
� ������� �	� 
 �� � ������������� � ��� �

�������! #" $&%!'($& #)*" +-,/.�02130546.879,;:*< =?> @3ACB�D 02,/.FE G�H I6J K
LNMPO  #)*�� 6QR #'S"T 6�!$VU WX%Y$&Z*[  \'S"^]Y_ `! 6$a"R%!� %3bdce%!�CW*Q

f %!'* ��"g"R�ihj]*Z*"R )k #� ce%!�CW )k%lQmhn"ghn%!' hn' WX%Y$&Z*[  \'S"
oYMPp  6�3�i'*hj'*�*=rq Qm "R�C��hn'shn'*�  at��3[ )*un 6Q "R%  6QR"Rhn[ �3"R 

f v w H x
f v w J x
f v wzy @3A-{|H x
f v wzy @3A-{}J x

~ ��hn`N �T�P_! 6QT$&%!'�W�hn"Rhn%!'(��u�hn'�WX \)k #'�WX #'($& �!Q�QmZs[ )*"Rhn%N'
v wzy @3A-{��2�axr� ���z�V�	�n�a�|�����������*� v wz� � � � ��{��6��x

cTU* #�� v w�� � � � �5{��6��x�h�Q )*�i%N]���]*hnujhn" _ "RU���" ce%N�VW hn'
)k%¡QRhn"Rhn%N' 7¢h£Q¤� �2¥��!hn`! \' �6�
%!'* [ %N�i �!Q�QRZ*[ )*"Rhj%!'�=
v wz� � � � �5{��2��x¦� v w��-§ � � ��{��6�VxVIm¨©7VI	D

ª}«n¬ ¯®±°±²|³µ´¶®a·¸¯¹¯ºµ®±·g»½¼¾´m²¸®±¿¾²�Àµ¼�¼¾ÁPÂ3ÃnÄ±Å�ÆÈÇÊÉ�ËzÉ�ÃnÌ�ÇÍÆÎÇnÏ¾ÐnÑCÒµÓ3¹Ô²Õ°×Ö�®±¯ØÐÍÓ3°}ÙÚ´¸ÛÝÜÞg¹¯¯½Ð9ªÝßnßnà



á�â�ãåäçæ æçãåè¾éêâ ë ãSì�â�í îçâ�ï�î wñð ò©� D ókô�054!I&õ x
öN÷ øÚù!úÊúüûÚø6ý¢þ!úÊú ÿ�ù ����� þ�� � ùNý	�Xû � ý8ù�
!û�� � ý���þ!ýeùPø�ø� � � �
ð ò©� D ókô�054

f õ @3A ��� B ô � 1�� � ��unuêWXh�QR"Rhn'�$a" ce%!�CW*QT��'�W %!"RU* \�
"R%��� #'(Q hn' ð òk� D ókô 054
�Y÷ øÚþ!únø��únþNý8û ý	��û � û��� ��� û � v w �6��x þ�� � v w � ��{��6��x
��� ù��Vþ�� � ú � ý�� ý8û ��� �

f! %!�T 6�N$�U "������! #" ` �3unZ* �6�Thn' õ WX%
" y @3A#4V�#� QRZ*]�QR #"T%3b ð òk� D ókô 054 b %!� cTU*h£$�U "RU* 
"������! #" ` ��unZ* h£Q¤� �

" v w �6�&x$� % �����'&)( %%+*-,/. §-0 �|�1& %" 2 0 ò . �3� � QRhn'*�!uj WX%Y$aZ*[  #'Y"T$&�� 6��"R W ]S_
$&%!'($#��"R #'(��"Rhn'*� ��unu�[  #[ ]k #�CQ�%3b y @3A 4V�

" , � "R%!"���uå'YZ*[ ]k \�e%3bdce%!�CW*Q^hn' 2 0 ò . � w $&%!Z*'Y"Rhn'*�WXZ*)sunh�$#��"g ce%!�CW*Q^[ Zsun"Rhn)*uj "Rhn[  QCx
" b %N�  6�!$VU ce%N�VW � �Thn' õ @�A ��� B;ô � 14�

5 ,/�#� 'YZ*[ ]k #� %3bd"Rhn[  6Q ce%!�CW � � %Y$#$aZ*�VQThn'
2 0 ò . �

5 v w � ��{��2��x$� ��687 ��97 %;: �ñ� .=<?> � .A@CBD%

ª}«FE ¯®±°±²|³µ´¶®a·¸¯¹¯ºµ®±·g»½¼¾´m²¸®±¿¾²�Àµ¼�¼¾ÁPÂ3ÃnÄ±Å�ÆÈÇÊÉ�ËzÉ�ÃnÌ�ÇÍÆÎÇnÏ¾ÐnÑCÒµÓ3¹Ô²Õ°×Ö�®±¯ØÐÍÓ3°}ÙÚ´¸ÛÝÜÞg¹¯¯½Ð9ªÝßnßnà



G H ã í6í#è�I-ì æçã�è¾é�â ë ãSì�â í î â�ï/î w > @3A2x
f ó�@!4#7�.87�@5,�4 � ��unu�ce%!�CW )k%¡QRhn"Rhn%N'�Q hn' > @3A "RU���"
$&%!'S"���hn' "R%��� \'�Q b %!Z*'�W hn' õ @3A ��� B;ô � 14�

f O  #"RZ*��' �KJML�¥XcTU* \�i 
��JML � �3�i�![ �5t

N (PO :
v w �6�&x �� O 0 �8& � � � �ñ�Q&

v wz� � {��6��x

ª}«SR ¯®±°±²|³µ´¶®a·¸¯¹¯ºµ®±·g»½¼¾´m²¸®±¿¾²�Àµ¼�¼¾ÁPÂ3ÃnÄ±Å�ÆÈÇÊÉ�ËzÉ�ÃnÌ�ÇÍÆÎÇnÏ¾ÐnÑCÒµÓ3¹Ô²Õ°×Ö�®±¯ØÐÍÓ3°}ÙÚ´¸ÛÝÜÞg¹¯¯½Ð9ªÝßnßnà



� T ���^�!� U �VT �XW �s�ZY [ �

\ hn`N #' L^]_]_] "R�C��hn'*hj'*� W�%Y$&Z*[  #'Y"�Qeb ��%![  6�!$VU �!�i%NZ*)
p  6����' "R% $au��!Q�Qmh�b _ '* \c WX%Y$&Zs[  #'S"�Q �N$#$&%!�CWXhn'*� "R%
cTU*h�$VU 's #c Qm�!��%!Z*) hn" $#��[  b ��%![

$&%N[ ) M �!�V�3)*U*h�$#Q [ h�Qi$ M b %!�VQ���un 
$a%![ ) M %¡Q M [ QA`9c hj'�WX%5c Q M [ h�Q�$ �� 6$ M ��Z*"R%¡Q
$&%![ ) M QR_YQ M hn]*[ M );$ M U����CWXc ���� �i 6$ M [ %N"R%!�C$&_Y$&un 6Q
$&%N[ ) M Qm_YQ M [ �!$ M U����CWXc ���� �� 6$ M QR)k%!�i" M ]��NQm #](��unu

$&%![ ) M cThn'(WX%5c Q M t �i 6$ M QR)k%!��" M Us%Y$D�� #_
��uj" M �3"RU* #h�QR[ Qi$ah M QR)��!$a 

QR%Y$ M �i #ujhn�!hn%!' M $VU*�ih£Qm"�hµ�3' Qi$&h M $&��_ )*"
"���ua� M �� #unhn�!h�%!' M [ h�Q�$ Q�$&h M  #un $&"i��%!'*h£$#Q

"��3ua� M )k%Nunh¾"ghµ$6Q M [ h�W� 6�!QR" Qi$&h M [  W
"���u?� M )k%!ujh¾"�hµ$\Q M [ h�Q�$
"��3ua� M )k%Nunh¾"ghµ$#Q M �!Z*'�Q

~ ��hn`N �T�P_! 6Q#=cbedgf $&u��!Q�QRhShk$#��"gh¾%!' �!$#$aZ*�V�N$&_

ª}«n« ¯®±°±²|³µ´¶®a·¸¯¹¯ºµ®±·g»½¼¾´m²¸®±¿¾²�Àµ¼�¼¾ÁPÂ3ÃnÄ±Å�ÆÈÇÊÉ�ËzÉ�ÃnÌ�ÇÍÆÎÇnÏ¾ÐnÑCÒµÓ3¹Ô²Õ°×Ö�®±¯ØÐÍÓ3°}ÙÚ´¸ÛÝÜÞg¹¯¯½Ð9ªÝßnßnà



i ���*�Aj���� �a�*�lk �s�Mjnm��-[ �e���omqp �rjXs����

t-u_v�w#x y_uKz�v-u�{�|�}�~��c���K���l��y��n��y��-}#�����_}3�8�-u-����z��_�X���Cw�u����-u����l�A�
����|^� x �����-�_�����l���������A���_} ����|�w�z ��|����
� }������-y4vlx �-�cx ��wX �� �-��u��c¡�� �X 4¢�¢-�-�4v uKz-� �£|e���4v ��|�~X ¤zX �|
�-u_v-�cx ¥ ¦�~-� §�¨ ©�§cxA¥�¨cxA¨�§ ª�«��

¬ y_uKz |�z£{K� y�|^���X�Kz�v |�z v�w�� ® ¤z�¢®�M¯ ��}�v v�w�� �°|��4v
|����® �|�}X� y_uKz-�� K��u_v-� ±�|e� ~£{���u-�_uKz�v �¤}-�_~-�� ��_�  �� ¦�{��_�
²KwX 4v�zX 4³l� ´-� y_u¤�X� wX 4¢�w£{K� v�|�}�v-��� u-� u ����±��KzX�� 4�-�
����±��KzX�_�¤�XuKzl¯ ��}�v w��n¡�� y�{���u���{K� �-}Xy¤w �°|e��� v�w�uKz v�w�u_vl�
ª�����u_v �4³-u_v-��� uKz-� w�u���� �¤w£|Kv �Av�w£|�}�¢�w �X ��¤w w�� �������
�°|e��� u-y�y¤}-��u_v-���M� ¬^z ±�u-y4vµ¯ w�� ~-���_v�v�� �-}Xy¤w u�{�{�|������
v�w�� ® ¤z�¢®� v�| v���u���� uK��u_� v�w�u_v w�}�¢-� ����±��KzX�� 4�-�
{� _uK�X �{� 4v�� t-uK}£{ ¶�|e±�±��_�l� -��{�{K� ´��_}-���_�  �� |�z£{K� v�w��
�X 4¢�¢-�-�4v �� ��_uK~�~£|� ¤z�vK�X�Kz�v  K± ��|�} v�w£|�}�¢�w�v w�� ��u-� uKz��
¢�|�|e� v�| ���_¢® ¤z �X 4v�w#� ·�}�vµ¯ u_v ���-�4vµ¯ w��n¡�� |�z£{K� u
�X���� �|�yK��� ¢�|�u�{Kv-�Kz-������� ¦ ���_v�v-��� y¤w£|� �y_� �£|�}£{e� ���
��|^�Xu-� � uKz-���4v���|^�3¯ v�w£|�}�¢�w z£|Kv v�w-��|�}�¢�w uKz�� ±�uK}£{Kv |e±
wX �� |���zl¯ ��}�v ���-y_uK}X�_� ��|^�X� v�w�}�¢®�  ¤z ��|e��|�z�v�| ���-y� K�����

ª}«F¸ ¯®±°±²|³µ´¶®a·¸¯¹¯ºµ®±·g»½¼¾´m²¸®±¿¾²�Àµ¼�¼¾ÁPÂ3ÃnÄ±Å�ÆÈÇÊÉ�ËzÉ�ÃnÌ�ÇÍÆÎÇnÏ¾ÐnÑCÒµÓ3¹Ô²Õ°×Ö�®±¯ØÐÍÓ3°}ÙÚ´¸ÛÝÜÞg¹¯¯½Ð9ªÝßnßnà



� ������� �	� 
 � Y �º¹e� ���e� »c¼ U �VT �Y
e�*�lY [ �

0

10

20

30

40

50

60

70

80

90

100

100 1000 10000

20News

Bayes
TFIDF

PRTFIDF

½ $\$&Z*�C�!$&_ `YQ M �å�C��hn'shn'*� QR #" QRhF¾# w L4¿�À cThn"RU*U* \u�W b %!� "R Qm"�x

ª}«nà ¯®±°±²|³µ´¶®a·¸¯¹¯ºµ®±·g»½¼¾´m²¸®±¿¾²�Àµ¼�¼¾ÁPÂ3ÃnÄ±Å�ÆÈÇÊÉ�ËzÉ�ÃnÌ�ÇÍÆÎÇnÏ¾ÐnÑCÒµÓ3¹Ô²Õ°×Ö�®±¯ØÐÍÓ3°}ÙÚ´¸ÛÝÜÞg¹¯¯½Ð9ªÝßnßnà


