bT=I DAy FBRRT7a—R/N vy MEHE
iL&-oTEALNS. BRR7u—Ru/Nyy MEEIC
KBy OFIER 2I1ICRT. TDAY FENE
IyIRERy VT =7 2RC B AR TH B 1
», WWW ITER LRSI DAY Meko
THEIENB 2D00%Ry b= aZa=Fqk
U CHiHATREL 72 5.

TDAhY FEERECRY FT—Z N U CER
FTBCET, BEOAI =T+ HEEFRETH 5.

Fie, BATZ7O—7 NIV XLICX>THIEH
%33 2=7 4 HITS algorithm iZ X, K D
KRR EEB XS5 KA =T LS.

2.2 GN7JbdUXL

GN (Girvan-Newman)-algorithm [10] & A.0)
M2OREDUV L DTHS betweenness Z[FET S
TeTERYRI—=ID/—F, LTy IzH|
BRIZCTLHAEETH B EWVDS T AT 4 7 DITITHE
DIS>TWVWBT7IVIY XLTHS. betweenness I
FYFI=2ILBNTHS 2 ED/ —FIcNd %
FEROREETZRLIZEDTHS.

2HE2OHIITIOT Freeman A d(ggree REOAE), be-

tweenness(IEM M), closeness(HiflrF.0ME) O 3 DOHUL
 (centrality) ZREMNEZREL L TELHTVS [3].




FxbbB, betweenness DLW/ —FK (Twd) %
2V RI—=IDNEMDERL E, Xy hU—U &KL
LTOMREMETT 3. TDXSIT, betweenness
DEVEDONSIEBICW DR T ThEhERw b
U— U WNERER ENB T LITxB.

betweeneess l& % v MU — 7 2K UTEHET
ZRERHD, WWW DXSHERERY FT—
JICHEAT 5 C LIEBREM TR E» o 72D, v b
U — DLEEBIBE I betweenness #EHT 3
SET )V Y X L shortest-path betweenness HVH1S
nTws [9.

GN-algorithm TIX, shortest-path betweenness
RERBATACLICK>TAZI aT 2 DHE%R
1595, REMICE, 75X 2583357 R
OySLTSLESETACLTaAI T4 HE
5h3.

2.3 WWW b5 DiERHH
2.3.1 HITS 7ILJU XL

HITS algorithm [6] T, EE/%/— ROER T
V3T authority & hubness ZBALTWA[7]. Th
SDEMER, OR—IM5BL YT EATY
BR—I% authority BEV HEEDHB) &L,
i, ZOR—INICEBRLTWB Y VY (HF
Vo) B, BEEORBVR—I\DY VI Thh
WEZDR—TD hubness HhEV FLAMENEWY) &
3. ZLT, EH authority DIEDENR—T%
AUTHORITY, E# hubness DIEOENR—I%
HUB &L LTEETS. Db, BhlzHUB &I,
%< O AUTHORITY "DOWERY > 7 BFOR—Y
DT LTHy, £/z, Bhiz AUTHORITY &\5
DX, ELOHUBASY V7 BEBL TV B R—
DT L THB.

HITS algorithm &, ¥ 317”9 &5 HUB, AU-
THORITY » 575524 2 817 5 7 it AT REZx
T7IWIVXLTHS. UhL, HITS algorithm T
&, MHAREAROI 227 A E—DDAT, %L
LEY L O HHE NS LIXES WY, D
FERXERN 2 E2HATI2XENH 5.

2.4 PageRank

PageRank[11] B3V x 7 FFa XV ML T
PageRank LFEIENZEHRFII2ITS T Lic kb,
TrT RFa XV DSV IHTETS

B3 FFa AV p; D PageRank iZRXRIc &>

X 3: HUB, AUTHORITY M55 3528 288557

TEx6h5.

1-d 2. PR(p;)
PR(p:) = ——+d Y, £
N P EM(pi) L(p;)

TCT, NZHRLTHELTOYVz TR,
PR(p;) ZER—Vp, iKY V7 LTWBR—=Tp; D
PageRank, L(p;) ZX—Y p; IKEENB DR~
IA\DY VIO ET B, B < 1) BZBER
F (damping factor) T D, BEMIC PageRank
ZLEIFKS LT BRTHICHL, KD/NSWERRE
THIELTThCHIET BT LN TES.

PageRank GEEAR—YREELR—IUH 5
VU RERT S, LWS3EX DS incoming link %
BHTS. LhL, YV IEREDEL D outgoing
link Z2{RE$ 2 X—IH 5 D incoming link & X 1F
EEHETH D LB IRV, B¥ED, Hhicy
VIRRERAME LRV, FFaAVbELT
DHABHNRELTVEEDTHSEREZ RIS
Th3.

TV AT &> T, PageRank Tk ¥
ROBOR—IR, HBREENEIAZ 2 =T
DY VIER, YA MRV VI DOBMNEEBR—Y
BELV S DOEEFIIEL k5.

3 BXR
AT, BEXY bU—2, i WWW 23t
S U ERIC DOV TRNS.

3.1 SBLEFEOBEZ%ZE AU 15

FRELIE, RRILVIVERVWERBERD S,
WWW 3513 3T [4] IcH iz 3 _—VDRE
FHEERELTVS [14). HEREMNRICNLTHE
BORZZRIGENIC X BRBETEV, REER
DR—VEBDILFERNIHIBET 2 R—I %R
BT ETRELTWAS.

TTTEERTBANER—VIENo. 3ICRENS
NRAVDOR—=VTHB. DK ER=JlclL, ¥



DVD & mpeg & Ak

10004 4 +

0

0
A Nﬂ4b[

X 4: FERSDOFE (O [14] X 5)

55075 AZ2h 5% Authority HOR—IH 5 Y
VIRINTED, EHICKRRICHBT BERIBELAH
Bholzb WS FEDH -1z, £z, TOR=I%
KEICEHI LIz T A, FERICHER S Web YA F
THholz [16]] TENHEREINTVS.

TOT NS, WWW ICEBIT BVl NEE
THEDPVRB. Lih->T, MEHBHRI 5TV
MEEEET ST LT, BHMHEITO C LN TE
33 TH5.

TCTT, MEEERRY NT—2 2BV THVIE
ZRIETBEHITE, v b 7—2EEREKRBRIC
EETHCEVRETHZLVITLTHS. &
L, X2y b7—72KFTHDTLE, WR
LT3/ —FERAD XY bI—IBERDEL L
LHBREND B L VS T L THB. BEMIIZ,
Granovetter DERICHID, RFA7V v [5) 28
RUZOREERDB T L, BAHFOMEL L O
DEORE 3] 22Xy bU—VIcEATAT LR E
&> TREMETHS. LML, WWW DS
HEXKEZXY P—2ICH U TREEIX M OTF—
AN—2DHBEWE EDBRI S, ZTOEMIIHE
TdH5.

3.1.1 }R’R

ZTC, WWW _LHIicBU 259 M 0ESZH T
K5z, BEORRIV YV ZFIATSC
L TRy VY=o 2kESRET, £z, fHEaX
FEBEE R, BOEORRRAEFEORRES
7725 C L AFIEETH B [15]). HHOBEZRER 5
ICRT.

X 5: HH OEREK 1

% 1. HUVAEORER

BMR—U¥  Auth. W.T.
11,237 274 244
11,226 281 217
7,269 210 182

25 A (16 BEE)
535 B (14 BiZE)
28 C (24 BiEE

SEF D (20 BiEE 13,603 342 327
3.1.2 EEER

B5N/FHVE, Authority DR—VEEE 1
IZRY.

CGLDODF—7—RIZDOVT, FUVHH L Au-
thority Z[FET % Iz ICRHBEL—VEUIIH 580
R—=ITHo'=. 2 D Authority BIERT 57
B, ZORELHS, BRTHTRTOR—Y
EEAR—INS) V7 2 3BEETIEBT LT
EHARETH 5.

CDEBRMSBOSNITHOHIFIZ T L DDOBEERIC
DERNIIRN—TUTHB. £z, B5NTz Authority
ZDWVTERH 15 =Y L FZEDOR—VEMIESh
fz. LhH L, EBCE SNz Authority PF5W AT
DR—TVZFRLIz LT3, ZOELAERERT
HBLIEVHNR—ITHo. LIzhoT, T
DREFHEIC K> TY VI EEDH I LT[V =
FRICFET S LIEHETH S T LHHREEIIS.

3.1.3 BINKER

fhith & /2 Authority I21d Authority IC5EH L
BEVKIBR—IUMEELZ. Thid, Authority
DYIBIE 28T 57k ERERET, BV IED
BHSITE>TWVWBEHTHS.

LA LAENS, il EhizsimuiFEoFiciic o
T IZAROTTOFRZH > TV B R—IDEE
FTRRTTHS. TNEDR—IUEIDBVEET



T B 7z0icid, REMID Authority ZHERRS
ZRBENHB. ZT T, B5N7z Authority IZDW
T, UTOEBIT KBV DONERE AFIC L DIT
Tolk.

ZLDOR=VE, BEBODRNI VIR, T
LR S VX VT VAT LIs EOBEHY AT I
ANDOT AU R—T (ZOM) THo .

£z, TSN DR—VICDWVTE Authority
THHDICEEHLET, IZREAEDR—IWERHT
HBLBEATVAHBOR—ITHo .

& 5IC, Authority &> TWAERDE— K A
AVRY T KA VADHEY ¥ I hEDRERY »
7 (BRTIRAEWY V7 8H Authority L Rk h
TWeDE TDEHITE D) BB LickbED
TH5DTHY, —RCERRaVT VYRS
BR—VTHBLEEIBRNVEDTHoI.

ZT T, Wi 1§ 5Nz Authority BSFEI— K
AL EKBED, Authority BN/SAT— KA 7%
ROLEHEHEESTICY) YV IEDOR—IRZFNTE
N/ AL LTHRELT.

COUHEITE->T, ZhENKI%RD TR L
D] Authority BMEREET . Thic kb, YUFoD
KRE D EDHDOR—IHBF R LRESH, F
TeHWHHENEEE N Ao ZEBULEET 5.
R, BOHEMEFEELEW T —X85 5139 TH
D, TORIETRENVWEEZISNS.

3.1.4 EMH

KRICERTHEONEFBOEFHORZY LR, B85
Nz Authority WERZ LD THAHhEEREL, &
HEEITES. T2IEL, TTTREANZHEGZET
BICEDSB.

o Efi1

Authority & LTERNEHEA—-HA DKy S
N—=V%ERE LIS, 18517z Authority 13 2
DY A MHEEL, EES5LEANEETSHE
BHDR— (Weblog Tld&W) Thote. Thbd
DR—=IIREHEMH—BIT DV TIEL B EiFfey
A RTHY, BEELIEA—HITDVTEEL DEE
BRI EFTWie. £, Coflickid 50
WX OEEFHEA—HOFMF LD EiFfle=a—
AEHETHo .

C OB TR LNV 2 #2H L /2 Authority
IZOWTC, VYT TEBRLUER—VBEISARE
BT, TOYVSARRTOTSIVTREE
W88, PC AL OHBROFEELR ERR- AT
Weblog, Wiki 7z ¥ DR—VBENEZLFIB LTV
Tehagholz.

o Hfi2

iz, Bl LAk, BENEEBEA—HBOD LY
TR=VEBERL LTEBONEE, RDE5 %k
Authority M8 5N iz

# 5 7z Authority DR—V R YIFEDOUEY 1
F T, RICRROYFER - IR—VTHB. D
NR—YBEREEBRICHRILTHATSE, BRSBEE
NEREBLSVWERAER—YTHo . cOR—Y
NoR/RENB VSRR, YFEBSTR-IUhE
HERSFR—IUNELAETHD, BEIEICEET
BEZR—VIEELEh o I

TODXSER—IUNHHEIhEEROU DL
LT, FVHEH EFE & NieX— U DRITTHOEE
DREZHS TOENWR—IUTHol ST eh
EZbhb. TOFNEOR—VIIEROFEES
R—=IRTH->THD, BRE DS 5D Authority H
53V IENTVWR—IThHolzibiithEh
1eBlTchHs. COFINE, VI ERORTERT
HZITOHE, e ABATH> TEI—YHED
ABTRAVEREZESGITREE D 5.

3.2 MEHERICEDSCHIREFIVOEA

WWW 05 DERIMHICEBNT, U IdED
BlED 5 OfSHMHIc OV TRRE. COFFEICE
HEHME I ER R ERMEOSARETH B &
ERT—HT, HEEOEWVERIHEATLE
35 LWV RIEEAMNEEL. 22T, TORICHT
BZRELLT, X2V bY—IEEICBIIZTY YD
FEMRZRAVERY Y — 7 DBEEFIVERER
T35,

3.3 WMEHERICEDCHEETIVOFEA

B6DKkSIC3IN—TRDY) v R RRET S
TeIC&Y, 2y I—2icBIF B VY OEERH
BHEHENS. COBRCETE, xvbU—2
KBVWTARRLTWAIY IR, AEGLYYRE
m, HIERZITRS> LT, K@ik y hUy—4
BERHEET AT LNARETH S.

WWW iZBW\WTI, ARAInEhThinn_—y
MoV v zE8tNT5C LT, Ko#EYERy
FU—OHERHETE, & OICERMHICRIT
AT LWATREL 5.

3.3.1 B

WWW [C33V) BHERETFIVOEAICKEID, T
HRBEITRo 1. Thid, WWW 2Kicd 3



£ 2: 3X—VDY Y EIE
1 2 3 4 5 6 7
141 98 165 183 95 250 6.8

<] <
<1<

QAN

AN

6: U UKEE

BEEROMEARBETH B LH D, HA™EED
FRE & NIz K AL B 2EER, S AREF
BEORYUMEERRIETBTHDLDTHB.

3.3.2 FlRER

http://www2.fun.ac.jp/ IC B} B FEHER %
# 2, 61TRY.

3.3.3 #R

LU EDRERD SRR LTz xy hU—Hic
XUT, BEY VI mEBRETo7. B 7DLER
&, XY F7—=2IHLT, 33 a7 s HlHER
HRLUIBITHS.

KERDzW, TDXY NI—I DTy kDB
BTRELEZYVOREBLIRY NT—IRER
Uiz, BRTRLIZZy VRV V7B RIBLTWS
IyvITHB. TDETORIIRELEXY B
J—ZIKHMUT, I 2= ¢ fHEEER LF
TH3. BELVHBEHIKNLT, a3Ia=5F+D
HEMNE LS BoTWVB T LGB

—%, HREREZAVTTYy V2ENIML 26
ZB7TOETIRY. ETFIHEBLTED, %L
WA 2= FAIEVT AR 9h B

4 FL&

AT, EEERY FT— I hoEEIEEREFH
U7 HEIC DWW TR, i WWW icds
JAHHETE, FEMNICELEEREBANTWVWS

FELVWIZI 2T

/!/

&/W

//LJ

FREBT—ATOIAZI =T RRFEHODAZ 227 1 il

X 7: ERRIER

TIVIY XLBZNY, ZORKHEEIZAREEWL
HICEH> TV 2O HIRTH 5. AR, KRR
T—RN—ZAWRE L x5 BIREBUERITS T
<, BEERD S EEEHOMBANTEETH B C
LxERLIE.

¥z, F—U—F—-BicksMELIZRED,
BONZEROEN RS T L LEHBHRD S DOHl
HAMICHBI 2RHMTH Y, BHREB L LTOIEA
LEEZIBNS.

BEH

[1] Barabési, A. and Albert, R.: Emergence of Scal-
ing in Random Networks, Science, Vol. 286, No.
5439, p. 509 (1999).

[2] Flake, G., Lawrence, S., Giles, C. and Coetzee, F.:
Sell-organization and identification of Web com-
munities, Computer(Long Beach, CA), Vol. 35,
No. 3, pp. 66-71 (2002).

[3] Freeman, L.: Centrality in social networks: Con-
ceptual clarification, Social Networks, Vol. 1,
No. 3, pp. 215-239 (1979).

Granovetter, M.: The Strength of Weak Ties, The
American Journal of Sociology, Vol. 78, pp. 1360~
1380 (1973).

Granovetter, M.: Economic Action and Social
Structure: The Problem of Embeddedness, The
American Journal of Sociology, Vol. 91, No. 3,
pp. 481-510 (1985).

Kleinberg, J.: Authoritative sources in a hy-
perlinked environment, Journal of the ACM
(JACM), Vol. 46, No. 5, pp. 604-632 (1999).

[7] Kleinberg, J.: Hubs, authorities, and communi-
ties, ACM Comput. Sury, Vol. 31, No. 5 (1999).

[8] Milgram, S.: The small world problem, Psychol-
ogy Today, Vol. 2, No. 1, pp. 60-67 (1967).

[9] Newman, M.: Scientific collaboration networks.
II. Shortest paths, weighted networks, and cen-
trality, Physical Review E, Vol. 64, No. 1, p. 16132
(2001).

[4

ey

5

6

—

4,284,



[10] Newman, M. and Girvan, M.: Finding and evalu-
ating community structure in networks, Physical
Review E, Vol. 69, No. 2, p. 26113 (2004).

[11] Page, L., Brin, S., Motwani, R. and Winograd, T.:
The pagerank citation ranking: Bringing order to
the web (1998).

[12] Watts, D. and Strogatz, S.: Collective dynamics
of ’small-world’ networks., Nature, Vol. 393, No.
6684, pp. 409-10 (1998).

(18] =2 - TFvF 2 SR HR, BRER] - 2y
F 7 — 7RO, HEE (2005).

[14] FFES : RE—IVT—)V REEFIA LI WWW »
SOEMREREMEE, BAY 7 by TRERA V2 —
xv bFo/uvu—2ov 3w 7 2008, 10 (2003).

[15] BHA S, KRE—: HULBFOBRZAHLE
WWW b5 OERIMEFEORE, F2EH, B
108 # of AI2008-81, pp. 99-104 (2009).

[16] TRHERN, TEER: <X FT—0" OF%E (<RFHE>
FHRLEAM) , ATHIHE¥REE, Vol. 18, No. 6,
pp. 716-722 (2003).



