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Part-of-Speech Tagging
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HMM CRF CRF-B HM-PC HM-SVM
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HMM CRF CRF-B HM-PC HM-SVM

���������
	�� 
-� ®l­�¹�®l¬�¬�©Z¬�©Z¾"¹6±Z¶·²"® '	©Z²;¹�,"® � ? 	6��� '"±�¹6±@­�®<¹�­Dª�­�¶·²�´
� À,§�©Zµ%'9¨l¬�©«­�­ -«±�µ·¶%'"±�¹�¶·©«² 7
¡�k�r¬�¬}�s½rWuF¡�k$|�y+¡�mFn¬¨+}�uF¡�uF£F�?Ë%pz�+k�:Mâ<�I�ÆÜ�ãÁà �º�oÙ��`ãÁà/ä :Mâ<��Ûº�
Ù�Üº�C¶g{/}�rClS¡H}Hv¦�/}Hs+£ºpq�Sk�òo«Æjél+nzuF¨+¡�k�rì¨/�Ål+nzuoë�k$|~pq}�s+£¯pz�+k
|�uFrWl+¡�k~¿W��pznqyS|~pqy+nzk�pqu¢m
� k-¥�ySk�sS|�kF�opz�+k�p¤mF�q±¢}c�©pqu¢|~¡cmF�z� }Hv¦�
�qk�£�rWk�stpz� uov©mos%morW}�s+u�m�|~}c���qk$¥ty+k$sS|~k§mF�>#SÜ~Ù ã < ³ °ªµ²�iÝp#+Ü¤Ü��
³ Äxµ u�n
áH�oãÁÙ ³ w�µ²¶
É�k yS� k-�
pz�+k���{?�-�Fñ��+mopzm�� k�p$�`���+}c|¤�¢|�uFsS�q}�� pz��uFv<�-�Fñ�l+nzuo«
pzk�}�sS�$�Z� k-¥�ySk�sS|�k$�'u`��k�nªmos�mF¡Hl+�Jmo¨Mk~p§uovx�q}H×$kC�F�+¶ªÉºkCnqk$l_«
nzk$�qk�stpzk$��k$m�|¤��lSnquFpqk�}�s�}�s¯mos�uFnqpq�SuF£Fu�sSmo¡inzk�lSnqk-� k$s�p¤m`pz}Hu�s
¨/�·|�uFs/�Fk$n pz}Hs+£1pq�+k1�o�o«f�`mF¡Hy+k-��v¦k$mopqy+nzkºmop�k-mF|¤� nqk-� }c�_y+k
³ } ¶ kF¶�pq�Sk�}c�_k�stpq}Hp��Cuovipq�Sk�morW}�s+u�m�|~}c�Sµ©}�s�pzu¢�o�X¨+}HsJmonz��v¦k-m`«
pzy+nzk$�$�_uov©���+}�|¤��k~¿+m�|²pq¡��Nu�s+k§�SmF��mC�`mo¡�y+k§uov �§mop�m¢pq}�rCk�¶
É�k�lMk�nqv¦uFnzrCk-�gk�¿_lJk$nq}�rWk�stpz�WyS�q}�s+£ÅlJu�¡H�/s+u�rC}cmo¡�±�k�nzs+k�¡c�
uFvO�`monz�t}�s+£N�_k$£Fnzk�k�mFsS���_}HÊMk$nqk$stp���}�sS�_u`� � }�×�k-��¶'���Sk�nzk~«
lMuFnqpqk-�%nqk-� yS¡Qp¤��monzk
v¦u�n�m¬��}�sS�_u`�»uov#�q}�×�kN���XmosS�¯�qk$|�uFsS�
u�nz�+k�n¢v¦k$m`pzy+nzk$�$�O}HrWl+¡�k�rWk$s�pzk$�è�/}�m�m�lMuF¡��/s+uFrW}cmo¡�±Fk$nqsSk�¡
}�s1pz�+k�°�®%«´�©k�n¤|~k�l+pqnzuFs1mosJ�1°�®%«�{/­ª® |�m�� k�¶ºÂ�}�£Fy+nzk7ò
�qy+rWr¬monz}H×$k$��u�y+n'nzk$�qy+¡Qp¤��¶ �'£tmo}�sZ�J°�®%«´{_­�®¯��u�¨_pzmF}Hs%pz�+k
¡�u`� k$� p�k$nqnzuFn n¤m`pqk�¶

��Í `�Ð Ï � �qÒ��/Ó�Ð Ï
É�k�l+nzk$�qk�stpqk-�W°�®%«�{/­�®����tm§s+u`�Fk$¡+�_}��z|~nz}�rC}�sSmopq}��Fk�¡Hk-monzs_«
}�s+£�pqk$|¤�Ss+}�¥ty+k�v¦uFnxpq�Sk�¡cmo¨Mk�¡i�qk$¥ty+k�sJ|~k�¡�k$mFnqsS}Hs+£¢l+nzuF¨+¡�k�r%¶
���S}���rWk~pz�+u_� |~u�r�¨+}�s+k-�Npz�+k�m��_�`mostpzmF£Fk-�NuovXr¬mo¿/}�r�ySr
r¬mFnq£�}Hs7|�¡�m��q�q}HØSk�n mosS�7±Fk�nzs+k$¡��#��}Qpz�7pz�+k�k$¡Hk$£�mFsS|~k�mFsS�Nk�vÁ«
ØM|~}�k�sS|��
uovS°�®�®¯��¶OÖ�y+n�k~¿_lMk�nz}HrWk�stp¤�<l+nzu`�FkOpq�+k�|~u�rClMk~pq«
}Hpq}��Fk$s+k$�z�ªuov�°�®%«�{/­�®��
}Hsºpqk$nqr¬�§uFv#pq�SkWm�|¤�+}�k��Fk-�¯k$nqnzuFn
n¤m`pzkNuFs1pq�+nzk�k�¨Jk$sS|¤�+r¬monz±��Sm`pzm�� k�pz�$¶º°�®�«´{/­ª®¯�¢�Sm\�Fk
�qk���k�n¤mo¡©mF�_�`mFs�p¤mo£�k$�'u`��k�nªuopz�+k�n§rWk~pz�+u_�+���<}HsS|�¡HyJ�_}HsS£�pz�+k
lMu��z�q}H¨+}�¡�}Qp���uov©yS�q}Hs+£�mW¡�mFnq£�k�n�s/y+r�¨Mk�nªmosS��rWuFnzk
k~¿_l+nzk$� «
�q}��Fkªv¦k$mopqy+nzk$�$¶©ÉºkXmFnqk
|~ySnqnzk�stpq¡��7m��+�_nzk$�z� }�s+£¢pq�+k
s/y+rWk�nq«
}c|�mF¡ZmosS���z|�mo¡cmo¨S}H¡�}Qp��7}��z� ySk$�xpqu¬¨MkXmo¨+¡�kªpquWlMk�nqv¦uFnzræ¡�mFnq£�k�n
�z|�mF¡Hk§k�¿/lMk�nz}�rCk$stpz�$¶

4�Y��Z2]U ? 63,/aK�J.g,t2?8-*
���S}���� uFnz±
� m��]�qlJu�sS�quFnzk$�
¨/�Xmos ��{+Â<«Æ�����1£�nzmFstp$�om\��mon¤�
s/y+r¢¨Jk$n�� � {t«´�F� �"� �I���S¶

�N� � � � � Ï � � �
íQ��ð§ê¢¶��'¡Hpqy+sZ�§�§¶�°'uov¦r¬mFs+sZ��mFsS�·®¾¶���uF�+sJ� u�sZ¶�j�}�� «

|~nz}HrW}�sSm`pz}H��k#¡�k$monzs+}�s+£'v¦u�n]¡cmo¨Mk�¡_�qk$¥ty+k$sS|~k-�<�/}cm�¨Mu/u�� p «
}Hs+£J¶��´s4	;�59\ÚoàMá¤Ü~ÝXãÁà 7¢Ü~ß_âzÚ`Ù ( àZ�º�oâY�WÚI� ã��oà b�â<�$á¤Ü~Ý¤ÝH�
ãÁàtä i 5\ÝY�ÆÜ��¢Ý Y 7 ( b i�� Z
	 \ �?�o�����_¶

í �`ðX®¾¶©wxu�¡H¡�}HsJ��¶�j�}c�q|�nq}�rW}HsJm`pq}��FkWpznzmF}HsS}Hs+£�rWk�pq�+u_�+�Xv¦uFn
°'}c�+�_k�sN®�monz±Fu`��®�u_�_k$¡��$Ë©���+k�u�nq�CmosS�Ck~¿_lMk�nz}HrWk$s�p¤�
��}Qpz��lMk�n¤|~k$l_pqnzuFs%mo¡�£Fu�nq}Hpq�SrW�$¶��´s W / 7 
Lb �M�o�F�t�_¶

í òoðX®¾¶_wxu�¡H¡�}�sS�#mFsS� �X¶ ¡?j�y_Ê?�F¶©wxuFs/�Fu�¡Hy_pz}Hu�sW±Fk�nzs+k$¡��Ov¦uFn
sSm`pzy+nzmF¡#¡cmos+£�ySmo£�kF¶º�´s 		� 9`Ú`àMá¤Ü~Ý�ãÁà 7�Ü�ß_âqÚoÙ ( àZ�º�`âY�
�WÚI� ã��oà_b â<�-á¤Ü²Ý¤Ý²ãÁàtä i 5\ÝY�´Üº�¢Ý Y 7 ( b i \ �J�o���+�F¶

í �FðX�§¶ª°�uov¦r¬mos+s<���²¶§��� u_|¤�SmFs�p¤monz}��+}��$��mosJ�»ê¢¶§�'¡Hpqy+s<¶
ÔZk$mFnqsS}Hs+£�u`�Fk$nª� pqnzyS|²pzy+nzk$�¯u�y_pqlSy_pX� lSm�|~k-���/}cmXë�u�}Hstp
±Fk�nzs+k$¡'v¦y+sS|~pq}�uFsS�$¶��´s 	;�59\ÚoàMá¤Ü²Ý¯ãÁà;7¢Ü~ß_âqÚoÙ ( àZ�º�`âY�
�WÚI� ã��oà b â<�-á¤Ü²Ý¤Ý²ãÁàtä i 5\ÝY�´Üº�¢Ý�"��B�`â�!`Ýp#1��:��oà �WÜ~â²à?Ü~Ù
/¯Ü��.#1�«�\Ý²�M�F�F���+¶

í � ðX®¾¶
��uF�+sJ� u�sZ��{i¶��ªk�r¬mFsZ��{?¶�w mFs+uFs<���©¶ wx�+}f�'mosS�
{?¶Z��}�k�×�¡�k�n-¶�Äx��pz}Hr¬m`pzuFn¤�'v¦u�nX��pzu_|¤�SmF� pq}c|�ySs+}QØM|�m`pz}Hu�s_«
¨SmF�qk$��£�nzmFrWrWmFnz�$¶��´sOb â<�-á¤ÜzÜH�oãÁàtäoÝ*	 o 
�� � � "@/�Ú`â 5��
ÙHÚ`à8� & �<�-�F���+¶

í ñoð��S¶_Ô<moÊMk$n p����t��¶+®¯|-w mF¡H¡�y+r%�_mosS��Â ¶+�©k�nzk�}�nzmS¶]wxuFsS�_}H«
pq}�uFsSmF¡�n¤mosS�+uFrÇØSk�¡c�+�$Ë]�#nqu�¨Smo¨+}�¡�}�� pq}c|�rWu_�_k�¡c�]v¦uFn©� k$£o«
rCk$stpq}�s+£�mFsS�
¡cmo¨Mk�¡�}Hs+£�� k-¥�ySk�sS|�kx�+mopzm+¶��´sUb â<�-á & Z�a �.#
( à��´Ü�â²àMÚ��fã��`à?Ú`Ù o �`à«� & �`à /¯Ú�á #_ãÁàMÜ 
]ÜzÚoâ²àSãÁà/äo�]lSmo£�k$�
� � ���_� � �+¶/®�u�nq£tmos �
mFy_v¦r¬mos+s<�J{_mos¯ÂSnzmFsS|~}c�z|~uS�Jw ���
�o�F�S�F¶

í î\ðX�X¶?®¯|-w mF¡H¡�y+r%�ij�¶iÂ+nzk�}HpzmF£S�?mosS��Â ¶i�©k�nzk�}�n¤m+¶'®¯mo¿/}H«
r�y+r»ÄOstpqnzuFl/��®�monz±Fu`�'®�u_�_k$¡��Zv¦uFnZ�´s_v¦u�nqr¬mopq}�uFs
Ä�¿/«
pqn¤mF|²pz}Hu�s¢mFsS�C{_k�£FrWk$s�p¤m`pz}Hu�sZ¶_�´s1/¯Ú�á #_ãÁàMÜ 
]ÜzÚoâ²àSãÁà/äkc
b â<�-ázÜ¤ÜH�`ãÁà/ä`Ý ���@�*#SÜ i Ü 9`Ü~à��ÆÜ¤Ü�à��.# ( à��´Ü~â²à?Ú��fã��`à?Ú`Ù o �`à��
�~Ü~âqÜ�àMá¤Ü Y.( o / 
����
�
� \ �'lSmo£�k$� � �+��� � � � �x{/pzmos+v¦uFn¤�i�
w mo¡�}Qv¦u�nqs+}cm+�+�F�F�F�S¶

í � ðX�§¶\®¯}Hs+±`mS¶+�'¡�£FuFnz}Hpq�+r¬�]v¦uFn©r¬m`¿_}�r�y+rC«Æ¡H}�±Fk$¡H}��+u/u_�X¡�uo«
£F}c��pz}�| nzk�£Fnzk$�z�q}Hu�sZ¶_�<k-|¤�+s+}c|�mo¡_nzk�lMuFnqp$�/w ®¯�X�Fj�k�lJmonqp «
rCk$stp'uov©{/pzm`pz}�� pq}c|��$�S��� î ��� �+�o���+��¶

í �oðXÄ'¶oÖª� y+sJm+�`�
¶`Â+nzk�y+sJ�i�omosS��Âx¶��ª}�nqut� }f¶��]n¤mo}�s+}HsS£�� ySl_«
lJu�n p©�Fk-|²pqu�n]r¬m�|¤�+}HsSk$�$Ë mFs¢molSl+¡H}c|�mopq}�uFs�pqu�v3mF|~k��_k�pqk$|~«
pq}�uFsZ¶��´s o�� b B � �T[ �]�$�F�/î/¶

íH�$�oð
­�¶\�Oy+s/��mF±`mos+u�±�mosJ�
j�¶`��uFpq�Z¶t���+k#yS�qk#uFvS|~¡cmF�z� }HØSk$nz�
}Hs7�qk$¥ty+k$stpq}cmo¡S}�s_v¦k$nqk$sS|~k�¶i�´s 7 ( b i ��lSmo£�k$�#��� � �M�$���+���
�o�F���+¶

íH�F��ð��S¶-Éºk-��pzuFsZ�FÖ¢¶owx�SmolMk�¡�¡�kF�o�X¶`Ä#¡H}c�q�qk�k�Ê��`�ª¶`{_|¤���uF¡�±Fu�l_v��
mosS�è­�¶�­OmFl+s+}�±M¶��§k$nqs+k$¡'�_k�lMk�sJ�_k�sS|��1k$� pq}�r¬m`pz}Hu�sZ¶
�<k-|¤�+s+}c|�mo¡�nzk�lMuFnqp$�#®�m`¿1�O¡cmosS|¤±¾�´sJ��pz}Qpzy_pqk�v¦uFn¬� }�uo«
¡Hu�£F}c|�mo¡]wx�/¨Mk�nzs+k~pz}�|$���M� �y+¨+}�s+£Fk$sZ�!�ªk�nzrWmFs/�F�S��y+£FyS� p
�o�F�t�_¶


