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��An Approah to Extrating Latent Topis by Using Prior Knowledgebased on Co-ourrene Information
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���?���3�31 �������38�� �3 9 !"�3#&'Advaned Sienes, Graduate Shool of Humanities and Sienes, Ohanomizu UniversityWe have reently had many hanes to treat huge douments. A lot of studies about extrating of latent topis indouments have been done, whih is aomplished by Latent Dirihlet Alloation(LDA). That is not done by usingsuper�ial information. When we extrat topis by LDA, sometimes it happens that the words we assume they arein the same topi is devided into di�erent topis. Therefore David Andrzejewski and Yuening Hu proposed methodthat we selet some words whih should be in the same topi and inorporate the words into LDA as onstrainedknowledge. But the knowledge is onstruted from subjetive view of users in many ases and is not onstrutedfrom target douments automatially.1. ()*+

,G-K./7DFHILPQRSTUVWXYXZR[\
D.7DFH]^ZX-_`a/bc]defLPgh/f-Latent Dirihlet Alloation(LDA) IiZX-FHjDkl
a/mnopIqrIQRstUufvwxXZR[LDAI
yzXmnopIqrQR{]-|}-~D��]�ZX��
mnop]�R����xR�U��mnopD�D�h/�
/Z\�U�R[�x]��X-F�]��xR������
mnop]�R�Y���W�xR���I���-�x�U
��mnop]�R��]��� ��X¡¢I£WR¤¥U
¦§�xXZR [1, 2℄[���-�x�D¡¢h¨©ªD«¬
]�zX£W�xR©®Uuf-�¯�/RFH��¡¢�
/R� I°±g²³�XZRw´gh/Z[|stgh-£
W�xXZRFH��¡¢�/R���I°±a]qr�-�
x�I��� ��X£WR\�g¡¢Iµ�W¶klmno
pqrIvZ-�D·¸I�¹QR[2. º»¼½Andrzejewski � [1℄ h-Dirihlet Forest Prior IiZX-
mnop��X¾¿�xR��]¡¢IÀ£�¶[��ÁD
¡¢��X-�Â/ÃÄÅIÆ^ 2 ^D��U�Ç]mno
p]ÈÉQR¡¢��X `Must-Link'IÊ��-2^D��U
Z�/Rmnop]�ZX��Ë].Y/ÃÄÅ]/�/Z
�Z�¡¢��X `Cannot-Links'IÊ��XZR[Hu� [2℄
h-LDAIiZXmnopqr�x¶·¸]��XÌÍÎÏ
pÐÑÒ]¡¢I£WÓÔmnopqrIv�¤¥I¦§�X
ZR[�¶-Kobayashi� [3℄h-Andrzejewski� [1℄UÕi
�¶��ÁD¡¢� g�RMust Link� Cannot Link]�
ZXÖPa×Ø]�R¡¢� D·ÙIÚigYR��]�-
ÖPa/¡¢]deY-Û¶]¡¢IÜÝQR\��Þß]Q
Rmnopqr¤¥I¦§�XZR[�àa/¡¢ÀYpÏ®
ÎáÍâ]�ZXh-¡¢h~¤g£W�xR\�U�¦�
/zXZR\���-ãä� [5℄h-�åæ�çÎ©ÍIiZ
èéê:ëìíî-�ïDðñò.ó.óô~ÁFõö÷øós
tøPóùúbcøóû©®-ü 112-8610ýþÿFþ6.
D 2-1-1-03-5978-5708-tatsukawa.kayo�is.oha.a.jp

Xû©ç®��¿5�I°±3³�-�x]deZ¶¡¢I9
CQR\�]�$¡¢ÀYD��pÏ®ÎáÍâ¤¥I¦§
�XZR[ãä�h��¾¿]�´R¡¢� I�¯�QR
FH��gh/f-¢ 102FDû©ç®��ó=QR\�]
�zX3³�¶U-|stgh-�D��/.Y/¡¢� I
�¦���-klmnopI¾¿QR�¯FH��¡¢� I
qrQR\�]�$-mnop¾¿D@ÔU8>gYR�I�
FQR[3. ;A�<+4��%���	
3.1 Dirihlet Forest LDALDAIÚi�-¡¢I���gklmnopD¾¿Iv�
¶�]-�Ñáp�¾I]�Ñáp�?¾I!Dirihlet ForestPrior-0�DF�IiZR[DF�h�Ñáp�¾II�`õ
�¶�Dg�$-��D LDA��Â]�Ñáp�¾ID�Ì
ç©çÏ�©Î��X �� � I�x�xmnop¾I���
r�¾I]iZRU-�x]ÝW��r�¾I]�ZX-£W
¶¡¢D��IH1QR � IiZR[Dirihlet ForestDM]
�¶R�¾]h�mnop]�ZXr�QR��Dr�ÃÄU
�$-�XDMDr�ÃÄDÙ7U 1�/R[DFIiZ¶ LDA!0�-LDA-DF�gDFH�÷ "g
h-����D LDA��Â]-çÏ�©Î �]�zXu#¾
I � I&�-\x]'Z 1^Dmnop ZI��QR[(]
çÏ�©Î � g�ZX-���x¶u#¾I �]�ZX �]
�zX���x¶mnop ZgDÃÄ¾I]'Z���f�
fh¡¢I��QR[��U���x¶)Ùh�D��gFH
I�÷�-¡¢U�*x¶)Ù]hçÏ�©Î � ]�Ru#
¾I � ]�ZX��I��QR\��/R[Z�-di-zi Ii+LD�� wi U��xRFH��,-EX�xRmnop
��->.�¶çÏ�©ÎIiZR�-LDA-DFh0�D/
g_��xR[ �di � Dirihlet(�) (1)zij�di � Multinomial(�di) (2)q � DirihletForest(�; �) (3)�zi � DirihletTree(q) (4)wijzi; �zi � Multinomial(�zi) (5)1



The 26th Annual Conferene of the Japanese Soiety for Arti�ial Intelligene, 20123.2 @LC<$9�Newman � [4℄ h-mnopD·B�]�QRÂ!/I2
;�]^ZX�¹�XZR[|st]�ZXh-�D;�D�
^g�R-��ÁD°8A�bc7!PMI:Point-wise MutualInformation�ImnopFD·B�I�R;���XÕi�-`mnop���'I�R\�]QR[
¡¢� I9CQRD]-mnopIî_QR��/�R�
�I��QR�MU�R[|st]�ZXh-�RmnopI
î_QR��!0�-�=M����	
��h-�¯�QR
FH�]KJ�f�Ô]�xR�D-�¶h-�D���u
fD6547]�R�D����-0�]��R�^D¤�I
iZX��QR[(i) Ôbc]def=M��D��
��F�D�?FHI�¯]QR)Ù-�D�XDFH
]6��X�Ôgr�QR�h-�DF�I_Q¶�
]�M�Þ�/�g�R��W�xR[�D¶�|st
gh�FH]OzX�xR�I=M����X��QR
\��QR[(ii) 65bc]def=M��D��
|stgh PMIU�Z�����h-��mnop]�
R�8U�Z����X¡¢I9CQR[�\g-�$
ufD���Z6547IÆ^�I=M����X��
QR[\x]�$¡¢��X£WR���!��� ]
AE�ÁD PMIU�f/R\�U���xR[

0�D®Ðo%]'Z-¡¢� D9CIv�[step. 1 Ôbc�¶h65bc]deZX=M��I��
QR[step. 2 step1g³�x¶��I6547]deY-Zf^�
Dâ�©%]¾¿QR[\DË-6547D;�h PMI
IiZ-��Ê��x¶oÅ0>D�DI�^Dâ�©
%��X���R[step. 3 step2g³�x¶â�©%FD���65QR��
I PMIId]�X²³�-PMIU�Z�DIÜÝQR[
ÜÝQR��?]�zX£WR¡¢U�õQR¶�-|
stghÜÝQR��?I 1�4  g�õ��R\��
QR[4. "#4.1 &'()

mnopqr*+]iZRFHh-�?DFH��,-�
�DmnopUqr�xR�DU.��Z��W-�/01D
c3I�XZR�?DÛ:>�IiZ¶[*+]iZ¶Û:
>�h-D�áE ABC News-ÌGá® BCC NEWS-EH
N CTV News/�P�Q�RD«MÛ:STTVTSD�D
g�$-2011G 12U 16VD�WXYP]�RZ[�\]B
T��]4QRP^Û: 10>� (F?h 212, �å?h 853)-2012G 1U 16VD�ÌÎáD_í`abc�\�]4QRP
^Û: 24>� (F?h 967,�å?h 2267)-2012G 1U 17
VD�WikipediaD SOPAdDef�]4QRP^Û: 25>
� (F?h 700,�å?h 1823)-2012G 1U 17VD�Yahoo!
6öghDij�]4QRP^Û: 18>� (F?h 553,�å
?h 1113)-�çk®ÎÍDlm�]4QRP^Û: 22>� (F
?h 403,�å?h 608)-�npqrsÌ��]4QRP^Û:18>� (F?h 380,�å?h 936)I�¯�QR[

�¶-LDA-DF giZR�Ñáp�¾IDçÏ�©Îh-� = 0:1-� = 0:1-� = 100 ��-t�u¥h CollapsedGibbs SamplingIiZ-Ì�Ð©vwÍh 200x��¶[m
nop?hç©%�kvÐÑ]deY�¯û©ç®]��Xy
z�{wxR�DI&�QR\��gYRU-mnopD¾¿
·¸��X³�xR��Dâ�©nÍâDyz�I�/|}
D�g~����¶Z\���-|st]�ZXhmnop?K� 10 �QR[Hu� [2℄ Dstgh£W�x¶¡¢D��
]�/X-��Dmnop���g��]-$EX�xXZR
mnopD��I²$��-klmnopDÓt�IvzXZ
R[\D²$���¯�/R��D�,u] 4 ^Du¥I¦
§�X�$-�D 4 ^DjgF��g²$��Ivz¶)Ù
]-�$�Z·¸U³�x¶�c3�XZR[\D\���|
stg�-Ót�Iv�{]²$�Q��hF��gv�\�
�QR[
*+·¸hç©%�kvÐÑDÅIØr�-�DÅ]�$�
�� I£WR���gD���D���I��QR[ç©
%�kvÐÑh/!6�IiZXØr�¶[\\gN h�FH
�-wmn h m+LDFHD n+LD��-�; � h�x�x
FH]��XmnopD�5ÃÄ,mnop]��X��D�
5ÃÄI_Q[Perplexity(w) = exp(� 1NXmn log(Xz �mz�zwmn)) (6)4.2 &'��

Ôbc��,65bc]def=M��Dâ�©%��
Dâ�©%]ÜÝ�xR����I_ 1]�Q[_ 1 j-q
r�x¶=M��I65ÔU�Z�DI�^Dâ�©%]æ
Ù�-��a]_ 1D>�]�Q 6 ^Dâ�©%I³¶[\
D 6 ^Dâ�©%�x�x]��IÜÝQRU-�^ÜÝQ
R)ÙDÜÝ��I��]��XZR[*{h��D��I>
�Dâ�©%]�x�xÜÝQR\�g¡¢� I9CQR[
��� U 0 D�� (^�$��D LDA��/)���^
�^¡¢IÝWXZf\�]�zX-mnopqr@ÔU8>
QR�Iç©%�kvÐÑI;���XÃ�QR[
�-|stgh-¡¢� FD PMIU�Z�D���]¡
¢I£WR\���¶�1[

� 1: �Yahoo!6ö�h�(��Ôbc-��65bc)�1 � ¡¢£¤¥¦§¨©ª«¬ PMI®¯°±²³´µ¶£·
¸¹º»¼½¾¿®ÀÁ¸ÂÃÄÅ£ÆÇ¸È¬ÉºÉÊ2



The 26th Annual Conferene of the Japanese Soiety for Arti�ial Intelligene, 2012
_ 1: Ôbc��,65bc]def=M��â�©%�ÜÝ��

<N/?J5; LE�A8H2� %���9���:> Wikipedia SOPA �	 Yahoo!6
��� �����@� KD���%�

I

�

= M

C � ©
ª » �
�°±

fprime,minister,reator,fukushimag,fpower,tokyog,foldg,fnulearg,fplantg,fshutdowng. fostag,fpassengerg,fpeopleg fwikipediag,fonlineg,fpirayg,finternetg fyangg,fboardg,fyahoog,fompanyg,fthompsong fpakistanig,favalanheg,fsoldierg,ftroopg fmissileg,fnorthg,flaunhg,fkoreag
� � $

»C�

yoshihiko,eletri,reahed,noda,marh,state appears,unaounted,friday wale,stop,protet,free bostok,position,hairman,struggling,sott indian,army,saturday,remote plan,long,roket,japan
�

�

= M

C � ©
ª » �
�°±

fooling,ontaminated,waterg,fsiteg,fyeargfstable,state,responseg,fworst,disasterg fdisaster,aused,seag,faground,rang,fgashg,fauthority,safetyg,ftelevisiong,fevauationg fmedium,industry,group,teh,information,popularg,fbigg,flegislationg,fservieg,fommunityg fprivate,pursuing,deal,shareholder,asiang,fbegang,fleavingg,fresignationg,fhiefg,fmediumg fiviliang,fhour,survivor,entraneg,fsnowg,floatedg,fmetreg,fmorning,early,struggling,bodyg fgovernmentg,fpyongyangg,fplannedg,freportg,fsiteg,fstate,united,told,ballisti,southg
� � $

»C�

ton,liquid,end,tank,hernobyl tehnial,late,side,trained,human,survivor soial,web,proposed,provider,wale large,university,struggling,thompson,sott,trading missing,entrane,headquarters,base,area,make image,peaeful,launhing,news,allowed,hinese

� 2: �çk®ÎÍlm�(��Ôbc-��65bc)

� 3: �npqD1 B>��(��Ôbc-��65bc)

4.3 !"

� 1��� 3]�Yahoo!6öghDij�-�çk®ÎÍD
lm�-�npqD~#1 B>��D 3^D>�]4�X-
Ôbc-65bc]^ZX�x�x£WR¡¢?IVT�X
Zz¶�Y!&'h£WR��� D?�D PMI!�j>��
��,ç©%�kvÐÑ!�j���D�õI�Q[
\\g-\mnop"�h�D��]_r�xR�]^ZX
�WX�R�-mnop��X(��xTQZ�Dh-65Q
R3GU��]¾¿�xXZR�D��W�xR[\D\��
�-)!h�åD65bcI�QPMI������XD��
�I�Qç©%�kvÐÑIiZX-\�Zmnop¾¿"�
h�PMIU�fç©%�kvÐÑU*Zmnop¾¿�g�
R�Z��+IëXR[PMI�ç©%�kvÐÑD47I,WR¶�-��� ]
65QR��I 1�� 4 ^�gIVT�¶{DA47?I�
Q�2[� 4]Ôbc]deZX��� I-z¶{D PMI
�ç©%�kvÐÑDA447I-� 5]65bc]deZ
X��� I-z¶{DPMI�ç©%�kvÐÑDA447
I�x�x�Q[

� 4: PMI�ç©%�kvÐÑDA447!Ô.��� �
� 4 ]�ZX-FH]�zXA47?DÅD²$u]/0
U�/XZRU-�4D7FI�R�-Ôbc]deZX9
C�¶¡¢� h-PMI�ç©%�kvÐÑDÁ]ÅhO�
ZUPDA447U�l�-��IÜÝQR\�]�$-ÅU�2 Ã£QRST¸� ¡¢£UT£��VW¼XYXZ[È¬É«
\]©��$»C�V��È\^¦££Å_»Ê3



The 26th Annual Conferene of the Japanese Soiety for Arti�ial Intelligene, 2012
_ 2: �npqD~#1 B>��>���qr�x¶mnopIî_QR=M��!>� 10 �topi topi0 topi1 topi2 topi3 topi4 topi5 topi6 topi7 topi8 topi9LDA missilenorth~~~~~~~~roket~~~~~~~~~nulear.............tehnologykorea..........expertsatellite. . .long~~~~~~ range

missilelaunh. . .jang bal-listijin testmyongsatellite. . .failityprogram
north~~~~~~~~ri sitetaonghangroket~~~~~~~~~stagelaunh. . .south re-porterwest

north~~~~~~~~korea..........satellite. . .launh. . .spaeprepa-rationstation. . .foreign............seurityounil
north~~~~~~~~launh. . .kim.......korea..........april il.sung. .satellite. . .birthfounder

launh. . .north~~~~~~~~roket~~~~~~~~~long~~~~~~rangestagewarningkoreaninterna-tionalposition
southkoreannulear.............newstestsatellite. . .govern-mentpartyreporttunnel

weathersend mili-tary bakimageforeastsurveypeoplerisk sus-pended kim....... jongpowersatellite. . .meetingleaderdeem-ber toldtimingauthority
korea..........north~~~~~~~~testmissilestatenulear.............japan~~~~~~~~roket~~~~~~~~~unitedparttopi topi0 topi1 topi2 topi3 topi4 topi5 topi6 topi7 topi8 topi9

@LILDA-DF missilenorth~~~~~~~~roket~~~~~~~~~long~~~~~~ expertrange stateunitedtehnologyplan~~~~~~
jinpeoplemyongjangspaeshowdevelopfailityountrytaraget

north~~~~~~~~roket~~~~~~~~~rangelong~~~~~~japan~~~~~~~~plan~~~~~~kwangmy-ongsonsatellite. . .orbiturged
ri north~~~~~~~~tonghangsouthstationroket~~~~~~~~~prepara-tion japan~~~~~~~~reproterlong~~~~~~

launh. . .satellite. . .il.sung. .month. . .aprilfounderbirthnorth~~~~~~~~kim.......
spaestageseurityounillifto�interna-tionalfuelingpositionsendsheduled

southtestkoreannewsgovern-mentpartyimagesundayreportageny
sendkoreanweathermilitaryforeastbaksurveyondutresoureaid

jongpowermeetinghinedeem-ber highleaderfatherministerhinese
testkorea..........nulear.............north~~~~~~~~week.........foreign............kim.......neededrangelong~~~~~~

� 5: PMI�ç©%�kvÐÑDA447!65.��� �
VÝQR�8]�R\�Uw�R[PMI�ç©%�kvÐÑ
Á]�´RPDA4h-)!UëX¶�+g�R�PMIU�
fç©%�kvÐÑU*Zmnop¾¿�I;ÆQR�Dg�
$-Ôbc��=M�Iqr�-65QR��IÜÝQR\
�g9CQR¡¢� U�Zmnop¾¿I*�QRDgh/
Z���W�xR[�u-� 5]�ZX�FH]�zXA47
?DÅD²$u]/0U�/X�$-�4D7FI�zX�A
47?DÅUO�f-��IÜÝ�X�PDA4U�xR�h
8ZFZ[
>>D\���-mnop¾¿]M��/R¡¢� h-F
H��Ôbc]deY=M�Iqr�¶�]-�x�D�å
��¡¢� D3�/Râ�©%I9C�-�Dâ�©%]6
5QR��IÜÝQR\���9CQx*�Z��W�xR[
_ 2 ]-�npqD~#1 B>��D>�]4�X-
¡¢I£WXZ/Z��D LDA(>�) �¡¢!¡¢�
  5 ^D�x�x]�� PMI D�Z��I 4 ^ÜÝ
�¶�D�I£W¶ LDA-DF(��) gDmnop¾¿
D·¸I��¶[¡¢hÔbc]deZX9÷�x¶-fmissile,tehnology,state,expert,unitedg,fnorth,long,roket,plan,japang,flaunh,il,sung,month,satelliteg,fkorea,kim,foreign,week,nuleargD7 4^D¡¢I£W¶[\x]�$-
*�g��xR¡¢��U>�gh Topi0-1-9]¾�xX
Z¶�DU��gh Topi0 ]=·�-�E:�g��xR

¡¢��U>�gh Topi7-9 0�]�xXZ¶�DU��
gh Topi4 ]=·�-E�g��xR¡¢��U>�ghTopi0-3-4-6-8-9]�xXZ¶�DU Topi9]=·�
XZR\�Uw�R[5. $��+
'}Dkla�Ñáp�G¾¥gh¨©ªU���XZ¶
�D�h0/Rmnop¾¿I�xR\�U�$-�xI2A
QR¶�]ÌÍÎÏpÐÑÒ]¡¢I£WXÓÔmnop¾¿
QRst [2℄/�UvwxXY¶[|stgh¡¢I�¯FH
��°±a]qr��D¡¢I£WXmnop¾¿�¶{D
·¸I���¶[mnop¾¿�x¶·¸D��u¥h PMI
Tç©%�kvÐÑD�]��R¶�-��h�D;�D�g
�$.Y/û©ç®IyZ-·¸I��QR^�$g�R[�
¶-¡¢D9Cu¥°4��] PMID�Z�D���I¡¢
��X£WR�´g/f-�$�Z¡¢�/R�DI9CQR
¤�I�FQR^�$g�R[

�9J�[1℄ David Andrzejewski, Xiaojin Zhu, and Mark Craven. Inor-porating domain knowledge into topi modeling via dirih-let forest priors. In Pro. of the 26th Annual InternationalConferene on Mahine Learning, ICML '09, pp. 25{32, NewYork, NY, USA, 2009. ACM.[2℄ Yuening Hu, Jordan Boyd-Graber, and Brianna Satino�. In-terative topi modeling. In Pro. of the 49th ACL-HLT -Volume 1, pp. 248{257, 2011.[3℄ Hayato Kobayashi, HiromiWakaki, Tomohiro Yamasaki, andMasaru Suzuki. Topi models with logial onstraints onwords. In Workshop on Robust Unsupervised and Semisu-pervised Methods in Natural Language Proessing, 2011.[4℄ David Newman, Jey Han Lau, Karl Grieser, and TimothyBaldwin. Automati evaluation of topi oherene. In HLT:The 2010 North Amerian Chapter of the ACL, pp. 100{108,2010.[5℄ o<?�, 4O	
. �W��¯%°�©¼�������
���%���. ¡¢�-�´�µ��5�, Vol. 79, pp. 61{66,2007-12-03.4


