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 nC�^v�¯L°c±bÜGÝ�Âô�C�w�T�l�|���Z²

³xOG¶ · U�2Ct`X
N � IT�C���T��O|fEgCjlk�y
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Fuzzy C-Means
³

(FCM)[1]
��H ¹JI ºK&LPÅÓzbvwSxk�M�-ONT�QPcÄwI

1 ~ ¡c�CkZy Mendes
��wU�mZI$MB-RNx�SPbÄb[ZFCHcfEg�O�T#�p�)UCÙ.nSV�W�¨ULqb¯L°�±l�C�Z�T���R�E�wI

1 ~ ¡C�Gk k-means
³¶ · ¹ 9cSNfEg	@cµ\[�¤*�p� [5]

ym û �p�c¯L°xa`�b���J�l�|���YnZÿ	�
�����b�w�T��Z�C�EI�X�Yl[Z�c¸#ÅZ�Y��Ò`ÔYOb�NU ü ­�[
Ying
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���pD%�p�
^�_�Í|ÕYI�e&f Ï[�¤#�p� ¹ I�¡T�Gkwy��p����XEo��hg%����FCH`I�Ë�����T�|Ù`I
i��Cµ\[�H$T�D%�¨UNÜGÝ�Âô�C�L�T�P�R���nC�pvN²c³Y[�^$_'��vESYkL��"LUwØCÕxIT�b���J��O|ÆÇ I�FCHJo�ÚC�CjlkTmTn|[RÛ#�pv�STXNSbyC«��Bj$k'��G�C���J�|ÙJI)i��cµx���|�b���T�RÕxIOlnm�o�pGoc¡®ck�¯Z°baJÿ����$�����Z�C�\���w��²w³x[J�)�*���

[9]
yg����wU�q�rLÁbÝY��OZÆ Ç O���d Ï [�¤'�p�boEULFGHf�gTÙxIB^&_��Z¼�½Lz`vcS`XNSGy

Ricardo
���NU

Webs Ý$��ë$tT[F�Óa�nE�ß�wU�¯Z°CaCXcÿ)�����������b�\��E�
[3]
[�LCSb�	uc��ë	t�v\�B�G�E[����'��vwSxk

[2]
y���P�pXNoP�¨U�LbS���zTvwSYkE�c�Z�G�l���E�blnw`�LU-TÝ)-�[�xc�CjPk���"cI ¹ Ic¡�y
zGFCHcfEg�Oc��LGS�ôzTvESTXwSby

3 {}|�~��� ²E³T�ZU
2 ~ IB�GXNu|�C��G&�EIb���|�b�\�^�N��²³\[��JñN¸x½
�`vEULØbÕxIð¥¨§C©��c[�� ~ FCHY[����
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FCHEÈY���×]`_baGXE¯L°l[��PkGmTn^o��¨aC¡T�GkLy�¢zT£wz`I`�C�L�T�l�|���EOwÊ`óbkJ�C»*n�÷\­���[��J�O� F¡�j�k�y

3.1 ¢¤£¦¥¨§O©«ª!¬®­°¯²±´³ÿ	�
�����b�w�T�P�R�c�wIR�¨aT�wUNFGHTo�ØCÕYIT����T��OZÚC�CjlkbmJn|[�Û'��XEo��ôÆ Ç I�FCH�È�[�ØÕ\IT�b�L�T�cOZfEgTjlkGmJn^¡T�GkLyYm�zYOJ¶ · UEW«N�CO�F�HLÈTI'¥Ó§N©��N[�fLgcjYk�mCn�oE¡C®ckRyLÿ�����Z�����b�\�p�N�ZI�µ)¶Ga�XZ²L³GIB·ln ~ ¡�� · U�{¸xO ¹ LcSC� Fuzzy C-Means
³`O ~ Scv��C�TO� �¡|jkZybm|IL²E³T�LUC�c�Z�G�\���E�LI|Æ Ç

xj

oN�wíTIG��|�b��ILñTO��EjYk�IN¡��EXYºôUpËY���|�b�
Ck

ÙCIBi�cµ
ukj ∈ [0, 1]

[�¹F"Gk ¹ I�¡G�Ck�yF�HB'�¸\[
dj={d1, . . . , dn}

UpF�HJOJ�`«Rz�k��Z��'¸P[
ti={t1, . . . , tm}

nÓjPkYn�UNFbH
dj

I)º�»l[�¶CjFcH�,\�.¥/-
{dj1, . . . , djm}

I�,\��¥.-x�ZU
TFIDF

[LJSGv
¶Cj*n
dji = tfji ¼ idfi

U
idfi = log(n/ni)

nRXkwy
tfji

��FbH
dj

OwÊxóTkZ�w�
ti
I � }�½LÕTU

ni

��w�
ti
o � }�jlk�FCHNÕ*nÓjlk�ymZI�,��*¥.-�[�LGScvEU

Fuzzy C-Means
³xOT¶ · ËFCH

dj

IT�C�Z�T�
Ck

ÙGI
i���µ
ukj

[�¹b"Gk|y�M�-Nx�ZPbÄ��B¾�¿bI`¶ û O�XTkZy
À�Á �E�|�C�^Õ

c
UNÿ����$�ôD�<\�)u|ÝT�

m(> 1)
UpFH�,��#¥/-

dj(j = 1, . . . , n)Â Á i��cµ
ukj(j = 1, . . . , n; k = 1, . . . , c)

Ux�C���T�É�+
vk(k = 1, . . . , c)

1.
FlH

dj

I3���J���
Ck

Ù�I�i��\µ
ukj(j =

1, . . . , n; k = 1, . . . , c)
I�Ã�Ä�Å3[`�J�$ÆJÄJO�p"Gk�y

2.
Ë��C���b�NITÉ�+

vk

[
¿bI
ÇT¡)¹b"Gk�y

vk =

∑n

j=1
(ukj)

m
dj

∑n

j=1
(ukj)m

(1)

3.
i��cµ

ukj(j = 1, . . . , n; k = 1, . . . , c)
[B¿GI
ÇJ¡¹�"bk|y

sim(dj,vk)
�RF�H

dj

n|���|�G�cÉ�+
vk

n�IRgc�bµ\[�¤Cjcy

ukj =





c
∑

k
′
=1

(

sim(dj,vk
′ )

sim(dj,vk)

)
1

m−1





−1

(2)

4.
�b�w�J�bÉ
+To�ÈED%�|X�º|XJkE«c¡

2.
n

3.
[�É·�Ê jcy

3.2 Ë�ÌÎÍ¤ÏÎÐÒÑ�©¨ª!¬®­°¯Ó±´³¯L°c±bÜTÝ:Âô�G���J�l�R�c�wIR�¨aG�NU`�b���`�N´IZgc�bµ\OT¶wuNvJ�G���J�c[|��¸�ÅZ�TUC¯w°�[���ÔcjkcmCn�¡c�Ck|yNmßz`Ob¶ · UNÿ����������|�C�\�^�N�wO¶wuNv��'�ôzJ�wË��G���T�EICÍ Î [^]`_baJOR¤Cj3mTno�Ð�ÑTONXckRy¨¯|°w±�Ü�Ý,Â �E�R�C�Y�^�L�wOL�L¯R°�Õ¸$�c³�n�¯�°CfE»$��³GoG�bkZoNU ��Ö F�É�I�{�¸J¡C�LU¯R°�ÕL¸��N³J[�×�Ø��ß�wyJM�-!NT�ÙP�ÄcÉ|I�gw�cµ�(
*³`OE��Uw�wí*���E��³cUBÚN¾'���E��³CU
UPGMA(

È�ÛÜ ³
)
XYªpob�Ck

[10]
yBM�-ON`�nPCÄE��¾&¿CIT¶ û OEXk|y�mEm�¡wU

C = {C1, . . . , Cc}
[��E�|�G�Z'c¸.n j\kZy

À�Á �C���T��Õ
c
UNFCH�,��#¥Ý-

dj(j = 1, . . . , n)Â Á Á\�3ÂôÃw����Äc[�0
1cj\kR�	"wIG�E�Z�b�^�E¸JIÞ&ß Ux�C���T�N´cI|gc�CµxX�ª�IBà$á
1. � à�I�FEHG[w�N�����Tn jxk�y j)â�vwIRFwH dj(j =

1, . . . , n)
O ~ S�v\U |C| := n

U
Ci := dj

U
sim(Ci, Cj) := sim(di,dj)

U
1 ≤ i, j ≤ n, i 6= j

njlkZy
2.
HlWTgY�\µ3IP�Y�G�P�EÆ*[Në!t:��vG�Y¸Yj#kGy
s(Cq , Cr) = maxi,j sim(Ci, Cj)

U
Cq

n
Cr

[
C�l�nãG®|U

C
′

= Cq ∪Cr

[
C
O�ä�MGU

C := C−1
U

C = 1
Xl��[Bå�æLj\k�y

3.
j&âTvCI

Ci ∈ C , Ci 6= C
′ O ~ SGvJ�C�L�T�N´cIgc�Cµ\[�ç$(�*cjlk�y

3.3 ©¨ª!¬®­è¯²±´³�éRê«ë���J²�³J¡b�EUxÿ$�
�����G���J�P�R�c�L¡L�#�ßzJ��E�J¡C�bkE�c�Z�b�wIBà�áY[�ì��JabX|FcH�n���v�íTS�Uî �bFCH\[L¯L°c±bÜGÝ Âô�C�L�T�l�|���NI�% 
 nC�pvfwgEj\k�mbn¨¡wUZH$åcaCXR�w��n j\k|y�r
1
O|U � ²N³I|¾�ïCacX��&ðJ[^¤EjCyÓ��� z\k��N�`ON��Uwÿ������L��L�T�P�R�C�EOJ¶ · UNFbHJoZØGÕxIJ�b���J��OZ�cj�kà$á\[��#�p�C«C«NUcÁY�#ÂßÃ��C�wÄbOT¶ · �C�L�T�N´IbÍ Î oL�#�ßzlkGmTn|O�XJk�yJÿ	�
�����b�L�T���R��wI ��
 [�ñ�ò��p��¯N°�±bÜTÝ:Âô�b���J�l�R�c�wI�%
 O��wU�çcµGUwËl�G���T�Bó`O|ÚC�cjPk�FbHT���Q,��¥ô-�[�0�1Cj�kbmTn ¹ ÷�­Y�ôzPk�oEU �&Ö Fx¡b�wU�²³�¾&ïT¡)LGSYk�à$ál[|í$õ3ÅQ�PkL��"COLUC¯L°c±bÜGÝ
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 Oc�wUxÿ&�
�����b���J�l��E�wOG¶RuZvZ�*�×z�kN�c�R�G�LIbÉ�+
uk

[�LbS`kcmbnnC�p�cy

4 öø÷úùøû���c²N³T[J^�_Ej\k��&"NO|UÓF�HwÈJO�Æ3�ßv
y�zbU^¯°E±cÜbÝ�Â��c�R�G�\���w�E[p¼`uZ�BüN¸
(AHC)

nßUJ��`²�³J¡G�Tk�ÿ&�
�����b���J�l�|���cOT¶ · �'�ôzJ��C���`�NITÉB+`[�% 
 nb�pvEUb¯L°�±bÜJÝ:Âô�b���J��R����[^¼�uN�
ü�¸
(FCM+AHC)

n|[�c�dcjlk�y
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Reuters-21578��� �	��
^� 1

[�LcSc�Ey|«��
ModApte

fwg
(LEWIS-

SPLIT
o

”TEST” ¹ � º�� ”TRAIN”
U

TOPICo
”YES”

¡J�Jk
9603
FGH

)
[�� · � ���Cy
� · � Åzx�LFbHEÈ`���¨U\¶ · Ö�ºRI�FGHTo��EábjPk*¥�§C©��[)×�Ø:��ÁxÝP��?�©�¥�[�0�1:�Z�Ty)0�1:�|�bÁYÝl�?3©�¥ �

2 � gY¡T�JkLywÁGÝx��?3©�¥ 1 (reuter1)
�wU¥¨§b©��C��,�-`o

“acq”
U

“earn”
I

2 � gl[RÆ Ç nC��Jyxm|z,�
2 � g�I���,�-�o����.Å�zYvGSPkLÁ`Ý��n^UPª	�\��IJ��,�- ¹ ���cÁbÝ`�b[N«Pn�"N�CyLÁGÝ`�?�©l¥

2 (reuter2)
¡c�wUZÆ Ç nc����¥ß§c©Z���J,�-x�

money-fx”
U

”ship”
U

”interest”
U

”trade”
U

”crude”
I

5 � gY¡T� · UYm�z'��IES��Czx� 1 ~ Ið¥�§T©��C��,-�o����3Å�zxvCSlk|FTH#n�U
“money-fx+interest”

n
“crude+ship”

I
2 � g`I�ØcÕ ¥ß§E©|�E�J,�-Jo
���PÅz\�NFJH�[��Yñ�¸�½)�Y�Ty

reuter1
OEÊGSJvJ��ØTÕ\I¥p§b©��b��,$-xo����3Å�zxv�S\k�FbHxow¾	ï`I

2.8%
U

reuter2
O�ÊESCvC�

28.7%
npXEuLvNS`kZy�Ë�FcH�?P©l¥¡�LGSG�LFbHEÕxI����Y��¶

1
O|¤Cj�y	���xøc�E¢wzT£zcFCHEÕGÊ\¶����`X · �w�cÕJ¡G�Gk�y

4.2 © ª!¬ ­°¯Ó±´³��! #" ¯�$&%� ²c³x�NU
2 ~ I��xX`kc�G�L�J�P���c�Z²c³\[��`ñ¸x½���kbmTn�¡w{c}3Å¨zPk�y�¯L°c±bÜGÝ Âô�C�L�T�P��C� Uxÿ	�
�����C�N�J�P�Z�C�Yn ¹ ONU�Ö3º|I&M
-�N��PbÄ�o
���*Å�zJvcSYkLy � {�¸`¡b�c«)�NU)�$�J²�³I�X&Y\INÐNÑ Ï [�ë�'cjPkbmTnZ[��¨a3nÓjlkLy�¢bIc�"NU � àcI`�C�L�T�P�R����M�- Nx�ZPTÄ�I��C¸Y½��\O¶Ck Ï Ñ�^$_\�`mCm|¡G�R¼�½CXNSby�Þ`àC�NU)H ¹JI º(\½�zJvcSYk
MB-RNx�SPbÄ�I�·3n ~ ¡T�Gk|U UPGMA³

(
È	Û Ü ³

)
nßU

Fuzzy C-Means
³`[Z¢LzC£�zbU|¯Z°±TÜTÝ�ÂÓ�T�L�J�P���c� Uxÿ	�
�����C�N�J�P�|�C�EIM�-RN\�ZPbÄlnC�pv)LGS\kbmTnCnC�p�byC«��LFbHEÈ�O

1Reuters-21578 test collection:
http://www.daviddlewis.com/resources/testcollections/

¶
1:
ÁbÝJ��?3©�¥ýI	���

)+*-,�.0/ /21+.43�576-8 )�*:9
reuter1
(639*4076)

acq 229
earn 392
acq+earn 18

reuter2
(700*5084)

money-fx 143
interest 114
ship 70
crude 172
money-fx+interest 163
crude+ship 38

Æ*�pv�y)zJUC¯L°c±P�C�w�T�P�R����¼ û üc¸ ¹�;�< O
UPGMA

³Y[�LGSC�cy

4.3 =?>�@BA� {�¸C¡��ZUR��kDC
E��N����I�FEHcoN¢|zC£ZzGIc�N��T��O\ªßz�ºb��S)T��PORÚC�Cjlk��TO�F ��jlk�2CtTo�CkRy�¢`mR¡�^)_HGwµ�n��ßvwU
Entropy

U
Purity

U
Re-

call
U

Precision
U

F-score
I

5 ~ [BLJSJ�by Recall
n

Precision
U

F-score
��íLîGabO�LcS��×z\kS^)_HGwµG¡C�kL��"wU�mbm|¡G�� F¡T[R»HIbjPkLy

Entorpy
��Ë��G��CI�FCHJoPª�Ix¶ û OE¢wzT£Nz`IT�b���J��OR» ·:J v� zb�E�C[J¶.�ôU

Purity
�ZUN���R�b�

Cr

O^��jYkpF�HoEUx�C���J�Eø�INÖNÕ�[�KB"Tk-CLE��C���TO|f�g.Å¨z��n ÷x­|�\n�®LI+C	Eceb¡C��k|y
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S�TLU V-W
Entropy Purity Recall Precision F-score

reuter1 AHC 0.70 0.62 0.35 0.51 0.42
FCM+AHC 0.68 0.64 0.49 0.54 0.51

reuter2 AHC 0.88 0.45 0.27 0.51 0.35
FCM+AHC 0.82 0.54 0.48 0.30 0.37
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