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Abstract Social bookmarking is one of the most interesting trends in the current web
environment. In a social bookmarking system, users annotate a web page with tags, which describe
the contents of the page. Numerous studies have been done using this information, mostly on
enhancing the quality of web search. In this paper, we use this information to measure the semantic
similarity between two web pages. Since web pages consist of various types of multimedia data, it
is quite difficult to compare the semantics of two web pages by comparing the actual data contained
in the pages. With the help of social bookmarks, this comparison can be performed very effectively.
In this paper, we propose a new similarity measure between web pages, called Web Page Similarity
Based on Entire Tags (WSET), based on social bookmarks. The experimental results show that the
proposed measure yields more satisfactory results than the previous ones.
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39 12 oA g HolAg} el1e) H{Fe] SMME
43 A3 ootk 2y 18 B9 4719 §) #HelA
A, B, C, DS} 3709} B2 ‘programming’, ‘ava’, ‘tour’
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d], A, B, C= ZZ ‘programming’® Yava’ 183 D
= ‘java'$t ‘tourE EBlE ZIXm Qioh. F sl 4+
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A doh FU2 18 Aup Zz2add #% FAS
Yehlie, S8 2& bl A &3] B FAE Y
Wk 29 19] REF T & 879 FA] A o
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Pages Tags

£ 13919 2%

Class 1 Class 2

p(Co) 0.75 0.25
p(‘programming’| Ca) 05 0
p(‘java’l Co) 0.5 0.5
p(‘tour’| Ca) 0 0.5
p(AIC.) 0.33 0
p(BICd) 0.33 0
p(CICa) 0.33 0
p(DICo) 0 1.0

o]l (A, ‘programming’), (A, ‘java’), (B, ‘programm-—
ing’), (B, ‘java’), (C, ‘programming’), (C, ‘java’), (D,
java’), (D, ‘tour) & &9 6707} ¥ 12 EFHA
o, Yoz 27e Fei& 28 BHFHAh

T%d SMMOZRH off & 13 2 @#ES 4A
"ol ¥ 1 7 Fg20t dA4g 85, 4 Sz o
g 4719 g #Holz Zzte]l Yeld FE, Z+ Z#jid
izl 3/0e] Bl Z4zte] Yehd &S yehdth

¥ 1 29 19 19 2% ado] vep= vl9)
2ol ZF 8719 FA LA Hely F 6717 FH& 12
/=l P(C) = 0.75(= 6/8)°] ATk °]gh {FASHA
P(C2) = 0.25(= 2/8)°]t}. elx Ee2 12 ¥/FdE 6
A9 FA A dlolele] tia] 3719 ¢ #le]A] A, B,
C7} 2914 Jehgom g P(AIC)) = P(BIC) = P(CICy)
= 1/30]th. E=3 919 oo} 3789 Bl F ‘program-
ming'® java'vs Zd& 19 &3 6719 FA] 2
deolel F ZtZt 334 Jehde=g  P(programm-
ing’lC1) = P(java’lCi) = 1/2¢|t}. o9} RALSHA ‘java'
o ‘tour's FA = 29 &3 2709 B4 A dolH
F 42 19 Jel2Z P(java’lCz) = P(tour’|Ca) =
1/20]tk. 7|14, Java'dle Has o2 gHaste 29
g 13 F82 29 U8 EF oRt 2A JEhe
& P(javalCy) = 1723 P(java'lC) = 1/2& 7149
froalol gt olAL ‘javast A2 137 G2 2 4
zte] FAd W) F 7kx ouiz ASEHdUE RE
UeRdTh o oA A E B =FoM Agste w

Class 1

Class 2

Pages Tags

2y 1 8 #o)xg} ef28& SMMell FHE3e e o



108 AR 383 =8x)

He 2 g Holxst 7 gz dis] Jele 2R
ZE pPilC)e AHEEA g3, 7 Zeav) wag &
£ p(Cd ¥ Z} eja7t 2} Sl is] veld =4
2 &5 ptlCyvre Mgt

3.4 Web page Similarity based on Entire Tags
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QoA AE3 p(CdF p(tilC)e AHE3HE, T Y
2 63 wrt 22 2N Yebd & plt A w)
< 23 o] A 4 it

p(t, Au,) = . p(t, Iul) (U) (2)
25 0(ty [ C)p(Ca ) - o)
S (U1 | C)r(C.)
Zg: o(t; | C,) T‘Jl)_ p(u,)
z_) p(t; | Co)p(u; 1C,) - p(C.)

9t 22 Yo R plu A t)E AN plt A )
S Zoe AS G F Ak g2, F ez 43 wot
22 FY2dA Yeprd Q‘%E 2] (3)7 o] THEA}

Ep

p(tl/\ul)=p(u1/\t ) p(t, | C,)p (u, [C.) @

olele] 4 (e 4 (S 3 B ty, t, wE 3
g Reldh Al A 8Lt t, w7t B Fe2olAM Y
g FE pl Atz A w)S G55 o] AN 4 Q1.

p(t, Aty A, )= p(tll\t2) oy, |t AL,)

=p(ty) - otz | t,) - Dy [t,AL)

p(t; Aty [ uy)p(u,)
p(t; Aty)

=p(t,) - p(ty I t;) «
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- St 1ot €y - B )
C D(lll | Ca)p(ca) p(ul)
R A (VR N

=31, p(t, | Cp(t, 1 C,)pluy | C)p(C,) "

A9 4 3)F (PYERE m+m)ARY B2 6, t ..,

tn, U1, W, .., Un?} B S22 Jeld #FF py
Atz A Ata A Az A o A un)e TR 2ol ARt
g 4 Aok

(t1 Aty A -+ Aty AU AU, A

- E Hp(t IC.) - j_ﬁ"(“" IC.)-0C)  ®

5 9 #HolA P Q9 HIES AF [ty t, ..., ta)
4w, w, .., B2 & d, PY QY HA=E
S,(P.QE ty, ta, ..., o Um7F ZE S 20
A yelg &4 829 A9 (n + mSE FHsl 7]
3 BEs @2 @olth. =AM § HolA P} QO #
AlEE HFAHez dg9 4 (6)7 »o] FHoHot
S,(P,Q)="*p(t, Aty A - At AU AU A - Al)  (6)

a9 2¢ Agkslks WEE Yehle 5 F=(pseudo
code)o|t},

4. 48 21t
4.1 M= HoIg

e Auy)

tn, w1, ug,

{
/* sMMe2 doiFl A} +/

Cy, Ca,

plt;|Ca)

7% Pt Q8] AL AAE +/

€1, ta, «.., Ent

**%/value

value =

return value

function similarity(P, Q: H|E thAto] &= 4 Holx))

wr Ck: FO|A gAY 4 FH&
p(C): X 7t 2AY &E (1 <a<K)
: Fda o7 2ARE o, W e el 28N BE (1 €a<K)

po] ¥&g w2
s oeees un: Qo FEE "
value = F&_; [T P(tICa) - TTe p(wj|Ca) - p(Co)
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Aekste A WSETY A5g 337 3, &
A= WSETH 23A AHg SSR#Y] 45S
vtk d9A ¥ 29 22 AE dolHE AN
SSR¥% WSETZ fAIEE A @g ¥usidrh
WSETd dsjME, SMM& 75371 i) 2789 4
P25 AFIFG E 200 el 9§ HolAES
71220 2 ‘programming’®} ‘travel, T /¢ FPLE
EFd"ch ¢ #HeolA] A, C, D, G, H, J& ‘program-
ming’e] FHE FAIE oF2 glem, { #Hlo|A B, E,

F, I+ ‘travel ™ #HH FAE FI Yok

¥ 37 ¥ 4% Z}z} SSRH WSETR2.2 AR €
HolAZHY FAIEE vedth EM A, B, -, JE
g FolAS vehix, & e Fhe #HolA e {A
S5 Yehdoh 43 Rl &% ule} o], FAE F
A T HolA 7 fALEE SSRY A [0.135,
0.219], WSET®] 7% [0.216, 0.231] Alo]9) gkoe= H]
%3 ¥99 e /IRE Aoz vt AT fA
32 e HoASYNE BT SSRelME AR

3 2 Example data set

Page Tag Frequency Page Tag Frequency
Java 25 Java 19
A Programming 13 F Island 15
Software 8 Tour 17
Java 13 Java 27
B Travel 21 G Eclipse 15
Island 5 Software 10
Eclipse 18 Eclipse 11
C Java 15 H Programming 12
Programming 13
Software 18 Java 19
D Java 15 I Indonesia 15
Programming 13
Travel 19 Java 19
E Island 15 J Software 12
Indonesia 8 Programming 7
¥ 3 SSRe A
Page b c d e f g h i j
A 0.0521 0.179 0.199 0.0147 0.0840 0.186 0.159 0.113 0.211
B 0.0631 0.0892 0.143 0.127 0.0549 0.0177 0.117 0.102
C 0.157 0.0150 0.0942 0.156 0.242 0.129 0.135
D 0.0174 0.0921 0.138 0.164 0.122 0.219
E 0.130 0.002 0.002 0.101 0
F 0.0723 0.0123 0.1573 0.141
G 0.117 0.1051 0.210
H 0.0029 0.0250
I 0.211
¥ 4 WSETS] A% g
Page B C D e f g h i J
A 0 0.216 0.231 0 1LIE™ 0216 0.216 14E7 0.231
B 0 0 0.176 0.150 0 0 0.176 0
C 0.216 0 LIE™® 0216 0210 1.3E™ 0.216
D 0 LIE™® 0216 0.216 14E™ 0.231
E 0.154 0 0 0.176 0
F 10E™® LIE™® 0.148 5.1E%
G 0.216 12E™ 0.216
H 1.3 0216
I LIE®
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t$ ddFoln AAXNY AnE dr] 8k, htep//
delicious.com[6]olA] delz AeEld 10,00071¢] € 3
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X 5 Sample similar pages

Web Pages Tag Information
1 http://www.graphdrome.com/ [design, illustration, portfolio, =]
2 http://inspiredology.com/graphic-design/typography [typography, design, inspiration, font, **]
3 http://feltron.com/ [design, portfolio, inspiration, typography, -]
4 http://www.maxomatic.net/ (illustration, design, portfolio, graphic, -]
5 http://www.adrianjohnson.org.uk/ [illustration, design, portfolio, ]
H 6 Results of similar pages in & 5
Page 2 3 4 5 2 3 4 5
1 0.017 0.018 0.069 0.038 0.016 0.015 0.011 0.042
2 0.031 0.021 0.027 0.030 0.023 0.016
3 0.018 0.028 0.046 0.015
4 0.038 0.011
SSR Results WSET Results
& 7 Completely different pages
Web Pages Tag Information
6 http://developer.apple.com/tools/developonrailsleopard html [rails, ruby, osx, mac, development, ---]
7 http://www.overcomingbias.com/2008/02/my-favorite-lia.html [education, teaching, learning, economics, ]
8 http://www.photoattorney.com/ [photography, legal, law, copyright, «]
9 http://www.sungevity.com/#start [solar, energy, home, green, -]
10 http://www.yumsugar.com/1663993 [coffee, recipe, food, dessert, cooking, -]
11 http://www.chami.com/html-kit/services/favicon/ [favicon, webdesign, icon, tools, ]




HE o] &3 @ FHol ARt AR F3 WY

# 8 Pages with ambiguous tags

111

‘Web Pages Tag Information
12 http://960.gs/ [css, grid, webdesign, webdev, -]
13 http://code.google.com/p/trimpath/ [javascript, framework, library, ajax, webdev, -]
14 http://www photoshopcafe.com/tutorials htm [photoshop, tutorial, graphics, howto, -]
15 http://www.pctools.com/guides/registry/ [window, registry, tweak, howto, -]
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3 10 Results of different pages in
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Page 7 3 9 10 11 7 8 9 10 11
6 7.8E % 61E® 15E™ 16E™® 89E™® 0 0 0 0 0
7 15E™ 6.7TE® 42E® 20E™ 0 0 0 0"
8 7T6E™ | 62E® | 62E™ 0 0 0
9 15E® 1.0E™® 0 0
10 84E™ 0
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