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Abstract

Abstract

Keywords are an important way to catch the main idea of a document for human

beings. Automatic keyword extraction plays an important role in information retrieval

and natural language processing, etc. Traditional methods for keyword extraction simply

rank keywords according to the statistical information of words, without considering the

influence of document topic structure to keyword extraction. This thesis focus on the

document topic structure, study the methods to extract keywords by considering docu-

ment topics, including using internal information of documents for keyword extraction,

using external information via latent topic models for keyword extraction, integrating

latent topic models and document structure for keyword extraction, and keyword extrac-

tion based on the topic consistency of documents and keywords. We introduce the four

methods in detail as follows:

Using internal information of documents for keyword extraction. This method

simply uses the internal information of a document. By measuring the semantic relat-

edness between words, we perform clustering for these words, and each clustercan be

regarded as a topic of this document. We select an exemplar word for each cluster. Ac-

tivated by these exemplar words, we extract keywords from the document. This method

can extract keywords based on the topical clusters which make the extractedkeywords

have better coverage.

Using latent topic models for keyword extraction. Keyword extraction based on

word clustering falls short because the internal information of a document is not sufficient

to identify the document topics. We thus propose to use latent topic models to build

topics based on large-scale datasets. Moreover, we propose a parallel algorithm for Latent

Dirichlet Allocation (LDA), a typical latent topic model, to speedup the learning process

of LDA.

Using latent topic models and document structure for keyword extraction. Key-

word extraction using latent topic models does not take the document structure into ac-

count. We propose a new method to integrate latent topic models and document structure

together for keyword extraction. This method takes advantages of both latent topic mod-

els and graph-based methods for keyword extraction.
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Abstract

Using topic consistency of document and keywords to solve vocabulary gap in

keyword extraction. In many cases, there is a large vocabulary gap between a document

and its keywords. By assuming the document and its keywords are topically consistent,

we propose a method using word alignment models in statistical machine translation for

keyword extraction.

Key words: language network; natural language processing; keyword extraction; docu-

ment topics
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1 1Ù Úó1 1Ù Úó
1.1 ïÄ�µ��©��'�(keyword)Ï~´A�½öá�§�ǑéT©�Ì�SN�J�"'�´<�¯�
)©�SN!rºÌK���ª"'�2�A^u#ª��!�EØ©�+�§±�B<�p�/+nÚu¢©�"�X�ä��&E�¿ª�O�§'�¤Ǒ^r3°þ&E¥u¢a,�SN�Ì�óä§�)
XGoogle!zÝ�Äu'��|¢Ú�úi"3�¬�Æ¥§{¤©�¥'��^ªÝ!S3¹Â��¡�CzǑ¤ǑïÄ<a�¬!©zÚ�£*güC��å» [1–3]"?\Web2.0��§Nõ�Õ�^rJø
Ǒa,��é�(Xó�!ã¡!Àª!Ö7Ú>K�)gdI5I\(tags)�õU§Bu^r©�!+n!ÂõÚu¢é�"�'�aq§�Ü©I\´½öá�§~~L«^réI5é�ÌK�n)ÚV)"duØÓ�^rÑ�±éÓ��é�I5I\§äk�r��¬�p5§Ïdq¡Ǒ�¬I\(social tags)"^rI5�I\®oå5¤Ǒ��NX§���¯©a{(Folksonomy)§ùrN
�;[�½�©aNX(Taxonomy)�m��É"2Âþ5ù§�±ò�¬I\w�Web2.0���'�"ã 1.1�Ñ
A�'�«~"ã 1.1(a)Ǒ{IO�ÅÆ¬(ACM) 1©Ì��,Æâ¬ÆØ©�öǑÙØ©I5�'�"lã¥�±w�§Ø©�öJø
n«a.�'�µ1�«´/aOÚÌK£ã(Categories and Subject

Descriptions)0§ù´�ölACMJø�4�©aNXä¥ÀJ�§L«TØ©�Æ�aO¶1�«´/Ï^â�(General Terms)0§ù´�ölACMJø�¹k16��L¥ÀJ�§ù
®�{8\þ¡�©aNXä§^5L«Ø©�a.¶1n«´;.¿Âþ�/'�(Keywords)0§dØ©�ögd�½§^5V)Ø©�ÌK"ã 1.1(b)ǑÍ¶Eâ�ÕMIT Technology Review¥©� 2©?6Ǒ,�#ªI5�'�"duT�Õ#ª��´l=©�È5§Ǒ
�BÖön)§¤I5�Ç�'�Ǒ�ÑÓ�w«ÙéA�=©"ã 1.1(c)K´I
1© http://portal.acm.org/
2© http://www.mittrchinese.com/
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1 1Ù Úó

(a) 论文关键词

(b) 新闻关键词

(c) 社会标签ã 1.1 '�«~µ (a)ǑACM¬ÆØ©'�¶ (b)ǑÍ¶Eâ�ÕMIT Technology

Review¥©#ª'�¶(c)ǑÎ��Õþ^ré>K5ùpú6I5��¬I\"SKµ�ÕÎ�� 1©^ré>K5ùpú6I5��¬I\§I\�¡)Ò�êiL«é>K5ùpú6I5TI\�^rêþ"3DÚ�EØ©¥Ú#ª¥¥§<����;[Ǒ�I5é�I5'�",�X&EEâÚ�¬�p�u�§z�zǑÑk�þ©��&E�)"<óI5Xd°þ�&E®²C�Øy¢"�¬½�I�O�ÅU
Ǒ©�gÄI5'�"Ïd§'''���gggÄÄÄIII555Åì¤Ǒg,�ó?nÚ&Eu¢�9:ïÄ¯K"8§'�gÄI5Eâ®2�A^u|¢Ú�!#ªÑÖ!>fãÖ,�+�§3�©u¢!©�©a!&ELÈÚ©�Á��?Ö¥u�X��^"Web2.0����5Ǒ'�gÄI55\
#�¹å"��¡§+N��(collective intelligence)�)
´L�&E§X�Äz���£¥�ïá§Ǒ'�I5Jø
�\´L��£Ú&E",��¡§3�¬I\ÑÖ¥§Ǒ
�B^rI5I\§�ÕÏ~ïáI\gÄí�XÚǑ^rí�I\§ùǑǑ'�gÄI5Jø
2,Í�"�dÓ�§°þ&E?nǑǑ'�gÄI5EâJÑ
#�℄Ô"nþ¤ã§'�´&E��<�+n!u¢℄���ãÚB$óä§'�gÄI5Eâ´<�3°þ&E¥Òi���6§I\í�EâǑ�'�I5kX�éX"�©òXïÄ°þ&E¥�p�'�gÄI5Eâ§¿&¢Ù3�¬I\í�¥�A^"Ǒ
��/©Û'�gÄI5¤¡��℄Ô§�e5�©Äk£�Úµã'�gÄI5Ú�¬I\gÄí��®kó�"
1© http://www.douban.com

2

http://www.douban.com


1 1Ù Úó
1.2 '�gÄI5�Ì��ª��{'�gÄI5Ì�kü«�ªµ'�Ä�(keyword extraction)�'�©�(keyword assignment)[4]"'�Ä�§�¶gÂ§´l©�SN¥Ïé¿í�'�¶'�©�´l��ýk�ï��É�L(controlled vocabulary)¥í�eZ�½öá�©��©��Ǒ'�"
1.2.1 '�Ä�8ïÄöÌ�3#ª!ÆâØ©!���©NþïÄ'�Ä�Eâ"'�Ä���©ǑüÚµÀ�ÿÀ'�ÚlÿÀ8Ü¥í�'�"
1.2.1.1 À�ÿÀ'�'���´ü�½ödõ�ü|¤�á�"l©�¥À�ÿÀ'��J:3uXÛ�(�½ÿÀ'��>."Ïé�(�á�3õ«?Ö¥Ñ¬�9�§83=©'�Ä�¥§��À�N�G(N-gram§N��Ǒ1�3)§,�ÏLO�N�GSÜéX�;�§Ý5�ä§´Ä´��kÕá�Â�á�"T?Ö���Ä�(collocation extraction)ÚõL�(multi-word expression)Ä�?Öaq§ÑI�O(/�ä>."��Ä�Q}Áõ«�ªÝþSÜ;�§Ý [5]§Xþ����(mean

and variance)[6]§ tÿÁ(t-test)[7]§k�ÿÁ(χ2 test)§:p&E(point-wise mutu-

al information)[8]Ú��ªq,'ÿÁ(binomial likelihood ratio test§BLRT) [9]�"
TomokiyoÚHurst[10]JÑ|^�ó�.ÝþGSÜéX�;�§Ý"
SilvaÚLopes[11]JÑ�^õL�Ä�EâJ�ÿÀ'�"

Hulth[12]Kuy�Ü©'�´¶5|§ÎÜ�½�5�ª§X//N+¶0´�~���ª"Ïd�±À�ÎÜ,«5�ª�|�ǑÿÀ'�"ÒNï©z¤�§�Ü©=©'�Ä�ïÄ|^±þü«�ª��À�ÿÀ'�"
1.2.1.2 í�'�3��©��ÿÀ'�8Ü�§ïÄöJÑü«å»)û'�À�¯K"�«å»´�iÒ��{§|^ÿÀ'��ÚO5�§Xterm frequen-

cyõinverse document frequency(TFIDF)[13]�§é��üS§À��p�eZ��Ǒ'�",	�«å»´kiÒ��{ [4,14]§ò'�Ä�¯K=�Ǒ�äz
3



1 1Ù Úó�ÿÀ'�´ÄǑ'���©a¯K§§I���®²I5'��©�8ÜÔö©a�."�iÒ�{ÚkiÒ�{�kÙ`³Ú":µ�iÒ�{ØI�<óI5Ôö8Ü�L§§Ïd�\¯$§�du�{k�nÜ|^õ«&EéÿÀ'�üS§¤±�J�{�kiÒ�{|{¶kiÒ�{�±ÏLÔöÆSN!õ«&Eéu�ä'��KǑ§Ý§Ïd�J�`§�3&E�¿��ä��§I5Ôö8Ü�~Ñ�Ñå¶�Û¹©�ÌK  �X�mCzì�§��?1Ôö8ÜI5�Øy¢"Ïd§�C'�Ä�ïÄÌ�8¥3�iÒ�{�¡"3&Eu¢+�§Google�ü M©<PageÚBrinJÑ
�â��ó�'Xé��?1üS�PageRank�{ [15]§ÙÄ�g�´������5dó�§�Ù����55û½§ǑÒ´`XJ�õ������,��§�oT��ǑÒ�A��"PageRank�{�Ý¤ǑGooglê 5Ýþ���5���â"É�PageRank3&Eu¢+�ã�¤õ�éu§PageRank�{Ǒ3g,�ó?n+�ÅìÉ�À"2004§MihalceaÚTarau[16]JÑ�«Äuã�üS�{TextRank§^±?1'�Ä�Ú©�Á�"T�{�Ä�g�´ò©�w�����ä§T�ä¥�ó�L«��m��Â'X"Äu�PageRank�q�g�§TextRank�Ǒ����5dó�§�Ù���55û½§|^PageRankO��ä¥��5§,��âÿÀ'��PageRank�?1üS§lÀJü¶�p�eZ��Ǒ'�"LitvakÚLast[17]òÓ���^u��üS�HITS�{ [18]^uÿÀ'�üS§3'�Ä�5UþHITS�{�TextRankLy�q"
TextRank�Äuã�'�Ä��{��
�± kiÒ�{�`��J§ÏdÚå
ïÄ+��ã�,�"Äuã��{¤Ǒ�iÒ'�Ä��Ì6�{"NõïÄöJÑ
�«�{Ú\	.�£�Ï'�üS§X�Ä©�C� [19,20]!�©�Á�p�OrÖ¿ [21,22]!�Ä©�IK��^ [23]§��"d	§ÏL®ó(lexical chain)[24]!E,�äÚO5� [25]�?1'�Ä�§Ñ±©����ǑÄ:"

1.2.2 '�©�É�L��Â¹,�½ö,
+��;�®"�''�Ä�§'�©�Ǒz�©�í��'�Ø�½3�©¥Ñy"XJòÉ�L¥�'�w�©aI\§�o'�©��{3��´õaOõI\©a(multi-class
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1 1Ù Úó
multi-label classification)[26,27]̄ K§ǑÒ´ò��©��þeZ�©aI\"d	§ǑkïÄöXïÄXÛ|^É�LJø�&E�Ï'�Ä� [28–30]"3ïÄ¥§~^�É�L�)Open Directory Project (ODP)1©Jø�õ�gäG©aNX [31]§�Äz�^ [32,33]�"'�©��5UÌ�É�ü��¡�KǑµ

1. É�L��ï¯K"É�L���ÚCXÝû½
'�©�í�'����Ú�J§XJÉ�L�{CX�I5é��ÌK§K¬4�KǑ'�©���J"
2. '�©��{�O"¢^'�©�XÚ���o���É�L"~XODP¹k�L100�©aI\§=©�Äz�^êǑp�350�(20102�27F¼��êâ)"ù�5�℄Ô´XÛ�Op��'�©��{"

1.2.2.1 É�L�ïÉ�L�±w����½öõ�+��'�;�;§Ù¥Â¹�®Ñ´�,�+��'�;�®"DÚ¿Â�;Ñ´d;[�ó?~�§ù��¤�¤å§®ØU·^u�ä����5�A^"8��|^�ä&EgÄ�ï;§ÏLeZ+��'®�Ǒ«f§¯�O(/¼�+�#"~X§Zheng�< [34]ÄuÑ\{^rêâlýk½Â��;�;Ñu§gÄ*¿Úuy+��'�#"Eisenstein�< [35]|^ÌK�.gÄuy�/��'�#"Wang�< [36–38]JÑ
|^Web�(�z&EgÄ*¿·¶¢N(<¶!/¶!Å�¶)��{"Pasca�< [39–42]JÑl|¢Ú��ÎF�Ú���êâ¥Ä�#"qf!4u�< [43,44]K©OJÑÏL©Û�5���gÄ¼�#"Ǒ
äk���5U§É�L���¹A�$�A��®"
1.2.2.2 '�©��{Äk§�É�L���§z�©aI\��²þI5Ôöêâêþ��é�"3ù«�¹eǑ
�y'�©���J§��ÏL�iÒÆS(semi-

supervised learning)�{ [45]nÜ|^�þI5êâÚ�þ�I5êâïá�.",��¡§DÚ©a�{XSVM��{?nXd5�ã��©aI\8Ü"
1© http://www.dmoz.org/
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1 1Ù Úó
Xue�< [31]3��g�©aNXþk|^|¢üÑ ��©aI\�êþ§,�2|^DÚ�{?1©a"Madani�< [46]JÑ
;��é�þ©aI\¯K�©a�{§¡ǑFeature Focus Algorithm (FFA)"FFA|^3�ÆS [47]g�O�©�¥AÆ�©aI\�'X§¿��z�AÆ�P¹Ù��'��ê©aI\§l������mÚ�mE,Ý§Ó�3õI\©a�Jþ`u± �{"d	§3õI\©aïÄ+�§kÆöm©ïÄI\�m��6'Xé©a�J�KǑ [48]"
1.3 �¬I\í��¬I\´8�Ü©Web2.0�Õ(X���Õ!ã¡©��Õ!�¬µØ�Õ�)Ø�"���Ü©"Ǒ
�B^rI5I\§ù
Web2.0�Õ  Ǒ^rJø�¬I\í�õU"Ïd§�¬I\gÄí�Ǒ¤Ǒg,�ó?nÚ&Eu¢�ïÄ9:"duI\Ǒ´éI5é�ÌK��«V)§Ïdl,«¿Âþù§�¬I\´DÚ'�3Web2.0���z�¶�¬I\í�K�±w�´'�gÄI53Web2.0���A^"Uì|^�&EØÓ§�¬I\í���©ǑÄuã��{ÚÄuSN��{"
1.3.1 Äuã��{Äuã��{¥§¤¢�ã´�â^rI5{¤ïá�"3�¬I\XÚ¥§^r�±éa,��é�I5��g½Â�I\§ÏdéuÓ��é�¬kõ�^rI5ØÓI\"ù«�¬z�I5Å����¡ǑÆÓI5"bX½Â�gÆÓI51Ǒ´��^ré��é�I5
��I\§�ozgI5Ñ¬ò��^r!��é�Ú��I\�¤��n�|§§�p��mïá
éX"�êgÆÓI51ǑÒòØÓ�^r!é�ÚI\éX3
�å§�¤/^r-é�-I\0nÜ©ã(tri-partite graph)"NõïÄö�âù�ã?1I\í�§Ú¡ǑÄuã��{"XXu�< [49]æ^í�XÚ¥~^�ÆÓLÈ [50]�g�?1I\í�"Jaschke�< [51]JÑFolkRank�{§æ^aqPageRank�Eâ?1I\í�"Rendle�< [52]æ^Ý
©)Eâ?1�5zI\í�"ù
�{�Ä�g�´§���^rO�I5��é�§�±�â^r± �I51Ǒ±9Té�± �I5�I\§Ǒù�^rí�/�UI5�I\0§ǑÒ´/Ï�+�U�Jø�5z�I\í�ÑÖ"
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1 1Ù ÚóÄuã��{éI5{¤k����6§Ïd¬�3±eA�¯Kµ
1. ���^r½öé�#\\�§du"yI5{¤§XÚéJk�í�I\¶
2. Ó��§���I\3{¤þl5�I5L§�X#¯ÔZyÑ5��ÿ§XÚǑéJk�/?1í�"ù
¯K�±Ú¡ǑeéÄ(cold-start)̄ K§ǑÒ´�"yù
^r!é�ÚI\�I5{¤��ÿ§XÚ�{?1í�"Ù¥#^r¯K�±ÏLí��61�I\)û¶Ïd�é#é�Ú#I\�í�3¢SA^¥¯K�\âÑ"ÄuSN��{3#é�¯Kþ´éÄuã�{�kåÖ¿"

1.3.2 ÄuSN��{3Web2.0I\ÑÖ¥§�Ü©é�¬�¹©�£ã&E"ÏdǑk�Ü©ïÄö}Á?1ÄuSN�I\í�"éõïÄ´Äu©�¥��ǑAÆ?1I\í��"�Ü©ïÄöò�¬I\w�©aI\§Ïdò�¬I\í�w�õI\©�©a¯K [53–56]§��JØ�X<¿"ECML/PKDD Discovery Challenge 2008µÿ(J [57]w«§©a�{ÚÙ��{�'§�J��"d	§NõïÄöJÑæ^KC�{í��¬I\§ÙÄ�g�´µ�½��é�§�âÙSNéÑ�§��q�K�é�§,�òùK�é��I5��61I\í���é�"KC�{du�n{ü!äk�r°�5§�~·Ü�¬I\XÚù�
�E,��¸§Ïd3�¬I\í�¥�2�A^ [58–62]"Ø
±�ǑAÆ?1í��	§|^Û¹ÌK�ǑAÆ?1í�Ǒ´�C�ïÄ9:"Û¹ÌK�.(latent topic model)[63–65]́ ÅìÆS+�é©�ï��Ì��ª"Û¹ÌK�.�Ǒ©��±L«ǑeZÛ¹ÌK�©Ù(topic

distribution)§��Û¹ÌKKL«Ǒþ�©Ù(word distribution)"3�¬I\í��¡§NõïÄöé©�ÚI\ïáÛ¹ÌK�.§,�±Û¹ÌKL«©�ÚI\¿ÝþÙ�'§Ý§lí��©�ÌK��'�I\ [66–69]"Û¹ÌK�.�±é�/L«©�ÚI\ÌK§k�ü$I\XÚ¥DÑ�KǑ"�´,	���¡§Û¹ÌK�éuóâÝ�o§éuäN¢N(X<¶!/¶!Å�¶Ú�¬¶)�I\vk�{��é�/«©§Ïdéù
[âÝI\í��J��"
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1 1Ù Úó

ã 1.2 '�I5�Ì��ªÚ�{o("
1.4 '�I5¡��℄Ô±þ0�
'�I5Ú�¬I\í��®kó�"XJò�¬I\í�w��«AÏ�'�I5�ª§�o'�I5�Ì��ªÚ�{�±ë�ã 1.2"lé±þ�{�0��±uy§�Ø´DÚ�'�I5§�´#.��¬I\í�§ÑvkXÚ/�	©�ÌK(�é'�I5��^"��©�  ¬�9õ�ÌK(multiple topics/themes)§~X��'u'�Ä��ÆâØ©§�UQ¬�9/'�Ä�0ù�ÌK§Ǒ¬�9/ã�{0ù�ÌK"'��Ǒ©�ÌK�Á�§A�äk���CXÝ"nÜ�Ä§©�'�Ï~I�Ó�äk±en�A:µ

1. �Ö5(readability)"='���AT´k¿Â�½öá�"~X§/'�Ä�0´��k¿Â�á�§/'�Ä0KØ´"
2. �'5(relevance)"Q'�7L�©�ÌK�'"~X§��Ì�0�^ã�{?1'�Ä��ÆâØ©§Ù¥�U�^�J�/©�Á�0ù�á�§ù�ÒØF"ù�á��À��Ǒ©�'�"
3. CXÝ(coverage)"'��U
é©��ÌKk���CX§ØU�8¥3©�,�ÌK�Ñ
©�Ù�ÌK"l±þn�A:§�±w�8�'�I5�{¡�±eü���℄Ôµ'�é©�ÌKCXÝ�¯K§±9©�ÚÌK�m�®�É¯K"�e5ò©O�[0�ùü�℄Ô"
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1 1Ù Úó
1.4.1 ©�ÌK�CXÝ¯K3DÚ'�I5��{¥§±TextRankǑ�L�ã�{�`³3u�Ä©�¥��m��Â'X¶±TFIDFǑ�L�ÚO�{K==�Ä�ÚO5�"�´TFIDFÚTextRank��{þvk�Ä¤Ä��'�é©�ÌK�CXÝ¯K§��í��'�  8¥3,����ÌK¥§vk�9©��Ù�ÌK"éu©�ÌK�ï�§®²kéõó�"kïÄö&¢|^<óI5��£¥XWordNet[70]�é©�ÌK?1ï�§X|^WordNet�ï©�®ó(lexical

chain)5L«©�ÌK?1©�Á�� [71,72]"�´WordNet�<óI5�£¥¥Â¹�®  k�§�{÷v�ä��F#�É�Cz"ǑkïÄöJÑÛ¹ÌK�. [63–65]§3�5�©�8Ü¥ÆS��eZÛ¹ÌK§,�Ò|^ù
Û¹ÌK5L«©��ÌK(�&E",§3'�I5¥§XÛk�|^©�ÌK(�&E§Jp'�é©��ÌKCXÝ§Jp'�I5�5U§�vk�XÚ/&¢ïÄL"
1.4.2 ©��'��®�É¯K3'�I5¥§'��©���'5´í�'����I"DÚ��{XTFIDF=��ÿÀ'�3©�¥�ÚO5�?1üS§TextRankǑ,3�½§Ýþ�Ä
©�¥��m�'X§�E,��uÀJ©�¥Ñy�Ǒª���Ǒ'�"©��'��©�  �3�½�®�Éy�§Ì�Ly3ü��¡µ

1. éõ'�3©�¥�ÚOA5¿ØwÍ§ǑÒ´`©��,
'���¿Ø�½3©�¥ª�Ñy"
2. 3,
�¹e§X©��á��ÿ§�
'�$�¿ØÑy3©�¥"�o§A�XÛAéù�℄ÔQº�©JÑ§©�Ú'�Ñ´éÓ��¯Ô�£ã§Ïd��äk/ÌK��50§Äuù���b�§�±ÏL,
�{5ïá©�¥��'��m��Â'X§3©�Ú'��mïá�ÂN�'X§lU
í��Â�'�'�"�é±þùü�℄Ô§�©ò±'�Ä��ǑÌ�ïÄé�§&¢XÛk�|^©�ÌK(�?1'�Ä�"I�rN�´§Ǒ,�©Ì�´3'�Ä�ù�?Öþ?1�'ïÄ§ù
ïÄ¤J3�½§Ýþ�±A^u'�I5�Ù�?Öþ"
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1 1Ù Úó
1.5 �©�Ì�ó�SN�éXÛ��/�ï©�ÌK§¿|^©�ÌKJp'�Ä�5U��Æ¯K§�©lJp'�é©�ÌK�CXÝ¯K§±9)û©��'��®�É¯K\�§?1
±eA�¡ó�µ

1. Äu©�SÜ&E§JÑ|^©��àa�{�ï©�ÌK§?1'�Ä�"T�{=|^©�SÜ&E§ÏLÝþ©�¥��m��qÝ§|^àa��{�ï©�ÌK§¿�âØÓÌK3©�¥��5§?1'�Ä�"¢�y²§T�{U
3�½§Ýþuy©�Ì�{K§¿Ä�Ñ�©�ÌK�'�'�§3�½§ÝþJp
'�é©�ÌK�CXÝ"
2. Äu©�	Ü&E§JÑ|^Û¹ÌK�.�ï©�ÌK§?1'�Ä�"�éÄu©�SÜ&EÏLàa�{?1'�Ä�É�u©�Jø&EØv�":§JÑ|^ÅìÆS�{¥2��^�Û¹ÌK�.�ï©�ÌK§?1'�Ä�"¿�éÛ¹ÌK�.Ôö�Ý�ú�´¶§JÑ
�«p��¿1Û¹ÌK�."¢�y²§T�{U
��/�ï©�ÌK§¿k�Ä�'�"
3. JÑnÜ|^Û¹ÌK�.Ú©�(�&E§?1'�Ä�"�éÛ¹ÌK�.�{�Ä©�(�&E�":§JÑnÜ|^Û¹ÌK�.Ú©�(�&E?1'�Ä�§=ÄuÌK��Åir�."T�{��¡U
ÏLÛ¹ÌK�.�ï©�ÌK§Ó�U
ÏL©�ã��Åir�.�Ä©�(�Ǒ'�Ä�Jø&E§¢�y²§T�{U
nÜÛ¹ÌK�.Ú©�(�&E?1'�Ä��`³§k�Ä�'�"
4. Äu©��'�ÌK��5�J§JÑÄuÅì�È�.�'�Ä��{"�é©�Ú'��m�3��®�É�¯K§Äu©�Ú'�ÌK��5�J§JÑ|^Åì�È¥�éà�.O�©�¥��'���ÈVÇ§,�?1'�Ä�"¢�y²T�{U
k��ïá©�®�'��m��ÂéX§k�/í�'�"
5. �â±þÄu©�ÌK(��'�Ä�ïÄ¤J§ÀJ#L�Æ�Ǒ²��O¿¢y
���Æ'�Ä��.XÚ§3¢SA^¥�y
�©ïÄ�k�5"��§17Ùé'�I5�5�U�ïÄ��?1�""
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1 2Ù Äu©�SÜ&E�ïÌK�'�Ä��{1 2Ù Äu©�SÜ&E�ïÌK�'�Ä��{ 1©©�ÌK(���*��ï�{´Äu©�SÜ&E"��©�  �¹õ�ÌK§z�ÌKÑ3©�¥éAØÓ��"~X��£�/�®0�©�§¬l/ �0!/íÿ0Ú/©z0��¡?1£ã"3��.(bag of words)�b�e§Ø
vkL¿õU�õU(function words)	§z�Ñ�^5£ãÙ¥��ÌK"�âù
ÌK§��±�©ǑeZ�àa§3Ó��àa¥��3�Âþ�\�q"~X§/§Ý0!/»e0Ú/ÁU0��´3ÌK/íÿ0e��§���m��Â�qÝ��u���Ù�ÌK����qÝ"Äuù��*�*	§�ÙJÑÄu©�®àa�ï©�ÌK?1'�Ä���{§JpÄ�'�é©�ÌK�CXÝ"Äuàa�'�Ä�Ì��)±eA�Ú½µ
1. ÿÀÀ�"Äk§I�òÊ^�K§Ǒ'�Ä�À�Ü·�ÿÀ"
2. O�ÿÀ�m��Â�qÝ"
3. �â�Â�qÝéÿÀ?1àa"
4. À�z�àa¥%§3©�¥À�Ü·�'�"e¡òéz�Ú½?1�[0�"

2.1 ÿÀÀ�¿Ø´¤k�Ñk�U¤Ǒ'�"Ǒ
�ØDÑ�KǑ§�©|^�
éuª��{À�U
¤Ǒ'��ÿÀ"À�L§Xeµ
1. XJ´=�§é©�?1ä(tokenization)¶XJ´Ç��vkü©�I���ó§KÄké©�?1©"
2. �KÊ^§À��e�ü�ǑÿÀ"3éõïÄ¥ [4,73]§ÿÀ'�´ÏLN-gramuy�"�Ù�´òü�Ǒ'��ÿÀ"�àa�uyàa¥%�§2òü�ÿÀ*�Ǒ�U¹õ��á�"

1© �ÙÌ�SN±/Clustering to Find Exemplar Terms for Keyphrase Extraction0ǑK�Ǒ�Þ�wØ©uL32009�ISÆâ¬Æ/The Conference on Empirical Methods in Natural Language Processing

(EMNLP’09)0þ"
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1 2Ù Äu©�SÜ&E�ïÌK�'�Ä��{
2.2 ®�Â�qÝkü«�ª5Ýþ©�¥��m��qÝ"�«´Äu©�S�Óy(co-occurrences)'X§,	�«K|^	Ü�£¥"
2.2.1 Äu©�SÓy'X��qÝ3©�¥§�XJ3áålSÓ�ÑyLõg§`²��äk�r��Â'X"Ïd�±|^©�S�Óy�¹5Ýþ��m��qÝ"3ùp§��Óy'X{ü/L«Ǒü�3���õǑw��wÄI�SÓy�gê"3�Ù§I���w���Ǒ2�10�m�ê�"3O�Óy�qÝ�§z�©�Äk�=�Ǒ�S�"ùpkü«�U�=�S���{"�«´|^©�¥�z�§vk�?Û�LÈ",	�«§K´LÈ
Ù¥Ê^�vk¢S¿Â�"ùpÀJ1�«§�Ï´§Ǒ,Ê^��Øä�¤Ǒ'���U!Ǒ�IO��qÝ§�´����3U
�ÏJøål&E5�äü�´Ääk�p��'Ý"~X§ü�XJ¥mvk?ÛÙ�§����'Ý�pu¥mkeZm��ü�"
2.2.2 Äu�Äz���qÝkéõïÄö&¢
|^	Ü�£¥Ýþ��m�qÝ��{"É�GabrilovichÚMarkovitch�Explicit Semantic Analysis(ESA)�{ [74]�éu§ùp|^�Äz�5Ýþ��m��qÝ"�Äz�´8���3�z��Ö§8®Â¹1,800��z�^§Ù¥=©^�L350�^ 1©"|^�Äz�O�®�qÝ�Ä�g�´µòz��Äz�^w�´��Õá�Vg(concept)"ù�§����Â&EÒ�±^�Äz�Vgþ�©Ù5L«§Ù¥3,�Vgþ��(weight)�±^ù�3TVg^¥�TFIDF�5L«"ù�Ò�±ÏL'�ü��Vg�þ5Ýþ����qÝ"¢�y² [74]T�{�Ǒ�qÝÝþ�~k�"ùpÀJ{u�qÝ(cosine similarity, COS)!î¼ål(Euclid distance, EU-

C)!:p&E(point-wise mutual information, PMI)Ú5�zGoogleål(normalized

Google distance, NGD)5O��qÝ"bX,�ti��Äz�Vg�þǑCi = {ci1, ci2, ..., ciN}§Ù¥NL«�Äz�^ê8§cikL«wi31k��Ä
1© Têâ¼�g�Äz�¥'u/Wikipedia0�^ http://en.wikipedia.org/wiki /Wikipedia£¼��mµ

20113�12F18:55©¤"
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1 2Ù Äu©�SÜ&E�ïÌK�'�Ä��{z�Vg¥�TFIDF�"�o§{u�qÝL«Ǒµ
cos(i, j) =

Ci ·C j

‖Ci‖‖C j‖
(2-1)î¼ål�qÝL«µ

euc(i, j) =

√

√

√ N
∑

k=1

(cik − c jk)2 (2-2):p&E´�«~^�Ýþ�qÝ��{"ùpæ^n«�{5^PMIÝþ��m��qÝ"�«´|^�Äz��^ê8µ
pmip(i, j) = log2

N × p(i, j)
p(i) × p( j)

(2-3)Ù¥p(i, j)´Ó��¹tiÚt j��Äz�^§p(i)Úp( j)©OL«�¹tiÚt j�^ê8"1�«´|^�Äz��ê8µ
pmit(i, j) = log2

T × t(i, j)
t(i) × t( j)

(2-4)Ù¥TL«�Äz�¥�ê8§t(i, j)L«tiÚt j3�Äz�¥��Ñy�gê§t(i)Út( j)©OL«tiÚt j3�Äz�¥Ñy�gê"1n«K´é±þü«�{�KÜµ
pmic(i, j) = log2

N × pw(i, j)
p(i) × p( j)

(2-5)Ù¥pw(i, j)´ÑytiÚt j���¹��Äz�^ê8§éw,§ pmic(i, j) ≤

pmip(i, j)§pmic(i, j)����\î�§Ǒ�UO(/Ýþ�qÝ"5�zGoogleål´�«Ýþ®�qÝ�#.�{ [75]"NGD�nØÄ:´&Eål(information distance)Ú��#{ÛÅE,Ý�n(Kolmogorov complex-

ity)"NGD|^�ä�5�êâ¥�Ñy�¹5Ýþ�qÝ"�Ù3�Äz�þ|^NGDÝþ®�qÝµ
ngd(i, j) =

max(logp(i), log p( j)) − logp(i, j)
logN −min(logp(i), logp( j))

(2-6)Ù¥N´�Äz�^ê8§ùp�Ǒ��5�zÏf(normalized factor)"
2.3 àa�{àa´;.��iÒÅìÆS¯K§§�?Ö´òé�y©¤ØÓ�|§z�|S�é�p�'��q§|�|�m�é�'�ØÓ [76]"ùpÀJn
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1 2Ù Äu©�SÜ&E�ïÌK�'�Ä��{«2��^�;.�àa�{µ�gàa(hierarchical clustering)!Ìàa(spectral

clustering)Ú&?DÂàa(Affinity Propagation)"�Ùò�^ù
àa�{ò��©�¥�Uì§��m��qÝ?1àa"e¡©O0�ùn«�{�Ä�g�"
2.3.1 �gàa�gàaòêâ:UìØÓ�àaâÝïá��àa�gä"ù�äkõ�§z��d§�e��àa|¤"�gàa��{6§Xeµ

1. O�êâ8Ü¥zéêâ:�m��qÝ(½öål)¶
2. Øäò8Ü¥ål�C�ü�:|Ü¤��#�:§ù�Ò/¤��õ����ä¶
3. û½3=��y©§���A�àa(J"l±þ6§�±w�§�gàaI�¯kwª/�½àa�êC"�Ùæ^MatlabJø��gàa"ùpǑ,æ^�gàa�{§�´¿ØI�àa¤Jø��g&E"

2.3.2 ÌàaC5§Ìàa¤Ǒ�61�àa�{��"Ìàa|^êâ�qÝ
�Ì(spectrum)&E5?1AÆü�§òêâ:àa��êA��Ý"duÌàa�{´u¢y§5U`uDÚàa�{Xk-means�§Ïd��2��^"'uÌàa��äN�0��±ë� [77]"�Ùæ^Chen� [78]Jø�mÌàaóä 1©"duÄuÓy�®�qÝÝ
��'�DÕ§Ìàa¥�AÆ�©)�U¬²~��§Ïd§ùpæ^ÛÉ�©)(Singular Value Decomposition§SVD)�Ǒ�O"éuÌàa§kü�ëêI�¯k�½µ
• àa�êC¶
• =�Ïfσ§^5�âêâ:ålïáêâ:�qÝÝ
§Xe¤«

s(i, j) = exp
(−d(i, j)2

2σ2

)

(2-7)Ù¥s(i, j)Úd(i, j)©OL«êâ:iÚ j�m��qÝÚål"
1© http://www.cs.ucsb.edu/∼wychen/sc.html"
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1 2Ù Äu©�SÜ&E�ïÌK�'�Ä��{
2.3.3 &?DÂàa,	��Í¶àa�{´&?DÂàa(Affinity Propagation§AP)"T�{´Äu�ED4(message passing)Eâ�"AP��dFrey� [79]JÑ§ÙØ©�w�ÑAPU
��'Ù��{�`�(J"�Ùæ^Frey�<mu�óä 1©"'uAP�{[!�±ë� [79]§AP�{�kn�Ì�ëêµ
• àa �(preference)p"�k-means�DÚ�{I�¯k�½àa�êØÓ§

AP�{ØI�wª/�½àa�ê§�´I�Ǒz��êâ:�½��¢ê�p§�Ǒ��¤Ǒàa¥%� �§Ý"ù�§äk��p�êâ:Ò�k�U�ÀJ¤Ǒàa¥%(exemplars)"��ó§XJéêâ:vkk�� �§�±ò¤kêâ:� ���Ǒêâ:m�qÝs(i, j), i , j����(maximum)!���(minimum)!²þ�(mean)½ö¥ �(median)"
• Âñ�â(convergence criterion)"AP�{´��S��{§§��÷v±eü�^���§=Ê�µ(1)XJz�êâ:¤áàa�û½�±I1gS�ØC¶(2)�{S�gê��I2g"ùp�½I1 = 100§I2 = 1, 000"
• P~Ïf(Damping factor)λ"�?1�ED4��ÿ§I�;�ê���(numerical oscillations)�u)§Ïd§z��E��Ǒ§þÓS���ê��λ�È\þ§ò��#���1− λ�È"λ����´0�1§�Ù��Ǒλ = 0.9"

2.4 làa¥%*�'�àa�¤�§À�z�àa�¥%�Ǒ«f"3&?DÂàa¥§�{��¬Jøàa¥%¶3�gàa¥§àa¥%�±ÏLMatlabO�¼�¶ÌàaÀ�ålàa¥%:�C��Ǒàa¥%"�âHulth�ïÄ(Ø [80]§�Ü©�óI5�'�´¶á�(noun phrase)"ÏdÄkò©�?15I5§,�À��ªǑ0�½öõ�/N��1�½öõ�¶�G�Ǒ¶á�§òÙ�ǑÿÀ'�"�Ù3=©þ?1¢�§Ïd�^Stanford Log-Linear Tagger2©?15I5"lù
¶á�¥À��
�¹��½öõ�àa¥%��Ǒ©��'�"3ù�L§¥§uyéõÀ�Ñ5�'��k��ü"�¢Sþ�ké��'�´ü"Ïd§�Ǒ�?n§�ÙÀ^��~^�L§ò�
ª�
1© http://www.psi.toronto.edu/affinitypropagation/"
2© http://nlp.stanford.edu/software/tagger.shtml

15

http://www.psi.toronto.edu/affinitypropagation/
http://nlp.stanford.edu/software/tagger.shtml


1 2Ù Äu©�SÜ&E�ïÌK�'�Ä��{Ñy�LÈK"
2.5 ¢�(J�©ÛduÇ��5I5�J�k�u?�ÚJp§Ïdùp�3=©þ?1¢�"¢�À^5gInspec�Ø©Á��Ǒ�Ä�'�©�8Ü"Têâ8Ü�¹
<óI5�'�§Têâ´dAnette HulthJø�§¿3Hulth!Rada�<�ó� [80,81]¥�^L"z�Á��¹ü«'�µ�«´É�'�§´3���½�;¥À�¶,	�«´�É�'�§d;[gdI5"3ùp§XHulth!Rada�<�ó� [80,81]��§�ÙÀ^�É�'��ǑIO�Y5µd�«�{��J",	§�Ù��Ä3©�Ñy��É�'��ǑIO�Y"3µd�§�{Ä��'�ÚIO�YÑ?1stemming¼�Z?1'�"3Hulth�¢� [80]¥§éukiÒ�{§Hulthò2, 000�Á�y©Ǒ1, 000��ǑÔö8Ü(training set)§500�Ǒ�y8Ü(validation set)§500��ǑÿÁ8Ü(test set)"3Rada�¢� [81]¥§duTextRanḱ �iÒ�{§Ïd=3ÿÁ8Üþ�Hulth��{?1
'�"�ÙǑò3500�ÿÁ8Üþ�Hulth!
TextRank?1'�"3O�Äu�Äz���qÝ�§�ÙÀ^200511�11F��Äz�êâ¯ì 1©?1¢�"�?n¥�~^LǑ´|^�Äz�êâO����§¢�r3�Äz�¥Ñy�L1, 000g�ü�Ǒ~^"¢�æ^O(Ç!ð£ÇÚF1�(precision/recall/F1-Measure)5µd'�Ä���J"

Precision =
ccorrect

cextract

Rrecall =
ccorrect

cstandard

F1 − Measure =
2pr
p + r

(2-8)

Ù¥ccorrect´���{¤kO(Ä��'�ê8§cextract´¤kÄ��'�ê8§cstandard´¤k<óI5�IO�Yê8"
2.5.1 �qÝÝþ�{é'�Ä��KǑ�ÙÄk©Û®�qÝÝþ�{é'�Ä��KǑ"3¢�¥uyÄ
1© http://www.cs.technion.ac.il/∼gabr/resources/code/wikiprep/
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1 2Ù Äu©�SÜ&E�ïÌK�'�Ä��{L 2.1 �qÝÝþ�{é'�Ä��KǑ"ëê Precision Recall F1-MeasureÄuÓy��qÝ
w = 2 0.331 0.626 0.433

w = 4 0.333 0.621 0.434

w = 6 0.331 0.630 0.434

w = 8 0.330 0.623 0.432

w = 10 0.333 0.632 0.436Äu�Äz���qÝ
cos 0.348 0.655 0.455

euc 0.344 0.634 0.446

pmip 0.344 0.621 0.443

pmit 0.344 0.619 0.442

pmic 0.350 0.660 0.457

ngd 0.343 0.620 0.442u�Äz���qÝ�`uÄuÓy'X��qÝ§�`³¿Ø�©²w"3L 2.1¥�Ñ
3Ìàa�{e§ØÓ�qÝÝþ�{��J"L�¥�wL«O�Óy�wÄI��Ý"cos§euc�L«ØÓ�O�Äu�Äz��qÝ��{"ùpÀ�Ìàa��Ï´§��J�`uÙ�ü�ü�àa�{"'uàa�{é'�Ä��KǑò3e�Ü©0�"L 2.1¥�(J´3àa�êC = 2
3n��ÿ���§ùpnL«T©�¥�ÿÀ�ê"d	§éuî¼ål!Googleål§�úª(2-7)¥�σ = 365?1ålÚ�qÝ�=�§ù´3}Áσ = 9, 18, 36, 54��������`(J"XL 2.1¤«§Ǒ,Äu�Äz���qÝ`uÄuÓy��qÝ§§��m��å¿ØwÍ"du�Äz�´|^�Äz�þ�ÚO&E���§Ïd§A�'Äu©�SÓy'X��qÝ��\°(§ùǑ�'�Ä���J��"�´,���¡§Äu�Äz���qÝvk�Ä©�SÜ�&E"�ÙǑ}Áòü«�qÝ�{?1�5\�§�3'�Ä��Jþ¿vkJ,"ÏL±þ'�§�Ùo(�Ǒ§Ǒ,Äu�Äz���qÝ�J�uÄuÓy��qÝ§�´du�Äz�þ��qÝÝþO�E,Ý�'Äu©�Óy��{p�õ§ÏdÄu©�S�Óy�qÝ�\¢^"
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1 2Ù Äu©�SÜ&E�ïÌK�'�Ä��{L 2.2 àa�{é'�Ä��KǑ"ëê Precision Recall F1-Measure�gàa
C = 1

4n 0.365 0.369 0.367

C = 1
3n 0.365 0.369 0.367

C = 1
2n 0.351 0.562 0.432

C = 2
3n 0.346 0.629 0.446

C = 4
5n 0.340 0.657 0.448Ìàa

C = 1
4n 0.385 0.409 0.397

C = 1
3n 0.374 0.497 0.427

C = 1
2n 0.374 0.497 0.427

C = 2
3n 0.350 0.660 0.457

C = 4
5n 0.340 0.679 0.453&?DÂàa

p = max 0.331 0.688 0.447

p = mean 0.433 0.070 0.121

p = median 0.422 0.078 0.132

p = min 0.419 0.059 0.103

2.5.2 àa�{é'�Ä��KǑùp§ò3Äu�Äz���qÝpmic�{e©Ûàa�{é'�Ä��KǑ"þ�Ü©®²y²T�{`uÙ��qÝÝþ"3L 2.2¥w«
n«àa�{�'�Ä��J"éu�gàaÚÌàa§�Ùwª/òàa�êC��ǑÿÀê�'~¶é&?DÂàa§�Ùò ����Ǒêâ:�qÝs(i, j)����!²þ�!¥ �Ú���§©O^max§
mean§medianÚminL«"XL¥¤«§3'�Ä��5Uþ§Ìàa�`u�gàaÚ&?DÂàa"3ù
�{¥§�k&?DÂàa3,
ëêþ��Jé�"
2.5.3 �Ù��{'�3L 2.3¥�Ñ
àa�{�Ù��{ [80,81]3�Óêâ8Üþ���J�'�"éuz��{§Ø
O(Ç!ð£ÇÚF1�	§��Ñ
í��'�oê!²þz�©�í��'�ê§±9O(í��'�oêÚ²þz�©�O(í��'�ê"3L�¥§�gàa!ÌàaÚ&?DÂàa©O^/HC0§/SC0Ú/AP0L«.
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1 2Ù Äu©�SÜ&E�ïÌK�'�Ä��{L 2.3 �Hulth�{!TextRank��{�'�"Ä� �(�{ oO ²þ oO ²þ Precision Recall F1-Measure

Hulth’s 7,815 15.6 1,973 3.9 0.252 0.517 0.339

TextRank 6,784 13.7 2,116 4.2 0.312 0.431 0.362

HC 7,303 14.6 2,494 5.0 0.342 0.657 0.449

SC 7,158 14.3 2,505 5.0 0.350 0.660 0.457

AP 8,013 16.0 2,648 5.3 0.330 0.697 0.448

Hulth�(J´3 [80]¥3�Ó©�8Üþ�w���(J¶ù´��Äu©a�kiÒ�{§§�`:´éÿÀ'�|^
�õ��óÆAÆ"§��{´§ÏLN-gramÀ�ÿÀ'�§òÿÀ'��5I5&E�ǑAÆÆS'�©aì"
TextRank�(J´3 [81]¥3�Ó©�8Üþ�w���(J"TextRankÄk�â©�|^�ÝǑw = 2�wÄI�ïá®Óy'Xã§,�3ãþ$1PageRank�{§|^�PageRank�éÿÀ'�?1üS"3ù�L�¥§�gàa��`(J´3àa�ê�ǑC = 2

3n!3�Äz�þ�^î¼ål���¶Ìàa�ëêXþ�!¤«¶&?DÂàa��`(J´3 ���Ǒp = max!3�Äz�þ�^î¼ål���"lù�L��±*	�§Äuàa��{�`uTextRankÚHulth��{§éuÌàa§F1�$���LTextRankÚHulth�{�9.5%"d	§duÄuàa��{´�iÒ�§ÏdØI�?ÛÔö8Ü"�ÙǑ3HulthJø�2, 000�Á�þ?1¢�§µd�J�3500�þaq"32, 000�þ§�`(J�ëê´µ�^Ìàa!��àa�êC = 2
3n§¿�^Äu�Äz��pmic?1�qÝÝþ§ù�3500�þ����Ó"¢�o�Ä�
2, 9517�'�§Ù¥9, 655�O(Ä�Ñ5"O(Ç!ð£ÇÚF1�©OǑ0.327§0.653Ú0.436"ù`²Äuàa�'�Ä��{�½5"

2.5.4 ©Û�?Øe¡ò�éù�EMNLP2009Ø©�Á�?1'�Ä�§*	Äuàa�{��J"Á�XL 2.4¤«"|^Ìàa�{ÚÄu�Äz�pmic�qÝ?1'�Ä��(JXã 2.1"ã¥�'�´Ä�Z(stemming)��(J"lTLuy�C = 1
4n, 1

3n, 1
2n�Ä��'�´�Ó�§Ù¥C = 1

3n��àa¥%(exemplar terms)̂ \oiNw«"�±w�/unsupervised0§/exemplar term0
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1 2Ù Äu©�SÜ&E�ïÌK�'�Ä��{L 2.4 EMNLP2009Ø©Á�"
Keyphrases are widely used as a brief summary of documents. Since manual

assignment is time-consuming, various unsupervised ranking methods based

on importance scores are proposed for keyphrase extraction. In practice, the

keyphrases of a document should not only be statistically important in the

document, but also have a good coverage of the document. Based on this

observation, we propose an unsupervised method for keyphrase extraction.

Firstly, the method find exemplar terms by leveraging clustering techniques,

which guarantees the document to be semantically covered bythese exemplar

terms. Then the keyphrases are extracted from the document using the exem-

plar terms. Experiments demonstrate that the method outperforms the state-

of-the-art graph-based ranking methods on precision, recall and F1-Measure.ã 2.1 éEMNLP2009Ø©Á��Ä�'�(J«~"
C = 1

4n, 1
3n, 1

2n���ÄÄÄ������'''���
unsupervismethod; variousunsupervisrank method;exemplar term; state-

of-the-artgraph-basrank method;keyphras; keyphrasextract

C = 2
3n���ÄÄÄ������'''���

unsupervis method; manual assign; brief summari; various unsupervis rank

method; exemplar term; document; state-of-the-art graph-bas rank method;

experi; keyphras; import score; keyphras extractÚ/keyphrase extraction0Ñ��(Ä�
Ñ5"¯¢þ§/clustering technique0ǑA���Ǒ'�Ä�Ñ5§�´§du/clustering0Ï±-ing(���ØI5ǑÄ§ù�'��¶á��ªØ��§Ïdù�'�vk�Ä�Ǒ'�"�C = 2
3n§Ä��'��¹
�õ�DÑ§~XY,
éõü"ù´duàa�ê�O\§�õ�àa¥%�£OÑ5§Ïd�õ'�¬�àa¥%Ä�Ñ5§XJ��C = n§¤k�ÒÑ¬��Ǒàa¥%"3ù«4à�¹e§¤k�¶5á�Ñ¬�Ä�Ñ5�Ǒ'�§ùw,´k¯K�"Ïd§éuÄuàa��{���Ò´XÛ��/�äàa�ê"¢�uy~^Lé'�Ä���J�~�"XJvk²L~^LLÈ§���Ä��Jò¬eü��5�z©:§�40%"�´§8ù«?nDÑ��{E,Lu{üo�"
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1 2Ù Äu©�SÜ&E�ïÌK�'�Ä��{
2.6 �Ù�(�ÙJÑ�«àa��{�ï©�ÌK(�§¿±dǑÄ:?1�iÒ�'�Ä�"��{ÄkòÿÀ|¤eZ�àa§,�À�z�àa�àa¥%",�§2^ù
àa¥%l©�¥Ä�¶á��Ǒ'�"Äuàa�'�Ä��{U
��/�yÄ��'�é©�ÌK�CXÝ"�´§Ǒl¢�¥Ǒ�±w�§Äuàa�'�Ä��{��J¬��/É�àa�ê�KǑ",§XÛ(½àa�ê��´àa�{��ïÄ¯K§�8ïÄ+�JÑ
Nõ�{§�Ñvk��é��2�·^�)û�Y"�Ùæ^~^L��{5LÈDÑ�Ǒéàa�{�Ö¿"Ïd§Äuàa��{Ǒ,�±3�½§Ýþ�ï©�ÌK§JpÄ�'�é©�ÌK�CXÝ§�E,k'���Û�§ùé�§Ýþ´du=é©�SÜ��?1àaE¤���"eÙòJÑ�«Äu	Ü�5�©�8Ü�ï©�ÌK��{?1'�Ä�"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{ 1©þ�Ù0�
ÏLàa��{�ï©�ÌK?1'�Ä���{"T�{|^
©�SÜ&E§ǑÒ´�àÜÝ5uy©�ÌK"�T�{�Øv3uµ��¡§��©��&Ek�§  �{Ǒuy©�ÌKJøv
�&E¶,��¡§T�{¬É�®�qÝÝþÚàa�{5U���KǑ§8§XÛǑàa�{é�Ü·�àa�ê§E,´��(J�ïÄ¯K"±þü��¡�Øv§E¤Äuàa�'�Ä��{5U¿Ø½"�ÙJÑÄuÛ¹ÌK�.�ïÌK?1'�Ä���{"T�{�A:3uµ§�^�5�©�8ÜÆSÛ¹ÌK§ù;�
��©�g�&EØv�¯K§Ó�ǑU
��'�k¿Â�!½�ÌK&E§;�
3��©�þàa�Ø(½5"
3.1 Û¹ÌK�.9Ù\��{
3.1.1 Û¹ÌK�.Û ¹ ) | � X © � � .(latent Dirichlet allocation, LDA)� � dBlei!
NgÚJordanu2003JÑ [65]§^5é©�ï�"3LDA¥§z�©��L«ǑK�Û¹ÌK�·Ü©Ù(mixture)§z�ÌKk§KL«Ǒ3W�þ�õ�©Ùφk"é?Û��©�d j§§�ÌK©Ùθ j�)u��)|�Xk�(Dirichlet

prior)§Tk�ëêǑα"é©�d j¥�1i�xi j§§�ÌKzi j = k�)uθ j§xi jK�)uφk"LDA��)L§Ïd�±L«Ǒµ
θ j ∼ Dir(α),φk ∼ Dir(β), zi j = k ∼ θ j, xi j ∼ φk, (3-1)Ù¥Dir(∗)L«)|�X©Ù"LDA�VÇãL«��Fig. 3.1§Ù¥��Cþ§=©�¥�xi j±9�ëê(hyper-parameters)αÚβ^ÒKL«"

Griffiths�Steyvers[82]JÑ|^3Ùdæ�(Gibbs Sampling)��{ÆSLDA�."3Ùdæ�´�«;.��Akâê��Åó�{(Markov-chain Monte Car-

lo§MCMC)"MCMC2�A^uÛ¹ÌK�.�ÆS§~XAuthor-Topic Mod-

e[83]§Pachinko Allocation[84]§±9 Special Words with Background Model[85]"�
1© �ÙÌ�SN±/PLDA+: Parallel Latent Dirichlet Allocation with Data Placementand Pipeline Processing0ǑK�ǑÆâØ©uL3/ACM Transactions on Intelligent Systems and Technology (ACM TIST): Special

Issue: Large Scale Machine Learning and Applications0þ"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{

ã 3.1 Û¹ÌK�.LDA�VÇãL«"��´§duC©�{�éóI��^�õ�S�§Ïd3Ùdæ��A^�\2� [86]§Ïd�©ǑòÌ�0�|^3Ùdæ�ÆSLDA��{"33Ùdæ�¥§��¬|^)|�X©ÙÚõ�©Ù�m�éó5�(Dirichlet-multinomial conjugacy)òCþθÚφÈ©K§�éÛ¹Cþz?1æ�"ù«æ��{¡Ǒcollapsed3Ùdæ�(Collapsed Gibbs Sampling)[87]"3LDA�3Ùdæ�¥§I�Ó��oü�Ý
µ(1)/-ÌK0ÓygêÝ
Cword§Ù¥z���Cwk�L3Ôö�Æ¥¥w�D�ÌKk�gê¶(2)/©�-ÌK0ÓygêÝ
Cdoc§Ù¥z���Ck jL«©�d j¥��D�ÌKk�gê"d	§Ǒ
O��B§���o��P¹ÌKgê��þCtopic§Ù¥z���CkL«3Ôö�Æ¥¥ÌKkÑy�gê"bXy3�éwi jO�ÙÌKzi j§�½Ôö�Æ¥¥Øwi j	Ù��±9§�þ�Óæ����ÌK§�±��zi j�^�VÇXeµ
Pr(zi j = k|z¬i j, x¬i j, xi j = w, α, β) ∝

C¬i j
wk + β

C¬i j
k +Wβ

(

C¬i j
k j + α

)

(3-2)Ù¥¬i jL«éA�wi j9Ùþ�Óæ��ÌK�üØ3	"zgÏLúª(3-2)æ���wi j�#ÌKzi j�§Ý
Cword§CdocÚ�þCtopic Ñ¬?1�A�#"�²Lv
õgæ��S��§�±�âÝ
Cword§CdocÚ�þCtopicO
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{�LDA�ü�ëêθÚφµ
θk j =

Ck j + α
∑K

k=1 Ck j + Kα
φwk =

Cwk + β
∑W

w=1 Cwk +Wβ
(3-3)Ù¥θk jL«©�d j¥ÌKk�VÇ§φwkL«wþÌKk�VÇ"

3.1.2 Û¹ÌK�.�\��{
LDA�O�E,Ý�p§Ïd3�5�Ôö�Æ¥þ�ÆS¬��O�´¶"Ïd§kéõïÄöéLDAJÑ
�«\��{"
Mimno�McCallum[88]JÑ�«Dirichlet Compound Multinomial LDA (DCM-

LDA)�{"DCMòÔö�Æ¥y©Ǒõ�Ü©§©u�©ÙªÅìþ§,�3z�Åìþ�g?13Ùdæ�§z�Åì�g�o��ÛÜÌK�.(local

topic model)"DCM3ÆSL§¥ØÓÅì�mvk?ÛÏ&§�z�Åì�¤ÆS�§¬ÏLàa��ªòØÓÅìþÆS���ÌK�.KÜ3�å"
Newman� [89]JÑApproximate Distributed LDA (AD-LDA)�{"aquDCM§3AD-LDA�{¥z��©Ùª�ÅìéÔö�Æ¥��Ü©?13Ùdæ�"�´�DCMØÓ§AD-LDA3¤kÅì�¤zgS��§Ñ¬?1�ÛÓÚ(synchronization)ÌK�.§=ÏLreduce-scatterö�òØÓÅìþ�ÛÜÌK�.(local topic model)KÜǑ��Ú���.(global topic model)§,�©u�ØÓ�Åìþ"�éuLDAó§AD-LDA�3zgS���#Åìþ�ÌK�.§Ïd�¡Ǒ�«Cq(approximate)�{"
Asuncion� [90]JÑ�«��ÉÚ(asynchronous)�©ÙªLDA�{(AS-LDA)"�AD-LDAØÓ§AS-LDAØ2?1�ÛÓÚ§´�z�Åì�¤�gÛÜ3Ùdæ�S��§�Å/ÏéÙ�Ǒf�¤�gS��Åì§p���ÌK�.§?1ü�ÛÜ�.�KÜ"d	§ Yan� [91]JÑ�«Äuã/?nì(Graphic Processor Unit, G-

PU)�LDA¿1�{"GPU�A:´S�
¿1?nì§?nìm��S�§Ïd;�
AD-LDAÚAS-LDA¥�ÅìmÏ&¯K"Ø
éLDA�¿1z	§�kïÄö��éLDAÆSL§?1`z"~X§
Gomes� [92]JÑ�«U?�C©ÆS�{§U
3S�É���/ep�/ÆSLDAÌK�."d	§Porteous[93]JÑ�«\�úª(3-2)��{§T�{|^
©�d j�ÌKVÇθ j��'�DÕ�5�§´�«�Cq��{"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
3.1.3 PLDA:ÄuMPI�AD-LDA¢yd®²¢y
��MPI�AD-LDA [89]))PLDA [94]"PLDAy3®²���Ǒ2��A^§X�«í� [95]�"

AD-LDAòD�Ôö©�©��P�Åìþ§²þz�ÅìI��oDp =

D/P�©�"ǑÒ´`AD-LDAò©�SNx = {xd}
D
d=1y©Ǒ{x|1, . . . , x|P}§¿òz�©��ÌK&Ez = {zd}

D
d=1y©Ǒ{z|1, . . . , z|P}§Ù¥x|pÚz|p=3ÅìpþÑy"aq/§©�-ÌKÝ
CdocǑ�éA©��å©��P�Åìþ§ùp�±òz�Åìpþ�©�-ÌKÝ
L«ǑCdoc

|p "z�Åì��o�°�/��-ÌKÝ
Cword"Ïdùp^Cword
|p �;3Åìpþ?1�/©�¥ü?1ÌK©��(J"3zg3Ùdæ�S�¥§z�ÑÖìpéz�þ�ÌKzi j|p ∈ z|p?1Ä�¿�#z|p"Ä�VÇ´Cq���VÇ(approximate posterior distribution)µ

Pr(zi j|p = k | z¬i j, x¬i j, xi j|p = w) ∝
C¬i j

wk + β

C¬i j
k +Wβ

(

C¬i j
k j|p + α

)

(3-4)�#z|p�Ó�§�¬�â#©��ÌK�#Cdoc
|p ÚCword

|p "zgS��§z�Åì#O��g��-ÌKÝ
Cword
|p §,�|^AllReduceö�ò��Åìþ��-ÌKÝ
?1KÜ§/¤�#�Cword¿©u���Åì?1e�Ó3Ùdæ�S�"�äN�¢y[!�±ë� [94]"d§ǑQ|^MapReduce[96,97]¢yLAD-LDA§XØ© [94]¤ã"|^MapReduce§N õ O � � ± Ï L n � Ä � L § 5 ¢ yµ mapping§

shufflingÚreducing"� ± æ ^MapReduceµ e 5 ¢ yAD-LDA¥ �  � ö�AllReduce"�´3MapReduce���AD-LDA¥§zg3Ùdæ�S���§ÑI�?1^�(disk)Ö�ö�5¼�Ú�#�-ÌKÝ
"d	§z�Åì��/êâ7L�#��M�þ§5øe�gS��^"ù��Ǒ,Jp
MapReduce�N�5§�´Ǒ��ØU·^uLDAù«S��{"éuMPI§�±ÏL{ü��u�:(check point)5¢yN�õU"duMapReduce�ù«Å�§���Óêâ�üg��3Ùdæ�Ø�½U
3Ó��Åìþ�¤§ÏdzgS�m©ÑI�#lM�Ö\êâ"Ïd§Ø© [94]¢�®²y²�'MapReduce§MPI�·Ü¢yLDA�\��{"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
D/P

W
W

K K

W/Pw

W

D/Pd

(A) PLDA (B) PLDA+ã 3.2 PLDAÚPLDA+¥©�Ú�-ÌKÝ
�©�üÑ"
P P

P

P

P

Root(P )

P P P

P

P

P

(C) PLDA+(A) PLDA (B) AS-LDA

K
K

K

K
KW KW

KW KWKW

0

1 2 3

0

1

2

d0 w

d1

d2

d3ã 3.3 PLDA!AS-LDAÚPLDA+¥,�3,�ÅìþÌK�#&E�DÂ�ª"
3.2 PLDA+¿1�{
3.2.1 ®kó��ØvXþ�!�0�§3PLDA¥§©�8ÜD3PÅìþ²þ©��D/P©�§3ã 3.2(A)L«Ǒ��D

P -WÝ
§Ù¥WL«©�8Ü¥���ê"�-ÌKÝ
K´3z�Åìþ�o���/��§ǑÒ´ã 3.2(A)¥�W-KÝ
"3PLDA¥§zg3Ùdæ�S��¤�§z�Åìþ��/�-ÌKÝ
Ñ¬?1�Û�ÓÚö�"ù�ÓÚö�  duü«�Ï��§��mL�µ
(1)du�-ÌKÝ
��§I�Åìm?1�þÏ&þ¶(2)duÓÚö�I���¤kÅìÑ�¤�Ó3Ùdæ�âU?1§¤±�¤�¯�ÅìI����ú���Åì�¤�âU?1ÓÚ"Ǒ
;�Ø7��ò�§AS-LDA [90]JÑØ?1�Û�ÓÚ"3AS-LDA¥z�Åì��,	������f�¤�ÓS��Åì?1ÓÚ"�´§du�-ÌKÝ
�U¬ÏdL�§¤±AS-LDAI�?1�õ�S�gêâU
Âñ�PLDAaq�ÆS(J"ã 3.3(A)Úã 3.3(B)w«
PLDAÚAS-LDA�,�3,�ÅìþÌK�#&E�DÂ�ª"PLDAI�ÏL�Ó3Ùdæ�S����ÛÓÚ¢y�#§AS-LDAKzg��#�êA�Åì"���´§duÑI�ò���-ÌKÝ
�\S�§
PLDAÚAS-LDA�S���Ñ´O(KW)"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{Ǒ,ù
�{Jø
ØÓ�üÑ5?1ØÓÅìm��.KÜ§®k�ù
LDA¿1�{kü��Ó�A:µ
• ù
�{ÑI�3z�Åì�S�¥�o������-ÌKÝ
"
• ù
�{ÑI�3ÅìmuxÚ�Â���-ÌKÝ
5?1Åìm�ÓÚ"éu1��A:§b�I�l���5�©�8Ü�OkW�ÚK�ÌK�φ§�o�W½öKé���ÿ§�-ÌKÝ
éS��I�òéN´�LÅì�S���"éu1��A:§Ï&´¶ò¬4�/���{�\�5U"��p5UO��ïÄ [98]L²µ2:�-(floating-point instructions)$��Ý²þzJp59%§Åìm�Ï&�°zJp26%§ÅìmÏ&�ò´(latency)z�eü15%§ÏdÏ&´¶ò¬�X�Eu��5�î"

3.2.2 PLDA+�üÑ�ÙJÑPLDA+�{§ÏL)ûÅìmÏ&�´¶§?�ÚJpLDA�¿15U"T�{æ�
±eüÑµ
1. êêêâââ©©©ÙÙÙ(data placement)"ÏL°%�Oêâ©Ù�ª§ò¡�CPU�?Ö(CPU-bound tasks)Ú¡�Ï&�?Ö(communication-bound tasks)y©�ü|ØÓ�Åìþ"ù�U
�O�«6Y��3Ùdæ��ª§òÏ&�mÛõ3O��mS"
2. 666YYY���???nnn(Pipeline processing)"Ǒ
����¡�CPU$��ÅìØ¬�Ï&´¶¤{N(block)§PLDA+�O
�«#.�3Ùdæ��ª§�±3é�|(word bundle)?13Ùdæ��Ó�§3��?1Åìm�Ï&"~X§b�y3�é/foo0Ú/bar0?13Ùdæ�"PLDA+3é/foo0?13Ùdæ��Ó�§�±3��ÏLÅìmÏ&¼�^5é/bar0?1æ�¤I�&E"ù�§¼�/bar0&E�Ï&�mÒ¬�/foo0�æ��m¤CX"
3. ���©©©|||(word bundling)"Ǒ
�yÏ&�mU
�k�/CX§?1æ��CPUO��m7Lv
�"2±þã/foo0Ú/bar0Ǒ~§Ǒ
CXÏ&�m§é/foo0?13Ùdæ��O��m7L��u�é/bar0�Ï&�m"b�UìDÚ��{é©�¥��g?1æ�§zg3Ùdæ��mò¬�á§�{k�CXÏ&�m",3$�´§LDAò©�ÀǑ��.§Ïd¿vk�Ä��m�^S'X§Ïd�±éÅìþ��Uì?¿�^S?13Ùdæ�"|Ü��ö�§´ò�
|¤���
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
w1

w2

w3

w4

W

Time

w1

w2

w3

w4

Time

F U

F U

F U

F U

U

F

U

F

F

S

S

S

W
UF S

S

S

S

U

S

(A) (B)ã 3.4 PLDA+¥�6Y�3Ùdæ�üÑ"(A)µ ts ≥ t f + tu¶(B)µ ts < t f + tu"3Tã¥§FL«¼�ÌK©Ù&Eö�(fetching)§UL«�#ÌK©Ù&Eö�(updating)§SL«æ�ö�(sampling)"
��|Ü5?13Ùdæ�§l�yÏ&�m�k�CX"

4. `̀̀kkkNNNÝÝÝ(priority-based scheduling)"êêêâââ©©©ÙÙÙÚ|||ÜÜÜ���´·��©�üÑ§^5Jp6Y�?n�ª�5U"�´§Nõ$1���ÅÏ�(run

time factors)¬KǑ·�üÑ�k�5"Ïd§PLDA+Ó�â�`kNÝ�üÑ5�Ï)û�ÅÏ�E¤�´¶"ùpÄk0�PLDA+�6Y�3Ùdæ��{(pipeline-based Gibbs sam-

pling)"6Y�Eâ�2�A^u�«+�5Jpóéþ§Xy�CPUÚGPU�O¥��-6Y�(instruction pipeline)[99,100]"Xã 3.4¤«§´|^6Y�3Ùdæ��{éo�w1§w2§w3Úw4?1æ��L§"ã 3.4(A)�«
�ts ≥ t f + tu��¹§ã 3.4(B)�«
ts < t f + tu��¹§Ù¥ts§t fÚtu©OL«æ�(sampling)§¼�^5?1æ��ÌK©Ù&E(fetching)Ú�#ÌK©Ù&E(updating)��m"3ã 3.4(A)¥PLDA+ÄkǑw1¼�ÌK©Ù&E§,�m©éw1?13Ùdæ�§Ó�§§m©¼�w2�ÌK©Ù&E"�§�¤w1�3Ùdæ��§PLDA+�#Pwþ�w1�ÌK©Ù&E"�ts ≥ t f + tu��ÿ§PLDA+U
3�¤w1�O��êþm©éw2�æ�"ù�§PLDA+?nW��n��m´Wts + t f + tu"ã 3.4(B)Kw«
�«g`�/(suboptimal scenario)§ùp�Ï&�mvk���CX"PLDA+vk�{3�¤w2�æ��9�m©éw3�æ�§��w2�ÌK&E��#±9w3�ÌK&E�¼�"ù�~fL²§Ǒ
U
�k�/òÏ&�mCX§7LNÝ?Ö§�yts ≥ t f + tu"
28



1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{Ǒ
�yts ≥ t f + tu§PLDA+òÅìy©Ǒüaµ�aÅì^5�o©�Ú©�-ÌKÝ
§?13Ùdæ�§L«ǑPd¶,	�aÅì^5�o�-ÌKÝ
§L«ǑPw"ù«y©�ªXã 3.2(B)¤«"3zÓ3Ùdæ�S�¥§��PdÅìUì±en�Ú½é��©���#�ÌKµ
1. l��Pw¼�T�ÌK©Ù&E¶
2. éù�?13Ùdæ�§©���#�ÌK¶
3. �â©��#�ÌK§�#PwþT�ÌK&E"

PLDA+¤éA�ÌK&EDÂ�ªXã 3.3(C)¤«§ù«�ªQ;�
PLDA��ÛÓÚ§Ǒ;�
AS-LDAI�²L�þS�âUÂñ�¯K"
PLDA+����5�´|^
zÓ3Ùdæ�Ñ�±æ�ØÓ��^S"duLDA�Ǒz�©�´���§vk�Äü�^S§Ïd�±�â?¿��^S?13Ùdæ�"����3Pd�©�¥Ñyõg§§��±�å�?13Ùdæ�"éu�
vkª�Ñy��§�±ò§��ª�Ñy�|Ü§l�yæ��mtsv
�"¢Sþ§XJ¯k��t f + tu�äN�m§�{Ò�±û½zÓ3Ùdæ�¥��1(batch)¥À�ÑyLõ�g��5?n§l�yts − (t f + tu)��z"Ǒ
Uì�^S�©�^S?13Ùdæ�§PLDA+3z�PdÅìþïá©���ü¢Ú§�±Uì�5u¢Ñy�©�"ùpòù
�|¤��®�Ì�è�(circular queue)§Xã 3.5¤«"3Ùdæ�ÒUìù�Ì�è�5?1"Ǒ
;�õ�PdÅì¿u/�¯Ó���ÌK&E§�{��ØÓ�PdÅìlè��ØÓ �m©�¯"~X§ã 3.5w«
o�PdÅì§Pd0§

Pd1§Pd2ÚPd3§��m©3Ùdæ�� �©O´l�w0§w2§w4Úw6m©"Ǒ
�yù�NÝ�{�$1§PLDA+�I�ò�-ÌKÝ
UìÌ���ª©��PwÅìþ�"ù«·��©��ªkü�`³µ
1. ù�y
ØÓPwÅì�ó�þ´�é²ï�¶
2. ù;�
ü�PdÅìÓ��¯Ú�#Ó���ÌK&E§l��/�y
PwÅìþ�-ÌKÝ
���5(serializability)"I�5¿�´§PLDA+�©��ª�y
'PLDA�����5§ù´ÏǑ3Ó�Ó3Ùdæ�¥§PLDA+¥��PdÅì�±¼�Ù�PdÅì�#���-ÌKÝ
"éuêâ©Ù��[�0�ë�13.2.3.1!"Ǒ,�±é��«�`��ª5©��§�´NÝ%I�?n$1��Ä�Czµ
1. Äk§�
Åì�U¬',	�
Åì$1��¯§ùò��3�
PwÅ
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
w0

w1

w2

w3
w4

w5

w6

w7

Pd0

Pd1

Pd2

Pd3

ã 3.5 PLDA+¥�®Ì�è�(circular queue)"ìþ�?n´¶;

2. ,	§�õ����!å(pending)§7LU
�â������m(deadline)��`k?"
PLDA+�`kNÝüÑò31 3.2.4.3!0�"
3.2.3 PwÅìþ��{

PwÅì�?Ö´?n5gPd���"PLDA+ò�-ÌKÝ
©��Pw�Åìþ§z�PwÅì�VI��o W
|Pw|
�Ú���ÌK©Ù"

3.2.3.1 PwÅìþ��©��©��8I´�yPwÅìm�K1þï§ǑÒ´3z�Ó3Ùdæ�S�¥§F"�y¤k�PwÅì?n���Óêþ���"Ǒ
U
¢y©��K1þï§I��oü�êâ(�µ
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
1. Äk§�^miP¹Ñywi�PdÅìê8§ù´z���§L²ù�3zÓ3Ùdæ�¥I�uÑõ���"�oéuW��§�o���þ~m = (m1, . . . ,mW)"
2. ,	§��P¹z�PwÅì�K1§ǑÒ´§¤I�KI�����ê8§ù�K1�þ�±L«Ǒ~l = (l1, . . . , l|Pw|)"�«{ü�©�üÑ´ò��Å/©��Pw�Åì§ù«�{�¡Ǒ���ÅÅÅ©©©���(Random Word Placement)"Ø3�´§ù«©��{²~��K1Øþï"Ǒ
�yK1þï§�{æ^������ÓÓÓÎÎÎNNNÝÝÝ(Weighted Round-Robin)�{?1�©�"ù«�{ÄkòUì�üSü�§,�Äkl����m©�Ñ��wi§òÙ�\8K1�$�PwÅìpwþ§¿�#pw�K1"ù«©�L§��E��¤k��Ñ�©��."²�y²��ÓÔNÝU
é�VÇ¢yK1þï [101]"

3.2.3.2 ?n5gPdÅì����ǑPwÅì©���Ú���ÌK©Ù�§PwÅìm©?n5gPdÅì���"��Pw ÅìpwÄkÏL�Â5gPdÅì��©zÌK©Ù§�ï§gC��-ÌKÝ
Cword
|pw ",�§z�PwÅìpwm©?n5gPdÅì���"

PLDA+½Â±en«��µ
• f etch(wi, pw, pd)µ5gPdÅìpd§u pwÅìpw§^u¼��w�ÌK©Ù���"éuz���§pwò�pd�£�w�ÌK©ÙCword

w|pw§ùò^u3Ùdæ�¥�úª(3-2)¥�C¬i j
wkÜ©"

• update(w, ~u, pw)µ^5�#Åìpwþ�w�ÌK©Ù���" pwò|^~u�#¤�o��w�ÌK©Ù"
• f etch(pw, pd)µ5gPdÅìpd§u pwÅìpw§^u¼�PwÅìpwþ�¤kÌK©Ùê8���"pwòé�/¤k�þ�ÌK©Ùê8�Ú��Ctopic

|pw §��5g¤k�PwÅì�Ctopic
|pw �pd¼��§pdò�Ú^u3Ùdæ�úª(3-2)¥�C¬i j

k Ü©"z�PwÅìKI§¤�o��¤k�'��"Ǒ
�y¤k���U
9��ǑA§�{Ǒz�����
������mk'�`k?"�â��PdÅì�/?n��¹§§¬éux���k��#N����p�m"�ù�PdÅìux���PwÅì�§z���¥Ñ�¹�����m§PwÅì¬�â������mk�5?n��"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
3.2.4 PdÅìþ��{

PdÅìþ��{�)±eA�Ú½µ
1. ��§§ò©�©��Pd�Åì§,�z�Åìþïá©���ü¢Ú"
2. ,�§ò®L¥��©|§^5?13Ùdæ�Úux��"
3. ,�§§òNÝ�|Ü�^S§��zÏ&´¶"
4. ��§§m©?16Y�3Ùdæ�§S����{Âñ"�e5©O�[0�ùo�Ú½��{[!"

3.2.4.1 ©�©�Ú�ï�ü¢Ú3?13Ùdæ��§ÄkI�ò©�8ÜD©��Pd�Åìþ"©�©��8�´3Pdm¼����CPUO�K1²ï"3PLDA¥§du§��ÛÓÚI���z�ÅìÑ(å�ÓS��âUm©§Ïd¬éK1Øþï�\¯a"PLDA+¥�3Ùdæ�ØI�?1ÓÚ"�é{`§��Åì�¤�Ó3Ùdæ�S��§�±êþ?1e�ÓS�§�I��Ù��ú�Åì"�´§ù«�¹e§�{E,ØF"�
Åì�ú§l�éÙ�Åì�?1eZÓ3Ùdæ�"ù�U¬���AS-LDAaq�¯K))I��õ�S�gêâUÂñ"Ïd§E,I��âK1þï��K©�©�"ùpÏL���ÅÅÅ©©©���(Random

Document Allocation)��ª¢yù�8I"z�PdÅì����D/|Pd |�©�§ù�L§��mE,ÝǑO(D)"©�©�(å�§�{3z�PdÅìþïáéA©���ü¢Ú(inverted

index)"|^ù��ü¢Ú§��PdÅìzg¼���w�ÌK©Ù�§§�±éù�3ù�ÅìþÑy�¤k �Ñ�±?1æ�"æ�(å�§ù�Åì�±ò�#�ÌK©Ùux�éA�PwÅì"ù����?´§é���õgÑy=I�?1ügÏ&§�g´¼�ÌK©Ù§,	�g´�#ÌK©Ù"ù�¿©/ü$
Ï&�m"z�w�¢Ú(�Ǒµ
w→ {(d1, z1), (d1, z2), (d2, z1) . . .} (3-5)Ù¥w3©�d1¥Ñy
2g§Ïdkü^P¹"3äN¢y¥§Ǒ
!�S�§�{¬òw3©�d1�Ñy�¹��Ǒ��P¹µ(d1, {z1, z2})"

3.2.4.2 �©|ò�©|´Ǒ
;��ã3Ùdæ���m�áØUk�CXÏ&"Þ��4à�~fµXJ��3��PdÅìþ�Ñy�g"�o3ù�þ?1
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{�g3Ùdæ���m¬�~á§��áu¼�Ú�#ÌK©Ù��m")ûù�¯K��{´§ò�
|¤���|§ù���¼����ÌK©Ù&E§Ò�±?1'���3Ùdæ�"ùpI�(����|S��5gÓ��PwÅì§ù��gÏ&�IOÒ�±¼�|S¤k��ÌK©Ù&E"z�PdÅì�â�éA�PwÅì?1©|"éuÓ��PwÅì�¤k§ÄkUì��Ñy�gê?1�Sü�§�¤����L",�§�Elù��L¥À����pª��ÚeZ��$ª��|¤���|"�ïá�©|�§zgÑux����¼�|S�¤k��ÌK©Ù&E"~X§�l�¹12NIPSØ©�NIPSêâ8ÜþÆSLDAÌK�.�§¬r{curve,

collapse, compiler, conjunctive, . . .}|¤���|§Ù¥curve´��pª§�e�´$ª"
3.2.4.3 �ï��NÝì(Request Scheduler)��ò�©|�¤�§I��ï����NÝìU
k�/û½ÀJ=���©|5ux¼�ÌK©Ù���"ùpæ^�«��ÅNÝüÑ(pseudo-random scheduling scheme)"3TüÑ¥§��;3��Ì�è�¥"�?13Ùdæ���ÿ§æ^^��½ö_����ªÀ��"z�PdÅì3ØÓ� �?\ù�Ì�è�§ù��±;�¿u/�¯Ó��PwÅìþ�Ó���"Ïd§ØÓPdÅì�ØÓg3Ùdæ�S��å© �ÑØÓ"ù«�Å5�±�yØ¬zgS�Ñ/¤�Ó�´¶"�´ù«Ì�NÝ��{E,´�«·��NÝüÑ§�õ�PdÅì���Ó��¯Ó��PwÅì��ÿ§E,¬/¤¿u�´¶"Ïd§�
PdÅì���I����ã�mâU
��ǑA(response)"�{ÏLǑz�������FÏ5)ûù�¯K§X1 3.2.3.2!¤ã"3��PwÅìþ�¤k��ÑUì�����FÏ5�ǑA"XJ����3��FÏvk�ǑA§ù���Ò¬�gÄ¿ï"du3Ùdæ���Å5�(stochastic nature)§ó�"�
é�
�3Ùdæ�òØ¬KǑ�N�ÆS�J"�{���ÅNÝüÑU
�yÓ�������E¿ï��U5é$"
3.2.4.4 6Y�3Ùdæ���?16Y�3Ùdæ�"Xúª(3-2)¤«§�é©�d j¥�xi j = wO�¿©���#�ÌK§I�¼�Cword

w §CtopicÚCdoc
j "©�d j�ÌK©Ù���PdÅì�o§Cword

w Kd��PwÅì�o§CtopicKI�ÏLÂ8¤kPwÅì
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{þ�ÌK©Ù¼�"Ïd§3U
�w©�ÌK§ù�PdÅìI�lPwÅìþ¼�Cword
w ÚCtopic",�§ù�PdÅìO�Ú©�#�ÌK"��§ù�PdÅìò�#�w�ÌK©Ù�£�éA�PwÅì"nþ§éu��PdÅìpd§6Y�3Ùdæ��Ú½Xeµ

1. ¼��ÛÌK©ÙCtopic"
2. ÀJF��|Ü§ò��ÙÌK©Ù����\�§³tp¥"��,����PwÅìǑA§K�£éA�ÌK©Ù§�\��è�Qpd¥"
3. éuQpd¥�z�§¼�§�ÌK©Ù§éT�¤kÑy �?13Ùdæ�"
4. 3Ùdæ���§ò�#TÌK©Ù����\�§³tp¥"
5. ÀJ��#��|Ü§ò��ÙÌK©Ù����\�§³tp¥"
6. XJ÷v�#�^�§#¼�#��ÛÌK©ÙCtopic"
7. XJØ÷vÊ�^�§a=�1(3)Ú?1Ù��3Ùdæ�"3 1(1)Ú§ pd¼ � � Û Ì K © ÙCtopic" 3 ù � Ú§ pdu x �� f etch(pw, pd)�z��PwÅì"z�PwÅì�£Ctopic

|pw , pw ∈ {0, . . . , |Pw| − 1}�§
pdò���Ú��Ctopic =

∑

pw Ctopic
|pw "du�§³tpU
¿1/ux��Ú?n�£�(J§¤±31(2)Ú¥§§Ó�uÑeZ���§¿1/¼�ÌK©Ù§±;��
���U¬Ñyò´"duù
��´Ó�uÑ�§¤±��©�
�Ó����m"��Â�,����ǑA§òêþm©ù��3Ùdæ�"ùp�ýkuÑ���ê8´F"3PLDA+¥§FA���Ǒ��Ü·�êi§±�y��è�Qpd¥²~5�k�£�ÌK©Ù��?13Ùdæ�"XJØU÷vù�:§PLDA+òÊe5��Qpd¥k¤
\\§ù´PLDA+�Ï&�m��Ü©"Ǒ
�y�§³¥��§U
k�|^§FA��u�§³¥��§ê8"

Pw?n�ÛÌK©Ù���´���~Ñ��ö�§ù´ÏǑù�ö�I�H{z�PwÅìþ�¤k�ÌK©Ù�¹"3$�´§AD-LDA [86]�ïÄw«§3Ùdæ�¥�ÌK©�é�ÛÌK©Ù¿Ø¯a"ùp�±ÏLü$¼��ÛÌK©Ù�ªÝ5JpPwÅì��Ç"Ïd§31(6)ÚØ¬²~¼��ÛÌK©Ù"¢�òL²§==3zÓ3Ùdæ�S��¼��#��ÛÌK©Ù§
PLDA+U
¼��LDAÚPLDA�Ó�ÌK�."6Y�3Ùdæ��üÑ�±ë�ã 3.6§Ǒ
4ã«�\{'§ã¥vkw«¼��ÛÌK©ÙCtopic�L§"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
Thread Pool

Send Request

Request Topic 
Distributions of Words

...

Gibbs Sampling

Get Topic
 Distributions

Pw Processor

Pw Processor

Pw Processor

Return Topic 
Distributions of Words

...

Pd Processor

...

Update Topic
 Distributions of Words

w 1 w 2 w 3 wn

K1 K2 K 3 Kn

K1 K2 K3 Kn

.

.

.

.

.

.

ã 3.6 PLDA+�Ï&Å�"
3.2.4.5 N�Å�(Fault Tolerance)

PLDA+Jø�PLDAaq�N�Å�§ǑÒ´3PdÅìþéz|pd��u�:"ù����Ï´§��Ñy�Ø§I�¡E��ÿµ
1. 3PdÅìþ§x|pd�±ÏLêâ8Ü¡E¶Cdoc

|pd�±ÏLz|pd¡E"
2. 3PwÅìþ§Cword

pw Ǒ�±ÏLz|pd5¡E"¡EÅ���è�3PLDA+��m©§XJku�:&E3M�þ§`²�kÑ�§Ò\1u�:êâ¶ÄK§`²´#$1�PLDA+§S§�o?1�Å�©z"
3.2.5 ëêÚE,Ý©Ûù�Ü©ò©ÛPLDA+�Ì�ëê§±9PLDAÚPLDA+�E,Ý"
3.2.5.1 ëê�½Åìê8P§PLDA+�1��ëê´PwÅìÚPdÅìê8�'~γ =
|Pw|/|Pd |"γ��§`²Pd?13Ùdæ���mò¬O�§ÏǑùÜ©ÅìC�
¶Ó�?1�p��mò¬ü$§ù´ÏǑ�õ�PwÅì^5?n5gPd���"Ïd§I�²ïùüaÅì�m�ê8§±��±eü�8�µ

1. Ó���zO�(computing)ÚÏ&(communication)��m"
2. �yÏ&�mv
�á§U
�O��m¤CX"����^5?13Ùdæ�ÚÏ&�²þ�m§Ò�±û½ù�ëê���"b���Åìé��êâ8Ü?13Ùdæ��o�mǑTs§ü�ÅìmDÑ¤k�ÌK©Ù��mǑTt"éuPd�Åì§æ��òǑTs/|Pd|"b�Ó�
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{�PwDxÌK©Ù§KÏ&�mǑTt/|Pw|"Ǒ
�yæ��mU
CX¼�Ú�#�Ï&�m§I��yµ
Ts

|Pd |
>

2Tt

|Pw|
. (3-6)b�Ts = Wt̄s§Ù¥t̄s´���¤kÑy ��²þæ��m¶Tt = Wt̄ f =

Wt̄u§Ù¥t̄ fÚt̄u´é���&E?1¼�Ú�#�²þ�m§�o§
γ =
|Pw|

|Pd |
>

t̄ f + t̄u
t̄s
, (3-7)Ù¥t̄ f§t̄uÚt̄s�±ÏL3�êâ8Üþ$1PLDA+5²�5/�O§ù�Ò�±����Cq�γ�"3¢�¥§�Ù��γ = 0.6"

PLDA+�1��ëê´�§³¥��§�êR§ùL²�±¿1/ux����ê"�^�§³´Ǒ
;�æ�¬�,
'��a�PwÅì{l§¤±R´d�ä�þ5û½�"R�±33Ùdæ�¥²�5/gÄN!"ǑÒ´`§����mL��§I�O\�§ê"
PLDA+�1n�ëê´ýk¿1ux¼�ÌK©Ù���êF"ù�ê8�R�'§3¢�¥��F = 2R"
PLDA+�����ëê´¼��ÛÌK©Ù�m�intermax"ù�ëêò¬KǑPLDA+ÆSÌK�.��þ"¢�¥§��intermax = W�±���LDAÚPLDAaq�ÆS�þ"I�5¿�´§PLDA+��`ëê���©Ùª�¸EE�'§ù�)�ä�°ÚÅìO��ÝÚS����"

3.2.5.2 E,Ý©ÛL 3.1o(
PLDA+¥PdÅìÚPwÅì3�mÚ�m�E,Ý"Ǒ
?1'�§TLÓ��Ñ
LDAÚPLDA�E,Ý"ùpb�P = |Pw| + |Pd |5?1PLDAÚPLDA+m�'�"3ù�L�¥§IL«3Ùdæ��S�gê§c´��~ê§L«l�°(bandwidth)�z�2:O�(flops)�m�=�"
PLDA�ý?n�)ò©�©��P�Åìþ§�mE,ÝǑD/|P|"�PLDA�'§PLDA+�ý?n�\E,§�)n��	�ö�µ

1. z�PdÅìI�ïá���ü¢Ú§�mE,ÝǑO(D/|Pd |)"
2. Ǒ�©|§I�é�Uìª?1¯�üS§�mE,ÝǑO(W logW)"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{L 3.1 �{E,Ý"3ù�L�¥§IL«3Ùdæ��S�gê§c´��~ê§L«l�°(bandwidth)�z�2:O�(flops)�m�=�"�{ �mE,Ý �mE,Ýý?n 3Ùdæ�
LDA - INK K(D +W) + N

PLDA D
|P| I

(NK
P + cKW logP

) (N+KD)
P + KW

PLDA+,Pd
D
|Pd |
+ cW logW + WK

|Pw |

INK
|Pd |

(N+KD)
|Pd |

PLDA+,Pw - - KW
|Pw |

3. òPdÅìþ�ÌK©��¹ux�PwÅì±�¤�©z��-ÌKÝ
§�mE,ÝǑO(WK/|Pw|)"3¢�¥§LDAI�$1êzgS�§Ïd±þPLDA+O\�ý?n�m�Ôö�m�'¿Ø²w"���	PLDA+�\��Ç(speedup efficiency)"éPLDA+ó§Ø�Äý?n§b�γ = |Pw|/|Pd |§�on�\��ÇǑµ
speedup efficiency=

S/P
S/|Pd |

=
|Pd |

P
=

1
1+ γ

, (3-8)Ù¥SL«LDA3üÅþ�$1�m§S/PL«|^P�Åì�$1�m§S/|Pd |KL«PLDA+�n�$1�m§ù�Ï&�m���O��m¤CX"
3.2.6 ¢�(J¢�ÏLý¢êâ'�
PLDA+ÚPLDA�ÆS�.�þÚ\�5U"XïÄ [90,102]L²§AS-LDA�AD-LDA�\��Jaq§Ïdùpvk�AS-LDA'�"
3.2.7 êâ8ÜÚ¢��¸ùpæ^n�êâ8Ü?1¢�§XL 3.2¤«"NIPSêâ8�¹
5gNIPS¬Æ�ÆâØ©§ù�êâ8Ü�é��§^5é�{ÆS�.��þÚ�L��FÏ���'~"ü�Wikipediaêâ8´20083�°��Äz�=©^�8Ü§Ù¥��8Ü���êǑ20, 000§,��´200,000§©O·¶ǑWiki-20TÚWiki-200T"�Wiki-20T�'§3Wiki-200T¬k�õ�$ª"�
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{L 3.2 êâ8Ü�[&E"
NIPS Wiki-20T Wiki-200T

Dtrain 1,540 2,122,618 2,122,618

W 11,909 20,000 200,000

N 1,260,732 447,004,756 486,904,674

Dtest 200 - -´§=�éuü¶3200, 000�m�§��Ǒ3�Äz�Ñy3��24�^¥§ùv
4LDAÆS���ÌK&E"ùü��5�êâ^5u�PLDA+�\�5U"¢�æ^ÓÚ��à§SN^(synchronous remote procedure call§RPC)¢yPLDA+"¢�3��Pk2, 048�Åì�©ÙªO��¸¥?1§z�Åì���Ǒ2GHz�CPU§3GBS�Ú�L100GB�M��m"
3.2.8 ���L��FÏ�KǑ�AD-LDAØ© [89]aq§ùpæ^ÿÁ8Ü· Ý(test set perplexity)5ÝþÆS�.��þ"· Ý(perplexity)́ g,�ó?n¥^5µd�ó�.(language model)�~^�Iµ

Perp(xtest) = exp
(

−
1

N test
log p(xtest)

)

, (3-9)Ù¥xtestL«ÿÁ8Ü§N testL«ÿÁ8Ü���"XJ���.�· Ý��§`²§�ýÿUå�r§T�.��þ��"éuLDA�· ÝO�§�{éz�ÿÁ©�¥�ü�Å/y©ǑüÜ©§Ù¥�Ü©^5�O©��ÌK©Ùθ j§,	�Ü©^5O�· Ý"LDA�.�· Ý�O�� [82]�Ó§ǑÒ´du3Ùdæ���ÅA5§�{I�?1õgØÓ�3Ùdæ�§,�òØÓ�.�· Ý�²þ§ùp?1
S = 40gØÓ�Ôö§,�O�µ
log Pr(xtest) =

∑

j,w

Ctest
jw log

1
S

∑

k

θS
k jφ

S
wk, (3-10)Ù¥Ctest

jw´üw3©�d j¥Ñy�gê"Ù¥
θk j =

CS
k j + α

∑K
k=1 CS

k j + Kα
φwk =

CS
wk + β

∑W
w=1 CS

wk +Wβ
(3-11)ÏLO�NIPSêâ8Üþ�· Ý§�±w�PLDA+�ÆS�þÚÂñ�Ý�üÅþ�LDA±9PLDAaq§duù�(Ø�AD-LDAØ© [89]aq§ùpÒØ2Kã"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
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ã 3.7 �¿ï'~Ǒ0.0§0.2§0.4§0.6Ú0.8��ÿ§· Ý�S�gê�m�'X"X1 3.2.4.3!�0�§PLDA+¬¿ï�
�L���m���"�Ùò3NIPSêâ8Üþ�	¿ïù
��éÆS�þ�KǑ"Äk½Â¿ï'~(missing ratio)δǑ²þzÓ3Ùdæ�S�¥¿ï���êØ±��oê§ù�'~3[0.0, 1.0)¥��"¢�ÏL�Å¿ïδ'~���§5�	ÆS�.�þ�Cz"3¢�¥§��ÅìêǑP = 50"ã 3.7w«
�ÌK�êK = 10��ÿ§ØÓ¿ï'~δe�· Ý�XS�gê�Cz�¹"�¿ï'~�u60%��ÿ§· ÝU
�±�`��¹"�S�gêǑ400��ÿ§¿ï'~320%Ú60%�m�· ÝÄ��Ó"�,§vk¿ï��¹e§· Ýk2%�`³"�´§2%�· Ý�eüØ¬E¤ÆS�.�þ�wÍCz"ã 3.8w«
ØÓÌK�ê��¹e§Âñ��· Ý(400gS�)�¿ï'~�m�'X"�±w�§ÌK�ê�õ��.¬E¤· Ý���ÌÝeü"δ = 60%E,´��'�Ün�K�§��PLDA+�y¿ï'~Ø¬pu60%§ÒU
ÆS����ÌK�."3¢S�¸¥§¿ï'~  $u1%§�$uù�60%�K�"Ǒ,¿ï'~é�§Ýþ�6uO��¸Úz�Åì�ó�þ§ù�¢��(Jy²§PLDA+3¿ï'~δé���¹e�,U
ÆS��p�þ�ÌK�."
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
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ã 3.8 �3ØÓ�ÌK�êe§· Ý�¿ï'~�m�'X"
3.2.9 \�5U�OLDA�¿1�{�Ì�8I´¼����\�5U"ùpò�	PLDA+�\�5U§¿�PLDA?1'�"¢�ò3Wiki-20TÚWiki-200Tþ?1\�5U¢�"�ÌK�êǑK = 1, 000§3Wiki-20Tþ�	Åìê8ǑP = 64, 128, 256, 512Ú1, 024e�\�5U§3Wiki-200Tþ�	Åìê8ǑP = 64, 128, 256, 512, 1, 024Ú2, 048e�\�5U"duPLDA+kP = Pw + Pd§¿��γ = 0.6§3�§³¥��§êǑR = 50"�â1 3.2.5.2!�©Û§
PLDA+�n�\�'Ǒ 1

1+γ = 0.625"ã 3.9'�
3Wiki-20Tþ�\�5U"\�5U´�ÅìêP = 64��ÿ?1'��§ÏǑXd�5�êâ3ü�Åìþ¬duS�����{$1"ùpb�P = 64�\�'Ǒ64"lTã�±*	�§�Åìê8O\��ÿ§
PLDA+ÏǑU
�ÑÏ&´¶¤±U
¼�'PLDA�`�\�5U"ã 3.10w«
3Wiki-20TþØÓÅìê8��¹e§Ï&�mÚæ��m�é'"�ÅìêP = 1, 024��ÿ§PLDA�Ï&�mǑ13.38�§�æ��mA��Ó§ù��uPLDA+�3.68�"lù�'�(J�±o(µ
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
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ã 3.9 3Wiki-20Têâ8Üþ§l64�Åì�1,024�Åì�\��¹"
1. �Åìêv
��§XP = 512§PLDA+m©w«Ñ'PLDA�`�\�5U"
2. ¢Sþ§XJǑrPLDA¥ØÓÅì^5p�����m�\�{§

PLDA�\�5Uò��ò�"~X§3'��a�O��¸¥§�ÅìêǑP = 128��ÿ§PLDA�VI�s¤70�?1Ï&§Ù¥�k10́ ^5DÑ�-ÌKÝ
�§Ù�ý�Ü©�m´^5Åì�m�p����"3���Wiki-200Têâþ§Xã 3.11¤«§PLDA�\�5U3ÅìêO��P = 512�vkwÍO�§PLDA+U
�±A��5�\�5U"éuPLDA+§¿1ux���êǑF = 100§�§êR = 50"3�êW = 200, 000ÚÌKêK = 1, 000��ÿ§�-ÌKÝ
Ó^1.6GBS�§ùéÏ&´��é����"3ã 3.12¥w«
ù�êâþ�Ï&�mÚæ��m�'�"PLDA+3lP = 64�P = 2, 048©ª�±
Ï&�máuæ��m"�P = 2, 048��ÿ§PLDA+�I�20©¨�¤100ÓS�§PLDA��^160��m"Ǒ,Amdahl½Æ(Amdahl’s Law)�ª¬����\�e���U§�é²w§PLDA+U
¼�'PLDA�wÍ�\�5U"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
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ã 3.10 3Wiki-20Têâ8Üþ§l64�Åì�1,024�Åì�Ï&Úæ��m�'~"±þ�'�vk�Äý?n¤s¤��m"¢Sþ§�â1 3.2.5.2!�©Û§PLDA+�ý?n�m�ÆS�m�'éá"~X§3P = 2, 048�Åìþ^PLDA+ÆSWiki-200T�ÌK�.�ý?n�m=I35�§êzg3Ùdæ��S�§zÓS�ÑI���13��m"
3.2.10 \��{PLDA+�(Ǒ
)û®kLDA¿1�{�´¶§�ÙJÑ
PLDA+¿1�{"ÏL6Y�3Ùdæ��{§�{¤õ/)û
DÚ¿1�{¥�Ï&´¶¯K"¢�y²§PLDA+�{U
3�5�êâþ?1p��ÆS"ùǑ|^Û¹ÌK�.ïÄ'�Ä�¯KC½
Ä:"
3.3 ÄuÛ¹ÌK�.�'�Ä��{��l�5�êâ¥ÆS��ÌK�.�§|^Û¹ÌK�.?1'�Ä��L§�~{ü§Ì�©Ǒü�Ú½µ

1. ¼�©�¥�ÿÀ'�§ùpE,ÏL5I5À�¶5á��ǑÿÀ'�"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
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ã 3.11 3Wiki-200Têâ8Üþ§l64�Åì�1,024�Åì�\��¹"
2. �âl�5��ÆÆS���Û¹ÌK�.§O�¼�©�ÚÿÀ'��ÌK©Ù"
3. O�©�ÚÿÀ'��ÌK�qÝ§üS¿À��p�A��Ǒ'�"du11Ú�þ�Ùaq§ùpòé12Ú13Ú©O�[0�"

3.3.1 ¼�©�ÚÿÀ'��ÌK©ÙÄkéu��w§�±�âúª(3-3)��§3,�ÌKkþ�VÇ:

Pr(k|w) =
Cwk + β

∑K
k=1 Cwk + Kβ

(3-12)�,Ó�Ǒ�±��ÌKk¥,�w�VÇµ
Pr(w|k) = φwk =

Cwk + β
∑W

w=1 Cwk +Wβ
(3-13)ù�§�½��ÿÀ'�p§§�U�)õ�§�oéuù�ÿÀ'�§�±O�µ

Pr(p|k) =
∏

w∈p

Pr(w|k) (3-14)
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
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Communication
Sampling

ã 3.12 3Wiki-200Têâ8Üþ§l64�Åì�1,024�Åì�Ï&Úæ��m�'~"±9
Pr(k|p) =

Pr(p|k) Pr(k)
Pr(p)

=
nk

nt

∏

w∈p

Pr(w|k) (3-15)Ù¥Pr(k)
Pr(p)dÔö8Ü¥ÌKkÑy�gêØ±p¥���ê5Cq"éu©�d j§aquÆS�L§§�±|^3Ùdæ�§éÙ¥�z�|^úª(3-2)D�ÙÌK§ÏL�ES���Âñ§,��â©�¥�ÌKD��¹§�âúª(3-4)��T©��ÌK©Ùµ

Pr(k|d j) =
Ck j + α

∑K
k=1 Ck j + Kα

(3-16)�ÆS�L§ØÓ�?3uµ3ùp§®²ÆS����-ÌKÝ
´�½�§ǑÒ´`ùp¿ØI��#�-ÌKÝ
§�I�Øä�#©�-ÌK©Ù=�"
3.3.2 O�©�ÚÿÀ'��qÝùp�±æ�±eA«�ª5é©�¥�'�?1üS"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{Äk§�½��©��ÌK©ÙPr(k|d)ÚÿÀ'��ÌK©ÙPr(k|p)§�±ÏL{u�qÝ!KLål�5O�ü�ÌK©Ù�m��qÝ5éÿÀ'�?1üS"Ù¥{u�qÝ�±L«Ǒµ
cos(p; d) =

∑K
k=1 Pr(k|p) Pr(k|d)

√

∑K
k=1 Pr(k|p) Pr(k|p) ×

√

∑K
k=1 Pr(k|d) Pr(k|d)

(3-17)KL-divergencé ���é¡�ålÝþ�{µ
KL(t; d) =

K
∑

k=1

Pr(k|p)log
Pr(k|p)
Pr(k|d)

(3-18)d	§�k�«�{´æ^ýÿq,Ý(predictive likelihood)[103]µ
PL(p; d) =

K
∑

k=1

Pr(p|k) Pr(k|d) (3-19)ùÝþ
�½©�d�§ÏLÛ¹ÌK�),�'�p�VÇ"
3.4 ¢�(J�©Û
3.4.1 ¢�êâÚµd�I�ÙÀ�ü�êâ?1'�Ä�¢�"Ù¥��êâ5gWan�< 1©§��^3Ø© [19,20]¥"ù�êâ�¹
5gDUC2001[104]œ308�#ª©�§�óI5
2, 488�'�§²þz�©��õI510�'�§¢�·¶ù�êâ8ǑNEWS",	��êâ85gHulth§��^3Ø© [12]¥§Têâ�¹2, 000�Ø©Á�§�óI5
19, 254�'�"3¢�¥¡ù�êâ8ǑRESEARCH"¢�æ^ü«ÆSÛ¹ÌK���ªµ (1)|^NEWSÚRESEARCHêâ8ÜÆSÌK�.¶ (2)|^�Äz�ÆSÌK�."æ^1�«�ª��Ï´NEWSÚRESEARCH�¹©�ê��§�UØv±ÔöÛ¹ÌK�.§ÏdI�|^þ¡JÑ�¿1�{3�Äz�=©^þÔöÌK�.§ùpÀ^
20083�°�8Ü 2©5ÆSÌK�."3�Ø�^�¡§±9�Ý�u100��^�§��2, 122, 618�^§,��â��©�ªÝÀ��p�20, 000��Ǒ®L"ùpòz��Äz�^�Ǒ��©�§ÔöÛ¹ÌK�."¢�}Á
ÌK�êl50�1, 500��«�U"���ÌK�.¥vkÑy���ÿ§�{Ò�£��þ!©Ù"
1© http://wanxiaojun1979.googlepages.com"
2© http://en.wikipedia.org/wiki /Wikipedia database"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{L 3.3 3NEWSêâ8ÜþØÓ�{í�M = 10�'����J'�"�{ Precision Recall F1-Measure

TFIDF 0.239 0.295 0.264

TextRank 0.242 0.299 0.267

NEWS,PL,K = 50 0.258 0.318 0.285

Wiki,PL,K = 1500 0.267 0.329 0.294¢�æ^O(Ç!ð£ÇÚF1�(precision/recall/F1-Measure)5µd'�Ä���J§Xúª(2-8)¤«"
3.4.2 ¢�(JÄkã 3.13Úã 3.14©O�«
NEWSÚRESEARCHêâ8Üþ§|^ØÓêâÆSÛ¹ÌK�.!æ^ØÓ�qÝO��{!��ØÓ�ÌK�ê��J'�"Ù¥§/NEWS0§/Wiki0L«Ôö�©�8Ü§PL�L«Ýþ�qÝ��{§KL«���ÌK�ê"ùp§�3NEWSêâÚRESEARCHêâ8ÜþÆSLDA�.��ÿ§duêâ8Ü��§¤±���ÌK�ê�é��¶�3Wikipedia8ÜþÆSLDA�.��ÿ§duêâ5���§¤±���ÌK�ê�é�õ"lã¥�±*	�µ

1. 3WkipediaþÆS�ÌK�.'3NEWS/RESEARCHêâþÆS�ÌK�.Ly�é��§�´`³'�k�"ù`²3�5�êâþÆS�ÌK�.3,�A½êâ8ÜþA^��ÿ§¡�X�£[£�¯K"
2. ýÿq,Ý�{Ø
3RESEARCHêâþ|^g�êâÆSÌK�.��J��	§�éLy��¶{u�qÝ�{Ø
3�O�¹e§ǑU�±���í��J¶KL�{�éLy��"
3. �õê�¹e§ÌK�ê���3Ün��Sé'�Ä��KǑ��"Ǒ
?�Ú'�'�Ä��J�k�5§3 3.3ÚL 3.4'�
TFIDF!

TextRankÚü«ÆSÌK�.�ª�'�Ä��J"lùp§�±w�|^ÌK�.U
'�TFIDFÚTextRank�k�/Ä�'�"du�Ù�eÙ�{k���'5§¤±ùpØ�Ñ«~§3eÙ�¿�Ñ~f¿�©Û"ùpvk�ÑþÙàa�{��J§´ÏǑT�{3NEWSêâ8Üþ�µd(J��§ù´du3ù«���©�þàa�{��uí�Ñ�õ�'�§�qvk�{k�/�ä����5"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
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(b)3Wikipediaêâ8ÜÆSLDA�.ã 3.13 3NEWSêâ8Üþ§3ü«ØÓêâÆS�Û¹ÌK�.e��J'�"
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{
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1 3Ù ÄuÛ¹ÌK�.�ïÌK�'�Ä��{L 3.4 3RESEARCHêâ8ÜþØÓ�{í�M = 5�'����J'�"�{ Precision Recall F1-Measure

TFIDF 0.333 0.173 0.227

TextRank 0.330 0.171 0.225

RESEARCH,cos,K = 50 0.343 0.178 0.234

Wiki,PL,K = 1500 0.349 0.181 0.238

3.5 �Ù�(�Ù&¢
|^©�	Ü��5�©�8Ü§ÏLÛ¹ÌK�.�ï©�ÌK¿?1'�Ä�"�ÙÄk�éÛ¹ÌK�.Ôö�Ý�ú�´¶§JÑ
�«p��¿1Û¹ÌK�.§Ì��g´´æ^6Y��g�¿13Ùdæ�¥�Ï&ÚO�Ü©§T�{3LDA�¿1�¡��
ã�?�",�§�ÙXÚ�	
ÔöÌK�.�©�8Ü!Ýþ©�ÚÿÀ'��ÌK�qÝ�ØÓ�{é'�Ä��KǑ"¢�y²§T�{U
��/�ï©�ÌK§¿k�Ä�CX©�ÌK�'�"
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1 4Ù |^Û¹ÌK�.Ú©�(��'�Ä��{1 4Ù |^Û¹ÌK�.Ú©�(��'�Ä��{ 1©þ�ÙÌ�0�
|^Û¹ÌK�.?1'�Ä���{"�´ù��{�3���¯K§Ò´vk�Ä©��(�&E"�ÙòJÑ��nÜ|^Û¹ÌK�.Ú©�(��'�Ä��{"
4.1 ÄuÛ¹ÌK�.ÚÄu©�(��{�¯K1�Ù®²J�§?1'�Ä�Ì�kü«´�"�«´ò'�Ä���©a¯K§=éz�ÿÀ'��ä´ÄǑ'���©a¯K [4]"ùa�{ÏǑI�<óI5Ôö8Ü§¤�¤å§ÏdØ·Ü�äþ��5�A^",	��´�´�iÒ�{§æ��«�ãéÿÀ'�?1üS§,�À��p�A��Ǒí�'�"3ù�´�¥§�61��{´TextRank[16]§�«ÄuPageRank�ã�{"T�{du�Ä
©�¥��m�Óy'X§Ïd'DÚ�TFIDF�{Ly�`"�'åTFIDFó§ã�{�±w�´é©�(���«ï�"þ�ÙJÑ|^Û¹ÌK�.?1'�Ä�§Ǒ,U
ÏLÛ¹ÌK�Ä©�ÌK&E§�´3,	���¡§%vk�Ä��©Ù��¥��m�(�'X"lã�{�¡5wù�¯K§®k�ã�{XTextRank�§�Ǒz��o��üS�"¢Sþ��©��U�¹õ�ØÓ�ÌK§~X�Ù�)/'�Ä�0!/�Åir0Ú/Û¹ÌK�.0n�ÌK"z��U3ØÓ�ÌKþLyÑØÓ��5"~X§/á�0Ú/Ä�0¬3/'�Ä�0ù�ÌK¥Ók�/ §ü/ã0Ú/PageRank0¬3/�Åir0ù�ÌKþÓk� �§��"Ïd§�ÙJÑ��nÜ�ÄÛ¹ÌK�.Ú©�(��'�Ä��{"T�{òÛ¹ÌK�.ÚÄu�Åir�ã�{(Ü3
�å"T�{òDÚ�PageRank©)¤3ØÓÌKþ�� ��PageRank"ù�§z�3ØÓ�ÌKþ¬kØÓ�PageRanküS�"���â©��ÌK©Ù§�±O���z�ÿÀ'���ªüS�§^±í�'�"ù«ÄuÛ¹ÌK�PageRank�
1© �ÙÌ�SN±/Automatic Keyphrase Extraction via Topic Decomposition0ǑK�ǑÆâØ©uL32010�ISÆâ¬Æ/The Conference on Empirical Methods in Natural Language Processing

(EMNLP’10)0þ"
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ã 4.1 ÌK�Åir�'�Ä��{6§"{�¡ǑTopical PageRank(TPR)"T�{U
�Ä�'�äk���ÌKCXÝ"
4.2 ÄuÛ¹ÌK�.�ã�{ÄuÛ¹ÌK�.�ã�{(Topical PageRank§TPR)ÏLü��ã?1'�Ä�µ

1. �ï��ÌK)ºì(topic interpreter)5���½üÚ©��ÌK"
2. $1TPR�{§l©�¥Ä�'�"Ù¥1�Ú®²3þ�Ù?1
'��[�0�"ùpÌ�0�TPR�{"�½©�d§|^TPR?1'�Ä�Ì��)o�Ú½§Xã 4.1¤«µ
1. �â©�d¥ü�Óy'X§�ï©�éA�üã¶
2. 3ãþ$1TPR�{§��z�ü3ØÓÌKþ�PageRank�¶
3. 3ØÓ�ÌKþ§�âü3TÌKþ�PageRank���ÿÀ'�3TÌKþ��¶
4. ¼�©�d�ÌK©Ù§nÜØÓÌKþÿÀ'���5§��éÿÀ'���ªüS§À�üS�p�eZ�Ǒí�'�"

4.2.1 �ïüãùpI��â�½©�¥ü�Óy'X5�ïÓyã§ùL«
3T©�¥��m��Â'X"©������üS�§,�ÏL£ÄwÄI�Øä�ã¥O\>"TextRankØ© [81]�wüã´Äk�é'�Ä��KǑØ�"ùpÀJ�ï��k�ãµ3z�wÄI�¥§òTI�¥�1�����{�Ù�"du'���Ñ´¶á�§¤±3�ïã��ÿ§=�Ä/
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1 4Ù |^Û¹ÌK�.Ú©�(��'�Ä��{NÚ¶"
4.2.2 Topical PageRank (TPR)30�TPR�§ùpÄk�Ñ�
½ÂÚÎÒ"©��üã�±L«Ǒµ
G = (V, E)§Ù¥�!:´©�¥�¶Ú/NV = {w1,w2, · · · ,wN}§Ù¥�z^>(wi,w j) ∈ EL«�^lüwi�üw j�ó�"3��üã¥§z�!:L«��ü§z^>L«ü�m��Âþ�'é§Ý">(wi,w j)þ���±L«Ǒe(wi,w j)§üwi�ÑÝ(out degree)L«ǑO(wi) =

∑

j:wi→w j
e(wi,w j)"

TPŔ ÄuPageRank[15]��{"PageRank�ǑGoogle¤õ��{�3ïÄ+�ª¶§^uÝþ�ä¥!:��5"PageRank�Ä�g�´��!:��5�ûukõ���!:��§§�±w�´�ä¥!:�m�í�"3PageRank¥§��wi��5R(wi)½ÂǑµ
R(wi) = λ

∑

j:w j→wi

e(w j,wi)

O(w j)
R(w j) + (1− λ)

1
|V |

(4-1)Ù¥λ´��P~Ïf(damping factor)§����´[0, 1]§ |V |L«�ä¥�!:�ê"P~ÏfL«z�!:k(1 − λ)�VÇ�Åa=��ä¥�Ù�!:§kλ�VÇ�>a=�T!:��Ø!:"PageRank�´ÏLS�$1úª(4-1)��Âñ����"3úª(4-1)¥�1�Ü©§ǑÒ´�Åa=Ü©§�±w�´éPageRank��«²w§�±�ã÷v�±ÏÚØ���^�§l�±�PageRankU
Âñ�½G�"3PageRank¥§ØÓ!:�1�Ü©²~�Ǒ�Ó�� 1
|V |§ùL«z�!:�VÇ/�Åa=�Ù�!:§vk?Û �"¢Sþ§PageRank3úª(4-1)�1�Ü©Ǒ�±��Ǒ�þ!©Ù(non-

uniformed)"bXé,
!:�������VÇ§�ª�PageRankò�\ �uù
!:"ù«PageRank�¡Ǒ� ��PageRank(Biased PageRank)"
Topical PageRank (TPR)�g�Ò´Ǒz�Û¹ÌKüÕ�$1� ��PageRank[105,106]"z�ÌK�'�PageRankÑ¬ ��
�TÌKk���Â�'Ý�ü"ù� �Ò´ÏL���Åa=VÇ5¢y�"éz�ÌKz§�±Ǒz��� ��(preference value)Prz(w)�ǑT��Åa=VÇ§¿�y ∑w∈V pz(w) = 1"ù��
�ÌKz�'�ò�D���� �§3$1PageRank�§òk���VÇ��¯"éuÌKz§� ��PageRank�Ǒ:

Rz(wi) = λ
∑

j:w j→wi

e(w j,wi)

O(w j)
Rz(w j) + (1− λ) Prz(wi) (4-2)
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1 4Ù |^Û¹ÌK�.Ú©�(��'�Ä��{ã 4.1w«
���¹ü�ÌK�~f"Tã^!:���L«ù��TÌK��'§Ý"3ü�ÌK�PageRank¥§ØÓ��D�
��� ��"��§ù
3ØÓÌKe�PageRank¥Ǒ��
ØÓ�PageRank�" ��Prz(w)���¬'��/KǑTPR��J"ùp}Áæ^n«ØÓ��ª�� ��µ
• Prz(w) = Pr(w|z)§L«�½ÌKz�§üw�ÑyVÇ§ùL«w3ÌKz¥¤Ó�'~§ǑL«ÌKzkõ�§Ý8¥3üwþ"
• Prz(w) = pr(z|w)§L«�½üw�§ÌKz�ÑyVÇ§ùL«üwkõ�§Ý8¥3zþ"
• Prz(w) = pr(w|z) × pr(z|w)§´±þü«VÇ��È§nÜ
ü��¡��Ä§ù�ÝþÉ�
 [107]�KǑ"
PageRankÚTPRÑ´S�ª��{"ª��{�^�´�S�gê��100g§½öüg���S�z��PageRank���O�u0.001"

4.2.3 |^ÌK�'��5?1'�Ä�3¼�z��üS�¹�§éÿÀ'�?1üS"�â®kó� [80]��w§�Ü©'�Ñ´¶á�§¤±À�©�¥�¶5á��ǑÿÀ'�"©�ÿÀ'��¼��{XeµÄké©�?1ý?n§¿I55(part-

of-speech§POS)"3¢�¥æ^Stanford POS Tagger1©?1I5§¤æ^�I5�.´left3words-distsim-wsj",��â�KL�ª(adjective)*(noun)+À�'�§ù��KL�ª¿Â´d0�½öõ�/N��1�½öõ�¶|¤�G"�Ùòù
Gw�ÿÀ'�"�À�
ù
ÿÀ'��§�{�âTPR���ü��5éù
ÿÀ'�?1üS"3PageRank¥§��ÿÀ'�p��5´Ù¥z��PageRank��ÚR(p) =
∑

wi∈p R(wi) [16,19,20]",�À�üS�p�M��Ǒ'�"
TPRÄkI�O�z�ÌKe§ÿÀ'���5µ

Rz(p) =
∑

wi∈p

Rz(wi) (4-3),�§�Ä©��ÌK©Ù§òÿÀ'�3ØÓÌKþ��5oÚǑ§�ª
1© http://nlp.stanford.edu/software/tagger.shtml"
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1 4Ù |^Û¹ÌK�.Ú©�(��'�Ä��{��5"�©�d3ÌKzþ�VÇǑPr(z|d)§�oéuz�ÿÀ'�p§�±O�§3©�¥��5µ
R(p) =

K
∑

z=1

Rz(p) × Pr(z|d) (4-4)�âz�ÿÀ'���5?1üS�§�{À�üS�p�M��Ǒ'�"
4.3 ¢�(J�©Û�þ�Ùaq§�Ù3NEWSÚRESEARCHü�êâþ?1'�Ä�¢�"ùpǑ^ü«ÆSÛ¹ÌK���ªµ(1)|^NEWSÚRESEARCHêâ8ÜÆSÌK�.¶(2)|^�Äz�ÆSÌK�."
4.3.1 µd�I¢�òIO�YÚÄ�'�ÑÄ�§��Z(stemming)�?1'�§Ä�Z��{´|^Porter Stemmer1©§¢�æ^O(Ç!ð£ÇÚF1�(precision/recall/F1-Measure)Ú,	ü«µÿ�I"�±uy§Ä�'��üS^SǑL«
'�Ä��J"��'�Ä��{XJU
ò�(�Yü��p§�o`²§��J��"�´þã�O(Ç!ð£ÇÚF1�vk�{�ÄÄ�'��^S"Ïd§ùp�	æ^ü«µd�I"Ù¥���I¡Ǒbinary preference measure (Bpref)[108]"Bpref́ �ÄüS^S�µÿ�I"éu��©�§XJ3M�Ä��'�¥kR�´IO�Y§Ù¥�O(Ä��^rL«§�ØÄ��^nL«§�oBprefÏL±eúªO�µ

Bpref=
1
R

∑

r∈R

1−
|n ranked higher thanr|

M
(4-5),	���{¡Ǒmean reciprocal rank (MRR)[109]§^5Ýþz�©�1���O(í��'��ü¶�¹§éu��©�d§^rankd5L«1���O(í�'��ü¶ �§�oMRR½ÂǑµ

MRR =
1
|D|

∑

d∈D

1
rankd

(4-6)Ù¥D´?1'�Ä�ÿÁ�©�8Ü"
1© http://tartarus.org/∼martin/PorterStemmer"
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1 4Ù |^Û¹ÌK�.Ú©�(��'�Ä��{L 4.1 �í�M = 10�'��§wÄI���WéNEWSþ'�Ä��KǑ"
W Precision Recall F1-Measure Bpref MRR

5 0.280 0.345 0.309 0.213 0.636

10 0.282 0.348 0.312 0.214 0.638

15 0.282 0.347 0.311 0.214 0.646

20 0.284 0.350 0.313 0.215 0.644

4.3.2 ëêéuTPR�KǑ
TPR¥ko�ëê�U¬é'�Ä���J�)KǑ§©O´µ
• wÄI���W¶
• LDA�ÌK�êK¶
• ØÓ��� ����{Prz(w)¶
• TPR¥�P~Ïfλ"ùpò©O�	ù
ëêéTPR?1'�Ä�(J�KǑ"Ø
��	�ëê§Ù�ëê��ǑW = 10, K = 1, 000,λ = 0.3±9Prz(w) = Pr(z|w)§ù
Ñ´TPR3NEWSÚRESEARCHþ¼���(J�ëê��"

4.3.2.1 wÄI���W3NEWS�¢�¥§3L 4.1¥�«TPR?1'�Ä���J�wÄI�Wl5�20�Cz§�±uy�J�Cz�Ø© [19]¥��/aq§ǑÒ´�wÄI�Cz��ÿ§�{�JCzØ�§��W·¥��ÿ§XW = 10½W =

15§�{�J���`"aq�§3RESEARCHêâþ§�Wl2�10Cz�§TPR�JǑCzØ�"�´�±uyTPR3RESEARCHþ�W = 20��ÿ�JC�"ù�y���Ï3uRESEARCH���á§z�Á�²þ=k121�§��áuNEWS�704�"XJ3RESEARCHþòwÄI���W���L�§ïá�ãò¤Ǒ�ëÏã§ÏǑ?¿ü�!:Ñk�U�ë§ùòØU
k�ÓP©��(�&E"
4.3.2.2 Û¹ÌK�.�ÌK�êKã 4.2w«
TPR�Û¹ÌK�êKØÓ§ÆSLDA�.�êâ8ÜØÓ�§3NEWSþ�O(Ç-ð£Ç�"�±uyÄ��J¿vk�XÌK�êCzk²wÅÄ§Ǒvk�XÆSLDA�.�Ôö8Ü�Czkì�Cz"3RESEARCHþLyaq�ª³§ùL²TPRU
�~°�/|^LDA¼�©�Úü�ÌK©Ù§?1'�Ä�"
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Precision

Wiki,K=50
Wiki,K=100
Wiki,K=500

Wiki,K=1000
Wiki,K=1500
NEWS,K=50
NEWS,K=50

NEWS,K=100

ã 4.2 �Û¹ÌK�êKØÓ§ÆSLDA�.�êâ8ÜØÓ�§3NEWSþ�O(Ç-ð£Ç�§M����´1�20"
L 4.2 �í�M = 10�'��§LDAÌK�êKéNEWSþ'�Ä��KǑ"

K Precision Recall F1-Measure Bpref MRR

50 0.268 0.330 0.296 0.204 0.632

100 0.276 0.340 0.304 0.208 0.632

500 0.284 0.350 0.313 0.215 0.648

1000 0.282 0.348 0.312 0.214 0.638

1500 0.282 0.348 0.311 0.214 0.631
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λ=0.1

λ=0.3

λ=0.5

λ=0.7

λ=0.9

ã 4.3 �λ = 0.1,0.3,0.5,0.7,0.9§3NEWSþí�Ml1�20�O(ÇCz"
4.3.2.3 P~Ïfλ

TPR�P~Ïfλ¬KǑ�Åir�L§¥§�X>a=(úª(4-2)¥�1�Ü©)Ú�Åa=ǑÒ´ �Ü©(úª(4-2)¥�1�Ü©)�'~"3ã 4.3!ã 4.4Úã 4.5¥§¢��«
�λ = 0.1, 0.3, 0.5, 0.7, 0.9�§í�1�20�'���ÿ§O(Ç!ð£ÇÚF1��Cz�¹"lTã�±w�§�λ��Ǒ0.2�0.7�m��ÿ§TPR��JØ�"BprefÚMRRǑU
�Xλ�Cz�±½"
4.3.2.4  ��Prz(w)��§¢��	ØÓ� ����Prz(w)éTPR?1'�Ä��KǑ§ �����Xúª(4-2)¤«"L 4.3�«
3NEWSþí�M = 10��ÿ§ØÓ ��éÄ��J�KǑ"lTL�±uyPr(z|w)Ly�Z§ù�3RESEARCHþ�*	aq"3'�Ä�?Ö¥§I�uyU
O(L«©�ÌK�'�"Ïd§¿ØI�3NõÌK¥ÑÑy��«~^"Pr(w|z)Ï~¬�â��3ù�ÌKeÑy�ªÝ�� ��§Ïd§�
~^¬3éõÌKþÑ���p��§

57



1 4Ù |^Û¹ÌK�.Ú©�(��'�Ä��{

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Keyphrase Number

R
ec

al
l

 

 

λ=0.1

λ=0.3

λ=0.5

λ=0.7

λ=0.9

ã 4.4 �λ = 0.1,0.3,0.5,0.7,0.9§3NEWSþí�Ml1�20�ð£ÇCz"L 4.3 3NEWSþí�M = 10��ÿ§ ����éTPR'�Ä��KǑ" �� Precision Recall F1-Measure Bpref MRR

Pr(w|z) 0.256 0.316 0.283 0.192 0.584

Pr(z|w) 0.282 0.348 0.312 0.214 0.638

prod 0.259 0.320 0.286 0.193 0.587l3�ª�üS¥o�ÞÊ"�dØÓ§Pr(z|w)K ��
;5uTÌK�ü§�^Pr(z|w)5�� ��§U
Ä�Ñ�
�ÌK���'�'�"
4.3.3 �Ù��{�'�ÏL3NEWSÚRESEARCHþXÚ�	LØÓëêéTPR?1'�Ä��KǑ�§ùpm©�TFIDF§TextRankÚLDA'�'�Ä���J"

TFIDF�âz�3©�¥�TFIDF�5O�Ù�5§=R(w) = t fw ×

log(id fw)"3TextRank¥§z���5´ÏLúª(4-1)5Ýþ�§ùü«�ªÑvkæ^ÌK&E"
LDAK´ÏL©�Úü�ÌK©Ù�qÝ5O�ü��5"�½©�dÚüw§kéõ�{O����m��qÝ§X{u�qÝ!ýÿq,Ý±
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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Keyphrase Number

F
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ea
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λ=0.1
λ=0.3
λ=0.5
λ=0.7
λ=0.9

ã 4.5 �λ = 0.1,0.3,0.5,0.7,0.9§3NEWSþí�Ml1�20�F1�Cz"L 4.4 3NEWSþí�M = 10�'���ÿ�ØÓ�{��J"�{ Precision Recall F1-Measure Bpref MRR

TFIDF 0.239 0.295 0.264 0.179 0.576

TextRank 0.242 0.299 0.267 0.184 0.564

LDA 0.267 0.329 0.294 0.200 0.558

TPR 0.282 0.348 0.312 0.214 0.6389KLål [103]�"ùp=�«3þ�Ù¥©O3NEWSÚRESEARCHLy�`�(J§=3WikipediaþÔöLDA�.!��K = 1500!¿æ^ýÿq,�qÝ�(J"L 4.4ÚL 4.5'�
3NEWSÚRESEARCHþØÓ�{?1'�Ä���J"du3NEWSþ²þz�©�<óI5�'��ê�õuRESEARCH§ÏdéNEWS��Ä�M = 10�'�§éRESEARCH��Ä�M = 5�'�"3NEWSÚRESEARCH�ëê��®²31 4.3.2!£ãL"lùü�L�§¢�k±e*	µ
1. Äk§TPR3ü�êâ8ÜþÑ`uÙ�¤k��{"TJpÏL
95%�&Ý�wÍ5u�"ùL²TPR?1'�Ä��k�5Ú°�5"
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1 4Ù |^Û¹ÌK�.Ú©�(��'�Ä��{L 4.5 3RESEARCHþí�M = 5�'���ÿ�ØÓ�{��J"�{ Precision Recall F1-Measure Bpref MRR

TFIDF 0.333 0.173 0.227 0.255 0.565

TextRank 0.330 0.171 0.225 0.263 0.575

LDA 0.349 0.181 0.238 0.225 0.571

TPR 0.354 0.183 0.242 0.274 0.583
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ã 4.6 3NEWSþ�O(Ç-ð£Ç�§M����´1�20"
2. Ù g§ 3 µ d � I O ( Ç! ð £ Ç ÚF1� þ§ LDA� L y `uTFIDFÚTextRank"�´LDA�MRR�K�$uTFIDFÚTextRank§ù`²LDAvk�{é�/O(Ä�1��'�§�ÏÌ�3uµ (1) LDAvk�Ä©��(�&E§XTextRank��¶(2)LDAǑvk�Äü3©�¥�ª&E§XTFIDF��"TPRKÓ�äkLDAÚTFIDF/TextRank�`³"���´§ã 4.6Ú 4.7w«
o��{3NEWSÚRESEARCHþ�O(Ç-ð£Ç�§z^�þ���:�Lí�ØÓ�'��êM��µd(J§ù^��Cumþ�§T�{5U�p"¢�y²TPRäk���`³"
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ã 4.7 3RESEARCHþ�O(Ç-ð£Ç�§M����´1�20"
4.3.4 Ä�(J«~��§L 4.6�Ñ|^TPR?1'�Ä��~f"T©�´��#ª§IKǑ“Arafat Says U.S. Threatening to Kill PLO Officials”(DUC2001¥�©�ÒǑAP880510-0178)§�©ë�N¹ A"ùp=�Ñ10�'�§Ù¥í��(�^“(+)”I£"L¥Ó��3z��{��Ñ§í�é
õ��'�§XTPR��“(+7)”§L«TPR�(í�
7�'�"d	��Ñ
T©��ü¶n�ÌK±93TÌKe�'�"éw,§ù
ÌK©O´'unVd"(“Palestine”)§±Ú�(“Israel”)Ú�ÝÌÂ(“terrorism”)�§ùǑL²�{í��'�é©�ÌKk'���CXÝ§Ó�ǑU
�y'��mäk�½��É5"ÏLòù
ÌK�'�'�KÜ3�å§�{��
ù�©Ù�'�"Ǒ
��*/�«TPR�{Ä�'��5U§e¡|^WordleEâ [110] 1©éþã«~?1�Àz§Xã 4.8¤«§´TPRéþã«~#ª©�í�'���Àz§ã¥�'�����'��TPR��'§TPR����'�3�Àz¥��"ã 4.9!ã 4.10Úã 4.11©O�«
T©��n����ÌKe'�
1© �'�Àzóä�±ÏLhttp://wordle.net/�¯"
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1 4Ù |^Û¹ÌK�.Ú©�(��'�Ä��{L 4.6 TPRÄ�'�«~§©��©ë�N¹A"
TPR (+7)

PLO leader Yasser Arafat(+), Abu Jihad, Khalil Wazir(+), slaying Wazir, po-

litical assassination(+), Palestinian guerrillas(+), particulary Palestinian cir-

cles, Israeli officials(+), Israeli squad(+), terrorist attacks(+)

TPR§§§©©©���ÌÌÌKKKüüü¶¶¶1111���“Palestine”

PLO leader Yasser Arafat(+), United States(+), State Department spokesman

Charles Redman, Abu Jihad, U.S. government document, Palestine Libera-

tion Organization leader, political assassination(+), Israeli officials(+), alleged

document

TPR§§§©©©���ÌÌÌKKKüüü¶¶¶1112���“Israel”

PLO leader Yasser Arafat(+), United States(+), Palestine Liberation Organi-

zation leader, Israeli officials(+), U.S. government document, alleged docu-

ment, Arab government, slaying Wazir, State Department spokesman Charles

Redman, Khalil Wazir(+)

TPR§§§©©©���ÌÌÌKKKüüü¶¶¶1113���“terrorism”

terrorist attacks(+), PLO leader Yasser Arafat(+), Abu Jihad, United S-

tates(+), alleged document, U.S. government document, Palestine Liberation

Organization leader, State Department spokesman Charles Redman, political

assassination(+), full cooperation�ü¶�¹"dù
�Àzã~�±�*/w�§TPRØ=�±k�/í�'�§��U
UìØÓ�ÌKé'�?1üS"ù�§XJ^ré,�ÌK�'�AOa,�§TPR��±í�,�A½ÌKe�'�"L 4.7w«
Ù�A��{Ä��(J"éuTFIDF§§==�Ä©��ª&E§Ïd¬ò¹k“PLO”�ÿÀ'�ü�AOp§ÏǑù�“PLO”Ñy16g�õ§ǑÏd�ÑÇ�ÌK“Israel”�'�'�"LDAdu=ÏLÌK�qÝÀ�'�§vk�Ä©�ÌK§Ïd�U¬�Ñª�p�'�§XLDAvkÄ�“political assassination”§ü“assassination”3©�¥Ñy8g�õ"
4.4 �Ù�(�Ù�é=|^©�(�&E?1'�Ä�(XTextRank)Ú=|^Û¹ÌK�.?1'�Ä��3�¯K§JÑ�«nÜ|^Û¹ÌK�.Ú©�(�&E�'�Ä��{§Topical PageRank"T�{´�«ÄuÌK��Åir�.§3z�ÌKþ$1PageRank§O�3ØÓÌKe�PageRank�"T�{��¡U
ÏLÛ¹ÌK�.�ï©�ÌK§Ó�U
ÏL©�ã��Åir�.
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1 4Ù |^Û¹ÌK�.Ú©�(��'�Ä��{

ã 4.8 TPRN¹ A#ª©�Ä�'���Àz"

ã 4.9 TPRéN¹ A#ª©�ÌK/Palestine0e'���Àz"
63



1 4Ù |^Û¹ÌK�.Ú©�(��'�Ä��{

ã 4.10 TPRéN¹ A#ª©�ÌK/Israel0e'���Àz"

ã 4.11 TPRéN¹ A#ª©�ÌK/terrorism0e'���Àz"
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1 4Ù |^Û¹ÌK�.Ú©�(��'�Ä��{L 4.7 Ù��{Ä�'�«~"
TFIDF (+5)

PLO leader Yasser Arafat(+), PLO attacks, PLO offices, PLO officials(+),

PLO leaders, Abu Jihad, terrorist attacks(+), Khalil Wazir(+), slaying wazir,

political assassination(+)

TextRank (+3)

PLO leader Yasser Arafat(+), PLO officials(+), PLO attacks, United S-

tates(+), PLO offices, PLO leaders, State Department spokesman Charles

Redman, U.S. government document, alleged document, Abu Jihad

LDA (+5)

PLO leader Yasser Arafat(+), Palestine Liberation Organization leader, Khalil

Wazir(+), Palestinian guerrillas(+), Abu Jihad, Israeli officials(+), particulary

Palestinian circles, Arab government, State Department spokesman Charles

Redman, Israeli squad(+)�Ä©�(�Ǒ'�Ä�Jø&E§¢�y²§T�{U
nÜÛ¹ÌK�.Ú©�(�&E?1'�Ä��`³§k�Ä�'�§�'�é©�ÌKäk���CXÝ"

65



1 5Ù Äu©��'�ÌK��5�'�Ä��{1 5Ù Äu©��'�ÌK��5�'�Ä��{ 1©¡nÙÌ�&?
XÛ|^©�ÌK(�?1'�Ä�§JpÄ�'�é©�ÌK�CXÝ"�Ùò±©��'��ÌK��5�ǑJ§&?XÛ)û©��'��®�É¯K§��/Ýþ©��'��m��Â�'5"
5.1 ®�É¯K�©��'��ÌK��5®�É´©�Ú'��m�~�y�§äNLy3§éõ'�3©�¥Ñy�gê¿Øõ§�{^DÚ{ü�ÚO�ª(XTFIDFÚTextRank)Ä�Ñ5"�î��¹´§�©��á��ÿ§éõ'�$�Ñvk3©�¥ÑyL"�A�XÛ)ûù�¯KQº®²k�
�Y�±3�½§Ýþ�)®�É¯K§Ù��g´´�6T©�	Ü�℄Jø�´L�&E§�Ïïá©��'��m��ÂN�"��;.��{´ExpandRank[19,20]"ù´ÄuTextRank��{§Ä�g�´§�I��,�©�Ä�'���ÿ§3�ïüã��ÿ§Ø
�	T©�¥��Óy'X	§�Ïé©�8Ü¥�T©���q�k�©�§Ǒò��¥��Óy'X\\�Tã¥"ù��±ÏLC�©�¥�ü�m�'X§3�¥V\�\´LÚ°(��Â&E§l3�½§Ýþ�)®�É¯K",	��;.��{´æ^Û¹ÌK�.?1'�Ä�"ùa�{du´ÏLÌK�qÝí�'�§;�
DÚ�ÄuÚO&E��ªí�'��6à§ǑU
�½§Ýþ�)®�É¯K"�´ùü«�{�gkØ��Ñ�¯K"ùp�±òExpandRankw�´3©��gÚ\	Ü&E"�©�8Ü¥¹k�T©�pÝ�'�&E��ÿ§
ExpandRank�±������J"�´�´duÚ\�L§´±©�Ǒü �§¤±  ¬Ú\DÑ"~X��Ø©�Ǒ,Ǒ3£ã��½©��'�ÌK§�
1© �ÙÌ�SN±/Automatic Keyphrase Extraction by Bridging Vocabulary Gap0ǑK�ǑÆâØ©uL32011�ISÆâ¬Æ/The 15th Conference on Computational Natural Language Learning (CoNLL’11)0þ"

66



1 5Ù Äu©��'�ÌK��5�'�Ä��{´Ǒ�9
�
�½©�¿��9�ÌK§ù
ÌKǑ¬���	Ü&EÚ\�ã¥§ù  ¬��í�'�u)ÌK¤£(topic drift)�y�"éuÛ¹ÌK�.§K�±w�´3ÌK�gÚ\	Ü&E§ù«�{  ��uí�3ÌK¥²~Ñy�§ù�  ¬��í��'���u~^"�ÙJÑ�«3®�gþÚ\	Ü&E��{§ǑÒ´|^ÚOÅì�È�éàEâ3�5�©�8ÜþÆS©�¥��'��m��Â'X§l3�½©�Ú'��mïá°(��ÂN�§U
í���'�'�"�Ǒ)û®�É¯K��{§Åì�È�.®²�2�A^u&Eu¢(information retrieval)[111,112]§ã�ÀªI5(image and video annotation)[113]§¯�XÚ(question answering)[114–118]§�Î*�Ú�(query expansion and rewrit-

ing)[119–121]§©�Á�(document summarization)[122]§��J�(collocation extrac-

tion)[123,124]ÚEã)¤(paraphrasing)[125,126]"�Ùò�	Åì�È�.�éàEâ3'�Ä�¥��J§�yÙ)û©��'��®�É¯K�k�5"
5.2 ÄuÚOÅì�ÈéàEâ�'�Ä�Äk§�©�8ÜǑD§Ù¥z�©�d ∈ D"'�Ä��8�´Uì�½©�d�q,ÝéÿÀ'�?1üS§ǑÒ´é¤kÿÀ'�p ∈ P§O�Pr(p|d)§Ù¥P´ÿÀ'�8Ü",�§ÀJM��Ǒ©�'�§ùpM�±´¯k�½�§Ǒ�±dXÚgC(½"©�d�±w�´���S�wd = {wi}

Nd

1 §Ù¥Nd´©�d��Ý"ã 5.1�«
|^éà?1'�Ä���{6§"�Ùò�{y©Ǒn�Ú½µO��Èé§Ôö�È�.Úé�½©�Ä�'�"�e5ò©O�[0�ùnÚ"
5.2.1 O��Èééà�.�Ôö8ÜI��¹�þ�éf?O��Èé"3'�Ä�?Ö¥§I�O�v
��Èé5L�©�Ú'��m��È'X"ùpJÑü«Ǒ'�Ä�O��Èé��ªµ/©�-IK0�ÈéÚ/©�-Á�0�Èé"
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1 5Ù Äu©��'�ÌK��5�'�Ä��{ÑÑÑ\\\µµµ©�8ÜD"
1. OOO������ÈÈÈéééµµµ éz�©�d ∈ D§kü«O��Èé��ªµ

• ///©©©���-IIIKKK000���ÈÈÈééé"�^©��IKtdO��Èé§L«Ǒ〈D, T 〉"
• ///©©©���-ÁÁÁ���000���ÈÈÈééé"�^©��Á�sdO��Èé§L«Ǒ〈D, S 〉"

2. ÔÔÔööö���ÈÈÈ���...µµµ�½�Èé§~X〈D, T 〉§�^éà�.Ôö���È�.Pr〈D,T 〉(t|w)§Ù¥w´©�¥�§t´IK¥�"
3. '''���ÄÄÄ���µµµé�½©�d§�â�È�.XPr〈D,T 〉(t|w)�?1'�Ä�"

(a) Ýþ©�¥z�w��5Pr(w|d)¶
(b) O�z�ÿÀ'�p��5µ

Pr(p|d) =
∑

t∈p

∑

w∈d

Pr〈D,T 〉(t|w) Pr(w|d) (5-1)

(c) �âPr(p|d)üS(J§ÀJ�p�M��Ǒ©�d�'�"ã 5.1 |^éà�.?1'�Ä���{6§"
5.2.1.1 /©�-IK0�Èé©��IK  ´é©�SN�{áÁ�"�õê�¹e�©�§XÆâØ©!#ª���Ñ¬kIK"Ïd§�±|^IK�Ǒé'��ó�Cq§�©��å�ï/©�-IK0�Èé"éà�.b�z��Èé��ÝÄ���",§/©�-IK0é��Ý  �Oé�§��©���Ý���uIK"XJ��òù
�ÝØ²ï��Èéx�éà�.ÆS§  ¬E¤ÆS��È�.�J��"Ïd§ùpJÑü«�{5)ûù«�ÝØ²ï�¯KµÄ��{(sampling method)Ú©��{(split method)"Ä��{¬é©�¥�?1Ä�§l����#�/©�0§��§��Ý�IK�Ý��"b�©�ÚIK�Ý©OǑNdÚNt"�oéu©�d§Äkïá§���.bd = {(wi, ei)}

Wd

i=1§Ù¥Wd´©�d¥Ñy�¤k�(word

type)��ê§ǑÒ´z�Ø+EÑyõ�g§���g§eiL«©�d¥wi��"�Ùæ^TFIDF(term frequencyõinverse document frequency)�Ǒ3©�¥��"�âbd?1Ntg��£�Ä�§������#��¹Nt���5�L©�d"3Ä��(J¥§�3
©�d¥���§ù��±3�yØ¿�©�Ì��Â�Je¢y�Èé3�Ýþ�²ï5"3ã 5.2¥�«
Ä�
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1 5Ù Äu©��'�ÌK��5�'�Ä��{
1: ÑÑÑ\\\µµµ ©�dÚ§�IKtd"©��ÝǑLd§IK�ÝǑLt"
2: ò©�L«Ǒ��.wd = {(wi, ei)}

Nd

i=1§Ù¥ei´wi3©�d¥��"
3: for i from 1 toLt do

4: lwd¥�â����£/Ä���w¶
5: òw�\�w′d¥"
6: end for ã 5.2 Ä��{�{6§"
1: ÑÑÑ\\\µµµ ©�dÚ§�IKtd"
2: ò©�d©�Ǒõ�éfsd = {si}

S d

i=1§S dL«éf�ê"
3: for i from 1 toS d do

4: O�éfsi�IKtd�m��Â�qÝsim(si, td)"
5: if sim ≥ δ then

6: ò�Èé(si, td)�\Ôö8Ü"
7: else

8: ¿ïsi"
9: end if

10: end for ã 5.3 ©��{�{6§"�{�{6§"©��{ò©�©�Ǒéf§ù�z�éf�IKU
�±�Ǒ�q��Ý"�´¿Ø´¤k�éfÑ�IK�3�È'X"Ïd§éuz�éf§O�§�IK�m��Â�qÝ"kõ«�{5O�IKÚéf�m��Â�qÝ"ùpÀ^�þ�m�.(vector space model)L«éfÚIK§,�|^{u�qÝ(cosine similarity)5Ýþ���m��qÝ"XJ�qÝ�u,�ýk½Â��K�δ§ÒòÙ�Ǒ�Èé�\Ôö8Ü§ÄKÒòùé/éf-IK0¿ï"3ã 5.3¥§�«
©��{�{6§"Ä��{Ú©��{�kA:"�©��{�'§Ä��{¬3Ä�L§¥
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1 5Ù Äu©��'�ÌK��5�'�Ä��{¿��
®&E"�´©��{¬�)'Ä��{�õ��Èé(Ä��{��Èé�êǑO(D)§©��{��Èé�êǑO(D × S d)§Ù¥S dL«©�8Ü¥²þz�©��éf�ê)§ùò�éàÔöL§��§3�e5�¢��!§ò'�ü«�{��JÚ�Ç"
5.2.1.2 /©�-Á�0�Èééu�Ü©ÆâØ©§�öÏ~¬Ó�JøÁ�5V)©�ÌK"Nõ#ª©�Ǒ¬k?6öJø�Á�"bXz�©�kÁ�&E§�{�±|^Á�Ú©��ï�Èé?1éàÆS�È�."ùpÓ��±�^Ä��{½ö©��{54�Èé��Ýäk²ï5"ØÓ�?3uÁ�  Ǒ�¹õ�éf§Ïd©��{I�Ó�éÁ�Ú©�?1©�§À��
�qÝ�LK��éfé�Ǒ�Èé�\Ôö8Ü"
5.2.2 Åì�È�éàEâ�ÙÌ�æ^IBM Model-1[127]?1éà"IBM Model-1´�Ǒ2�A^�éà�{"T�.ØI�?Û�óÆ�£§==�â�5��Èé¥�Óy'X5ÆS�ÈVÇ"¢�Ǒ}ÁL�^�E,p?�éà�.§XIBM

Model-3�§�´uyù
p?�.¿vk�����'�Ä��J§Ïd3�Ùò�0�Ú�«IBM Model-1�(J"Ø���5§3�e50�IBM Model-1��ÿ¤�^��Èé´/©�-IK0é〈wd,wt〉"3IBM Model-1¥§z��Èé〈wd,wt〉¥§©��ówd =

{wi}
Ld

i=0ÚIK�ówt = {ti}
Lt

i=0�m��È'X´ÏLÛ¹Cþa = {ai}
Ld

i=15£ã�"TCþ�L
l©�¥��IK¥��N�'Xµ
Pr(wd|wt) =

∑

a

Pr(wd, a|wt) (5-2)~Xa j = iL«©�wd¥3 � j�w j�éà�
IKwt¥3 �i�wt"éàCþa��)��é�/�0(empty word)�éàa j = 0§L«©�¥3 � j�w j�éÙ�����þ"IBM Model-1�±|^Ï"��z�{(Expectation-

Maximization§EM) [128]?1�iÒÔö"|^IBM Model-1�±��ü«�ó®��ÈVÇ§ǑÒ´Pr(wt|wd)ÚPr(wd|wt)§Ù¥wd´©�®§wt´IK®"IBM Model-1�ÔöL§Xã 5.4¤«"
IBM Model-1ò¬�)l�«�ó�,	�«�ó�/�éõ0�éà§¤±ÆS����È�.´�é¡�"ǑÒ´`|^/©�-IK0é?1ÆSÚ|
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1 5Ù Äu©��'�ÌK��5�'�Ä��{
1: ÑÑÑ\\\µµµ �ÈéédÚt

2: ÑÑÑÑÑÑµµµ �ÈVÇPr(wt|wd)

3: Uìþ!©Ù�©zPr(wt|wd)

4: whilevk÷vÂñ^� do

5: é¤k�tÚw�count(wt|wd) = 0

6: é¤k�w�count(wd) = 0

7: for z��Èé(d, t) do

8: for t¥�z�wt do

9: �s − total(t) = 0

10: for d¥�z�wd do

11: �s − total(wt)+ = t(wt|wd)

12: end for

13: end for

14: for t¥�z�wt do

15: for d¥�z�wd do

16: �count(wt|wd)+ = Pr(wt |wd)
s−total(wt )

17: �count(wd)+ = Pr(wt |wd)
s−total(wt )

18: end for

19: end for

20: end for

21: for ©�¥�z�wd do

22: for IK¥�z�wt do

23: O� Pr(wt|wd) = count(wt |wd)
wd

24: end for

25: end for

26: end while ã 5.4 éà�.IBM Model-1�ÔöL§ [129]"
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1 5Ù Äu©��'�ÌK��5�'�Ä��{^/IK0-©�0é?1ÆS§����ÈVÇ´ØÓ�"Ïd�±|^Ó���Èé�Æ¥ÆS��ü«�ÈVÇ§�«´|^(©�→IK)ÆS���§,	�«´|^(IK→©�)ÆS���"ùpò�«�È�.L«ǑPrd2t§ò��«�È�.L«ǑPrt2d"�{½ÂPr〈D,T 〉(t|w)Ǒü«�È�.�NÚ²þµ
Pr〈D,T 〉(t|w) ∝

( λ

Prd2t(t|w)
+

(1− λ)
Prt2d(t|w)

)−1
, (5-3)Ù¥λ´NÚXê§^5KÜü«�È�.§�λ = 1.0½ö λ = 0.0��ÿ§ù��È�.ò=�^Prd2t½öPrt2d"|^ù��È�.Pr(t|w)§U
ò�3®�É�©�Ú'�ïá�Âþ�N�"

5.2.3 ÄuéàEâ�'�Ä��{�½©�d§ÏLO�q,ÝPr(p|d)5éÿÀ'�p?1üS"z�ÿÀ'�p�U�¹õ�"X [12]¤«§�õê'�´¶á�"Ïd§���Ü©®kó� [16,19,20]§|^5I5&EÀ�©�¥�¶á��ǑÿÀ'�"éuz�t§�±O�§�½©�d�q,ÝPr(t|d) =
∑

w∈d Pr(t|w) Pr(w|d)§Ù¥Pr(w|d)´©�d¥w��§ùp�^8�z�TFIDF�¶Pr(t|w)´éà�.ÆS����ÈVÇ"ùpòÿÀ'�¥z����\��ÿÀ'���§ǑÒ´Pr(p|d) =
∑

t∈p Pr(t|d)"o�§ÿÀ'����±ÏLã 5.1¥�úª(5-1)O�"�âü¶§À��p�M��Ǒ'�"
5.3 ¢�(J�©ÛǑ
�y�{�J§¢�l163.comþ8�
13, 702�¥©#ª�Ǒ©�8Ü"ù
#ª�)
õ�ÌK§X�Æ!Eâ!�£!N�!©z!�¬Ú�¯�"¤k�#ª©�Ñ�?6ö�óIP
'�§ù
'�þ5g©��©"z�#ªǑÓ�JøIKÚ¶Ǒ/Ø%J«0�Á�"3ù�©�8Ü¥§©�k72, 900��§'�¥k12, 405��"z�©�!IKÚÁ��²þ�Ý©OǑ971.7�!11.6�Ú45.8�"z�©�²þk2.4�'�"¢�òæ^IKÚÁ�5�ï�Èé"¢�À^GIZA++ 1© [130]5ÔöIBM Model-1"GIZA++´�Ǒ2�A^�éàóä§§¢y
IBM Model-1�IBM Model-5±9��HMMéà�."
1© http://code.google.com/p/giza-pp/
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1 5Ù Äu©��'�ÌK��5�'�Ä��{Ǒ
�y�{��J§¢�æ^163.comǑ#ªI5�'��ǑIO�Y"XJ��XÚí��'��IO�Y����§K�ǑT'�í��("ùpÓ�æ^O(Ç!ð£ÇÚF1?1µd"¢�(JÑ´æ^5�©��u�(5-fold cross validation)���"
5.3.1 '�Ä��Jµd
5.3.1.1 '��©Ûùpæ^o«;.��iÒ�{�Äuéà�'�Ä��{?1'�"ùo«�{©O´µTFIDF§TextRank[81]§ExpandRank[19,20]ÚLDA [65]"Ǒ
?1'�§�e5òÄuéà��{L«ǑWAM"ã 5.5�«
ØÓ'�Ä��{�O(Ç-ð£Ç�ã§�)µTFIDF§
TextRank§ExpandRank§LDA§Äu/©�-IK0éÚÄ��{�WAM(Title-

Sa)§Äu/©�-IK0éÚ©��{�WAM(Title-Sp)§Äu/©�-Á�0éÚÄ��{�WAM(Summ-Sa)§±9Äu/©�-Á�0éÚ©��{�WAM(Summ-Sp)"éuWAM§��NÚXêλ = 1.0§K�δ = 0.1§ù´���`(J�ëê"ù
ëêé'�Ä��J�KǑò���«"éuTextRank§
LDAÚExpandRank§¢�þ®�Ù²ëêN����`(J"~XLDA¥Û¹ÌK�êǑK = 400§ExpandRank¥C�©�ê��Ǒk = 5"3�^O(Ç-ð£Ç�þ§z�:©OL«í�ØÓê8'���µd(J§lme�{�M = 1��þ��M = 10"�^O(Ç-ð£Ç���Cmþ�§Ò`²ù��{��JoN��"L 5.1Ó��«
ØÓ�{3í�M = 2�'���ÿ�O(Ç!ð£ÇÚF1�"ùpÀJM = 2´ÏǑù�©�8Üþ²þz�©��'�ê8´2.4§�WAM3M = 2��ÿF1��p"L 5.1�3F1�±�¡�«
5�©�m���"lã 5.5ÚL 5.1�±��±e(ØµÄk§Äuéà�'�Ä��{�`uÙ�¤k�{§ùL²l�È�ÆÝw�©�-'��'X´�1�"�¡é®�É¯K��ÿ§
TFIDFÚTextRankÄ�å��ü"ExpandRankæ��üÑ´l©��¡|^	Ü&E§ù¬Ú\NõDÑ"LDAK´lÌK��¡|^	Ü&E§Û¹ÌK  âÝ�o"�ù
�{ØÓ§Äuéà��{3���gþ|^	Ü&E3�3�É�®�mïáN�'X§�±k�/;�ÌK¤£¯K"Ïd§Äuéà�'�Ä��{U
��/)û'��®�É¯K"
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1 5Ù Äu©��'�ÌK��5�'�Ä��{
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R
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Precision

TFIDF
TextRank

LDA
ExpandRank

Title-Sa
Title-Sp

Summ-Sa
Summ-Sp

ã 5.5 ØÓ'�Ä��{�O(Ç-ð£Ç�"
L 5.1 �Ä�M = 2�'��§ØÓ�{�O(Ç!ð£ÇÚF1�"�{ Precision Recall F1-Measure

TFIDF 0.187 0.256 0.208±0.005

TextRank 0.217 0.301 0.243±0.008

LDA 0.181 0.253 0.203±0.002

ExpandRank 0.228 0.316 0.255±0.007

Title-Sa 0.299 0.424 0.337±0.008

Title-Sp 0.300 0.425 0.339±0.010

Summ-Sa 0.258 0.361 0.289±0.009

Summ-Sp 0.273 0.384 0.307±0.008
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1 5Ù Äu©��'�ÌK��5�'�Ä��{1�§�Ø´ÄuÄ��{�´©��{§/©�-IK0�ÈéÆS��È�.'/©�-Á�0�ÈéÆS��È�.�J��"ù`²IK'Á���C'��ó§ùǑ�<���*�ÎÜ§ÏǑIK  'Á���Ú°õ"Ó�§|^/©�-IK0éǑU
!��È�.�Ôö�m"��§©��{'Ä��{�J�`"ù��Ï3u©��{U
�)'Ä��{�õ�k��Èé"
5.3.1.2 ëê�KǑy3�	�eëêéÄuéà�'�Ä��KǑ"ùp±�����J�Äu/©�-IK0�ÈéÚ|^©��{Ǒ~?1�	"Äuéà�'�Ä��Ì�ëê�)µNÚÏfλ (ë�úª(5-3)ÚK�δ"NÚÏfλ��
ü�����ÈéÔö��È�.��z'~§ǑÒ´úª(5-3)¥�Prd2t(t|w)ÚPrt2d(t|w)"K�δK´^5�Ø�qÝ���éfé"ã 5.6�«
ØÓNÚÏfe�O(Ç-ð£Ç�§NÚÏf���Ǒl0.0�1.0§Ú�´0.2§lTã�±w�§�È�.Prd2t(t|w) (ǑÒ´�λ = 1.0�)��J�²w�uPrt2d(t|w) (ǑÒ´�λ = 0.0�)"ù`²§==æ^����þ��È�. Prd2t(t|w)Ò�±���`��J"ã 5.7�«
K�δl0.01�0.90Cz��O(Ç-ð£Ç�"3|^©��{ò/©�-IK0�Èé�¤Ôö8Ü�§XJvkLÈ?Û/éf-IK0é(ǑÒ´δ = 0)§�Èéoê´347, 188"�δ = 0.01§0.10Ú0.90�§�3e5��Èé©O´165, 023§148, 605Ú41, 203"lã 5.7�±w��õ��Èé¬�����'�Ä��J"�´§�õ��ÈéǑ¬E¤���éàÔö�m"3$�´§�±w�§=�LÈ�õ�é§Ä���J¿vkÏdeüéõ"=��δ = 0.9§WAM�,U
��O(Ç0.277§ð£Ç0.391§F1�´0.312����J(�í�'��êM = 2��µd(J)"�ù��'åδ = 0.01§�{LÈK
��50%��Èé"nþéü�ëê�©Û§`²Äuéà?1'�Ä�U
k�/ïá©��'��m�N�§¿�éëêäk�p�°�5"
5.3.1.3 �IK½Á�Ø�3��¹3,
AÏ�¹e§©��IKÚÁ��U�{¼�§�oA�XÛ�ï�ÈéQºÉ�ÄuéfÄ��©�Á�ïÄ�éu [81,131]§�±3©�SÄ��é½öõé��éf5�©��ï�Èé"Äu�éfÄ���iÒ©�Á
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1 5Ù Äu©��'�ÌK��5�'�Ä��{
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1 5Ù Äu©��'�ÌK��5�'�Ä��{L 5.2 �í�M = 2�'��§�^ü«�{Ä�©��é{5�ï�Èé?1Äuéà�'�Ä��O(Ç!ð£ÇÚF1�"�{ Precision Recall F1-Measure

First 0.290 0.410 0.327±0.013

Importance 0.260 0.367 0.293±0.010�´g,�ó?n¥��ïÄ?Ö"3�Ù§XL 5.2¤«§=æ^ü«�Ä�Ó�Ǒ´�°���{Ä�'�éfµ
1. ÀJ©��1�é�Ǒ©��'�éf(3L�¥L«Ǒ/First0)¶
2. O�zé{�©��{u�qÝ(3L�¥L«Ǒ/Importance0)"¢�uy��k��y�µ|^©��1�é��J�¡|^IK��J�~�C"ù´É�#ª©���¬3#ª�1�é{V)��#ª�S.�KǑ"Ǒ,1�«�{��Jvkö�§�´§��J�,�'Ù��®k�{��"���´§XJU
Ïé�k���ª5Ïé©�¥�'�éf§1�«�{��JAT¬?�ÚJp"

5.3.2 '�)¤�Jµd1 5.3.1!3'�Ä�þµd
�«�{��J§©Û
Äuéà�{�k�5"¢Sþ§Äuéà��{kUåí�¿vk3©�Ñy�'�"ù«Uå3á©�þÙk�§ÏǑá©�¤�¹�©�&E  4Ǒk�"ùp¡ù«?ÖǑ'''���)))¤¤¤(keyphrase generation)"Ǒ
µd'�)¤þ��J§�e5ÀJ�â©��IK5í�'�§¿�Ø��'��½�3IK¥Ñy"T¢��ÔöL§� 5.3.1��§Ñ´|^©��IK�ï�Èé?1�È�.�Ôö§�´3ÿÁ��ÿ§=U
�â©��IK?1'�)¤"I�5¿�´§LDAÚExpandRank�éà�{aq§ÑU
í�vk3©��©Ñy�'�"ùp�,�^IK¤3�©�¤éA�'��ǑIO�YéØÓ�{?1µd"3ù«�¹e§��k59%�IO'�vk3IK¥Ñy"XL 5.3¤«§´ØÓ�{3í�M = 2�'���ÿ�µd(J"éuéà�{§ùp=�«|^/©�-IK0éÚ©��{�(J"lTL��±��±e(Øµ
1. Äuéà��{3'�)¤þ��J²w`uÙ��{"���´§��k10%�O(í��'�vk3IK¥Ñy§ù`²
éà�{?1'�)¤�k�5"
2. TFIDFÚTextRank��J��ÖuL 5.1¥'�Ä���J§ù�ÏǑI
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1 5Ù Äu©��'�ÌK��5�'�Ä��{L 5.3 �í�M = 2�'��§Äuéà�'�)¤�O(Ç!ð£ÇÚF1�"�{ Precision Recall F1-Measure

TFIDF 0.105 0.141 0.115±0.004

TextRank 0.107 0.144 0.118±0.005

LDA 0.180 0.256 0.204±0.008

ExpandRank 0.194 0.268 0.216±0.012

WAM 0.296 0.420 0.334±0.009L 5.4 LDA!ExpandRankÚWAMéN¹ B#ª©�í��ü¶�p�M = 5�'�"
LDA �K§{I§!�§±Ú�§�à

ExpandRank �K§±Ú�§inT§{I§±�
WAM �K§ÄÉ§±�§±Ú�§ØÉìIO�Y ØÉì§±Ú�§�KK�á§vkJøv
õ�'�§ǑvkJøv
õ�ÀJ'��ÚO&E"

3. LDA§ExpandRankÚÄuéà��{Ñ���'�Ä���J�±Ä���§XL 5.1¤«"Ù¥ExpandRank��J�keü"ù`²ùn«�{ÑU
?1'�)¤§�Ǒ2gy²Äuéà�{�`�5"Ǒ
�«éà�{?1'�)¤�A:§3L 5.4¥�Ñ
LDA!
ExpandRankÚéà�{é,�#ªí��5�'�"T#ªIK´/±��¡�KUEØ��Uâdé�KÄÉ0§�©ë�N¹ B"éTL�±�Ñ±e(Øµ

1. LDA��uí�'�~^�§X/!�0§/�à0��ù�ÌK�'�~^"
2. ExpandRankK¬í�Ñ�dÌK�'�§X/inT0�"ù´duÚ\�Ø©��¬Ó�Ú\DÑE¤�"
3. Äuéà��{U
�)T��'�§'�k�/?n
ÌK £�¯K"���´§T�{U
uy/ØÉì0ù�vkÑy3IK¥�'�"

5.4 |^éàEâ��¬I\í�±þ3'�Ä�Ú'�)¤?Öþ�y
éàEâ)û®�É�k�5"ØLùü«�{Ñ´3�iÒ�¹e?1�§ǑÒ´b�vk<óI5'��Ôö8Ü§ÏLÆS©�ÚIK/Á���È'X�iÒ/é'�?1ü
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1 5Ù Äu©��'�ÌK��5�'�Ä��{L 5.5 5ÄÒìËù6�£ã©�Ú^rI5�I\()ÒS´I5TI\�^r�ê)"£££ããã©©©���IK:5ÄÒìËù6{0: 5ÄÒìËù6´{I�`[�®ê£1802̈ 1870¤�¶Í"�Ü���zõ�i��`§Ø,U4<Ö�99k�ØúP�§ýØN´"�ÜLyEËù�Ø�ELõ�H�ÎÌK�Ï��`§Ø,U{��zõ��ØP§�ØN´"ùü�/ØN´05ÄÒìËù6Ñ��
§·�ØUØ'Ñ�®êp���`²â§éùÜ�`�8�w"5ÄÒìËù6��´Y�"0d=ÄÒìËùé½³��n�Ë<))��4!"�.dÚ6H§ùn<�5©O´i{!7K!�.�Þ¡<Ô))EË��¯"du�`��!òlÛ§x��)§Ñ����	§q3�n�¥§Ïd§�<%u§4ÖöJ±ºò§¢3ØvǑ%",	§n��ÉÙ��EË�¯§��Ñ´é��õà��<Ô��|§´�Âé����|§�,U4²~Éí%q²~�G�ÊÏz6¹úÓ�)í"ùÜ�`Ø
UǑÖöJø��4���ÛÅ¬§�U4��3xF��Ç�¥¼�
,«EË�¯a"ù���`NUØ�<U�Qº�¬ÆÚçßþ�µØ[¬`§ùÜ�`ÏL�"0dÆï²{�³
{I���i{.�çV§´�Ü?Ú�`"ù�,v�"�w�`²â���µØ[¬uy§�`��!Sü�òlÛ!O«åÏÓ�q�ØÏ!����§¿©w«
�®ê�Ǒ#Ñ�`[Úì�[���UâÚ(�Uå"l©ÙÆÆÝw§ù´�ÜEE�U��¿�ãú��"III555III\\\�®ê(690)§ÄÒìËù(474)§�`(439)§	I©Æ(395)§{I(298)§¶Í(248)§²;(240)§	I¶Í(143)S"Ǒ
�yÌK��5b��Ï^5§ùp?�Ú�	|^éàEâ?1�¬I\í�"3�¬I\í�¥§¬k�õ�I5©�§�´du�¬I\XÚ¥�I5DÑ��§Ïd�3�î�®�É¯K"L 5.5�«��Ö�£ã©�Ú^rI5�I\"�¬I\í�?ÖXeµ�½��I\I58Ü§I�Ôö��I\í��.§�±é�½#�©�í��'I\"
5.4.1 |^éàEâ?1�¬I\í�|^éà?1I\í�©Ǒn�Ì�Ú½µ
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1 5Ù Äu©��'�ÌK��5�'�Ä��{
1. OOO���©©©���-III555ééé"�½��I58Ü§ÄkO�©�-I5é§ÏLéàEâÔö�ÈVÇ�."
2. ÔÔÔööö���ÈÈÈ���..."�½��©�-I5é�8Ü§|^IBM Model-1Ôö�È�.§ÆS©�¥�I\�m��ÈVÇ"
3. ééé©©©���ííí���III\\\"�ÆS���È�.�§���#�©�§�±�âT©�¥�§ÏL�È�.éI\?1üS§í�üS�p�I\"�±w��'�Ä�Ú'�)¤�ØÓ�?3uXÛ�ï©�-I5é5ïá�È�.µùp¡é�´©�Ú§�I5I\"3��I5XÚ¥§é��é�(XÖ7�)¤I5�I\k�Uõ�¤Zþ��§Ǒk�U�k��A�"ù�§Ò�é��£ã©���Ýk����O§Ïd§O�©�-I5é�?ÖÒ´�ï�Ýþï�©�-I5é§±�yéà�.U
k�/ÆS�ÈVÇ"du��©�I5�I\vk�{(��&E§Ïd§I�éI5I\?1æ�5¢y�©���Ý��"æ�´dü�ëê5���"1��ëê´æ�¤±5�III\\\���"ùpæ^ü«�ª5ïþI\��§�«´I\�ªÝTFt§,	�«´I\�TFIDFt",	��ëê´æ��§©��I5I\����ÝÝÝ'''η = |wd |

|wt|
§Ù¥|wr |L«©�¥���ê§|wt|L«¤I5I\��ê"

5.4.2 rN©�¥ÑyI\�WAM�.(EWAM)3þ¡'�Ä�Ú'�)¤?Ö¥§�Ü©'��´5gu�©Û�©��"3�¬I\í�XÚ¥§du©�ÚI\�éA'X�\E,§ÏdÆS����È�.¬�\��uí�v3©�ÑyL�I\"¢Sþ§�U3©�Ñy�I\k�p�VÇ�^rÀ¥�ǑI\I5§Ïd§ùpJÑ�«rN(emphasizing)©�¥Ñy�I\�WAM�.(EWAM)§T�{éz�I\¤O���5X±eúª¤«µ
Pr(t|d) =

∑

w∈wd

(

γIt(w) + (1− γ) Pr(t|w)
)

Pr(w|d), (5-4)Ù¥It(w)´�«5¼ê(indicator function)§�t = w�§ǑÒ´©�¥�ù��ù�I\�Ó��ÿ§«5¼ê��Ǒ1§�t , w��ÿ§«5¼ê��Ǒ0§γK´��²wÏf§����´[0.0, 1.0]"�±w�§�γ = 1.0��ÿ§T�{��u'�Ä��{§==�6ù
3©�¥��5?1üS¶�γ = 0.0��ÿ§T�{Ò´ÊÏ�WAM�."�γ�(0.0, 1.0)�m�,��
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1 5Ù Äu©��'�ÌK��5�'�Ä��{L 5.6 ü�êâ8Ü�ÚO&E"D§W§T§N̄wÚN̄t©OL«©�ê8§©�¥��ê8§I\¥��ê8§²þz�©��üê8±9²þz�I5�I\ê"
Data D W T N̄w N̄t

BOOK 70,000 174,748 46,150 211.6 3.5

BIBTEX 158,924 91,277 50,847 5.8 2.7�§T�{Ò3WAM�Ä:þrN�
3©�¥Ñy�I\§γ��§é©�¥�I\�rN§Ý�p"
5.4.3 ¢�Ú?Ø
5.4.3.1 êâ8ÜÚµd�I¢�À�ü�ý¢.�êâ8Ü�yWAM?1I\í���J"3L 5.6¥�Ñ
ùü�êâ8Ü�ÚO&E"1��êâ8Ü§·¶ǑBOOK§´l¥I���ãÖµØ�ÕÎ�� 1©8��êâ§�¹ãÖ�0�©�±9^rI5�I\"1��êâ8Ü§·¶ǑBIBTEX§´l=©��Æ©z�ÕBibsonomy2©¼��êâ"ù�êâ�¹
ÆâØ©�0�©�(Ì�´IKÚ{0)±9^rI5�I\"�BOOKØÓ�´§BIBTEXvkJø��©��L,�I\�^rêþ&E"¢�æ^O(Ç!ð£ÇÚF1�(precision/recall/F1-Measure)5µdØÓ�{�5U"¢�(JÑ´35��u����"3¢�¥§í�I\��êM��31�10�m"
5.4.3.2 '��{¢�ÀJo«�L�{�WAM?1'�§©O´È���d(Naive

Bayes§NB) [13]§kC�(k nearest neighborhood§kNN) [13], Content Relevance Mod-

el(CRM)[69]ÚTag Allocation Model(TAM)[132]"
NBÚkNN´ü�©a�{§���^5òI\í�=�Ǒ©a�{5)û§ǑÒ´ò�¬I\w�´©aaO"NB´��{ü�)¤�.(generative model)§^5é�½��©�d�),�I\t�VÇ?1ï�Pr(t|d) ∝ Pr(t)

∏

w∈d Pr(w|t)§Ù¥Pr(t)�±^I5
I\t�'~5�O§Pr(w|t)K^w3I5
t�©�¥�ªÝ5�O"kNNK´é�½©�§�â�þ�m�.(vector space model)e�
1© http://www.douban.com/"
2© http://www.bibsonomy.org/"Têâ�±lhttp://www.kde.cs.uni-kassel.de/bibsonomy/dumps¼�"
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1 5Ù Äu©��'�ÌK��5�'�Ä��{{u�qÝÏéêâ8Ü¥��q�k�©�§¼�ù
©�¤I5�I\§Uìù
I\�I5�ª�§ÝüS§,�ÀJüS�p�í���½�©� [13]"
CRMÚTAM´|^ÌK�.)ûI\í�¯K��L�{"CRM´��ÄuLDA��.§T�{�Ø%ëê´ÌK�êK"¢�ÿÁ
ØÓÌK�.�êe�CRM��J§�ªÀ�§Ly���K = 1, 024e�(J�«"TAMǑ´���)ª�.§ò©�¥��ǑÌK©��¤I5�I\§¢����ëê�Ø© [132]��Ó"ùp'��eù
�{�E,Ý"òCRM§TAMÚWAM¥�Ôö�S�gêL«ǑI§CRM¥�ÌK�êL«ǑK§�o3ÔöL§¥§

NB�E,ÝǑO(RN̄wN̄t)§ kNNǑO(1)(ÏǑØI�Ôö)§TAMǑO(IRN̄wN̄t)§
CRMǑO(IKRN̄wN̄t)§WAMǑO(IRN̄wN̄t)"�°(�§WAM�ÔöL§�)üÜ©§O�©�-I5é�E,ÝǑO(RN̄t)§éà�ÆSL§E,ÝǑO(IRN̄wN̄t)§Ù¥N̄tL«æ��z�©��²þI\ê"3Ǒ���½�©�í�I\�§b�T©�¹kNw�ØÓ��§�oNBE,ÝǑO(NwT ),

kNNǑO(RN̄wN̄t)§CRMǑO(IKNwT )§TAMǑO(INwT )§WAMǑO(NwT )"lE,Ý©Û�±w�§WAM�ÔöÚÿÁ�E,ÝÑ�é��"��ò¬w�WAM�I\í��JǑ�~�§ù�\àw
WAME,Ý���JU�B"
5.4.3.3 ¢�(JÚ©Û¢�E,æ^GIZA++5�ǑIBM Model-1�¢yÔöéà�."�Ù��{'���ÿ§WAM�ëê´§æ���I\�ǑTF-IDFt§�Ý'Ǒη = 1§NÚÏfǑλ = 0.5§©�¥��ǑTF-IDFw"��©O�	ëêéWAM?1I\í��KǑ"ã 5.8w«
NB§kNN§CRM§TAMÚWAM��{�O(Ç-ð£Ç�ã§�þ�z�:©OéAí�ØÓI\ê8��µd(J"lTã�±*	�µ

1. 3ü�êâ8Üþ§WAM'Ù�¤k�{LyÑ�"ù`²WAMØ
3'�Ä�!'�)¤þLy`D	§3�¬I\í�þǑLyÑ
���`³"ù`²Äu/©�-'�ÌK��50�b�3I\í�þǑ´¤á
§Ǒy²
éà�.�k�5"
2. WAM3BOOKêâ8Üþ�`³�\²w§ù`²WAMU
��/|^I\�I5gê&E§Ù��{KØU"d	§BIBTEX�©��Ý�á§Ǒ3�½§Ýþ��
ØÓ�{Uå�u�"�=�´3BIBTEXþ§

WAM�,U
Ly`û§Ù´�í�A�I\��ÿ§ù  ´I\
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1 5Ù Äu©��'�ÌK��5�'�Ä��{L 5.7 NB§kNN§CRM§TAMÚWAM3BOOKêâ8Üþí�M = 3�I\���J'�" �{ Precision Recall F1-Measure

NB 0.271 0.302 0.247± 0.004

kNN 0.280 0.314 0.258± 0.002

CRM 0.292 0.323 0.266± 0.004

TAM 0.310 0.344 0.283± 0.001

WAM 0.368 0.452 0.355± 0.002L 5.8 é~f 5.5§NB§kNN§CRM§TAMÚWAMí��I\�¹"
kNN �`§4ð§©z)¹Èm§PÁ§��`§�ó§�M§�S§�Ú
NB 	I©Æ§©Æ§{¤§F�§²;§{I§óÆ§{I§DP

CRM 	I©Æ§©Æ§DP§óÆ§©z§{I§=I§ûx§{¤
TAM �`§�¬Æ§7K§	I©Æ§{I§©Æ§DP§{I©Æ§ûx§¥I
WAM �`§�®ê§{¤§ÄÒìËù§	I©Æ§DP§℄�§ûx§{I§{Ií��\w�Ü©"Ǒ
��/�«WAM��J§3L 5.7¥�Ñ
ØÓ�{3BOOKêâ8Üþí�M = 3�I\��O(Ç!ð£ÇÚF1�"�¤±ÀJù�ê�§´ÏǑ3BOOKêâ8þz�©�²þ�I\êǑ3"¢SþWAM3í�M = 2��ÿLy�`§d��F1�Ǒ0.370§�puCRM�0.263ÚTAM�0.277"3L 5.8¥�Ñ
NB§kNN§CRM§TAMÚWAM¤í��10�I\"�±w�kNNdu�{é�·Ü��C�§Ïdí�Ñ5�I\Ä��{n)¶NB�±í�Ñ�
�'�I\§�Ä�Ñ´AO~��I\¶CRMÚTAM�NB��Jaq"WAM��J��§�±uyWAMQU
í�'�oâÝ�I\§X/�`0§/{¤0§/	I©Æ0�§Ǒ¬í�Ñ/�®ê0Ú/ÄÒìËù0ù��ù�Ö�'�[âÝ�I\"ùU
�yWAM��/÷v^rI5�I�"3L 5.9¥�Ñ
L 5.5�©�¥���o�9Ù��éA��ÈVÇ�p�eZI\"3z�I\��)Ò¥�ê�´TI\��ÈVÇPr(t|w)§éuz�§=�Ñ�ÈVÇpu0.1�I\"�±w�ù
�ÈVÇU
k�/Uì�I\��Â�qÝò©�ÚI\ïáN�'X"
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1 5Ù Äu©��'�ÌK��5�'�Ä��{
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(b) BIBTEXã 5.8 NB§kNN§CRM§TAMÚWAM3ü�êâþ��J'�"
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1 5Ù Äu©��'�ÌK��5�'�Ä��{L 5.9 3L 5.5¥�©�¥���o�9ÙéA��ÈVÇ�p�eZI\«~"ÄÄÄÒÒÒìììËËËùùù ÄÒìËù(0.728)§�®ê(0.270)§. . .���®®®êêê �®ê(0.966)§. . .EEEËËË 	I©Æ(0.168)§²;(0.130)§DP©Æ(0.123)§�®ê(0.122)§. . .{{{III {I(0.99)§. . .L 5.10 �3BOOKþí�M = 3�I\��ÿ§æ�æ^ØÓ�I\��KǑ"
Weighting Precision Recall F1-Measure

TFt 0.356 0.437 0.342± 0.002

TF-IRFt 0.368 0.452 0.355± 0.002

5.4.3.4 ëê�KǑùpò�	ØÓëêéWAM?1I\í��KǑ"ù
ëê�)µNÚÏf§©�-I5�Ý'§Ä�I\�a.§�"��	,�ëê��ÿ§�Ù��ëêÑ��`(J����"��§�ò�	ØÓ��Ôö8Üé�{�J�KǑ"¢�uyWAM3ü�êâþLyÑaq�ª³§Ïdùp=�«3BOOKêâ8Üþ�ëêCz�KǑ"ã 5.9� « 
 3BOOKê â þ§ N Ú Ï fλl0.1�1.0C z � � ÿ§
WAM�F1��Xí�I\ê�Cz�¹"X3'�Ä�¥�úª(5-3)¤«§NÚÏf��
Prd2aÚPra2d�KǑ"lã 5.9�±*	�§3�¬I\í�?Öþ§�Ø´üü=���þ��È�.Ñ�{������J"�k�üö²LNÚ��§�NÚÏf30.2Ú0.6�m��ÿ§I\í�U
������J"ùǑ,�'�Ä�þ*	��Jk¤ØÓ§�Ǒw�§=�´|^ü��þ��È�.?1I\í�§E,U
������J"ã 5.10w«
©�-I5�Ý'3BOOKêâ8Üþ�KǑ"lù�ã�±w�§I\í��5Ué�Ý'�Cz�Ǒ°�§Ø
�η = 10��ÿ§ÏǑGIZA++%��É��Ý'��´[ 1

9 , 9]§¤±�η = 10��ÿ§GIZA++¬�äL��Ü©l��í��JC�"L 5.10�«
�3BOOKþí�M = 3�I\��ÿ§æ�æ^ØÓ�I\��KǑ"duTF-IDFt��uÀJ�Â;5uT©��§Ø==´~^§¤±§�Ly�'TFt`D"¢���	
ØÓ���Ôö8Üé�{�J�KǑ"ã 5.11w«
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ã 5.9 �3BOOKêâþ§NÚÏfλl0.1�1.0Cz��ÿ§WAM�F1��Xí�I\ê�Cz"3BOOKêâ8Üþ§�Ôö8Ül8, 000O��56, 000��O(Ç-ð£Ç�ã�Cz�¹"lTã�±*	�µ
1. �Ôö8Ü����ÿ(X8, 000)§WAMÒU
¼�Ø��í��J"
2. �XÔö8Ü�O�§í��JǑÅìC�§�´C���ÝÅì�ú"ùL²WAM¿ØI����Ôö8ÜÒU
��Ø���J"

5.4.3.5 EWAM��J��§¢��	
EWAMéI\í���J"EWAM3BOOKÚBIBTEXþLy
ØÓ�Cz"3BOOKêâ8Üþ§EWAM�O(Ç!ð£ÇÚF1�©OǑ0.385§0.472Ú0.371± 0.001§'WAM��Jk��Jp"3BIBTEXþ§
EWAM��JKu)
eü§ÙF1��k0.229"ùL²§EWAMØ´��Ê·�üÑ"3BIBTEXþ�J�¤±C���Ï�U´§BIBTEX�©��á§�{k�/(½A�rN=
I\§ù�¬��rN
�Ø�I\§lr�5�(í��I\üØ3	
"T¢��(Ø´µ7L3Ü·��/eâUrN©�Ñy�I\"85w§
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ã 5.10 �3BOOKêâþ§©�-I5�Ý'ηl10/1�1/5Cz��ÿ§WAM�F1��Xí�I\ê�Cz"��I�©�U
Jøv
�&E�(û½�rN�I\"
5.5 �Ù�(�ÙJÑ©�Ú'��m�®�É¯K"�éù�℄Ô§�ÙJÑ
Äu©��'�ÌK��5�b�§¿±dǑJ§JÑæ^ÚOÅì�È¥�éà�.5ïá©�¥�Ú'��m��Â'X§¿±dǑÄ:?1'�Ä�!'�)¤ÚI\í�"3'�Ä�!'�)¤Ú�¬I\í��?Öþ�¢��y
Tb�§¿y²
Äuéà�.U
k�/3©�Ú'��mïá�ÂN�§kÏu)û®�É¯K"
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1 6Ù �Æ'�Ä��.XÚ�O�¢y
1 6Ù �Æ'�Ä��.XÚ�O�¢y3¡AÙ§�©�\ïÄ
Äu©�ÌK(��'�Ä��{§3�A�Ï^ÿÁêâ8Ü£#ª½öÆâØ©¤þ��
���J"�ÙònÜ®kïÄ²�Ú¤J§3äN�A^�¸¥�O¿¢y��¢^�'�Ä��."�C§±Twitter(http://twitter.com)Ú#L�Æ(http://t.sina.com.cn)Ǒ�L��.Æ�(micro-blog§{¡�Æ)¤Ǒ9�Web2.0A^"�'åÆ�(blog)§^ruL�z�^�ÆÑk�Ý��§XTwitter��140�=©i1§#L�Æ��140�Çi"duuL�Æ¯$B|§�ÆÅì¤Ǒ^r©�Ú¼�&E!uL*:Ú�6g����ª"�ÆbC<�)¹§Ïd�ÆSNǑ3�½§Ýþ�N
^r�,�"�ÙJÑ�Æ'�Ä�(keyword extraction for micro-blogs)�?Ö"T?Ö�Ñ\´���Î§ù��Î�U´^rID!ÌK½ö��^r'5��l�L�¶ÑÑK´ù��Î¤�£��Æ8Ü�'�"ÙA^d�3uµ

• �Ñ\´��^r�ID�§�±¼�ù�^r�CuL�N^�Æ§ù
�Æ�N
T^r3�C�ã�m�,�"ÏLéù
�Æ?1'�Ä�§Ò�±��T^r�'�§3�½§ÝþU
L�^r�,�"|^ù
'�§�±Ǒ^rí�#ª!�l$�2w�&E§lJp^r�¯�Æ�N�"
• �Ñ\´��ÌK�§�±¼��ÆXÚ¥�TÌK�'�N^�Æ§ù
�Æ�N
^r3?ØTÌK��ÿÌ�?Ø�oSN"ÏLéù
�Æ?1'�Ä�§Ò�±��ù
?Ø�Ì��¡ÚÆÝ§�B^r¯�¼���a,��SN"
• �Ñ\´��^r'5��l�L�§�±éù
^r�CuL�N^�Æ?1'�Ä�§l�B^r¯�
)�/¨��l�CÑ3?Ø�o{K"o�§|^'�Ä��±k�/uy^r,�§¿±dǑÄ:ï��«A^§Jp^r�^�N�Ú¼�&E��Ç"
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1 6Ù �Æ'�Ä��.XÚ�O�¢y
6.1 �Æ'�Ä��.XÚ
6.1.1 XÚµeÚ�Og´�Ù�/^r�MSN0(user generated content)�A^aq§�ÆSNäk°þ!É�ÚõC��A:"ù
A:����¢^��Æ'�Ä�XÚA�äk�r�?n#�Uå"Ó�§du�Æäkér���5§ÏdI�3XÚ¥�Ä�z^�Æ¬��mkØÓ��"du#L�Æ´8IS����ÆXÚ§¿�ǑmuöJø
´L�API��¼�^r�Æ§Ïd�ÙÀJ#L�Æ�Ǒ�Æ'�Ä��.XÚ�mu²�"ã 6.1�«
�Æ'�Ä��.XÚ�µe"Xã 6.1¤«§�Æ'�Ä�6§d±eAÚ|¤µ

1. �âÑ\�ÎÏL#LAPI¼��Æ8Ü¶
2. |^¥©©XÚé�Æ?1©¶
3. |^�Æ�©ÛXÚÚü�©ÛXÚO��Æ¥z���¶
4. æ^15Ù��{§|^�ÈVÇ�.�)�Æ8Ü�'��L¶
5. |^�ÀzXÚò'��L?1�Àz§¿ÑÑǑ'��Àzã¡¥y�^r"3T�.XÚ¥§küÜ©?1
AÏ�Oµ
• ¥©©XÚI�k¢��#©L�Å�"ù�©XÚÒU
�¯/!O(/ò#©Ñ5§Ø¬òÙ��m5lE¤'�Ä��Ø"ùpÀ�|�Ñ\{�ä#;(http://pinyin.sogou.com/dict/)!z Ý 9 � � Î  � ü(http://top.baidu.com/)Ú # L � Æ 9 � I\(http://weibo.com/pub/top)��Ǒ¼�#�5§Øä�#©L"
• �ÈVÇ�.I�ØäO\#��Èé§ÔöU
9��N^r,���È�."ùp±�#ª�Õ�#ª/IK-�©0éÚ|¢Ú���ÎF�¥�/�Î-:Â��0é�Ǒ#O�Èé5"ùü��¬�¢��#Å��y
�Æ'�Ä�XÚU
/��è?0§Ä��U�L^r,��'�"e¡©O0�XÚ¥�A���¬"

6.1.2 #L�ÆAPI#L�ÆǑmuöJø
´L�API��(http://open.weibo.com/)¼�^r&EÚ�ÆSN"�Æ'�Ä�XÚÌ��^#L�ÆAPI��¥�±eü|��µ
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1 6Ù �Æ'�Ä��.XÚ�O�¢y

ã 6.1 �Æ'�Ä��.XÚµe"
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1 6Ù �Æ'�Ä��.XÚ�O�¢y
• e1êâ8(Timeline)��"^5¼��½^r(usertimeline)§�½ÌK(trends)§½ö�½^r��l�L(friends timeline)¤uL��Æ8Ü"
• �Æ�¯(Statuses)��"^5ò�)�'��Àzã¡�Ǒ�^�ÆuÙ�^r�Æ¥(upload)"

6.1.3 ¥©©XÚùpæ^�¥©©XÚ±�u�Æg,�ó?n|mu�p�¥©©XÚ [133]ǑÄ:§O\
#L�Ä��#�¬"T©XÚæ^{ü��)ª�.§3�y©°Ý�Ó�(3SIGHAN 2005 MSRA�Æ¥þF��'µÿ¥���(J$0.001)§©�Ý¢y��Jp§üÅü�§©�Ý��z�100�200�i"TXÚU
l	Ü\1#L§ùp#5©OǑµ|�Ñ\{�ä#;!zÝ9��Î�üÚÚ#L�Æ9�I\"�5��±O\�õ�#5§XzÝz�^Ú�¬zI\XÚ¥�I\§�"
6.1.4 �Æ�©ÛXÚùp�Æ�©Û�{òÌ��Ä�mÏ�"���*�b�´^r��,���CuL��Æ�Ǒ�'§��ǑÈ���Æ�'§Ý�$"�½���Îq§��£�Æ8ÜǑDq = d1, . . . , dN§Ù¥z^�ÆdnÑk���mZsn"b��Îu)�mǑs§�±½Â�Ædn��Ǒµ

Pr(dn|q) =
1

exp(s − sn)
(6-1)ÙÔn¿Â´§�½�Îq9Ù�Î�ms§ål��m����Æ���"Ø
�mÏ��	§�^�Æ���A�T�Æ�=u�gê�k��'X"�[�/�Ä�Æ�ò3�5ó�¥Åì�õ"

6.1.5 ü�©ÛXÚ�â15Ù�{§I��O©�¥z���Pr(w|d)§ùÜ©ó�d/ü�©ÛXÚ05�¤"15Ùæ�
8�zTFIDF5ÝþPr(w|d)"3¢�¥§Ǒ}ÁLTextRank!LDA±914Ù�TPR5Ýþü�§�´�TFIDF�'`³¿ØwÍ"�Ä�TPR�EâO�E,Ý�p§ÏdùpE,æ^8�zTFIDFO�ü�"
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1 6Ù �Æ'�Ä��.XÚ�O�¢y
6.1.6 �ÈVÇ�.X15Ù§ùp��ÈVÇ�.æ^IBM Model-1?1Ôö"�Ä��Æ'�Ä��¢�5��§ùpéIBM Model-1?1U?§��#N��\\#�Èé5?1Ôö§l��È�.U
/��è?0"ùp±�#ª�Õ�#ª/IK-�©0éÚ|¢Ú��ÎF�¥�/�Î-:Â��0é�Ǒ#O�Èé5"nþ§�½�Îq§�±Uì±eúªO�'���5§¿éÙ?1üSµ

Pr(p|q) =
∑

t∈p

∑

dn∈Dq

∑

w∈dn

Pr(t|w) Pr(w|dn) Pr(dn|q) (6-2)�e5§I�ò'�üS�LÑ\��ÀzXÚ?1�Àz"
6.1.7 �ÀzXÚǑ
Jp^r�^�Æ'�Ä�XÚ�^rN�§�Ù�^WordleEâ [110] 1©éÄ�'�?1�Àz"�ÙÀ^
móäPyTagCloud2©¢yWordleEâ"
6.2 XÚA^�J�!òÌ�0��Æ'��.XÚ�A^�J"8TXÚJøo�õUµ
• /·��Æ'�0§^5�)�^TXÚ�^rg���Æ'�§ÏL8�^ruL��C200̂ �Æ?1©Û"
• /Ta��Æ'�0§#N^r�½��
)^r�t¡§ÏL8�Ñ\t¡�^ruL��C200̂ �Æ?1©Û"
• /ÌK��Æ'�0§#N^rÑ\ÌK§ÏL8��TÌK�'��C50̂ �Æ?1©Û"
• /�l��Æ'�0§^5�)�^TXÚ�^r�l���Æ'�§ÏL8�^r�l3�ã�mS(X1���S§d^r�½)��Æ?1©Û"

1© �±ÏLhttp://wordle.net/�¯"
2© Tm^��ÏLhttps://github.com/PaulKlinger/PyTagCloud�¯"
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1 6Ù �Æ'�Ä��.XÚ�O�¢y
6.2.1 �Æ'��Àz«~ùpA��Æ'��Àzã¡«~5�«'�Ä��J"ã 6.2!ã 6.3Úã 6.4©Ow«
TÆ¬Ø©�ö4��!�u�Æê�²P�±9TÆ¬Ø©���jtP���Æ'�"ê�²P��Ì�ïÄ��´&Eu¢Ú|¢Ú�§�jtP��Ì�ïÄ��´g,�ó?n"�±w�§XÚU
��/�N^r�,�§�)�<O�ÚïÄ,��"

ã 6.2 4��(http://weibo.com/zibuyu9)��Æ'�"ã 6.5Úã 6.6Kw«
�^æ³ïÄ�(��ÆÚ�u�Æz��(��Æ�'�"lã¥Ǒ�±w�¤Ä��'�U
��/�N�ÆÌK"ã 6.7Úã 6.8w«
4����l©O320115�25F18:401���SÚ20115�22F11:071���S��Æ'�"�±w�§�Æ'�Ä�XÚU
��/¼�õC��ÆSNÌK"ã 6.9w«
ÌK/IBM0��Æ'�"U
wÑù
'��éA�ÌKk��éX"ØLdu#L�ÆAPIǑÌKJø����£�Æê=Ǒ50§Ïd�'åÙ�A�õU§/ÌK��Æ'�0�Àz�J�é��"
6.2.2 XÚA^ÚOêâ�Æ'�Ä�XÚ±#L�ÆA^(Sina Weibo App, SWA)�/ªþ�§^rÏLÇ��TA^§�±|^XÚ?1'�©Û"TA^�¶¡Ǒ/�Î'�0"
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1 6Ù �Æ'�Ä��.XÚ�O�¢y

ã 6.3 ê�²P�(http://weibo.com/thumsp)��Æ'�"

ã 6.4 �jtP�(http://weibo.com/1970879995)��Æ'�"TA^320115�25FÏL#L�ÆA^"Ø"lÏL"Ø�5�29F§#L�ÆJø�A^�^�¹êâXL 6.1¤«"lTL��±w�§l5�26F�5�29F§A^±zU2�^r�m��Ý¯�O�"�5�30F'�§A^�\È^rê®�8�<§��N^ogê�L100�g"�Ä�8$1TXÚÑÖìk��O�Uå§ù
ÚOêâ¿©L²�Æ'�Ä��.XÚU
k�Ä�'�§É�2��Æ^r���"
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1 6Ù �Æ'�Ä��.XÚ�O�¢y

ã 6.5 �^æ³ïÄ�(http://weibo.com/msra)��Æ'�"

ã 6.6 �u�Æz��(http://weibo.com/tsinghua100)��Æ'�"
6.3 �Ù�(�Ù�â®kïÄó�²�Ú�{(Ì�´15Ù�{)§3#L�Æ²�þ�O¿¢y
�Æ'�Ä��.XÚ"TXÚ��O�Ä
�Æêâ°þ!É�!õC�A:§U
Ä��#^u¥©©�#LÚ^uÔö�ÈVÇ�.��Èé",	§TXÚǑ�Ú�Ä
�ÆA���mkØÓ��§�Ä��'�U
��/L�^r��,�"TXÚþ���^rÚOêâL²§�
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1 6Ù �Æ'�Ä��.XÚ�O�¢y

ã 6.7 4����l320115�25F18:401���S��Æ'�"

ã 6.8 4����l320115�22F11:071���S��Æ'�"©¤?1�Äu©�ÌK(��'�Ä�ïÄU
��/·AWeb̂ rI�"8TXÚE,´���.XÚ§ål¤Ǒ��¤Ù�Eâ�¬�kNõI��õ�/�"éõ�Æ^rǑéTXÚJÑ
�«k��¿�ÚïÆ"~X§8��Àz´±ã¡�/ªÑÑ�§"y^r�pÅ�"�Ǒ�5ó�§I��O��äkû��pUå��Àz.¡§X|^HTML5Eâ?1�Àz§�^rU
:Âa,��'�§|¢ÚèA�¹T'���Æ"
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1 6Ù �Æ'�Ä��.XÚ�O�¢y

ã 6.9 ÌK/IBM0��Æ'�"

L 6.1 �Æ'��.XÚ�^�¹"�m �^^rê #O^rê ��N^ê
20115�25F 526 501 15,201

20115�26F 24,047 23,964 274,089

20115�27F 22,826 21,043 260,023

20115�28F 19,599 17,448 237,878

20115�29F 24,273 21,381 303,315o( 91,271 84,337 1,090,506
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1 7Ù o(��"1 7Ù o(��"'�´¯�¼�©�ÌK���{§3&Eu¢Úg,�ó?n�+�þk�A^"DÚ��{=��®�ÚO&E?1í�§vk�Ä©�ÌK(�é'�Ä��KǑ"�©Ì�ïÄ�Ä©�ÌK(��'�Ä��{"�©�é©�ÌK(�3'�Ä�¥���^§lo��¡JÑ�Ä©�ÌK(��'�Ä��{µÄu©�SÜ&E�ïÌK�'�Ä�§ÄuÛ¹ÌK�.�ïÌK�'�Ä�§nÜ|^Û¹ÌK�.Ú©�(��'�Ä�§±9Äu©��'�ÌK��5�'�Ä�"Ïd§�©�Ì��z�±lùo��¡5o("
7.1 Ø©�Ì��zÄk§JÑÄu©�SÜ&E§|^©��àa�{�ï©�ÌK§?1'�Ä�"T�{=��©�SÜ&E§ÏLÝþ©�¥��m��qÝ§|^àa��{�ï©�ÌK§¿�âØÓÌK3©�¥��5§?1'�Ä�"¢�y²§T�{U
3�½§Ýþuy©�Ì�{K§¿Ä�Ñ�©�ÌK�'�'�§Jp
'�é©�ÌK�CXÝ"Ùg§JÑÄu©�	Ü&E§|^Û¹ÌK�.�ï©�ÌK§?1'�Ä�"T�{�éÄu©�SÜ&EÏLàa�{?1'�Ä�É�u©�Jø&EØv�":§JÑ|^ÅìÆS�{¥2��^�Û¹ÌK�.�ï©�ÌK§?1'�Ä�"¿�éÛ¹ÌK�.Ôö�Ý�ú�´¶§JÑ
�«p��¿1Û¹ÌK�."¢�y²§T�{U
��/�ï©�ÌK§¿k�Ä�'�"2g§JÑnÜ|^Û¹ÌK�.Ú©�(�&E§?1'�Ä�"T�{�éÛ¹ÌK�.�{�Ä©�(�&E�":§JÑnÜ|^Û¹ÌK�.Ú©�(�&E��{µÄuÌK��Åir�.§?1'�Ä�"T�{��¡U
ÏLÛ¹ÌK�.�ï©�ÌK§Ó�U
ÏL©�ã��Åir�.�Ä©�(�Ǒ'�Ä�Jø&E§¢�y²§T�{U
nÜÛ¹ÌK�.Ú©�(�&E?1'�Ä��`³§k�Ä�'�"��§Äu©��'�ÌK��5�J§JÑÄuÅì�È�.�'�Ä��{"T�{�é©�Ú'��m�3��®�É�¯K§Äu©�
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1 7Ù o(��"Ú'�ÌK��5�J§JÑ|^Åì�È¥�éà�.O�©�¥��'���ÈVÇ§,�?1'�Ä�"¢�y²T�{U
k��ïá©�®�'��m��ÂéX§k��í�'�"
7.2 ó��"�"�5§'�Ä�ïÄ�kéõó�I��¤"ùpo(±eÆ�&¢�ïÄ��Ú´�µ

1. 3¥©'�Ä��¡�kéõ¥©ÕA�¯KI�?n§X¥©gÄ©�"�é;.WebA^�¸£X�¬#ª!�E#ª!Æ�!Ø©!µØ�¤§ïÄ3gÄ©7,�3�½�Ø�^�el¥©©�¥'�O(/J�ÿÀ'���{§nÜ�ÄÿÀ'�SÜ(Ü�;�§Ý9Ùþe©û½�Õá§Ý�(Ü§©�i�N-gram�(Ü§ÛÜÚOþÚ�ÛÚOþ�(Ü�/n(Ü0Ï�,¿&?{!é{!�Â�õ�g&EÌ�±ÚO/ªA^uWeb©�ÿÀ'�J�¥�y¢5"
2. ïÄ�âÝé'�J��KǑ9Ù©Û�{§�	õ�ØÓâÝ��'ud?Ö����|5Æ����K"
3. l�Ùë05!ÌK©Ù�ÆÝ�	¿©Û'��©�(�£X©�IK!Äãá!�ãá!é+�¤�m�éX§ïÄK\
/w50©�(��/Û50©�(��'�J��{,±9¤J�'��êþ9�¤�©��á!a.!SN�m�'X"
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Arafat Says U.S. Threatening to Kill PLO Officials���©©©
Yasser Arafat on Tuesday accused the United States of threatening to killPLO offi-

cials if Palestinian guerrillas attack American targets.

The United States denied the accusation.

The State Department said in Washington that it had received reports the PLO might

target Americans because of alleged U.S. involvement in the assassination of Khalil

Wazir, the PLO’s second in command.

Wazir was slain April 16 during a raid on his house near Tunis, Tunisia. Israeli

officials who spoke on condition they not be identified said an Israeli squad carriedout

the assassination.

There have been accusations by the PLO that the United States knew about and

approved plans for slaying Wazir.

Arafat, the Palestine Liberation Organization leader, claimed the threat to kill P-

LO officials was made in a U.S. government document the PLO obtained from an Arab

government. He refused to identify the government.

In Washington, Assistant Secretary of State Richard Murphy denied Arafat’s accu-

sation that the United States threatened PLO officials.

State Department spokesman Charles Redman said the United States has been in

touch with a number of Middle Eastern countries about possible PLO attacks against

American citizens and facilities.

He added that Arafat’s interpretation of those contacts was “entirely without foun-

dation.”

Arafat spoke at a news conference in his heavily guarded villa in Baghdad, where

extra security guards have been deployed. He said security also was being augmented at

PLO offices around the Arab world following the alleged threat.
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He produced a photocopy of the alleged document. It appeared to be part of a longer

document with the word “CONFIDENTIAL” stamped at the bottom.

The document, which was typewritten in English, referred to Wazir by his code

name, Abu Jihad. It read:

“You may be aware of charges in several Middle Eastern and particulary Palestinian

circles that the U.S. knew of and approved Abu Jihad’s assassination.

“On April 18th (a) State Department spokesman said that the United States ‘con-

demns this act of political assassination,’ ‘had no knowledge of’ and ‘was not involved in

any way in this assassination.

“It has come to our attention that the PLO leader Yasser Arafat may have personal-

ly approved a series of terrorist attacks against American citizensand facilities abroad,

possibly in retaliation for last month’s assassination of Abu Jihad.

“Any possible targeting of American personnel and facilities in retaliation for Abu

Jihad’s assassination would be totally reprehensible and unjustified. We would holdthe

PLO responsible for any such attacks.”

Arafat said the document “reveals the U.S. administration is planning, in fullcoop-

eration with the Israelis, to conduct a crusade of terrorist attacks and then to blame the

PLO for them.

“These attacks will then be used to justify the assassination of PLO leaders.”

He strongly denied that the PLO planned any such attacks.
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