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1 L�M<NPO
Q@RTSVUXWZY>[V\^]`_1acb =Td>DfeXB ]hg(Y(Wjilk<mnporq(sft a dvu`wrx o3y{z>| a DfeXB ]~}<�>ac��� oq F@G��{�@�.��w>�@� ac�<�1� q(�(y�� }��@�6il�^�<��f� ql�6�rql�(� a � � qj�f� � �V�Z�f  (

�6� �( 
)

�{wC¡<¢ �@��£¥¤ ¢ �@� } 2 ¦�§j¨Z© a �>ª � qp�@� �  �<ª (Pang and Lee 2002)( « , ¬1­ 2006) ®lw�x }�@� a � � q��@� �{¢>¯r° a�±@²6³r´ qTy � t¶µ ³ �<·³C¸�¹~ºX»Val� ��¼ o �<� q��
�f�f½f¾ ® �f� }f¿TÀ�U ©6Á1w>Â6ÃTw �6 3} B W@S
©<Ä6w<ÅÇÆÈd �^ÉTa s � �>ÊTË � qr�Vy i � u¶w@Ì6Í³ ® �Co ¼ } ÊTË �ÎÉ ( Ï ]jÐr\@Ñ>Ò ylÓTÔ��VyTy �q

) �lÕXÖ.�j× �<� �<  �@ª<Ø1Ù�� ±<Ú6� qc�>Û<Ü } �� �f  �1ª ³ ®Zw1Ý1Þ � ×f®lßrÝ(Þ3�jàfá y � q Ý1Þâ ¨>© }lã1ä6i<ºZ» ° ³ � � × (Pang and Lee 2002)
�

ºfå w Mao
¼

(Mao and Guy 2007) Áfæ6ç ¼ ( æ6ç ,è Ì 2007) ® � �>Ýfé y �@× CRF Á HMM �Cê �
��w �6ilëfìXí<îr}�ï<ð@ñ>ò �ÈóTô q Ø<Ù^� ±@Ú � �<�qj� � × McDonald

¼
(McDonald, Hannan, Neylon,

Wells, and Reynar 2007) Á(õvö ¼ ( õ.ö ,
� ­ , Lev-

Arie, ¬6­ 2007) ® �3a � � �Z÷�ø �jù(ú � qr�ry as � � w@û ��}cü á��ÈóTô q Ø<Ù^� ±<Ú � �<� q����{o¼ } ØTÙ^® Û1Ü } Ý<Þ â ¨<© }Zã(ä�a � �{w � â ¨1©}Cãfä ycÓ1ý�qC� Ì6Í ³Z±fÚ�� q Ø6ÙÎ®Cw �6 fþfÿ ���� ����� � q ]�Ð6\@Ñ � ãfäÎa��
	6� q w ���
� �  â ¨(© }Xã(ä Ù ³ �VqC� ÌfÍ ³ ® ]�Ðr\ZÑ6W��1} ù
ú nco × supervised

g6YTW>a � � � ® ]{Ð6\XÑcä�a��SfY�� ¨ S�� Ùv� � � w unsupervised
gTY6W<a � � �

® LDA(Latent Dirichlet Allocation) � g ©Î�<® ���y � q ]�Ð1\CÑ � g © a sXq ¨ S��Cã<ä �Èê � ��w ±@Ú
Ø<Ù } �@�@áÎ����� � q��n ¼ a w ]ÈÐ1\lÑ��Va �@�>½@¾��   �����v��w ]�Ð1\Ñ! <a!" �>�$# } sft d �@�>½@¾ }&% � iCî ¼ orq } �aCì �>�(' � ��)1� ²f� �>�@�>½@¾ } �  <ñ�*V} I@J y
� � ®�+�, ¼ } I1J ( +�, , « , -(Ì , .�/ , 0(1 2005)

Á@w � ­ ¼ } IfJ (
� ­ , « , ¬(­ 2006)

i!243 ¼ o�q
i w ]�Ð1\lÑ5�V} �@�>½@¾��  VaCì �@� I@J npo ×76r®8 d � ��� } sft d �  6i �Co � w �< V}cü á a � � �

= ´ d:9�;�� ëfì e Y
<jY�= �{w s u °:� a�±@²f� q6�y i@³r´ qTy Õ<ô q��

2 >�?A@$BDC
EGFIH$J$KML�NPODQ
2.1 RTS�U�V�W�X�Y:Z�[�\^]`_:a(b�@� �@ 6i # } sft d ]ÈÐ1\lÑZaCì �>��c�d � �<� q
� a s � � wrx o a 9�; � qp�@�>½@¾ i = ´V¹fe d q&gh i ��� � q�� 66ô ��i^j } 2

�Va!" �>� Ïlknm q Ò(}í
o ®�p ¼ � a&e d � �<� q��
Ï � }�	
qT} §>B ] A Y^U ®�r�s î �A' ktm q Ò
Ïvu
w Uj}�x:y�z6i = ´��({ � knm q Ò

� } sft a%]�Ð1\lÑli�e d q(�(y ³ w ½�| } ÝZÞr® z �³ ' w í(oXi�e d q�g h i �(q���}�~
�&� �jÕCÖ � q6�y ³ w �jo ¼ }��!� � �rq:� s x!�V� qT�ry ® ³�´ qi w1Ý�� a }�~
�&� �����.� sft>y � qTy�� §�� Y(W ßiXb = y d � � � � t � Ì<Ø<Ùr®cw �@��� � ]�Ð1\lÑ y� t = ´ d Ñ §ZB W y � � � y � qV�ry ³ � }^�!�3a��� � q Ø<Ù y óTô q(�(y i@³r´ q�� � ×cw �@� a&243
×:6n� # ÝZÞ }cü á iCü���a Ê�� �pd � �l³ ' w���Æ }]ÈÐ1\lÑZa7� � } ½@¾ ' �fq ®�� ³ wrx o ¼ � �   y ��!� ë ��w s u��!�v� � ±<²f� q(�(y ' �<· ³ �(qTy Õ
ô q��
2.2 RTS�U�V��(�������&������� ( R�S�U�V��� �¡M¢ )

?�£ g(Y(W £ D@B ]hg(YfW } a%]�Ð1\lÑZ}(W��li ù<únlo �(� q
supervised

gTY6W@} g h w ' � y ' Ý�� a
®Zw4¤ Y � B�� W�����a ��¥ � � w<û Ñ §@B W7�3a��S(Y�� ¨ S��Cã@ä ��¦ t>y � t Ø<Ù i � 3 ¼ orq�� ×^§
�{wX?�£ gfYTW ¯ }Cü���a 8 d � Ñ §XB W>aZì �<� ®Cw
��¥���¦ � d � þ<ÿr} � g © y }7¨
 � � � × åfi �1�³ �6qry Õ1ô ¼ oVq × � w 3.1 © ³ ® i�j }�ªT³ ½3n�oq&«�¬ ¨
 � � � × g h aXì �>� }&­^® ' ¦ � × � ª��
λall ® þ<ÿ � g ©�¯ } ÷Tø w Pseg(d|ω), Pall(d|ω) ®@x o° o wZ§j¨Z© ω ¯ }%]�Ð1\lÑ@Ñ §jB W�±j³ ?�£ npo ×!�g © a s � � ù>ú nporq �@  d

} ��² y�³ ��¥ }�þ<ÿ �g © a s � � ù>ú nporq �<  d
} ��² ³ �fq��

P (d|ω) = (1 − λall) · Pseg(d|ω) + λall · Pall(d|ω)

� ×cw`Ì@Ø<Ù a s � ��´!¼ o ×cû Ñ §jB Wµ�V}!¶(¿ D
·� � g © £ [�¸ D
· � � g © a!" m q û@à>á w
} ��²^¹

p(w|ωPosi)/p(w|ωNega) ��º Y%] � q1�(y a s � � w ]
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Ðf\XÑcä �1�<½1¾��   y � qf�6y i<³�´ qc��� } g h w
¹ } = ´ dlà@áV® ¶f¿ D
· � d �@�>½<¾ ³ � u`w�� a ¹} + n dlà>á�® [�¸ D
· � d �@�>½@¾ ³ �(qTy@y ø d ��(y i@³r´ qc�
2.3 RTS�U�V�������_���	 ( RµS�U�V��� �

� )

2.3.1 RTS�U�V�������_����ã@ä ��¦ t D@B ]hg(Y(WXa%]�Ð1\lÑ1W��li ù>ú npo �� d � g h Á>w�� } ?�£ g(Y(WXa ' ]ÈÐ1\lÑ<W��li ù>únjo �f� d � grYrW � ¼�� o × ]�ÐT\ZÑ1}���� ��� Ë
° a�� ´ �pd�m o � d ¼ d � g h a ®jw ]�Ð1\lÑ � g ©
�Èê �1� q(�fy i����<³ �(q��>Û>Ü =��r°cF@G�� � tC�y }<³^´ q c Þ(� g © y � � ®fe À�\ A"!�� g ©fÁ ]# ¸6Y � g © i�$ ½ °fd�� g © ³ � � × i w ]�ÐT\>Ñ
� g ©�® �lo ¼ } srt a&%(' Ý<Þ � Ý<Þ } ��� �!� g
© � � q }<³ ®(d ¹ w �( Îa � o �f� q ]pÐT\>Ñ y Ý
Þ y } ��� �!� g © � � ql� Ì�© ³ ®�) h+*�, � §>E
(UM) � g © (Iyer and Ostendorf 1996) w�) h g · #Ñ â

(DM) � g © ( æ<ç 2006) w LDA � g © (Blei, Ng,

and Jordan 2001)
}

3 - }%]�Ð<\lÑ � g ©��Èê �1� q��
2.3.2 .�/10�2� �3�4������
® �7� a UM � g © aZì �(�(5 Ý a76 ý^qj� =���°
d ��8 F@G�� � t � g © y � ��9A':5 Ý(d�� g © i UM

� g © (Iyer and Ostendorf 1996)
³ �(qc�

UM � g ©
®jû �<  d = (w1, w2, ..., wN ) ; y a � o × ]ÈÐ(\CÑ zi ��� � qTy=< ¢v��w ]�Ð1\lÑ z

}�>�? j ³(}��@ 
d
}

ÝZÞ wi

} *&, � §lE!��² P (wi|z) �ÈúTô q�� �@  ��²
( @�s ) ®cw1û ]�Ð(\lÑ z

}�A�BV} ��Á � n � ½ � λz

³
÷Tø ìV´DC(E ��¦ � ×�F(G1��H y d qc� *1

P (d) =
Z∑

z=1

λz

N∏
i=1

P (wi|z)

=
Z∑

z=1

λz

V∏
v=1

P (v|z)n(d,v)

�(� ³�]pÐT\@Ñ ® 1 I Z
i ��� � q^y < ¢ �{w Z ® ]Ð(\CÑ ß ³ �6qc� � × n(d, v) ® �@  d

a�" �@� Ý>Þ vi�J ¾ �c× x ß ³ �(q��
2.3.3 .�/1�"KMLTVMNO�����

UM � g ©T® ]�Ð1\lÑ�P(QV}��@ Va � � q C(EV} ÝZÞJ ¾ ��²��:� g © � � q i w ­"R(a ® P�QV}%]�Ð1\lÑZ}¸fi u�® ]�Ð(\lÑ��Va&e dvu`w � }%]ÈÐ1\lÑZ}c¸fi up�
UM � g © ³ ® ½@¾ � q1�(y i@³r´ d � y � tTSZµ � ëì �Î�co �(U(V �l× ' }<i DM � g © ( æ1ç 2006)

³
�(q��

V W&� } Ý ÿ ∆(V )
_1} ��² Ê ß θ = (θ1, θ2, ..., θV )

*1 XZY�[]\ λ ^`_ aObdcDeTf=gTh i=jlknm=oDprqOs=kTsOtru \ vwOxrwOy{zZ|~}����=�Z�:�l�Dyn� s~�

a � � q g · # Ñ â ��H } ��²���s � ß PD(θ|α) ®�W} sft a ¢�� n�oVq�� α = (α1, α2, ..., αV ) w αv > 0
³

� u`w g · # Ñ â ��H } � §�� Y(Wj³ �(q��

PD(θ; α) =
Γ(α)∏V

v=1 Γ(αv)

V∏
v=1

θαv−1
v

�1� ³ w α =
∑V

v=1 αv

³ �fql� Ý ºr}>g · # Ñ â �&H³ ® } ��� ñ>ò � t �^¹ � g © � ³r´ d � y � t �7� µi �(q × � w��>ß�� }Xg · # Ñ â ��H a ÷Tø � ì m � )h n ) ×�) h g · # Ñ â ��H i Õ<ô ¼ oTq�� Z � }Xg ·# Ñ â ��H�� λ = (λ1, λ2, ..., λZ)
³ ÷Vø ù
mV�C×�) hg · # Ñ â ��HT®�W ª6³ ¢�� nporq��

PDM (θ; λ, α) =

Z∑
z=1

λz

Γ(αz)∏V

v=1 Γ(αzv)

V∏
v=1

θαzv−1
v

�<� ³ w α = (α1, α2, ..., αZ) w αz = (αz1, αz2, ..., αzV )

®�� z ¤ U:¶TY1[^Uv]�}@g · # Ñ â �"H } � §^� Y6W³ �(q��
2.3.4 LDA �����

DM � g ©T®��>ß }%]�Ð1\lÑ �jÕ<ô q i wlúTô ¼ o ×�6  �<x }f�(} � � o � º6ìr} ]pÐr\>Ñ � ¼ B � nCo
× y � q�� x } × � w��>ß }%]�Ð1\lÑ � z>| ac�f� sTt
d �@  �:� g © � ³r´ d � � �>ß ]�Ð1\lÑ � ¼ B � nco
× �1  ��� g © � � q Ø6Ù i LDA � g © (Blei et al.

2001)
³ �(q�� �>ß ]�Ðf\lÑli �Tô q(�fy � ¼ w DM �g © s u ':� �6d�� g © � i7���f³r´ q��

LDA � g © ³ ® º(ì6}l�< ^a �<ß ]pÐ(\XÑ �D��� �q × � a Ý(Þ â ¨1© ³ unigram ��² } ) h �XÕTô ql�� ×@x } ) h ¹ i@g · # Ñ â ��H a Û!t>yT< ¢ � q(�6ya s � ��� ê��^�D��� � qc�

P (d; α, p(v|z)) =

∫
PD(λ|α)

V∏
v=1

P (v|λ)n(d,v)dλ

� } y ´ w P (v|λ) =

Z∑
z=1

λzP (v|z)

�T� ³
α = (α1, α2, ..., αZ) ® g · # Ñ â �+H } � §

� YfW λ = (λ1, λ2, ..., λZ) ® �< Vi û ]pÐf\CÑ � B �� q ��²�� ²f� �

3 �����1�M�
3.1 ������ 
Ì6Í ³ ® �f� ­`®^a�R �{w Amazon � ¼ ¿6ÀrU ©3�� � � 95784 ¡ S DfE ( ¢¤£ )

a � � q â�¥ ! Y w þ
419278

â�¥ ! Y ��¦ ´ �>× � Amazon
} â�¥ ! YVa

® �(µ i â(¥ !�¡ Y6a s � ��§ a ùfú nlo � " u¶w1û

2



�
1 �������	��

�������������������
 "!�#	$�%�&(' (all ) )

DVD
" '�*,+

& - ¥ Y . â Ñ.]�/ , Ñ B 0 Y E B ¶(Y(1 º�u ]�2�3 ¡
train 5823 172 1121 3523 62 361

dev.test 603 20 93 361 2 37

testset 97 1 26 27 4 5

λdev
all 0.6 I 1.0 0.0 I 0.4 0.2 I 0.4 0.6 0.6 I 1.0 0.5 I 1.0¥ g54 6 ©fB &

¥ ! Y D
· Y - Y E & e \
7^U z98 Ì :  
train 121 19 212 5832 21918 836

dev.test 10 2 20 606 2178 68

testset 1 1 1 109 452 21

λdev
all 0.0 I 0.4 0.0 I 1.0 0.5 0.0 I 0.2 0.7 0.6 I 1.0

�
2 �������	��;�<=�>���������"?
#A@�B�C�D�E�F

Model Baseline divided LI(dev.) LI(MAX)

Acc. 83.75 83.89 84.29 85.77

�(µ } â(¥ ! Y ß�®Xw 9D'�G�� �fµ 1 � ¼O9D' � � �µ
5
�l³ w"H a 14224, 15927, 39632, 1033355, 238074â�¥ ! Y<³ � � × �>�fµ 5,4

} â(¥ ! Y � Positive
â

¥ ! Y w �@µ 1,2
} â�¥ ! Y � Negative

â�¥ ! Y y ��w
x o ° o }XgfY(WXaCì �>� û�� g ©��{?�£ n ) q�� Ì ­®(³ ® �@µ ��a z º ß } â�¥ ! Y � � � q(�(y@y ��w>?
£ g6YfW ®jû �1µ � ¼ § U5I E a 10,000

â�¥ ! Y ��JK ��w9L 40,000
â7¥ ! Y ��?�£ aX� � × � D(B ]~g6YW ®�?�£ g(Y(W i�M � ¼ § U�I E a û �@µ 200

â�¥ ! Y
� ì § U�I E a J K ��w9N>Ø ³ p ¼ � a �@µ.y xPO � d� â(¥ ! Y �(QSR>w 9�T ° a L 745

â(¥ ! Y �ZDfB ]gTYrW y � � � � × � � × «^¬ ¨t f} ÷�ø(U ¢ aZ� �
× development D(B ]	VÎ\Î] ®lû �1µ � ¼ § U5I E a
1,000

â�¥ ! Y � � � × � à@á�® þ ?�£ gfY(WZal�^� oq
1gram à>á } t * w J ¾ x ß i 10

x i _1} à>á<w�L
20,522 �Î� � � × �

supervised ?�£���¦ t R(}%]�Ð1\lÑ<W�� ®cw Amazon} ¢¤£ W`�fa Û � ½ 1
} sÎt a

12
]jÐV\<Ñ y �>× �

train, dev.test, testset ®fx o ° oSW�X gTYTW w devel-

opment D1B ]�VÎ\�]`g(YfW wfD1B ]�V^\�]`g6YfWZ} â¥ ! Y ß.� ½ � � λdev
all ®Cw@û ]pÐ6\ZÑ7��} � g © y ]Ð(\XÑ ��Y ä �cd � þfÿ � g © (all)

y } «^¬ ¨( � ��<�
development D1B ] �&¦ � × g h }�ZS[ ² i 9 =y d � × all ¯ ÷rø ³ �fq�� ÷rø ® 0.0 I 1.0

�l³
0.1 \ø }

11
µ ³�­�® ��¦ � × � “0.6 I 1.0”

} sTt a�]6} �

�
3 ���"�^�	��@_B ��`�a D (1gram b )

DVD
. â Ñ.]�/ z98 Ì, Ñ Bc A d�V e9f �Ci �

� � g+£ h�i j9k.�
Nega. l m É n5o p5q

r�s d�t Ý�£ �5� q aìT� ¼ A�B u9v9w x�y
z � {S| }5~ �9�
�,�,� ����� � ~ � �9���

Posi. ��� � ��� ������� �5���_�
����� �S� � � ���� ����
¡"¢"£ ¤ � ¥ ¢�¦P§ ¨�©�ª ���

«�¬�­�®�¯�°9±�²=³ ��´¶µ^·�¸��,¹ ¢�¦�ºS»"¼
½�¾(¿ÁÀ
Â(Ã(Ä ±SÅ"ÆÁÇ>È5¯9É�Ê À Â�Ã5Ë5Ä�Ì ® À Â�Ã(Ä�ÍSÄ Å
Î�Ï�Ð5Ñ � � � ¿
3.2 Ò�Ó(Ô�Õ_Ö�×9Ø�Ù�Ú�ÛSØ5Ü�Ý�Þ,ß5à"á�â�ã,ä�å�æ® µ Ð=Î Ç�ç=è5é"ê �5ëSìí� ¦5î Æ Ä�ï5ð Æ,ñ Î�ò
«�ó�ô ¼ ¬

2
Î ½�¾�¿

Baseline
®íÇ�ç�è5é"õ�ö ¼�÷=ø

� �9ù�ú ± î Æ Ä�ï�ð Æ�ñ,û Î�ò «�ó�ô=¯
divided

®
Ç�ç�è�é�ü Î õ,ö � Ñ ë,ìþý ÿ � ¼�÷ ¢9¦ óSôS¯

LI
®

° ���9�
all
» ±����	� � ±5ó�ô ¼�½ � ¯

LI(dev.)
®

development 
�� Ç Î�ò ¢ Ñ�
�� ¼����	� � ¦��	� ¯
LI(MAX)

® 
�� Ç���è�Ç
±(ó�ô � � ¢�» ��·¶¸ ±��� ¢(¦���� Î ��� Ñ ±"ó�ô �S¹ « ¿
all
» ±������ � ¼

÷�ø � � ��� ¯ ð=Ä ��� Æ � �S¹ « all !#" »%$�& ´('± ·�¸ » � ¢�¦�¿�)�* ±�ó9ô ¼,+ �.- � « » ¯ ë9ì0/�1
2	3�4 � Ç�çSè�é Î05 � Ñ ·�¸ ®#6�7 � Ñ � « � ±,±�¯

3



/01 2.3�� � � Ç�ç,è"é �"·�¸ 3�� © Ñ � ¦�¿ �#��� �
� ® º ��� ·�¸ 3�� © «��	� Î ��� Ñ ®

all
Î=ò ¢ Ñ �
 Ä	� ��� 3 ��
 �^� ¯�� �	��¼�� �9��� « »��	� �^�

« ¿ Ç�ç,è"é���± ë9ì0/01 2.3�� � � ��� Î�5 � Ñ����
�5�

all � 
	� 3�� � - � ¢ Ñ � « ø 
(� ® � � 3 ¯ 

� Ç ��è�Ç�� � ± �0� 
�� (LI(MAX))

®9°9± ò�� �� 
!�3�"�# Î �$�^� ¦�¿�º ± ò�� ��� 3�% µ «'&)( » � Ñ
®�¯

development 
0� Ç ��è�Ç Î�5 
 «+* �#/01 Å,�(±- § ±�.�/ 3 �	� �^� « ¿
Ç�ç,è"é�ê î Æ Ä�ï"ð Æ5ñ�û ��0 ��� ¦ ë9ì)1 Í È �

��2�3 · ±54	687 ¼¶»�§ ¯�° �	�5�89�:
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