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abstruct: Recently Web-pages on World Wide Web are explosively increasing, and it is now

required for portal sites such as Yahoo! service having a directory-style search engine to classify

Web-pages into many categories automatically. This paper investigates how rough set theory

can help select relevant features for Web-page classification. Our experimental results show

that the combination of the rough set-aided feature selection method and the Support Vector

Machine with linear kernel is quite useful for the practical purpose to classify Web-pages

into many categories because the performance gives the acceptable accuracy achieving high

dimensionality reduction without depending on arbitrary thresholds for the feature selection.
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�O���G�J����&í�A[C4.5

[6]
�̀¤�qr��̀&íJ=Ö?¾¿=Yahoo!

JAPAN
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[10]z�3=24h{�,h56é5Pst����ñ�
(
����Gdt�����=TF-IDF
�f½

)
?
67=34h2!r?qr (C4.5=SVM)
?8Ë=

44h�����P��¾¿=9:2?;�̀<�=
54h�,?yPç̀<�tz

2=>?@AB
qrCDhC=EFG“��”(feature=“��”P�stÖPÆLt

)
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Æ?w·ÕstzM. Dash
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¬̀U>�̈t=y�CVJðW3�̈f¤ÖP
(iii)
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[4, 1, 7]
?ñ�G�J�\]56̀
Ùez

2.1
_̂̀abcdefghijkl
��������Gdt��»û

(Rough Set-

aided Dimensionality Reduction=�P=RSDR
P
�st

)
C�3?deG�J�OtzmnBoUVwÙ=��wp?��µ/(decision table) T̀
P
J�RAYq³VwLtzUCRAYq³V?G?s��?mnBoUV��=ACa : U → Va (rJ

, a ∈ A=Va
C

a
?µ?��

)
ftN�?��?
��̀/szAC=sà��?��C=ÚdMtuGvwFf

C ∪D = A
hLt����?��

D
G
qx�Otzyz?P ⊆ A
GK¤��3?1µ�
{

I(P )
w�J�Otz

I(P ) = {(x, y) ∈ U2 | ∀a ∈ P a(x) = a(y)}

ÖOC
(x, y) ∈ I(P )
GÚ¤�=mnBoUVxP

y
C����

P
Gd0�|}stÖPwh�
f¤ÖP̀�sz“P
?|}(�f1µ�{

”(P -

indiscernibility equivalence relation) I(P )
?1µ
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[x]P
h/�Otz�$?1µ�{I(P ) (rJ=

P ⊆ C)
GK¤�=yz?X ⊆ U
Gést

“
3;�

” PX
Ç�h�J�Otz

PX = {x ∈ U | [x]P ⊆ X}

“D
?

C-Positive Region”
C=̧�h�J�Otz

POSC(D) =
⋃

X∈U/D

CX

ÖOC
C
?��µGd0����U/D
?Ë�?U
�XG��GqrstÖPwh�t

U
?mnBo
UV?��̀z�J�¤tzÆJ=POS(C−{c})(D) = POSC(D)
hLOÍ=��

c ∈ C
C��µ/

T
GÚ¤�qr>âËhCf¤zNehf�OÍ��cCTGÚ¤�âË(¼�Pftz����R ⊆ C
w=sàPOSR(D) =

POSC(D)
�̀�s

⊆
G�st��

(minimal)
?�
���hLtfÁÍ=RCC?»û(reduct)
P	
ÍOt

.
JÓJ��Xß
QW?CDPJ�=s��?»û��C

NP-Hard
Pft

[7]zÖ?��X?CD̀��st�çG=Web@AB?mXVqr?�ç?����PJ�=�ÉC¶·γP (D) 1

γP (D) =
‖ POSP (D) ‖

‖ U ‖

P¤e��AWXmS³UX̀��J��3?
QUICKREDUCT
°[nWv�

[4]
�̀¤�»û̀
��stzÖ?γP (D)
C�Nf��AWXmS³UX
hCf¤?h=Ö?°[nWv�h��?»û̀âøJÆ	
stPC�Áf¤zRAYq³V?̧¹̀��G»�stÖPGÚ¤����w=��?»ûG
;¤EK?»û?¦̀�K�tzQUICKREDUCT°[nWv�C=Cwn¹̧?��=èL��XC
O(n!)
�w=����XC=��FG��O(n)
h
LtÖPw4��O�¤t

[1]z
QuickReduct(C, D, R)

Input : C
Cs��?sà����

D
C������

output :
»û�O�����

R(R ⊆ C)

1. R← φ

2. do

1���A�� !, ‖ A ‖"A�#$%&'()

3. T ← R

4. ∀x ∈ (C −R)

5. if γR∪{x}(D) > γT (D)

6. T ← R ∪ {x}

7. R← T

8. until γR(D) = γC(D)

9. return R

2.2 TF-IDF
fghij*+

TF-IDF
µC=34\]GÚ�t],�PJ�?��?-¦̀/sµh=(i)EK?,-.GÛð&ÔJ���CN?,-?./PdM�{wLtz(ii)dMÛð?,-G&ÔJ���C-ËhCf¤zÖ?

20̀91JTF-IDF
?µC���O={56hC32?�̀�¤tz

tfidf(t, d) =
tf(t, d)

Σs∈dtf(s, d)

(

log
N

df(t)
+ 1

)

t
C��=dC,-=NCN,-k̀/sztf(t, d)C,-

d
?Gh?��

t
?&Ô�h=df(t)
C�
�

t
w&ÔJ�,-k̀/sz

TF-IDF
µ̀�¤�����ñ�Ç?deG�
J�Otz.UV[3ÞQR[hC=,-dC=NOG&Ôst��

tÈKøK456Gé78��.UV[h/Ô�O=t?6?
q?µC=NO?
TF-IDF
µwLt́µ̀9ª�¤���G

0
hf¤
µ

(
{56hC

1)=̀NO�:C0?µ̀aKz

2.3;<=>?@AfBCDijEF
êëÁ?56

[9]
hC=RAYGZu_H?qIh�*fþXÿ³Vq�Gîï�=Web@ABÓÁ��µ/?RAỲÒ
st�çGÛ�°Zm���̀��PJ�	
stzþXÿ³Vq�C°Zm�?��̀��P¦fJ=��J�́µ(Ja

:support)
dMÆx¤°Zm���̀%ðz°Zm���?JaPCNV�_KURS_kGéJ=°Zm���IL̀MstV�_KURS_k?x�P�J�O�¤tzè�Ja(minimum

support)
dM%�fJàaK°Zm���CÛ�°Zm���P	ÍOt=êëÁC=Ö?Web

@ABÓÁN&�O�Û�°Zm���̀Web
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@AB?NO�O?lmnWÀ��st��PJ�¤tzÖ?deG��̀	
J�P=��µ/(Ùp)TC�3?deG�J�OtzcL̀tU�X=Tc
C
U�X

c
?��µ/=Pagec

i

C=U�Xc?i�#?
Web@AB̀z�J=N?@ABGMyOt*+?��

(
°Zm���

)
h/Ô�OtzAttributej
C
U�X

c
dM	
�O�

j�#?Û�°Zm���
Itemsetcj
PstzTc[i, j]
C

Itemsetcj ⊂ Pagec
ihLOÍ

1=Nehf�OÍ0PftzèPG=TCs��?U�X
c
?��µ/

Tc

L̀§̈�Æ?
Pftz

3
���

24h<������ñ�?���̀��st�çG=2!r?qr ̀��stzqr GC���&í�
C4.5
P

Support Vector Machines
�̀¤�z

3.1��	
��: C4.5

�RAYw��µ/PJ�$ªÁtP=���&íCU�Xw�?�J¤RAỲqrstÖPwh�t���̀	
stz�J¤�ÌC=���?��A±h���O=N?¾¿�����̀��stzC4.5 [6]
C=��A±h��st“mXV”`�À\�P	ÍOt��î�̀��J=[AVÓÁ�À\�?x¤mXV̀�A±PJ�	
J���
�̀Ð�stz��A±C=mXV?�§MGU�XÇ�.[̀M�z�J¤�Ìw��A±G�stP=���&í�CNÖG���O��.[̀��J�NÒqrstz

3.2 Support Vector Machines

yø�çG=¡¢£?SVM
�̀ stzd¹̧��3Þ?Gh�RAYC=�É?RAỲ.UV[PJ�

{x1, . . . ,xm}
h/sÖPwh�tzNJ�=

{y1, . . . , ym} ∈ {−1, 1}
CNO�O

xi(1 ≤ i ≤ m)Gé7J�U�X!k̀/J=yi = 1
C"Ì̀/J=

−1
C#Ì̀/szN?P=ÖOÁ?�.UV[��ÓÁ&í�O�U�X?$%¡̀��J�=�?U�X?.UV[̀qrstz¡¢£SVM
h
CÖ?$%¡Ç?�=

f(x) = wT x + b.

h/�OtdeG9�&PftzwCd¹̧?-¦.UV[h=bCþZ°X̀/szEFG=SVM
Gd0���O�U�X 'C

prediction(x) = sign(f (x))
h/�Otzsign(z)C

z ≥ 0
hLOÍ

1=Nehf�OÍ−1
(̀s�
khLtzy�=f(x)b̀gAV.UV[si?��

SV s
�̀¤�/ÔstP̧?�w%ÓOtz

f(x) =
∑

si∈SV s

αiyiK(si,x) + b.

Ö?
K(z,x)
ClA)[(£)P	ÍOtÆ?hLtz¡¢£?��=K(z,x) = zT x
PfM=qr 'C

sign(wTx+ b)
P/sÖPwh�tzÖ?P�-¦.UV[

w
Ç?deG/sÖPwh�tz
w =

∑

si∈SV s

αiyisi.

{56hC¡¢£?�ÓGÆ̧?defÛ*�£
(p = 2, 3)
Æ��J�z

Polynomial Kernel K(z,x) = (zT x+1)p.

Ö?
SVM
?�A[PJ�+«./0&12%&
'%&hÜE�O�

TinySVM [12]
�̀¤�z

4,-./0123

4.14e567
êëÁC

Yahoo! JAPAN
?

14
?V³õlmn
WAdM5K?lmnWÀ��J=N?Web@ABGéJ�qr��̀Ù0�¤tzN?lmnWAPC82P×,

(Ah)=cB)XP9:(Be)=;<
(Ed)==>(Go)=?@PA&(He)
?

5
KhLtz

(B1CD)ôÁClmnWAEPû250
ú?

Web@AB(�
1270
ú

)
F̀ÒGGüý_öA±J=N?Web@ABGéJ�
HTML
YH?åK=¢H�I�f½?ZJ�̀Ùez¢H�I�GCK{�¢H�I��A[hLtLM[11]
�̀¤=�@ABÇh�sdeGlmnWAcEPG*+?��?Pagec

i

(1 ≤ i ≤ nc)
h/�Otz

classc ⇔ {Pagec
1, . . . , Pagec

i , . . . , Pagec
nc
},

Pagec
i = {wordc

i,1, . . . , wordc
i,j , . . .},
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Pagec

i

C
classc
G�st

i�#?Web@ABÓÁN&�O�*+?��hLtzy�=wordc
i,jC

Pagec
i

?
j�#?*+hLtÖP̀�sz{56hC=êëÁGd0��çÁO�1270
ú
?

Web@AB̀��J�zJÓJêëÁ?56hC
1270
ú?

Web@ABÓÁ=�ÁG1000
ú?@AB̀��J�¤tzêëÁPC§øÓG�ftw��1�RAỲ�¤=qr��̀Ù0�¤tzy�=1270
ú?

Web@ABÓÁN&�O��ft°Zm�?�k
(
KyM*+?úk)C=11385
úh
L0�zÖ?deGZJ�:¦RAYq³V∪Pagec

iC
Web�AB̀qrst�ç?�RAYPfM=

24h<��!É?����ñ�w~��Otz
��
���

TF-IDF

RSDR

	
��
C4.5

TinySVM

��HTML����������
∪Pagec

i

	
��
Data

���
�� !

B1:"#$%&'()*

4.2
j+,-./0
Ģ�s

4
K?µC=qr¬̀��st1PJ����Ot

[8]z
• TP :
"Ì̀"ÌhLtP23J�,-?k

• TN :
#Ì̀#ÌhLtP23J�,-?k

• FP :
"Ì̀#ÌhLtP23J�,-?k

• FN :
#Ì̀"ÌhLtP23J�,-?k
ÖOÁ?µ̀�¤=qr��PJ�"4�(Accu-

racy)=56�(Error rate)=~��(Precision)=7Ô�
(Precision)=F1

µw̧�h�J�Otz
"4�

=
TP + TN

TP + TN + FP + FN~��
=

TP

TP + FP
7Ô�

=
TP

TP + FN

F1

µ
=

2
1~��+ 17Ô�
~��P7Ô�CVTA±m�?�{GLtw=½8ÁÆ91stâËwLtzNÖh={56hC=

~��P7Ô�?�9��hLt
F1

µ̀qr��
?èÆ-Ëf��î�PJ�)�J�z

4.3:;<=>?@.AB

4.1Ch<��5K?lmnWAÓÁftYahoo

RAỲ�¤=̧?CDz|̀a8��̀Ù0�z
(i) TF-IDF
Gdt����ñ�ßÛ�°Zm�
��̀��PJ�ñ�P\]J�=RSDR
?ñ
�C½?D=Web
,-?mXVqrG�
�hLtP¤ªtÓ

?

(ii) SVM
?lA)[C½?£wWeb
,-qrGÚ
¤���wèÆ«¤Óz

(iii) QUICKREDUCT
°[nWv�?��C½e
Óz

4.3.1EFGHIJKLM

B1G�sdeG=ZJ�:¦RAYq³V
⋃

Pagec
i

G
24h<�������ñ�̀~�J=���O���?¦̀�¤�»ûRAYq³VData»̀û�O���µ/PJ�	
stzÖ?��hC

TF-IDF
µGdt����P

RSDR�̀0�4K?¥¦�§̈GdM=����?��Ù̀ez

4.3.2NOPQKRS
qr¬C=»ûRAYq³VData
�̀�J=qr 

C4.5
y�C

TinySVM
�̀¤��3?de
G���OtzèTG=êëÁ?��hÙ§O�deG=�lmnWAcGéJ�»ûRAYq³VData
dM=N?lmnWA?"Ì=#Ì?2U�XÓÁftRAYq³VDatac

Ð̀�stzKyM="ÌCcG�st
Web@AB?mnBoUV=#ÌCcG��f¤mnBoUVPftzÖ?defDatac
C=2U�Xqrhqr��st�çG���OtzN?Uf�V?

1
KG=qr TinySVM
CRAỲ"ÌP#Ì?

2
U�XqrJÓh�f¤w=qré5?

Web@AB(mnBoUV)C5U�X(lmnWA)Gqr�O�ÚM=qré5?Web@ABGCjk?lmnWAG�stÆ?Æ·Õstz2U
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�Xqr̀ÙeP
Web@ABC1K?lmnWAG��ø=jk?lmnWAG�st¾¿Pft��ÆLtw=N?def@ABwLt?C>2?deG��hLt?h=Ö?ñ�̀��J�z
Ģ=RAYq³VDatac

�̀¤�qr 
C4.5ß

TinySVM
h

n
qx�6\�Gdtqr��̀Ù
ezÖ?ñ�C=Datac
?G?mnBoUV��̀=��2J¤Ë�k?

n
ú?�q��Gqxstznú?��q��GK¤�=NO�ÒmXVRAYPJ=N?mXVRAY�:?n− 1
ú?��?9
��̀�RAYPstzN?nú?b_õ[GéJ�

n�1�fqr��̀Ù¤=NOÁ?��µ?��̀�¤�Ö?56?°õöA÷?��µPs
tzêëÁ?56?��hC4qx�6\�̀Ù0�¤t?h{56hÆ1�?\�̀Ù0�zB2P
B3C5K?lmnWAEP?Datac 4̀
qxJ
qr 

C4.5
P

TinySVM
h

F1

µ̀��J=NÒ��J�Æ?̀�sz�B?G?4{?H��C����ñ�?
4
K?¥¦�§̈Gt�stz
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B3: SVM���	
��F1(��

/
1:
qr��
��	
������(%)

R T
	
����������

F1

�

C4.5

��
11385 86.36 77.85 43.91 55.88�

0.4 1113 87.01 76.81 49.57 60.11��
336 87.23 78.16 49.94 60.80�

0.25 371 87.18 78.81 48.80 60.14

SVM

��
11385 85.26 67.17 52.91 59.09

(���)
�

0.4 1113 87.10 72.63 58.47 64.76��
336 88.19 77.62 58.16 66.46�
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