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Construction of related terms thesauri from the Web

Takeshi Sakaki † , Matsuo Yutaka †† and Mitsuru Ishizuka †

This paper describes a method to costruct related terms thesauri automatically based
on Web information. We utilize Web search engine to obtain word co-occurrence in-
formation and propose a new efficient similarity metrics applying χ2 value to solve
problems of the existing methods. We also introduce a new method to identify re-
lated terms using word-clustering. We do word-clustering on that assocative network
to identyfy related terms using latest clustering methods, ”Newman method”. We
make evaluations and show the effectiveness of our approach using sets of related
terms extracted from a corpus and a current thesaurus.
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1 ÆÈÇÊÉ�Ë
QPRXSmU�W 5 CXÌ0ÍKÎVÏ6Ð29K;6f0gd8m�lhn�NSTÑ]Ò[CTOI8wÓ]ÔqÕd8q~0ÖI×=ØÙCXÚKOKÛKÜa84Ý

�VÞw�w×Tß2à 3 @muB�GáP^TemQ4RqSVUXW 5 C WordNet(Miller 1990) Ð EDR â2ã0ä[åKæ ( ç . â
ã0ä2åKæ0è2éKê 1996) Cjç . OKO[ë0ì2í ( îKï2ð , ñKòl£dó , ô°õKö , ÷Kø4ùwú , ûzü2ý¢þ , ÿ�������

, ì��	��
 , ��
�� 1997) ×=ØÙC��K_ 3�� u����=<����w���«�Dá4y���8��ap � @]u��DáV�6u
^ 1 e�Az�=A°Cj�4ªNu"!ly6QPRXSmU�WP<#�0¡]\P^28 5 _ $��0�0��� C6�2yaç�%'&]áI^z��A:ulOIJ(*) \I^K8+�?ì�, 3]� ^�e.-�/ 3 CPQIR�S]UlWd<IEDFaH6J�Y0ZP\P^Tè0é"��0�14���G©�26áV�Vu
^ (Crouch and Yang 1992; Grefenstette 1994) e Web 34S6kV< 5 465 �¸\P^:ì�7�8 3�9�: × 1
æ�<#; ª:J 5 CmQIR�S]UwWI<IEDF 3 Y0ZP\I^TC��mA+� 5 �V�a8VQdR�S]UlWI<PE°F 3�<�=*> £P\
^z_�?���@K¥ 3m� ^qe

† ACBCDCE FCGCHCIJELKJMCNCO PCQCFCGJECRJS , Graduate School of Information Science and Technology
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1 2003 ]_^.`ba WordNet cCdJegfChjiCkml_n International WordNet conference obprq6sbtLlLuwvbx
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QPRXSmU�Wm8aEÙF0YKZ 5 CqOI8VLzM6rd86���d�ÙC��K8VLzM6r=<#��!�yVLzMVOI8K�X� �?uBªJ?� J����=�°áa^ (Curran and Moens 2002) e 2 Od8mLTMVr 5 C=�[Sl�4WPûK8.�*���VrB<q@Pu0���5 ^4�4�	� 3�� ^ (Church and Hanks 1990) ej�:ád� 3 8�è6é 3]5 Cd�[S��4Wn�KA:�l������ Ð���� 1 æ��[@]u��DáI^]�m��� 9 ��!ly�e���á4J ( A°C���� 3m5 Web <6�wSX�]W��2Az�[@]u
^?_0`��Xb c Ýzá6�0uV^Te Kilgarriff � 5 C Web <0�lST�mWB�[A?�l@mum^[y 5 8:_0`6Ð��qá]J��
y�!X�48�����<6���aJX©�!X�Vu4^ (Kilgarriff and Grefenstette 2003) e���%r� � 5 Web <q@4u
yVLzM6rd8Ts6t=<?b c Az�6u]^ ( ��%r���aó , �� 0Ü�
 , ¡�¢¤£}¥�¦ 2005) e

Web J 5 CK����� � Ð /61 �zu�!wyXv6xI�n� � ^j§*¨nÝTáPy 1 æj8�©V×���ªqC çw�VÐ�«�¬­ C+®*¯V�[×BØDCjpa�_°]S�±I8jç_²0��³aJmL:M Aqy�´"µwW ���}¶ 9 �¬��·¢AT�6u4^qej¸*¹�º*»3
80 ¼�3ISVkm<#½ ¾P^ Web

5 C�$�¿duV×À�Á& Âw} 3 _jJ�Ã=^#ÄVìd84�wS��]W 3m� � C.Å�ÆÇ�È ¾�É��6^�Ê*Ëaª e Kilgarriff �}��Ì / Az�6u]^]p4ªzJXC Web 8 1 æ���Í�Î6Õ=<	Ï4§]8[���Nu"!
y�Ì /d5 �záV�����wÐ�ÑaJK×m^��wC Web

5 �wSX�]W��2Az�m8qì � ×.Ò"ÓwÕ=<#Ô 5 �6u]^d�CÕ�Ö
� 5�× ¾K�6u]^qe Web <6�wSX�]W��2Az��; ª}ØmJ�Ù=�¸§]86Ð�Ñd×q_�?aJK×m^28��wC[f0gPhai�k
i 3m� ^qe=�záI� 3 J 9 �¸8qè0é"�lf0gPhai�kPiw<T@]uK�wC Web 7V8 1 æB<jÚ�Û�Aqy�� C Web

J[���6^TOI86�6r09K;B<#Ü4�6u]^ (Turney 2001; Heylighen 2001) e=Az�=ADf0gPhai�kPiw<T@]u
^T_V`«�l�[Sl�4WI<�Ý�Þm~�ß4\P^z_V`dJ 5 ¿du�� � ^Ky 5 Cqv6x���26á]� � y�à��VsVt����08
�0�j@K¥aJ.á��w� 5�â �?×Kuwe.m/01I3]5 C Web < (*ã �0A¸CKf6gIhjiwkIi[<q@4u6�PL:MmOd8mQIR�S]UlWd<:Y0ZP\I^T_V`
<:b c \I^Xe�äaJ�C2f6gIh=ilkIi[<:ì�åjJ��m@m\P^P�]�DC.æ*àdH0×�Û6Ü�<:© ªw�P�DC[W�ç]S]U
®�èP×4�6UlWa�j�li[�z_m`B<T@4uK�Vu]^4�]�#��ä�é 3m� ^qeKy�ÊaANC�ê�ëíì ��ëmOdJ = ¾[C67î ìðï î O6Ð[M�ñ6OP×=ØÙCBpd�ÁòPu�ó�ô 3m� ^TOIJVLzM�AqyXOj<KLzMVO��¸\P^qe
��ªXCÀõ÷ö 3 LzM6è0édJw§VuK��ø�ùI^qe��IAz�wCÇú÷ö 3 f0gPhai�kPiw<T@]uVyVLzM6rd8Ts6t

<Tb c ANCdÝa�TJ û	ö 3P5 LqM]Od�j�j�T�lSP�6<6�VUwWa�j�[i[�l\I^q_V`jJ2§]u0��ü�ýP\I^le
�IAz�wCÿþ'ö 3m5�������� <z©PulCB��8T_6`d8T¥0¦aJw§VuK��Ì / <z©«ª¬e

2
�	��

�

OI8VLzM6Õ=<PEÙFdH0J.Üj^j/K` 5 C4�záI� 3 J4Ý[�mÞ[�[×Xè0é"�X©�2KáV�0u]^Te6�wSX�]W4û3 8�Od8.���m90;�<��4�qJXOd8VL:M6rB<��=^zsmt �KAz�[C : %°× �l8��wb c ÝTá0@Pu��°áV�6�
� (Church and Hanks 1990; Wettler and Rapp 1993; Sanderson and Croft 1999; Curran and

Moens 2002) C��lá�� 5 ì � � 2 §4J����=�°ád^Xe��¬§ 5�� O��j���'èj<q@Pumy��a���rè���$
_m` 3]� ^Xea�:á 5 C � O=< 9���� �a� �'è���$V8 � O��d�¢�'è 3 Î�& A°C��lá��láP8 � O��
� �'èj<����I\I^4�4� 3 LTM6rB<��j^:_6` 3m� ^qe �a� �'è���$X_m` 3]5 C6Î 1 8IpPª:J��j�
�mèP8�!#"=<��]�:JdAqy�à��Ks6t��[@mu��ÙáV�Ku]^Te	Î 1 J[�6uK�wC xi, yi

5 ��á$��á � O%�d�
�mè ~x, ~y 8 i &('T86Ñ%)j<	Î4\Xe6×2�wC overlap *�¶ 5�+$,.- �/�d�¢�mèPJdAz�[@]u]^]�]� 5[3

4



0 132547698 :$47;=< >
Web ?A@CB/DFECG�H3I=JLK ~ @=MONQPORTSTU9V#WYXZHY[

\
1 ]�^`_.acb#dfefgh ¹�ikj�l.mOnfo p�q`n�o

cosine ~x·~y
|~x||~y| r�s Á:Â`t log

(

p(w∩w′)
p(w)p(w′)

)

dice 2(~x·~y)
∑

(xi+yi)
dice 2p(w∩w′)

p(w∪w′)

Jaccard ~x·~y
∑

(xi+yi)
Jaccard p(w∩w′)

p(w∪w′)

overlap |~x∩~y|
min(|~x|,|~y|)

T u`v p(w∩w′)−p(w′)p(w)
√

p(w′)p(w)

Lin2

∑

(xi+yi)

|~x|+|~y|
Lin98A3 log

(

f(w,r,w′)f(∗,r,∗)
f(∗,r,w′)f(w,r,∗)

)

� ×0u[e � O��a� �'èI8.Ñ�)a8�w �÷/ 5 è6éaJIp�!X� : % 3]� � Cfx 1 æzyP8��6&��VrB<#Ñ�)
�?\I^ �a���rè6Ð�x � O«�:8.�����6rB<	Ñ�)��¸\d^��a�¢�'è4×BØ�� × ¾n�Dád^qeKy�ÊaA¸C.{}|
× ��ã 8�~}� 5�� Ac��2%�I^4�]�	� 3�� ×0uVy 5 C�!`"B<q@4u4^VL:MVr 3]5 CqOa8��j&%~}��<� O%�d�¢�mèP86Ñ%)��¸\P^]�]� 5��2�0� � × ¾��DáI^qe
�4ª�� § 5 �wSX�]W4û 3 8�~��B<T@]u]^`~��0_6` 3m� ^qea��8T_6` 3m5 C 2 O��I�wSX�]W4û3 ���]\4^#~��=<*�m�?J6L?M0rj<}���4AN�Kum^:ec~.�K_0` 3 @VuB�Ùá6�0uV^jà��Ks0ta<�Î 1 Jj¬

\�e�Î 1 J[�6uK�wC p(w ∩w′)
5 O w, w′ 86����~��B<	Î�A°C p(w ∪w′)

5 O w, w′ 8jØ��a�¸���
�	&]\4^�~.�=<�Î]\Xe]�[y f

5
(Lin 1998)

3 ��ë�Ýzá6�Kum^KL	¶ 36� � C f(w, r, w′)
5 O w, w′

� r 8VL`*=<	Ï¤!X�"�#&4\P^#�6r=<:C f(∗, r, w′)
5 O w′ �6u�ªKáV�m8XO�� r 8VL`*=<	Ï¤!X�"�

&I\I^j�VrB<jÎP\Xed�Tá��:8�à��VsVt 5 C.�j���'è���$�_V` 3 @4un�°ám�Vu4^zsmt=<zæ �F� ¾
y �l8�� 9 u2e]�Ky�C � Od���j8.����~}� 3]5 × � C�x � O"�.�a8�O �L�*�P\I^f~}�=8�~}�*�� L	¶d8jê��KÕj<:@mu[�]L?M0rj<}���X\4^zè2é¤�_¶ 9 � ©*2Ká6�0uV^ (Brown, Pietra, deSouza,

Lai, and Mercer 1992; Baker and McCallum 1998; Slonim and Tishby 2000) e�~���� � L	¶=<
@mu6yjê}�2r 5 C�~���� � ê}�Kr�� Distributional Similarity) �F����áP^:e�ê��nATy����z�j�������� �(�9�}�z�$���/�}� �c�.� �(�`�f�}��  � �f¡��}¢z£¥¤f¦�§�¨ª©#«ª¬ ��­�® ��¯° ��¦�§�¨5±�²³¤F´%´5� � ¦f§�¨ªµ ¶5· ®�­ ° ©�¸%¹�º¼»ª½�¾�¿ ���$À$�#Á�¦f§ ° ±�²³¤
´���¯ Â�Ã�µ�� ��Ä¼Å ¸�¹�º�».µ� }¡ÇÆf´ � ° Ä�È ©�¦`§ °�É Ä�Ê ° Á�Ë%�¼� �`­�® ��¯ ° �
¸}¹ º5»�½ ¾�¿.µ}�� �Ì¼¸}¹ º5»�½ ¾�¿ (Distributional Clustering) ±.Í ® ¤O´5��À��F±�Î ® ¯
 �Ìª¸�¹�º�»ª½�¾.¿��f� � ¡�Ï ��� ��������� ��� � �Ð�9���z�5���=�}� �c�fÑ ° � � �Ð���Ò�Ó  %Ì���¡�Ï�¨�µ�¶z· ®�­.��ÔzÕ »}©`Ö�×ÇØ �5Ù �� �Ú ��­%®ÇÙ ¸}¹�º5»�½�¾�¿�Û�Ü$Á�Ë��
(Pereira and Lee 1993; Li and Abe 1998; Dhillon 2002) ¯
À�´Ç¤�Ý Õ�Þ º}£¥¤f¦�§�¨¼©$ß ��à µf«¼¬ ����Û}ÜzÁ%� � Ý Õ�Þ º5á�µ%¬�âz�$� ° � £�ã5äå ® � ®¥æOç}è ±�Ë���¯}é}� �}ê��.ë}ì�í � ° ©.î�ï Õ ��� �}ê µ�� ��ë}ì�í �zá`ðª©.î�ï Õ

�$�%Ý Õ�Þ º}±�ñ�òó� å ��¯
2 (Lin 1998) ôYõAö�÷ùø/ú/ûOüLý9þ
3 (Lin 1998) ôYõAö�÷ùø/ú/ûOüLý9þ
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�� Á�� ��
��3ë}ì�í � ° ©.î�ï Õ �5� �}ê µ Web ©�Ý Õ Þ º¥� �`­ Í ® �$Àz�F±���� Æ
´ ­�® ��¯ � £ � Web �%�����������zÁ�Ë �C�������! (�c�#"�$ �$� ��ê µ}��%�&�µ��(' å!)* Ý�º,+f�.-0/ Ý�º,+ ±}£}£z��¯zé�� ��ê � Web 1�2zÁ�� ° �%¬�â�3�¨ É549° �f�}��3�¨ª©76
²$�5� �}ê µ%�98�:��zÝ Õ�Þ º$©fÍ ®%��;=< Õ ¹�º�>�?ó�`��@ å �7A�B$±.ñ�ò5Á�Ë%��¯}é}� 
æ å A�B��#C�D¥� ��­ Kilgarriff ¤���E�F=G�¾#H$¾�©fÍ ®%� Û�Üª©JI�KML ­�® � (Kilgarriff and

Grefenstette 2003) ¯�N ° wa O ©�¸#G ½ Õ �PL ­ E0FQG�¾9H�¾�©JR�Í����5� � ° wa � Web ��Á
��SUT�+WV�X�±.² ¤Z´¼� ¯�E�F�Gª¾PH�¾�Y#%U&ªµ Î Ù �PZ Õ H�©%¸�[ Õ ½�¾�¿\L ­�® � �}ê.�
À��\SUT�+]V�X © ° wa � Web 1�25Á���¬`â�3�¨ó� 
 Ï$Á�'���¯ Ä#^ µ�L ­.� N ° wa and

°
wb O ©}¸�G ½ Õ �Z��´Q_ � Web ��Á�� ° wa � ° wb �f�}��3�¨ª©76}²��$��À��F±}Á`'.��¯
EUF`G ¾aH�¾�£Ç¤b6%²5Ác'��d3�¨�e�f ©�Í ®�­ ¦`§�¨ ©`« ¬.�5�fÛ�Üó��L ­ Y ��g � 
5æå Ø���±�Ë�� ¯ Heylighen Y9E�F\G¼¾�H5¾��\SUT�+]V�X ©�Í ®�� ° ��¦`§%¨��!h�¨�µ 
��C� °

�� �¡ É�° �aikj�¢ "�l��m
`�on ´ � E�F=G�¾#H$¾��apaq���rQs�¢ª©Jt=ucL ­�® � (Heylighen

2001) ¯ Baroni
É

Tuerney Y � ¡ Ê ° © Ä �$�5� �}ê µ � E�F\G¼¾aH5¾.©�Í ®�� ° ��¦`§�¢��
h.¨ª©J���vL ­�® � (Baroni and Bisi 2004; Turney 2001) ¯ Turney Y�é���Ö0w ©fÍ ® ��À��FÁ
TOEFL � ;Q<�Õ ¹�º%�!x�yzÁ#zP{ à å�|!} 
\� Ø 
`® ² è ©�~`�!�zÀ���©�f0�ML ­}® �f¯P���� ¤dY9E�F\Gª¾�H5¾ �0�a�kZ Õ H��PS�T�+]V0X ©7R�Í�L9������Í °  ��ß � >�? ©d��� ­�® �
( ��� ������� 2005) ¯ Szpektor Ya�P��ÁUY å Ù � �5�%¦�§�¨ª©7E0F=G�¾#Hz¾�©`Í ®.­ � Ê L ­® � (Szpektor, Tanev, Dagan, and Coppola 2004) ¯ªÀ`´(¤	E�F`G¼¾�H5¾.©�Í ®}­ ¦`§�¨��#�
« ©7�c� ­�® �d���zÁUY �d� V��(' Ò�Ó ÉP� 1 � Ò�Ó Û�ÜzÁ�� Ê Æ`´ ­�® � 
�æ å��0� e0f0� �
Jaccard �0X$±a��«����Ð�!L ­ Í ® ¤O´ ­�® ��¯

3
 ¢¡¤£ ¥§¦¨¥ª©¬«®­°¯°±³²µ´·¶¹¸»º

¼�½ ÁUY � Web �%��e0f ©fÍ ®�­ ° �%¦�§�¨ª©7¾¼��Û�Üª©J���z�$��¯

3.1 ¿ÁÀÃÂ¹Ä(ÅÆÄ�ÇÆÈÊÉÌË�Í5ÎÏÇ�Ð,ÑÓÒ!Ô5ÕÁÖ�×¬ÇÁØ�Ù�Ú
E�F=G�¾#H$¾��=S�T�+ÛV0X ©fÍ ®�­ 2

° �%¦�§�¨ª©d��«z�$��Û�Ü�µ#D ®�­aÜ=Ý �z��¯%À}ÀfÁ
Y � 8�:����$Á�Í ® ¤c´ ­%® � �0� e0f�� ©���«����ó�!L ­ ¦`§�¨ ©#« ¬ �$��¯}é`L ­.� é}�
¦�§�¨ª©7E�ÞmL � 8�:�Û�Ü��0x�y è µaD ®�­#ßkà ��¯á 2 à å#â ©�ã�� ­PÜ`Ý L 
zæ ¯�À%À�Á�Í ® ¤Z´ ­%® �`Û�Ü`Y � (Baroni and Bisi 2004) �
Ø���� Ä C�Á%Ë�� 4 ¯%¦#§}¨¼©�¾ � � ® ° © � â ä�_®Nåä5¾�¸ O Næä5¾�» ÕcçFÕ9èzÕ O Nêé¼½�¾�» O
Nìëdí O Nïî\ð O N Aquos O Nåñ ç#ò O N Sharp O � 8

° �Z�$��¯ À�´Ç¤�� °!ó Y � Epson ��éª½ ¾
»�Á�Ë��!ä�¾�» Õ(ç�Õ�è�Õ µ�¦��5� ° � � Sharp �9î�ð TV Á�Ë�� Aquos µ�¦��5� ° Á�Ë �C�

4 ô	õJöø÷ Baroni ù]úWû	ü�ý7þoÿ�þ���öùú Altavista ���cû9ú=ûZü�� ÷ Altavista ú��
	���
�����
�����öùú=û��9ûbô� ÷ û ü ýJþ�ÿ þ ú Google ���Oû.ô��
6



� �������! "#��$�% &
Web ')(�*�+-,�.�/�0�132 � (�465�768:9:;!<�=�>?/�@

Ñ ° �%¦�§�¨ª©�²¼��À��FÁ � 2 D���¿BA Õ é�©�CED�µ� GF0� ® �/�}���$��¯�
2 µ�tvL ­�® ����Y � °!ó � Ñ ° µIHML ­�� E�F=G�¾#H$¾�µ 
 � ­ ²ó¤O´Q�=S�T�+ÛV0X$Á

Ë���¯ � 3 µ�Y � °0óKJ � 2
° ©dE�F`G¼¾�H5¾ �z¸aGÇ½ Õ �!L��ª��'.�=SUT�+ÛV�X ©7�MLONMP

µ`L��$Ø ��©Jtz� ¯ â ä�_ � N ä�¾�¸ O �µNìéª½ ¾.» O Á�Ë�´Q_ �

“ ä�¾�¸ ” “ éª½ ¾.» ”

©}¸�G ½ Õ �!L ­ E�F=G�¾#H$¾�µIQSR(L � é��=SUT�+ÛV0X ©UT à � 5 ¯ 8
° µIHML ­ À ���ELª©

²¼��µ�Y � 8C2 = 28 V%��¸�G ½ Õ ±�ñ�òó� å ��¯
Baroni ¤dY � À�� 2 Dz�9e�f ©�ã�� ­XW�ê � ��� e�f��¼�ZY$± � ° ��¦f§%¨ ©7t$� 
�® �

��µ å ��� ßkà%­�® ��¯ �0� e0f���Y � ° wa �%¬�â Ò�Ó © p(wa)
� °

wb �%¬�â Ò�Ó © p(wb)
�

°
wa � ° wb � Ä ) ¬�â Ò�Ó © p(wa ∩ wb) �Z�$��� �

MI(wa, wb) = log
p(wa ∩ wb)

p(wa)p(wb)
(1)

= log
Nn(wa, wb)

n(wa)n(wb)

� � Æ`´5��¯¼À}ÀfÁ n(wa) Y ° wa ©}¸�G ½ Õ �!L��¼��'��=SUT�+ X � n(wa, wb) Y N ° wa

°
wb O ©}¸�G ½ Õ �!L��¼��'��=SUT�+ X$Á�Ë �C�\[ � � N Y�E�F=G�¾#H$¾���¸0[ Õ A�L���1kZ Õ
HdX$Á�Ë%��¯ Baroni ¤7Y N © 3 ] 5 ^E_kZ Õ H��!L ­�® ��± � 2006

�E` âMazÁUY � Google Yb
150 ]UZ Õ H � AltaVista Y b 120 ]���Z Õ H�Á�Ë%��¯ªÀ}ÀfÁUY N = 100× 108 �!L�� ¯�

4 µ �0� e0f�� ©Jtz� ¯`Nïî\ð O ����µIcedF�$��� � Nïî\ð O ��¦�§$±Of ® �`Ëª¤Z£ Åfêhg
�mL ­}® � ° Y®N ñ ç9ò O N Aquos O N Sharp O Á%Ë���± � Nêé¼½�¾�» O É Næä$¾�» ÕcçFÕ�èzÕ O �
� ��� e�f���±a��' ÙC� Næñ ç�ò O É N Sharp O ���hY�Yhi¥Æ Ù å � ­Mj5�C� CkD å ¦`§%¨5±�«
¬�Æ`´ ­�® å ® ¯
À �Il#m�Y � �0� e0f��$± N ¬�â Ò�Ó �BnEo ©�pGF�� O � ® æ!qEr ©�sQDk� ê Á�Ë%��¯�À �qEr YBP (1) © g P�� 
zæ µ���'?t5ä��vu�w%£ � É � ® ¯

MI(wa, wb) = log p(wa|wb) − log p(wa) (2)

p(wa|wb) Y ° wb ±�¬#â��z�#u#' µ ° wa u ° wb ±������z� � V!��' Ò�Ó © � ��¯ p(wa|wb) ±x L ®Zy ×�Y � p(wa) ��¬`â Ò�Ó ±zi¥Æ ®|{~} ��� e�f���Y9��' ® Y�µ å � ¯5À�� qMr ßb2�Y
N ���5��� Ò�Ó ± ÄªÅ å ¤ � ¬�â Ò�Ó �Z� ® ° uO�%���5�I�$±5¦f§%¢�±Ef ® O uU��ä ¤F´����
Á � x#y5± å ® ¯cL`£�L � E�F`G¼¾�H5¾ µ j%®}­ Y ° µ 
 � ­ ¬�â�3�¨�µ9�(' å _ ¤ D�'�±�Ë�Q�#[ ��1E�k�¼© � � N ±#%�&�µ��(' ® � ê µ%¬�â Ò�Ó �B� ® µ 
 ��nOo$±��(' Ù å �:����­

5 ���������6���6���U�Wþùô��!�Aô9ûcü�� úW÷ 2 �������)��ù3�Oü)�������6
��#öLú��
�) �
�¡!¢6£Zü ô � ô�¤=ü��
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¥
2 ¦h§�¨Z©hªz«h¬E­¯®�°

±k²6³-´ µ�¶ · þ�¸��B����¹?� º ³�» ¼¾½ ¿\À6Á
Aquos Sharp

17000000 103000000 215 18900000 69100000 192000000 2510000 186000000

¥
3 Â�¦Z©ZªX«h¬E­¯®U°Ãª�ÄBÅ

¦ / ¦ ±k²6³-´ µ�¶ · þ�¸��U���:¹?�kº ³-» ¼¾½ ¿|À�Á
Aquos Sharp ÆIÇ±k²6³�´

0 4780000 273 4720000 4820000 5090000 201000 990000 20601273µ�¶
4780000 0 183 4800000 6520000 11200000 86400 1390000 28776583· þ�¸��B���:¹?� 273 183 0 116 176 91 0 0 839º ³-» 4720000 4800000 116 0 3230000 4950000 144000 656000 18500116¼z½
4820000 6520000 176 3230000 0 18400000 903000 4880000 38753176¿|À6Á
5090000 11200000 91 4950000 18400000 0 840000 2830000 43310091

Aquos 201000 86400 0 144000 903000 840000 0 1790000 3964400
Sharp 990000 1390000 0 656000 4880000 2830000 1790000 0 12536000ÆBÇ 20601273 28776583 839 18500116 38753176 43310091 3964400 12536000 166442478

L [�æ ¯ â ä�_ � Nåñ ç#ò O � 
zæ µ%¬�â Ò�Ó �IÈOÉ�µ��(' ® ° u � � ° � �!� e0f!�$±Zi Æ Ùå\Ê ¯ � 4 � Næñ çaò O �ZL�µhcËd�Ì Ê u �}®OÍ ´$� ° µ j�®}­ ØµNæñ çaò O u�� ��� e�f��
±Zi Æ Ù å � ­}® Ê ÀkuZ±  �£ Ê ¯.ÂzÃ%µ � 2 � ° �QS�T�+ V!XËu � 4 � Ñ �eu�� � ¦J�!X ( P
3) Y −0.35 u å �Q� �0� e0f��Îu ° �%¬�â Ò�Ó µ É}É f ®ZÏ � � ¦�±�Ë Ê À|uF±� z£ Ê ¯�é ´
µIHML � � 3 �BÐEÑmSUT�+ÛV0XÎu � 4 � �0� e0f����Òu`� � ¦d�0X�Y 0.06 u å �C�#{ u-Ó } �
¦�± å ® À|uF±� z£ Ê ¯

r =

∑n

i=1
(xi − x̄)(yi − ȳ)

√

∑n

i=1
(xi − x̄)2

√

∑n

i=1
(xi − x̄)2

(x̄ : xi �9z!{MY ) (3)

À � 
zæ µ � 8�:%Í ® ¤O´ ­ '�� �0� e0f���Y ° ��¬�â Ò�Ó µBnÃo ©�pGF Ê � ê � ¦�§�¨ª©
¾ Ê Ã%µ Ñ ° ��¬#â Ò.Ó µdXO^EÔ � XÃ_EÔeu ® �9�#p`'f±%Ë Ê y × � Y$�BÕOÖ�¢\YU� Ù åkÊ u ®æ x�y$±�Ë Ê . À�´QY � Jaccard �0X É dice �0X å } � �f¡�Ï}¨�������µaD ®�­ Øz× ­ Y [ Ê ¯
3.2 χ

2 ØÚÙ ÑÜÛÞÝàß#áàâ¬ÇÒãåä
¼Mæ �$ÁUY � χ2 Yª©7ã��a�%¦�§�¨������ª©fÍ ® Ê ¯ χ2 Y`Y � Ë Ê Ô�Õ »  × á�Á��Iç�� àåhè � © � Ì����zÁ�Ë ��éBêEëOìkí É Ý![Xî Õ�;~ï ¾�ðOñ å }�é Î Ù?ò Û�ÜzÁ.Í ®ôó ´ ­�® Ê ¯° òkõ�öM÷ u!L ­ Y Curran

ó ±.Í ®�­�® Ê (Curran and Moens 2002) ¯
χ2 YÒø õ�öE÷ µ�Í ® Ê ò Y é ° òMù â03 ÷�ò _ ó D\' µ 
 Ê nÃo~ø-ú#û¾Ì Ê � ê Á%Ë ÊBü��� e�f�� É Jaccard ��Xôø õUöS÷ µ�Í\ý Ê y × ò x9y è Y éIþGòSù â Ò}Ó~ÿ ��' å nkoôøUpÒFÊ è Á�Ë Êhü À ò x9y ò9"���� u�L�� ékù â Ò}Ó ø�CMD ÿ��	�	
 Ì Ê u�ý æ�� é�[ Õ
�	� �	�
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� �������! "#��$�% &
Web ')(�*�+-,�.�/�0�132 � (�465�768:9:;!<�=�>?/�@

¥
4 ���������BÄBÅ

¦ / ¦ ±M²�³-´ µ�¶ · þ�¸��B����¹?�Ëº ³-» ¼¾½ ¿\À6Á
Aquos Sharp±M²6³�´

0 4.195 7.504 5.878 4.602 3.635 4.740 2.029µ�¶
4.195 0 5.302 4.093 3.103 2.622 2.094 0.567· þ�¸��U���:¹?� 7.504 5.302 0 6.542 5.663 3.981 0.000 0.000º ³�» 5.878 4.093 6.542 0 4.096 3.501 4.301 1.512¼z½
4.602 3.103 5.663 4.096 0 3.518 4.840 2.222¿|À�Á
3.635 2.622 3.981 3.501 3.518 0 3.746 0.655

Aquos 4.740 2.094 0.000 4.301 4.840 3.746 0 4.534
Sharp 2.029 0.567 0.000 1.512 2.222 0.655 4.534 0

ó�� ÊIü
χ2 Y���� éOþ ó ø����|Ì Ê þ�òkù��� M÷ ø ����
"!	# u%$ é Y ò ����
 ø�&('
)+*,�

� é ÐkÑ ò è.- ø�/ ù Ì Ê ò � éSù��	0�1~ò�2Kó4365 ÿ87 Ê nMo�ø�98� Ê;: u � � 5 Ê (Yang

and Pedersen 1997)
ü6: ò )�< é Y ò�2Kó43+5=�
>?5 ý
@�A8B6CEDFC ò8G�H6IKJ�L ø�M\ý�� õöM÷ øN/ ù Ì Ê�O�P é χ2 Q ø�R%/�S�TVU%$��WM|ý;X : U �ZY�[ ��\	XFU,]�� ó�� X ü^�_ U4`aX þ%bGò	c �
d�e�fhg�i -�j�k R8l ÿ=m	n X%)"< ÿ dpo 3 o 3 g þ ÿ 3	q �
d=r bs g�tFg=rpU�g�e�f  �u j T"v Q UW$wd8x wi, wj ∈ G

� e�f�`aX 0"1 �=d�r wi Uyr b G
s g=r� e�f�`aX 0"1 U{zp$ q
| U q *{}�~���� jZ� q"� @�� j &�*��"r wi Uyr wj g��a��g�e�f  u j

n(wi, wj) dWr wi Uyr b G g=rpU�g�e�f  �u g�� j Swi
=
∑

k

n(wi, wk) d
� � g�e�f  �u

g�� j SG =
∑

wi∈G

Swi
U4`aXFU 5 d%r wi Uyr wj �	� `aX χ2 Q ���"�a�Z�?� � X��

χ2(wi, wj) =
n(wi, wj) − E(wi, wj)

E(wi, wj)

E(wi, wj) = Swi
×

Swj

SG

(4)

E(wi, wj) ��r wi,wj gNe%f  "u g��%� Q j �?$ �%q X������ 2 d�r wi

j x��h��CE� | d�r wj

j
x��aC
�E�+�,����� | U�`�X8U�d n(wi, wj) � 273 d Swi

= 20601273 d Swj
/SG = 839/166552478

UZ�FXW�Z� 5 �%dW� 3 �V ,R�/�� � ) χ2 Q &�¡6�8\8XW�=� 5 �F�%d¢x£�¤�%C	� | � x£¥E¦ |§ x¨�hCW© | Uyi(' � e�fV$ �	q X=��ª�)Zd?x��hC%�%�«���E�8� | � x¬�(�EC%� | U�g�e	f � d
x Aquos

| � x Sharp
| U�g�e�f �"­	q �+®yd%¯�°8�=±"²�U���' ��q X��

ª%)=d%� 6 g 7 *N�Zdpx³�+�ZCW� | xµ´8¶ | U�g ��· �E¸aq U,]��«  � X 4 rpU¹x³�+�ZCW� |
xµ´8¶ | g 2 r;�E���«� � X�R 6 r8g=r b jNº �	) O�P+j ]���X�� : g=r b ���=d�� 2 g=r b U» q d6x¨�6�=C
� | U¼x½´�¶ | g �N·�¾�¿ ­�q U4]"À(  � X��6x¨�6�=CE� | g�& ��Á¤Â `�X8U�d 0
� � x³�+�ZCW� | UÃxµ´8¶ | g χ2 Q ¿ >«5hÄ ��' � �p- dZr b ��Å;Æ q ) Y�[ �=±"² ¿EÇ   ���q X��

9



ÈÊÉ4ËÍÌÏÎ�Ð
Vol. 2 No. 3 July 1995

Ñ
5 χ2 Ò�Ó

Ô
/
Ô Õ�Ö�×NØ Ù�Ú Û,Ü�ÝßÞ�àáÞãâ4Þåä%×,æ ç
è é;ê�ë

Aquos SharpÕ	Ö�×,Ø
0.000 416649 275.5 2579092 113.8 0.000 0.000 0.000Ù�Ú

416649 0.000 9.925 801848 0.000 1840173 0.000 0.000Û,ÜßÝßÞ�àáÞãâwÞ
275.5 9.925 0.000 5.548 0.000 0.000 0.000 0.000ä%×,æ

2579092 801848 5.548 0.000 0.000 3846 0.000 0.000ç
è
113.8 0.000 0.000 0.000 0.000 6858012 0.000 1317796é�ê�ë
0.000 1840173 0.000 3846 6858012 0.000 0.000 0.000

Aquos 0.000 0.000 0.000 0.000 0.000 0.000 0.000 7449430
Sharp 0.000 0.000 0.000 0.000 1317796 0.000 7449430 0.000

Ñ
6 χ2 Ò�Ó -2Ô

/
Ô Õ�Ö�×NØ ì�í çWè î�ï ðEä,ñ8Ö�× ò�óWô

Õ�Öw×,Ø
0.000 0.000 2402760 0.000 0.000 0.000ì�í
0.000 0.000 0.000 277513 712208 19024çWè

2402760 0.000 0.000 0.000 0.000 116983î�ï
0.000 277513 0.000 0.000 11149 597032ðEä,ñ8Ö�×
0.000 712208 0.000 11149 0.000 0.000ò�óWô
0.000 19024 116983 597032 0.000 0.000

4
õ÷öùø úüûþýùÿ�� � �����	��

��� ��������� �����
��� �=d 0"1 � ! g#" $ u ��Å;Æ q ) � ! ©�%'&8�F�ZC)(Wg#*�+ j M q"� d ��· r j ©�%,&

� � �.- X : U ¿0/ �8'
)E��v21 3a�;�Zd%rFg ��· u �¢ 54 H6I76 �;© j � 8V$4d94 H6I56 �
© ��Å;Æ Ä;: $ q ©�%,&8�h�ZC0(
g<*�+ j Y M	`aX�� ��· r=4 HhI>6 ��©)?"� Newman + � 7- © %)&F�6�
C@( j & q d�A�g=±�²�d2B.C
© %)&h� � � "¢� � )EDEg9B<F j ��· rVU%$ �,G -H `=� : g;© %)&h�6�EC@(7+6�Zd
rFg L ¿ >�IKJ � ��'
)+U 5 � �.D Y M;� 5 d ^	_ � 7 ' �
� 7 q ©�%,&8� j>L �;`aX%gW�,M�N ÁpÂ j>O < ��q X��
4.1 P=QSRUTWV�X2Y[Z]\_^.`ba
ª,c=dWr8g ��·�¾ j M q"� dEr8g94 HhI>6 ��© j �98�`aX��ed
�gf ¿ r�d�B H D ¿ ­	q ��·j ��`Z�Ev h9i=j2k=d :5lFj ��· r=4 H6I>6 ��©8U>m�n
�
��· r=4 H6I>6 ��©@k��Fg 7 * �<o�p � l X��

( 1 ) r b G
jNº À;X��

( 2 ) �"� � 7 - 2 r wi d wj ∈ G g ��· u χ2

wi,wj

j R%/�`aX��
χ2

wi,wj
=

n(wi, wj) − E(wi, wj)

E(wi, wj)
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�
1 �y� Ô0�� 9¡t¢¤£=æ

E(wi, wj) = Swi
×

Swj

SG

(5)

Swi
=

∑

k

n(wi, wk)

SG =
∑

wi∈G

Swi

( 3 ) ¥�r wi ∈ G
j d
�gf�U§¦ �,¨ª© `aX��

( 4 ) χ2
wi,wj

> 0 g6U)«Nd¬d
�gf wi d wj ­��§®[¯<° j'± X��
� j)² 1 �#³ `=�[´ l k=d Web µ? y¶ Ç ¦<·e¸
�'¹e& c �#º�» u � H5¼ `aX�R 90 r j ´Zg

4 ¯¬½ 6 ��©
g o9p r¢U@¦ � M q d¿¾ ¯¬½ J%L j Ç X5À9Á ®ªÂ'°ÃÂ U0¦ � Google
j M q · �N·

rª4 ¯.½ 6 �;©)j�\�X=�E´Eg ��· rE4 ¯.½ 6 �;©0?�jekEd ��· g ­�q rªB'F ¿ M Ät¨¬© � l �q X��E�aÀKÄ=d ² 1 g'ÅÃÆ � k xÈÇ�É | xÈÉ�Ê | �+®�g Ë7Ì ��· g=r ¿)Í O ¦ ��q X��%ª§·=d2?Î j2k xÐÏ��+��Ñ�� Ò[Ó Â | xÕÔÃÖ��)× | �+®�ge¸ Â9Ø0Ù �;� ��· g=r ¿)Í O ¦ ��q X��K´Zg=ÚÛ �	��· r=4 ¯.½ 6 ��©)?9j2k=d ��· g ­	q r=B<F ¿)Í O ¦ �)Ü�Ý ¦ ��q X��
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Ñ
7 Þ�ß0à æ5á¤âWØ"Öw×�ã�ä>å,æKç;è0é�ê5ë �yì D(ci, cj)í<î ï7ð ê5ë î ï ì7ê7ë î ñ'ò>ó<î

D(ci, cj) max
wk∈ci,wl∈cj

Sim(wk, wl) min
wk∈ci,wl∈cj

Sim(wk, wl)
1

ninj

∑

wk∈ci

∑

wl∈cj

Sim(wk, wl)

4.2 TôV�X2YõZ]\_öª÷ùø�ú=\bû¿üUýWþõÿ��
�2� geÒ��E�=%0& o 8 � � - X=rhg;©2%)&h�6� Â ( � k���� �K! j M q · �2! © %@&F�+�

Â (	�K+ ¿�

� l � M q   l �	q XZ� (Pereira and Lee 1993; Dhillon 2002) �aª9·����KÀKÁhg�
� j2k=d�r j	� ¾ U4`aX º ���ag��F© ½ × j M q ·=r8g�©�%,&8�h� Â (�� + D / Ä d LSA
§

random projection U q�� ·���� j��
� `;X���+¿D����Ãj	\�X (Deerwester, Dumais, Landauer,

Furnas, and Harshman 1990; Papadimitriou, Tamaki, Raghavan, and Vempala 1998) �

 *Ej"d)M2NªjÃk� ��8� j 4 ¯.½ 6 �a©hU�¦ � � ¦,·�?Kj%d A l+j ��! `FX"�2+ ¿$#�% �l d�& Â j<O(' � �*) d"r+g ��+�¾ g �,! � D=M q   l �aq X (Widdows and Dorow 2002;

Motter, Moura, Lai, and Dasgupta 2002; Palla, Derényi, Farkas, and Vicsek 2005) � Sigman

k WordNet ¿ 4 ¯=½ 6 ��© o�- U@¦ � g ¾
. j0/ ����q X2´	U j ³ ¦�d WordNet � 4 ¯=½ 6 �
© ��! g1� + j Y M2jª«WXe´;U j ³ ¦ ��q X (Sigman and Cecchi 2002) �
4 ¯.½ 6 �a©"g�©2%0&6�+� Â ( � kEd �K� d%� 7 g¬Ú Û ��243?�15 D(ci, cj)

j �46 ¦ (ni

k�© %)&F� ci ��7 ª l X�rFg 5 d Sim(wk, wl) k�r wk , wl g<"2$ u j �a` ) d 2�3 g<M q�8 �
¥+©�%,&8� j�9 � ° ¦ ��q¤Ä;:�< l�©�%,&8�h� Â (�� + § d EM Ï'×>=h�;?�@
d NaiveBayes UqA� ·�B4C�Ì4D6g��K+ j M q ·�© %,&F�h� Â (	� + ¿�
�� l � M q   l � «)·E�E¦7µõ¦4d[´ ´
5 Nªj : ·��8©K%@&h�+� Â (1�2+ ¿ qVÄ�E D #�% � l �	q XE�GF	��� U�¦ � kEd betweenness

©�%,&8�h� Â ( ¿ \4H6  l X�� betweenness ©�%,&8�h� Â (@k=d¬(�%�Ô 6 g betweenness U q Û
®[¯<° g"I�J ¾ j �a`
S	TLK£\;X ®[¯<°W¿ thg ®[¯<° g"M4N2¹=& � ®�g�O u g1P P j 7 ª l �q X0µ ) �=Á�Â ¦4dej¬«%X�Q - Î � (K% Ô j E �SR'Ú Û � betweenness g º q ®[¯<° j�T�U ¦��q¤Ä ´;U � Ú ) d Í u g"V q$W�X (�%�Ô j B=�;`aX	� +Ãj�\	X (Girvan and Newman 2002) �
´ l  �g1� +ªk º ���ag��F© ½ × � ^ ¦ � D0�
�Ãj�\ ) d�Y
Zag1� +VU;[ n � º q�\�u j ¼

�+g;© %)&F� o�- j	] ¼ `8XÃ´�U ¿ j¬«WX=��A�g�^�_;d4` ­ R
a4b ¿$c « Ä d c IKJ � 4 ¯.½6 ��© � Y�d `aXe´;U7k1e ¦ q �
�aÀKÄ=dÃ4 ¯.½ 6 ��©Wged
�gf 5 j n d ®[¯<°G5 j m U4`aX
U@«�d betweenness © %)&F�+� Â (%g�` ­ R
a4b.k O(n3) ª9· k O(m2n) j;\ ) d.dW� f 58¿
/ q 4 ¯.½ 6 �;©@?�j betweenness © %)&F�6� Â ( jGf Û ´�U#k
g�eEj�\;X��9AE´<jWdWvK1 3
j2k c I J ��4 ¯.½ 6 ��© � D Y�d�h,i �;©�%,&8�h� Â (�� +Ãj�\	X Newman + j d;q X��

6 j	k	lnm Þporqtsvu ktwyx{z0|~}r�"�t�G�{���v�;���v�"�{�v�p���r�vx{��� sy�v�v�rqru ktwyx��v�����v�"�{�v�p�p�� sr�v���{���v���n�;�G� �~ p¡;��¢
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Newman +Ek�d :�< l	©§%'&a�F� Â (���+8g 
 E j�£4¤ ¿ d
©9%<&a�F� Â ( j	¥�¦ ��5 Q g
M c
§�¨ H�©1ª � © «;«aÀ ·G��+2j�£4¤ (Newman 2004) � ¥�¦ ��5 Q ¬5k"­,¥6©9%'&��Eg�±
®u j �A¯ �G5 j°£ ) ­ Q ¿$c « q�± ®}¥(© %)&h� s g=±4® ¿ ­	q ´,¬ j � ¦ �	q ¤=� Newman

+Ãj2k�­ Q g º q�²�³ ¿ Ú )�´�µ � ©�%'&a�h� Â (�� l · ²�³ j�£�¤A¬���6_¦ ��¶ ¤��@AE¦ � ­
Q ·1M c�§¹¸�º ' ¤e´°¬�j$­[A
·94 ¯.½ 6 ��© � M ´ �;©�%,&8�h� Â (�±"² ¸�Ç ¤e´A¬ ¸aÂ;»
¬§¦ �4¶ ¤��¥
¦ �	5 Q k��"�=jZ�?� l ¤��

Q =
1

2m

[(

∑

v,w

Avwδ(cv, cw)

)

−

(

∑

v,w

kvkw

2m
δ(cv , cw)

)]

(6)

kv k�¼,½ v ¿ / �=�,¶ ¤ ®[¯<° ·�¾ 5 ­ m kZ� ®[¯<° ¾ 5 ·�®,¿�­ cv k�¼,½ v ¿ � ¦"À¶ ¤�Á2%0&ÃÂ ¸GÄ ¦1À ¶ ¤�Å δ(cv , cw) kAÁ4Æ�4 ¯GÇ�È · δ jA£°¤�Å$É (6) ·$Ê 1 ËÍÌ
Î ¶ À
­
Avw k�¼°½ v, w ­ · ®[¯<° ·$�°Ï ¸"Ä ¦�À°Î ) ­�ÐK·�¼°½ v, w Ñ=B¿C�Áe%@&¹Â�·(¬9«�·�Ò
­
δ(cv, cw) = 1 ¬GÓ°¤�Å E Ð ) ­
Ê 1 Ë[k,¥ÍÁ %)&�Â�Ô�Ì 7 Ð l ¤ ®[¯<° ·"¾ 5 ·�®4¿ ¸	Ä ¦GÀ¶ ¤�ÅÃB�ÕÃÌ�Ê 2 ËÍÌ�Î ¶ Àek�­ kvkw

2m
k"¼�½ v, w ­ Ì ®[¯<° Ñ,Ö@µ l ¤"��� ¸	Ä ¦1À ¶ ¤9·' ­
Ê 2 Ë.k�­@¥¹Á�%,&×Â�Ô$Ì 7 Ð l ¤ ®[¯<° ·1¾ 5 ·"®4¿×·"Ø�Ù §¹¸�Ä ¦	À ¶ ¤"Å

¯�Ó�ÚAÛG­ ¥�¦�Ü 5 Q ¬>k"­,Á9%'&AÂ È Ô�Ì Ü9Ý ¯°¤ ®¬¯5° ·G¾ 5 ·G®�¿�Ñ�Ø
Ù § µ(Ý�Þ	·
O�ßÃc l À ¶ ¤0µ ¸Gà4á>â Ì Ä ¦'· § j�£�¤"Å�Á4ã$ä�Â È Ô�· ®[¯<° ¾ 5 ·�å×Ñ�Ø4Ù § ¬	æ>ç
Ó�Ý Q = 0 ­×è l Ú );é ¶ Á4ã�äÃÂ È Ó(Ý Q > 0 j°£ ) ­4ê ¶ Á4ã$ä�Â È Ó(Ý Q < 0 ¬GÓ,¤�Å
Q Ñ�M c,ë £�¤�¬)«�­ ¥¹Á�ã�ä×Â È Ô ë ·"ì�®�ß,Ñ�M c,ë £�¤
· ë ­(í ¯.½�î�È Á�ï4ðñ¬§¦	À
Móò0ô*õ	Á�ã�ä×ÂÃö Â$÷�øGù · ²�³ ë £�¤�¬�ú4û(Ý ù ¤"Å
¦5µ[¦ Q ·1M c�§¹¸�º ' ¤	ü4®4­ ®[¯<°G5 m ­¹ý Èÿþ 5 n ·>¬)«�­
¿�a�bAÑ O(n3) òK¦Aõ�

O(m2n) ¬	Ó ) ­ c «Ãõ�Ó � À[¦�Ð Û Å×èÃ´ ë Newman � ë � Greedy Ï'×>=Ãö;?�@ ¸ d°¶
À Q · § Ñ�� c�§¹¸ ¬"¤eÚ Û Ì�Á�ã�ä×ÂÃö Â$÷�¸ fgÛ Å Greedy Ï'×>=Ãö;?�@�Ó4· ë ­�� Q ·��	 b ∆Q Ñ�M c Ì�Ó,¤�

�GÌ°Á�ã�ä�Â�­Aò���õ � ý È þ0¸ 9 È�� ¯×¤��Ã¬ ¶ ����� ¸������ �
À ¶ õtÅAè��GÀ � ∆Q ·���� § < 0 � ¬GÓ� "!$#$½ ë Á4ã�ä�Â¹ö�% ÷4¸�&(' ¬�¯*)�Å,+$·*

�
Ì��	À Q ·��-�-. ¸�º�/ À ¶ )"Å0+�·21"3$4�Ì � ∆Q Ñ5�6��Ì
Ó�)7
���Ó 2 8°·�Á�ã�ä×Â ¸:9; ë6<°È�� �-=*)>! / 3×Á�ã�ä�Â�Ñ <,È��,ø1ù À ¶ õ?�6@ �"A$B ë7CD� 3�E4Ø6F�GÃÌ*
$ �À×Á
ã$ä�Â>ö�% ÷>H ì-I � � 	 �"Ó>J�Å4Ð>!53ÃÁ4ã�äÃÂ:K�L�M B Ì�N6OP��!>J�ü�Q � 3 &�' F�G,L
∆Q < 0 ë � Óóõ	Á�ã�ä×ÂRKÃÌ"=
)7+7S$òUT�V ë�C )"Å

Newman �WS betweenness Á�ã�ä×ÂÃö5% ÷ LYX2Z�=
)�S[3 Newman Ý	Ì

 � Newman � �
betweenness Á4ã�ä�Â¹ö�% ÷ SY\�]�æ>çU^4ß H Á4ã�ä�Â¹ö�% ÷ ì-I�Ñ"_ Ý ù )
+�S�Ñ�` ø"ù À
J*)�ÅAÐ-!"3 Newman � H #7a$¿6b�c � O((m + n)n) ò7�Ãõ � O(n2) ë�CP� 3�#7a$¿6b�cÃÑ
O(m2n) C )2J � O(n3) ë�C ) betweenness Á4ã$ä�Â>ö�% ÷ SUX�d>3�¿>b6c�Ñ"e�Ó õf3�g6hÃÓ
�6�WS	Ó� �À6J7)"Å×è H ! / 3 Newman � � ý Èÿþ K�i7j0k � KAÑ���l�J5�>m6n×íokop î�È Á
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ÌY|�}2T�V ë�C )"Å
4.3 Newman ~������W�
�����0���
�-�

G L�}�J-����� È ã�ä*LY�-�
=*)	ü�Q63 Newman ��L�}�J-� ÜY� � L�æ5�
=*)��6� �� H 
��	Ì
Ó�)"Å
( 1 ) �-�
j(% � % H
� kop�G>K�S χ2 .0LY}7J>� �$� G H � H Ü�� ß0L:b0�5=
)"Å
( 2 )

Ü�� ß0L�ò7SGÌ �$� G L��-� � Su=
) Ü�� � íokop î�È�� L��>��=
)"Å
( 3 )  ¡8 H � LP ¡8 H�� ã�ä*¢
Su=
)"Å
( 4 ) C ) 2 8 H�� ã�ä*¢�Ñ 1 8 H�� ã�ä*¢$Ì
Ó� "!oS{£-�����"3 Q H � 	 c ∆Q( É 7) L¤ b�=
)"Å
( 5 ) (4) L�ï
� H�� ã�ä*¢ H�¥ Ò5Q�Ú-¦,Ì"8�J>��§��rÅ
( 6 ) ∆Q Ñ"���¨S1Ó
)

*�1Óª©R8 H�� ã$äo¢6L <AÈ�� �R3« �8 H�� ã�ä(¢(S:=�)�Å�!�¬

�U3$�6� H ∆Q < 0 ÓÍÝ (8) ­
Å
( 7 ) <�È6� ��! � ã�ä*¢ H eij , ai L:® ¤ bP�U3 (4) Ì�¯o)"Å
( 8 ) æÃç � ã�ä*¢$Ì�°����6J7) � L Ü�� � S�Ò4Ó2=�Å

∆Qij = 2(eij − aiaj)

eij = � ã�ä*¢ i 3 j a H j0k �>HY± K ( ²6Q ) (7)

ai =
∑

i

eii

5 ³µ´
5.1 ¶W·W¸�¹��oºW»µ¼2½¨¾�¿ÁÀÃÂ��0Ä�Å
����Æ�ã�ä7L�Ç$È�=�)R�-�PS2�:�53 WordNet i EDR É(Ê�Ë$� ë �2� ø	ù !�Ì>Í H ����Æ4ã

äªSUX$Z
=*)�Î6� (Jarmasz and Szpakowicz 2003; Curran 2002) 3"Ï6ÐoÑ�ÒÔÓ ù !�Õ*%YÖ7ÆÔp
i � H�×-Ø ¢�ä � L�Ë
Ù2§
J"3
è H ì-IÔSUX>Z
=*)�+�S ë �
�5Æ�ã�ä H |-Ú ø L�Ç-È7=*)�Î6�
(Sanderson and Croft 1999; Hodge and Austin 2002) Ù C )YÛYÜ2Ý H �>� � WordNet Ñ6�RÞ7=
) � ��ß"Ç>È ë l5É>J�! / � H�à*á Ù�â0Ó ù �o�5ã�J�3�ä-Ý �7å�æ p�Ù-ß-ß�) H Ù6ç�è�é C )�Û
±6ê-ë é � 3�ì-í-�6��é��>� øGù !6�
��Æ�î æ L�3o©wï Ø(H �
��Æ�î æ LY}7J>�5ì$í-�-� H

Ç>È0L�§��?Û A 8�ð � Web 
 �?ñ$ò ��! å Æ�ó æ ßDÓ�Ò-����!6�
��Æ�î æ é C,� 37+ ù L>ô �� H�õ�ö
÷ kopfÒ���} H$ø Æ
¢
S$���2}�J7)�+7S:é5ì�í-���WS[ù-ú H å Æ5ó æ LY}�J�!��6��S
H X$Z�L�§Ô�?Û5û
8ªð � Ì�Í H �*�5Æ7î æ é Cª� 3o+ ù ßªÓ{Ò��P��!�ô � � H�õ�ö
÷ kopuL�}
J>�"3$Ë>�(Ñ

$ ����>� øGù !6�
��Æ�î æ S�ì-í-�6�WS H X2Z,L�§���Û
ã6!�3 1 8ªð H5õ�ö�÷ kop[Ñ � Web Ñ5ü�ý0þ6É � Ù2ÿ�����ã��() H Ñ��W�u3 2 8ªð H5õ�ö
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� �
	���
�� ������� �
Web �����������! 
"�#%$ v ��&('*)(+-,-.�/10324 35

÷ kopwé7653"Ì�Í H �*��Æ7î æ Ñ8�,ã9��)�
���É53$J;:=<�)?>�}*þ6É � Ù"ÿ@���0ã8��)�ÛBA H
! / 3�A9��C9� HYõ6ö�÷ kop L�Ç>ÈEDGF
Ñ5}7J7)7+7SRé"3 Web Ñ�ü-ý�þ>É � ÑH�7=
)�ì-í-�JI
HHKELJM 3;>�}
þ>É � ÑH�7=
)�ì-í-�JI HHKELJM L��JN�=
)7+7S�Ñ�O�É�)�Û
OpenDirectory LY}7J�! õ6ö�÷ kop H Ò-�
���5Æ7î æ LYÒ6��=*) å Æ5ó æ S>�Y� OpenDirectory7 L�}�J23 C ÓRßQP /9RTSEUWVYX Ñ5ü

ý0þ6É � L[ZD�"=()
+
S�é$3 õ7ö S�É�)6�(��Æ
î æ L�nJ\,þ�Ñ5Ò��
=()5Û OpenDirectory 6"3] î�% U�^ Õ�ÎB_�é�`=acb?�()[d=e-��� H�fhgEi"ø�^Wj�� p X é CD� 3 RWSEUWVkX 653mlQn H
j ø�^ ¢"Ñ

$ ���oEpcb[���6J7)�Û Web ø�^WjY� p XRH=q éG6�3 S;U�VTX?×>Ø(HHrBsBM Ù5g*J
O H6HBt SR8�é C )�Û RWSBUWVYX Ñ�ü�ý(þ6Ñ���Þ�=
) � 6Hu*J�Ñ�ô � ���6J7)oS:JD��£6� H O
SRé"32ì-í-�JIwv(
8x�X2Z-�JI�Ñ

") � H ô � M�H |-Úcb$L�Ç>È7=
)�Û

OpenDirectory H 14 y HGSJUkVzX�H�q ßWÓu3|{ Õ�Æ p�� 3}{ æ7~ Æ=�>� 3�{ å %=�h�2Æ�¢�� 3
{��6Æm�"� 3c{��E�6� 3c{��;��� 3c{��;�6� 3z{��E�6� 3c{ j��TX j-Æ-�k��%u� H 9 8 H;ShUwVWX L�}�J-!
8 Û R�S;U�VTX?� ÑH�oã8�*) Web ��Æ � LY}7J�3 � H 
���Ñ S;U�VTX Ñ�ü-ý�þ>É � L1Zo�5=�)�Û
( 1 ) R�S;U�VTX Ci(i = 1...9) �7S�ÑH�B�-��Ñ 1000 ��Æ �>H?�B� L1�6_7=
)�Û
( 2 ) ��� H[�;� Ñ[�B�B� öE� 9 L:§W��ÛGA
�:� �E� =�)8�m  5-gram ã5é�L?¡ � Sh¢:�8� �

�5= (Manning and Schutze 1999) Û
( 3 ) SEUTVYX Ci � é23J¡ � wa Ùm�0ã���) �J�oH K�L f i

wa
SR=*)�Û*ã>!53h�*� HBSEUWV

X é � wa Ù��oã8�*) �B� K,L fall
wa
Su=
)�Û

( 4 ) S;U�VTX Ci Ñhv7£6) � wa H?¤�¥ L � H�¦w§ Ñ ¤ b�=
)�Û
scorei

wa
= f i

wa
× log(N/fall

wa
) (8)

!-¬W¢U3 N 6?� �B� K
é C )�Û
( 5 ) ShU�VWX Ci ��S:Ñ score H g
J � wa L�� � �w¢ 3�A8�DÓYLhA H;SmU�VWX ÑYü$ý*þ$É�$�

RCi
Su=
)�Û-=�Ém:�¨Y3 RCi

= {wk|ranki(wk) ≤ 10} é C ) (ranki(wk) 6�3 S
U�VTX Ci � é H � wk H score H �B©0L1ª�= ) Ûoã$!�3 A = {w|w ∈ RCi

, i = 1...9} S
=
)�Û

+�+�é7653 RWSBUWVYX ��S�Ñ�ü6ý(þ6Ñ�Þw��) � L�3 tfidf H;«=¬ Î,L�}�J-� ¤W¥m­ £W¢���J
)�Û
ã-!E®m¯J°W± H (1) Ñ;v�J-� {²�J�6�(Ñ���S C )"Ù$3o+[��6 OpenDirectory Hm³�´ p?ßªÓ �J�
ø Æ�¢-L ñ>ò =*)"17Ñ53 ø Æ
¢5Ù"_ÔÓµ�()Y�J¶,L Bk· ¢���J7)�Û7+ H �J¶Y653 �=�oHw�[¸ Ñ7ô¹ É��
º6ÒJ»oÑ9¼ ; éJv � 3�ü6� H�½ Æ ½ 6-É-JDS «=¬ Óµ�()>! / 3�î�%;¾9�7É5�J¶�S «G¬ �
O�ç�è�É>J,S(¿ ¬ )�Û

7 http://dmoz.org/World/Japanese/

8 ÀÂÁ3ÃHÄÆÅ�ÇÂÈ-ÉÂÊËÃ9ÄÍÌ4ÎÐÏ�ÑµÒ3ÈµÓÔÏÂÊÕÃ9Ä×Ö-ØÂÙ3ÉÂÊËÃ9ÄÛÚ!Ó-Ü3ÝµÓ-Þ!ßàÎ�á�ÊÕÃmÄãâÂä�å�æ�Ê4ç�Ã3è�éÂêÂÑµë�ìÂíÔéïî
ðñ3òHó*ô�õ
ö�÷�ô�õ-ø
9 ù�ú ø http://chasen.aist-nara.ac.jp/.
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û
8 OpenDirectory üGýïþkÿ��������	��
��


�������� ����
��� ��� ���
, ��� , �� , !#"%$%& , '�( , )+*-, , .�/ � , 0�1 , 24365 , 7�89;:�<�= � / >�?�@ , A � & 9 ��B , C�D43 : /�E ,

� $%F�&�G , H�I 9 �4B , J�K�L , MONQPR�S T�U�V�W
, X;Y , Z�[�\ , ]�^ R�S , _�`�a�b , c�d , _�`�e , f�g , f�h , i�\

j Ó(�lk;m�nOo�prq1ª 8 Ñ�slt�Ûvu ¬xw { Õ>Æzy|{ S;U�VTX ßDÓ��~}+�Gb[�lk;m*Ñ-�PðQtE�
w;� {��v�x{Q{ Ò��v{k{Íy��x{J6-�l��ô���n;m � { ³��;� æ {Y{ î ´Gi {k{��x�"ÆO{J6����0ô���n;m �
{�� j�� {�{����x{}{�����{�6�ó��� 5Æ4¡�¢�£$Õ>Æzy[ô���n;m � {�¤�¥�{�6 ��¦ ô���n;m¨§�Él©;ª
vz} �#«�¬ �QO { Õ-Æ­y®{�Ñ7ô�� ¢;kOm
Ù��¯}��7bH��ª «l° Ûl± § ¢�ª j³² ��k SEUWVYX �l§
n�ü-ý�þ�´Om�q�µ « ª �

• ¶ °�· m#¸x¹vo S;U�VTX?��º ��»8�B� w;� ô��}¢�ª «#°
• ¶ °�· m#¸O¼4´ °hS;U�VTX�½ ¶�� w;� ô��}¢�ª « ´ «

§	¾�´�tO¿
±�± ½ n;À�ÁBIW6 �ES;U�VTX �#§�n�ü-ý�m�n?ZÂ� º�Ã#Ä�« ª «#° ¿ R�S;U�VTXQº ü-ý�þ º�Å

� ° m�q ¤�¥9­ £vt °�Æ IW6 � ( Ç�È , É�Ê , Ë�Ì 1976) Í (Xu, Kurz, Piskorski, and Schmeier

2002) ½ µ « ²ÏÎ ª «�° ¿%ÐÒÑ ½ 6 �1R�ShUwVWX�º�Ó�ÔÖÕ ´;m�q tfidf ½8¤�¥8­ £w¢ � tfidf ×Ön�Ø
« m�q�ÙÒÚ�Û�Ü º-Ó�Ô4Õ ´Om¨§ÒÝ�ªOÞ��ÖÝ+ª «#° ¿xß ² º (Chang 2005) ½�à;� OpenDirectory

n�Ù�Ú4Û�Üâá�ãäq-µ « ª�å�Ù�Ú�Û�Ü º;Ó�Ô�Õ ´Omrq+æ j Ý ��ç n;è�é �vê�ë�º4ì�° À�Á ½Òí�î
65% ��ïxðÖ½ 81% n-ñxò�óäq j ª «l° ¿lô�õxö�÷ � ±�± ½ n�ø���m4n-ñxò�ù � y àvú�û�½�à ´ü � ¼�´ ° Ù�Ú4ÛÂÜ º;ý » Î ª « ª�ô�ø��¨Ý�ª «#° ��þÿô�¶ °�� ô�Ý Î ´ « Ý � ¹�oÖÙ�Ú4Û�Ü� ½ ¶��;ª�ô �lç n�ø���n���þ «�à�� ��n
	�¸ ð��v«
� ô�Ý Î ´ « ¿�Ý � Ý �������Ö½#àO� ±
n����l��q ë�� n����äq�����k
��n! #" §ÒÝ�ªÒµ « ª
$ } � ��� ë%� n�&%'rq�sÖt ºxà
( á ½
¶ ° §*)�+�ª «#° ¿,

2 º�û�- n
.�/rq , slt ° ¿ OpenDirectory � ²10�j Ý-k�ÙÒÚ�Û�Ü�á�ã�ß Î k�2���3�4Öq
µ « ªÖø���m�n-ñxòÖù � y%q�5�6#t ° ¿ ç n-ñxò�ù � y	nOmÂq-µ « ª�7�8 ë�� $ ì�9 ��� ë%�
º4ì �;ªÖø���mÂq���:xt ° ¿ ç n�; � ��� ë%��à 2<��3=4 � n
>�?�@
Arq-µ « ªlø�����n�Br�
qC�D��¿ ç Ý�ªl��:�è�éz§�ñ�òlù � y�q��<�¨Ý ��ë�� n;À�ÁÂqC�D��¿,

2 º slt�§*$¨} ��� À�Á�E�F ½�à ñ�òlù � yG5
6xµ!2���3�4 � �<� ë��l½ µ «#° ø�����HI µ!2���3�4�n 2 J�ã�n�2���3�4�¸�K�/z§�´ ° ¿ ç ± ½��Oû p ½ å�ÙÒÚ�Û�Ü � ² 5000 L=��M ¬N�O
4 P 5 Q�L��
MÒnSR�T�q
2��
3�4Â§�Ý+ª�µ�UÿÝ � 1/5 qQñ�ò#ù � yV5�6�µ º-� 4/5 qÒø+�
�

n�H I µ º µ « ª 5 á
W�X%	%Y�ZrqS�[��k 10 ¿�ñxò�ù � y\5�6�µ�n]2<��3=4�q�^_+�k ç Îa`vÎ
n�ñ�òlù � y�q Aoi(i = 1, 2, 3, 4, 5) §�t ° ¿

10 b1c*dfehgVikjml\npoSqVr<sftvuxwzy|{x}vl\~#�v���h�m���1�muG�1��dfe flat �#wzy|{x}���dV������b��
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� ���_���1� �]���v� �
Web �p�\�k *¡\¢C£�¤v¥V¦x§x�v¨x©|ªx«�¬�­1®m¯�°h£�±

²
2 ³�´Cµ
¶<·v¸�¹ ²

º
9 ³�´Cµ�¶�·v» ( ¼
½k¾*¿]À#Á )

ÂkÃ�Ä Å�ÆSÇ ÈSÉ�Ç
InvRÊ
Ë�Ì�Í
Î Ï ¿<Ð , Ñ�ÒSÓ , Ô , Õ
Ö*×Ø
Ù

1 1 Ú :
Ï ¿�Ð 2 Ú : Ñ<ÒCÓ 3 Ú :

Ï ×#Û 4 Ú : Ü Í#Ý 0.5 0.5 1.50Ø
Ù
2 1 Ú : Ü Í#Ý 2 Ú :

Ï ×#Û 3 Ú :
Ï ¿�Ð 4 Ú : Ñ<ÒCÓ 5 Ú : Õ�Ö*× 0.6 0.75 0.78

øCÞ��aß�à�á à�â
ã þ�ó â�ä
å ó â Inverse Rank Score æ ì ��ç�è!é
ê Inverse Rank Scoreë à ñxò ëmì[í*î Ý�ï�ðaß�ñ%òóß
ô�õ!ß-þ O ×]ö�÷ùø â ñxò ë�ú é
ð=û%ü�òóæ�ý=þ<ÿ#ß��aé �
ð���� × ëCú é
ê���ß-×���� � é�� ë ö â ñ
ò���)
	 Ý
ï��<���C�D�
� ë û
ö � é
ê��
 ú B�������� 9 æ�����ê���ß���þ â�ë%� 1 æ ì é���: à 4 ð�� 2 ð=û�ñxò]ö�÷�é
ß�ö
ã þ�ó = 2

4
= 0.50 â ñ�òlù í�� 4 ð_ß ��õ 2 ð�û ë�� 1 æ ì ø���:=æ ý�� �%ç � é�ß<ö â�ä
å

ó = 2

4
= 0.50

ëmú é�ê ��!_æ ë
� 2 ö à�ã þÒó = 3

5
= 0.60 â
ä�å ó = 3

4
= 0.75

ëmú ø âOë
�
2 ß�"]û�&%ò ëSú é�êäÝ � Ý â ñxòóß�ð]û%ü�òóæ�ý]þ<ÿ�ß���ç � é ë%� 1 ß#"]û ë%� ë ÝSç�ß
E$�&%=ûOØ ��â ë ô�)�+�'(�_é
ê���ß ì � ú ��þaæ-å ë�� ß Inverse Rank Score ��)a��é ë ë
� 1 ö à�â 1

1
+ 1

2
= 1.50 â�ë�� 2 ö à 1

3
+ 1

4
+ 1

5
= 0.78

ëCú ø â�ë�� 1 ß�"=û�&
ò ëCú é
ê
��ß ì �Cæ ã þ�ó â
ä
å óóæ�*_+ â Inverse Rank Score ��� � é�� ë ö â ñ
ò���*,+4Ý
ï�à

á��C�D�
� ë û
ö � é
ê (Widdows and Dorow 2002; Curran 2002) ê

17
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6�7,8�9 ��ý�4���� � ï�ñ�òlù í�� ß
5
6
�$: R_ö à�â Curran ' (Curran 2002) ß ë%� ��;_æ�ÝSç â 7�8 ë�� ë 6 7 ß 8<9 ��ý�4=�

�����S���zê ç ß�ï
�%æ â ñxòÖù í�� 5�6�� 8<9 ��ý�4 ë ����� 8<9 ��ý�4 â 2 J�ã!ß 8=9 �
ý�4<����U��aé�ê �
>�â ñxòÖù í�� 5�6�� 8<9 ��ý�4 � '-øSÞ�ð���æ ø��4Ý â ñ�òÖù í�� �S5
6��_é�ê���ß-ñxòÖù í�� ß�ð@?!æ�A ÝSç�7
8 ë%� ë �<��� 8<9 ��ý�4<� ã ��Ý�çløSÞ%ðaß-á�ã
�����zê ç ß;è�é âCB ß � ��ñ Ý ü ð@?_ûÖøSÞ�ð@?!æ;á�ã ßD�aé � æ ì ��ç�7�8 ë�� ë 6 7�89 ��ý�4 ë ß��<���C�D��ê ��: R]ö à�â Curran 'hûE� � ï Roget’s Thesaurus ß ïGF�H ö�÷%é
Roget’s Millenium Thesaurus(Barbara Ann Kipfer 2006) ��ñxòÖù í�� 5%6$�_ß 8<9 ��ý�4 ë
ÝCçE� ��â WordNet I 9 Moby Thesaurus(Ward 1996) ���<�$�]ß 8�9 ��ý�4 ë ÝCçE� � é
ê

Roget’s Millenium Thesaurus à�J ��ð���Krõ â#ç ß J �
ð]û ç � ` ��øCÞ�ð&?���K N â ë
� � 2 L�MGN���Ý�ï 8<9 �=ý�4�ö�÷%é
ê � E�Faæ�$ � ç à�âPO N ß J �
ð � '�æ ø���ß��_é�ø
Þ�ð@?�� ç ß ��� ñxòóß#øCÞ�ð&? ë Ý�ï�ê�ï�Q�Ý â ����� 8<9 ��ý�4�æ ý�� � ú � ð à@R ü ô
ß ë �]é
êløCÞ%ð_ß�� à � 10 ß ì �Cæ ú é
ê#S�T âEJ ��ð ë ÝCç à TOEIC ïGU ��V 
 ð³Üx4�

11 æ ý�� �aé
W@Xaß O 220 ð���� � é�ê��D�Y'Sß J �
ð � '[Z�5�\óæ 10 ð@] 9�âÖç ß 10 ð
� ' ç � ` ��øCÞ%ð&?��+æ ø��ÖÝ â 1 ^aßxøCÞ%ðÒñ�òlù í���ë �]é
ê � E�F�ö à�â O 10 ^aß�ñ
òlù í�� Awi(i = 1, 2, ..., 10) �C5
6 Ý
ï�ê

� ï��<�$�]ß 8�9 ��ý�4��D� � ïxømÞ%ðE?óß�á�ã=ö à
â B��ÖÝ
ïxøCÞ��aæ�_�` � ç��D�mß<ö
à ú ü â å 2 ð�û���� � 8�9 �%ý�4�ö#ømÞ�ð ë ß���ç � é ��âE� ú ��� ß 2 × Õ ú�a Z_æ ì �Sç
� �Oô�ß ë �=é 12 ê<��ß�; â�B ß 2 ð,�ÒømÞ
ð ëcb
ú � �xà
â 8�9 �%ý
4%ß�M&Naæ ì ��ç�dD�e"
� ��� � ï�ê Roget’s Thesaurus

ë ��!aæ J ��ð ë øCÞ%ð&?aß 2 LGM@N���K N Moby Thesaurus

æ�$ � ç à�âEJ �
ð ë ç ß�øSÞ�ð@?,��f â I 9 ��g J ��ð���K N ð=��f���øSÞ%ð ë�b�ú ��êDh
M&N��cK N WordNet æ�$ � ç à
â�J �Sð ë Hyponyms( i�ò
ð ) â�J �Cð ë Hypernyms( ü�ò
ð )

I 9�J ��ð ë Coordinate Terms( >Gjóß�ü�ò�ð���K N ð ) ��f���øCÞ%ð ë�b�ú ��ê
ømÞ
�_ß
à<á&kGl ë Ý*ç à
â OpenDirectory �D� � é���þ ë ��!_æ â�ã þÒó ë Inverse Rank

Score ��� � é
ê

5.2 m�nporq�sutrq�vxw
ø
Þ�� ß�k$l æ#øE�aé�à�á��S����êC7�8 ë�� ö à�â ø
Þ��!ß O B[æ χ2 y ��� � ç � é<û â

��ß�zG{ %��D���=ï
� â�|G} @
A�~ â Jaccard �
õ���� � ï�øSÞ%� ë �����_é�ê�Y��<�!þ�M_þ
��� � �]é�; â��k� ð_ß b ����� OpenDirectory æ ì é�ñ�òlù í�� ö à�â YG����ßP��� 8�� þ

11 http://www.linkage-club.co.jp/ExamInfoData/toeic.htm

12 WordNet q��(�p� 2 �*lkgVikjCq������c���������(���ze��e���[ 1¡£¢c¤ gVi[�*lG�1��¡1u¦¥�§��e��¨x�©�3ª�«*d|bl�¬ze®­�¯e°£¬xu�±5�
d\�®²*��b
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� ���_���1� �]���v� �
Web �p�\�k *¡\¢C£�¤v¥V¦x§x�v¨x©|ªx«�¬�­1®m¯�°h£�±

º
10

Ê�Ë�³E´Pµ ×
Ð1¶D·$¸¦¹�ºe»P¼(½ Â1Ã
Ä�¾
¿ » Ä ÂkÃ�ÄD¾
access admission, contact, door, entrance, entree,

ingress, introduction, open door, road, route,
election acclamation, appointment, by-election, referendum

polls, primary , selection, voting
pollution abuse, contamination, corruption, decomposition, uncleanness

dirtying, impurity, infection, rottenness, spoliation
agriculture agronomy, culture, horticulture, tillage, husbandry

º
11 OpenDirectory À ³
Á ½ Ê
Ë�Ì%Í�ÎÃÂ · Å
ÆCÇÊ
Ë�Ì%Í�Î

/ Ä�Å cosine Æ�Ç�ÈDÉDÊ Jaccard ËDÌ χ2 ÍÌ%Í�Î
Ao1 0.557 0.447 0.424 0.567Ì%Í�Î
Ao2 0.513 0.406 0.389 0.493Ì%Í�Î
Ao3 0.519 0.396 0.376 0.539Ì%Í�Î
Ao4 0.561 0.404 0.417 0.569Ì%Í�Î
Ao5 0.529 0.421 0.404 0.519Î�Ï

0.535 0.415 0.402 0.538

ë ÝSç Ð �v� ðaß�L_�%M$�SY���Ñ$��]�ÒxÓ�ï y ��� ��â V�ðaß b ��� � 6 7 ß 8=9 ��ý�4�æ ì
é�ñ�òlù í�� ö à YG����ßP��� 8�� þ ë ÓmçÔÐÖÕE×@Ø û�-=� '1YG� Ñ���]GÒYÓ
ï y ��� � é 13 ê
� ï â 2���3]4,��� � ç�H I �óé ë�� ë ß<���¨ôC� �zê�2���3]4=�#� � é ë�� ö à�â tfidf

y �m/ Ù ë �]é 
 ð Úaÿ ��Û ��� ��â O BGk�l ë ÓCç$Ü cosine ��� � ï�ê<E�F]ß ë ñ���Ý$i%æ
����ê
( 1 ) ñ�òlù í�� Ai æ ý�� �_é û ç�ß�ð_æ N � ç â å@k�lCÞ ë æ 2 ð_ßxøCÞ���� O B��]é

( �<�$� 8�9 ��ý�4���� � é�;$Ü���ß ë ñ=Ü�ß�à ) ê
( 2 ) áGk$l�Þ ë æ�ð wi

ë øSÞ%�óß�â � ü�ò 9 ð�� Ai � '5] 9�â�ã �,��ð w ß�øSÞ�ð@?
Gw

ë �]é ( �<�$�]ß 8�9 ��ý�4���� � é���þ=Ü â �<�$� 8�9 ��ý�4�æ<$ � ç�ð wi ß
øCÞ%ð ë
ä �_é�ð�� û ç#å ø���Ó â Gw

ë �]é ) ê Gw

ë ñ�òlù í�� ���<�YÓ â�ã þ�ó
� O B��]é
ê

( 3 ) (2) �Sð wi ∈ Ai û ç�æ N � ç�� ��â k�lCÞ ë æ ã þ�óóß íÒî y �mB��#�]é
ê
( 4 ) (1) � ' (3) �+ñ�òlù í�� Ai(i = 1 æ n) æ N � ç��D��ê

OpenDirectory � 'v5�6xÓ�ïOñ�ò4ù í�� ß ã þ�ó[ß í�î y �D� 11 æ â Inverse Rank Score

ß íÒî y ��� 12 æ�����ê
�P>
â Y��<�!þ�MaþE��� � ï ë�� ��f]ö��<���_é ë â,B ß-ñ�òÖù í�� æ�$ � ç�ô χ2 y ûPç

13 Google ¬xu3è1éeêDë�ì�¡£¢��|�3í�î(�1��ï#y5ðpl¦ñ5òeó1ô#q1w[ì�õ÷öpy�ø[¬�ù®�
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º
12 OpenDirectory À ³#Á ½ Ê�Ë�Ì�Í
ÎÃÂ · Inverse RankÊ�Ë�Ì%Í�Î

/ Ä�Å cosine Æ�Ç�ÈDÉ�Ê Jaccard ËDÌ χ2 ÍÌ%Í�Î
Ao1 2.42 1.58 1.63 2.36Ì%Í�Î
Ao2 2.41 1.90 1.43 2.75Ì%Í�Î
Ao3 1.97 1.09 1.02 1.64Ì%Í�Î
Ao4 2.29 2.04 1.84 2.52Ì%Í�Î
Ao5 1.70 2.17 1.83 2.20Î�Ï

2.16 1.76 1.55 2.29

ß 2
N ß O BGk�lCúaø-ôGú ��ã þ�ó â Inverse Rank Score ���YÓCç � é
ê�����úaø â χ2 y û�Y

�=�!þ�M_þE��� � éDû � ßxøSÞ��óß�k l ë ÓCç
z�{]ö�÷%é�� ë û
ü � é�ê � ï â 2���3=4<���
� ç�H I Ó
ï�û � ö�÷%é cosine

ë YG���óþ�M]þP��� � ï�û � ���<���]é ë Jaccard ��õ â@|@}
@�AG~,Ü cosine úaø�ý1þ ��ã þ@ÿ , Inverse Rank Score ö�÷%é
ê cosine

ë
χ2 y ���<���]é ë����� í�� æ<ú���ç 2

N ß�à�áGk lóß�&%']û�^��YÓ�ç � é
ê<Ó���Ó â
	�� ö�Ü�
 ë�� B�� û ú �
� ë �C' â χ2 y ë cosine Ü�
��@�,g ã�� ÿ]ö�÷%é ë���� '(�=é�ê<ïGQ=Ó â������ � �C'pH I �
é�û�!]ö�Ü �
�"�#� ��æ�� å �]é�ð Ó$�
� �%ú � ë �&%('
) ��K�*�ß�æ�AxÓ â,+ �<�!þ.-_þ&�
� � é�û�!=ö$Ü Web ü%æ � å �]é

 ë/� B ß�ð��1� % � ë û
ö�0<é�ê ã ß
ï�1G�,g ã�� ÿ ú '2 â χ2 y ��3
4Gk�l ë ÓCç + ���óþ"-]þP��� � é�û�!aß�"=û.5$�%ç � é ë76 � é
ê
� ï â � 11,12 æ98 � ç â 5 *�ß � �#� í�� æ98 :�éDl�;�< � ( = 9) ��)>1�é
ê

σ2 =
1

n

n
∑

i=1

(xi − x̄) (x̄ : xi ß 	
� y ) (9)

�]é ë ã�� ÿóß�l�;�< � Ü 0.014 â Inverse Rank Score ß�l�;�< � Ü 0.12 ö�÷ùø â��&> ��ý
l�;�< � Ü 10% Ý@?�æ�A ��B ç � é
ê���ß�� ë �C' â � �#� í�� æ�ú�é 2 'C*@0�æ�ú�é$D�E,Ü
÷ � øGFH0@I ú � ë/��� '(�_é
êJ æ Roget’s Thesaurus �C'�K�L Ó
ï � �#� í,� ��� � ï 6�7,8�9 � ý � ë�M�N û�!_ß"O9PQ#R ß�S�T��D� 13

ë
14 æ�����ê=ï�Q,Ó â O
P�� 8<9 � ý � æ
8 � ç�Ü â,U ç=ßWVSÞ�ð=û�X%á

æ�� YG�%ç�8 øzñ
ò=û 7�Z Ó ú � ï�1 â Inverse Rank Score ß,4��&Ü\[�à@�]é
ê
��>
â Web �D� � é�û�!���f���O.P��=é ë â OpenDirectory ��� � ï � �W� í=�Cë O�]�ç ã

� ÿóß � û.^ ä I ú B ç$Ü � é�û â 8�9 � ý � ��� � ï � �#� í�� æ98 � ç,ý â χ2 y û
çaß�3
4Gk�lCúaø�ú � õ y ���YÓCç � é
ê�����úaø â M�N û�!aß\5
òG%=Ü\^ ä I ú é�ý�ß
ß â Web ü
ö�ß � åGU�_ æ 2 'C*@0�ß,` ú �"a ��b ú ð=æ�A Ómç,ý â M�N û�!=û
z@{]ö�÷%é�� ë û9Y���é
êJ æ χ2 y ë 6�7 ß 8�9 � ý � �,O9P��]é ë â 6�7 ß 8�9 � ý � ß\c _ ß�"=û"d�eGâ � õ y
���<ÓSç�Ü � é�ý�ß�ß â 
��G�"f _ ß�c _hg ãW� ÿ_û�iu'1��ç � é�ê,�D��úóø â VSÞ�ð��E�"j
�aéWk � ÿ�æ�8 � ç â M�N û�!���� � é�� ë ö 6�7,8=9 � ý � ë �"f _ ß�{�Taû.iu'(�aé ëC6� é
ê
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l mon�prq�s t�pru(v w
Web xzy|{�}/~|�$�o�(���7�7y(�7���7���������������

�
13 �,� ´Pµ7��� ¶PÀ ³#Á ½��,�.����� Â��(�,�� 

�,�"����� / ¡\¢ £.¤ �\�C¥ ¦$§�¨,©�ª
Jaccard «$¬ χ2 ­

����� Aw1 0.385 0.324 0.374 0.405����� Aw2 0.375 0.322 0.311 0.353����� Aw3 0.342 0.365 0.402 0.411����� Aw4 0.370 0.291 0.295 0.320����� Aw5 0.438 0.459 0.487 0.515����� Aw6 0.339 0.390 0.369 0.374����� Aw7 0.391 0.287 0.335 0.345����� Aw8 0.290 0.337 0.330 0.339����� Aw9 0.468 0.295 0.279 0.316����� Aw10 0.444 0.375 0.368 0.390®$¯
0.392 0.345 0.349 0.369

�
14 �\�
£.¤ �\��¥�°�±.²\³ �,�"�����µ´ � Inverse Rank

�,�"����� / ¡\¢ ¦$§,¨�©,ª
Jaccard «�¬ χ2 ­

����� Aw1 1.260 1.277 1.441����� Aw2 1.145 1.263 1.290����� Aw3 1.329 1.390 1.477����� Aw4 1.184 1.006 1.144����� Aw5 1.526 1.453 1.572����� Aw6 1.498 1.273 1.241����� Aw7 1.250 1.183 1.255����� Aw8 1.337 1.354 1.432����� Aw9 1.033 1.101 1.298����� Aw10 1.320 1.313 1.301®$¯
1.288 1.255 1.3321

¶W·>¸>¹�º M�N�» !½¼,¾ ¿ À Á Â/Ã º +�Ä�Å@Æ - Æ ¼,¾ ¿�Ç,È�É » !�Ê �.��� � �&ËoÌ�Í#Î
À » ! ¸@¹�Ï/Ð�ÑÓÒ V�Ô _ ¼$4½Õ.Î�À#Á Â�Ö�Ã>0"×�¿#À>Â ��� Ë7Ø>À\Ù�Ç�ÚÓÛ º �
�"�#� �ÜË
Ì�Í#Î�À » !#ÃWÝ cosine

¶9Þ>ß 3
4�à�á½¼,¾ ¿�Ç » !#ÖWâ�À
Ç�1 º�ã�ä@å ØæË ß à�áçÂ Ï O9P
Î�À�è�é�ÖWâ�À\Ù

5.3 êçëHìîíðïòñ&óÜô½õ÷ö
J>Ò�º�ø�ù"ú k@û Æ�ü ß�ý�þ ¼$ÿ % Ù M�N�» !#ÃWÝ Newton !½¼,¾ ¿�×�¿ À.Ö º O9P » !çÂ

Û$×WÝ º������ !½¼��	�½V�
÷Â�Î�À���
>b ø�ù"ú k@û Æ�ü ¼,¾ ¿ À\Ùø�ù"ú k@û Æ�ü » ! ß�ý�þ » !½¼ ¶���Ò�� Î"Ù
( 1 ) ��������� Ai

Ò���� Ø�À U × ß ��Ò *�¿�× º 2
��ß V$Ô _ ¼�3
4#Î�À\Ù

( 2 ) V�Ô _ ¼ Ï Â Ò V�Ô �"! ����# $ ø ¼&%	'#Î�À\Ù å�ß�(9º)! ����#�$ ø
ß * _ Ö 0.3
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�
15 435�6&7	8:9 ;�<&=?>A@CBED �\�$  F BGDIH&J  LK BMD F ­�N OpenDirectory O ±P ��¥�Q	RCSUT

cosine
¦$§�¨,©�ª

Jaccard «$¬ χ2 ­V�®�¯�W �\�$ 
0.772 0.864 0.848 0.812H�J   0.209 0.222 0.208 0.221

F ­ 0.328 0.353 0.333 0.347

Newman
W �\�$ 

0.815 0.792 0.797 0.738H�J   0.344 0.332 0.346 0.631
F ­ 0.483 0.465 0.482 0.680

�
16 4:5�6�7X8:9�;&<�=Y>A@ZBGD �,��  F BED[H�J  \K BED F ­�N Roget’s Thesaurus O ±P ��¥�Q	RCSUT ¦�§�¨,©�ª

Jaccard «$¬ χ2 ­V�®�¯�W �\�$ 
0.887 0.861 0.852H�J   0.174 0.186 0.184

F ­ 0.291 0.305 0.302

Newman
W �\�$ 

0.688 0.705 0.598H�J   0.329 0.302 0.411
F ­ 0.440 0.419 0.485

14
Ò	] À ¸�^$Ò�_ Ô _ ß�` ¿ Å ��a�¼ Ñ À\Ù ! ���b# $ ø9ß�* _ Â�Ý º Å ��a&
ò¼$Éc Û�iòÀ�d�e ß Å ��a�
 f[g	$ihj
&¼ n Â$Î>À½Â nC2 k Ã�lnm�Ç Ï�ß Ã#â#À (Scott

2000) Ù
( 3 ) oXp »�qXr"sut�v�»�q Ò�¸>¹|º ø�ù"ú k@û Æ�ü ¼$ÿ ^ Ù ãxw Ý º�y ¾&Û\Ç	z�{"|@û}


Ö 9 ÃWâ�À
Ç	~ º������ q Ý ø�ù"ú"� 
�Ö 9
Ò	] m.Ç��u�#Ã ø�ù"ú"� û Æ�ü ¼��x�½Â

Î�À"Ù � Ç º����)� Ã#Ý����ò¼ ���	� Î�À�Ç�~ Ò Newman
q Ò�� ¿�× Ï ��� ���ò¼

< 0 ÃWÝ ]��$ø�ù"ú"� 
 9 Â�Î�À\Ù
( 4 ) � �½ø�ù9ú���Ò�� Î@À�� � Ý _ Ô �Wº���] À ø�ù9ú��
Òu� Î@À�� � Ý � _ Ô � Â�Î

À\ÙòÁ ß��	� ¼b���������,Â t�v Û º�Ð��	�����X�X��� F �½¼b��~WÀ\Ù
( 5 ) (1)  &Ë (4) ¼b��������� Ai(i = 1 ¡ n)

Ò�¢ ¿�×.ÿ ^ Ù
OpenDirectory

Ò#¸ Àb�X�)�����(¼�¾�¿�Ç ý
þ	��� ¼U£ 15
Ò\º

Roget’s Thesaurus
Ò ¸ Àb�

�������7¼,¾ ¿�Ç ý�þX�	� ¼b£ 16
Ò�� Î�Ù �¥¤ Ø�×�¿ À&�>Ý å Øx¦"Ø º 5 § ß OpenDirectory

�X�)���"� Aoi(i = 1 ¡ 5) Â 10 § ß Roget’s Thesaurus �X�)����� Awi(i = 1 ¡ 10)
Ò�¢ ¿
× �� ¼$ÿ¨m.Ç �	�@ß ��� �#ÃWâ�À\Ù�©�ª�«�à�á ß������ q Â Newman

q ß��	� ¼ t�v Î�À>Â º ¿¬ Ø Ï/���	� q Ã Ý Ð���� Öu­ �|º������ Ö ` ¿9Ù ø�ù.ú�� û Æ9ü ß"ý�þ Ã Ýu®�¯¨° ] Á#Â�Ã
â�À.Ö º Á$Ø#Ý 1

¢ ßWø�ù"ú"��ÒX± ÂU²n³ ß � Ö ��� Ø º�´ ¹ 8
¢ ßWø�ù"ú"��Ò�å Øx¦"Ø 1 ¡ 3��µ�¶@ß�� Ö �¨� ØW×�¿ À�·X¸÷ÂU¹�º&Ë7Ø>À\Ù�»"º�¼ º�½X¾�] »�Ã Ý ø�ù.ú���¿9ß � 
�Ö 1 Ã

14 χ
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17 ø�ùZú�û�üuýUþÎÿ�� (χ2) >A@CBED �\�$  F BGDIH&J  LK BMD F ­�N

OpenDirectory WordNetP �C¥�Q ¬,¡�� ���&ø�ù (∆Q < 0)
P �C¥�Q ¬,¡�� ���&ø�ù (∆Q < 0)�,�$ 

0.738 0.601 0.598 0.470H&J   0.631 0.911 0.411 0.591
F ­ 0.680 0.722 0.485 0.520

â9Øx¼ Ð��X� Ö 1

1
= 1.0

Ò�] À�Ù å�ß ÇX~ º��¨� Ø ×�¿#À � 
 ß���] ¿ ø�ù"ú�� Ö
		
�Ã��
À»�q ß�
 Ö�� ¶ Ö · Ö ¹ Ê�Î�¿�ÙæÛ� ½Û º��X�X� Ê F �#Ã��ÓÀ>Â º © ø�ù"ú"��Ò���� Ø�À � 

Ö ���@Ò��G�C] À ¸�^b] ø�ù"ú"� û Æ�ü »�q ß�ý�þ Ö�­ �C] À\Ù
£ 15, £ 16  &Ë ����� q ß����÷¹�Ò Newman

q ¼,¾ ¿ À Á Â/Ã º ¿ ¬ Ø ß à�á Ò�� ¿�× Ï
F � Ö�­ �Z] m�×�¿WÀ,Ù Á ß ÁWÂ/ òË º o	p »Xq ¼�¾W¿WÀWÁ�Â�Ã ¸�¹�Ð
Ñ>Ò�� Ö ø
ù�úx� û Æ"ü¤ Ø�×�¿WÀ�Â���ºWÀ,Ù9Ç�Ú�Û º&����� q Ö�Á ß&���#Ò$Ð Û�×�¿ ] ¿������ Ï ¹XºòË(Ø�À ß Ã º/ãä���ß »Xq Â ß t�v ¼/ÿ ^ è
é#Ö�â�À,Ù Newman

q ¼�¾W¿�Ç! ��ß ©9à�áÓ¼ t�v Î#À�Â º £ 15,

£ 16 ¿ ¬ Ø Ò�� ¿�× Ï�º χ2 ��Öud Ï�" ¿ F �ò¼ � Û�×�¿#À"Ù�Á�Ø ¸@¹�º��>ß#ø�ù.ú�� û Æ9ü
¼$ÿ ^�_ Ô �x! ���b# $ ø9ß %	' Ò Ý χ2 � Ò�¸ À _ Ô ¶ ¼,¾ ¿ À Á Â/Ö Ð�Ñ ÃWâ�À>Â#�)º À\Ù$�Ò,ý�þ »�q

(3)
Òu�&% À Newman

q ß �����	�@¼(' ø9ù\ú)� 
 9 )WÂ.Û�Ç* � Â+' ∆Q < 0 )
Â
Û\Ç� �>ß�ý�þ	������� ¼b£ 17

Ò�� Î"Ù � Ç å�ß�(Wß �����¨���-, Â ßWø�ù�ú"� 
 ß ü ù�.
¼�/ 3

Ò�� Î�Ù
£ 17

¸>¹|º �"�����½¼0' ∆Q < 0 )&Â
Û\Ç 
 Ö1' ø�ù"ú"� 
�à&23)ÓÂ
Û\Ç� �&¸>¹\Ï ­�¿ F

�½¼ � Û$×�¿ À\Ù>Û� ½Û º#å�ß�4 Ý 4 536 Æ � µX¶ ÃWâ ¹|º � ¶>Ò e7� ]�8 ¿�Ý ] ¿òÂ�¿Xº À\Ù
Á,Ø ¸@¹|º o�p »�q Ò�� ¿�× Ý º ���÷Â�Û�× ø�ù.ú�� 
H¼*9�º ] ¿: � Ã Ï/º 9�º Ç� � Â ±; � µX¶>ß � ¶ Ã _ Ô ��ßWø�ù"ú"� û Æ�ü ¼$ÿ ^ Á Â/Ö�Ã��9À Á Â/Ö �  #À\Ù
Ç�Ú@Û º9ã"wWß��)� Ã Ý å Ø"¦�Ø ß �"� ��� Ò�¸ m�× 8 ^=<?> ¼�@nm�×�¿#À\Ù�' ø�ù.ú�� 


à&23)�ÃWÝ º9Ð��	� >
�X�X� Â ] m�×�¿ À.Ö º ' ∆Q < 0 )�ÃWÝ º�Ð��	� <

�X�X� Â ] m�×�¿
À\Ù@Á$Ø#Ý º �"����� Ò�¸ À ø�ù"ú"� 
 ß!8 ¿½Â Web ¼,¾ ¿�× _ Ô ¶ ¼b«½Õ"Î�À (WÒ è ¬ Û ÏA °½Â/Î�À �¨_ Ô3��Ö
B Ë7Ø ] ¿WÇ	~�ÃWâWÀ º Á�Ø Ò�_ Û�× º�ø�ù.ú�� û Æ9ü �X�½ß�C&D »ò¼
£ 18

Ò�� Î�ÙòÁ�Á Ò ¾ ¿HË7Ø�×�¿ À � Ý�£ 9
Ò��¥¤ Ø�×�¿ À � ÃWâ�À\Ù�	��� Ã�Ý º £ 9

¸�¹|º £ 18
ß �X�)������Ã�ÝE'GF9Ì3) rxs 'IH ÆKJ:L $ � )½Â/¿ ^&_ Ô��Ò#¸ m�× ø�ù�úx� û Æ.ü ¤ Ø#ÀWÁWÂ�Ö:MK2 ¤ Ø�×�¿�À,Ù�Ûb @Û º���(�Ò ÝN' ø�ù�úx� 

à�2&) ßø�ù"ú"�

A1

Ò���� Ø�À � Ý º 'PO�Q&F�Ì�) r"s 'SR�T ü ùVU Æ�ü ) Â�¿ ^XW�Y@ß�_ Ô&�½¼�@nm
×W¿#À@Âb¹�ºÜËCØ>À�Ù ø�ù.ú�� A2

Ò��¨� Ø>À � Ý1'Web Z �3[ )ÜÂ$¿ ^\W&YÓß�_ Ô3�ò¼*@nm
×�¿ À>ÂU¹�ºHË7Ø�À\Ù � Ç1' ∆Q < 0 )�ÃWÝ º�ø�ù"ú"� A1, A2 Ö 1

¢ Ò^] $�a ¤ Ø ø�ù"ú"� B

¼�%�_æÛ$×�¿ À\Ù
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ø�ùZú�û P!b ¥�Q�gP*b ¥�Q ¬,¡�� P!b ¥�Q

A1

¨,©�h!i
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A2 t�u�v SUQ\w , x!y�z , { P#| ¥ ¬
∆Q < 1

P!b ¥�Q
B

¨�©�h*i
, j W�k , 9�l , ¤}m ¥^n m?o , p!q n m?or!s ­ , t�u�v SUQ\w , x!y�z , { P#| ¥

~
3
P!b ¥�Q ¬ �*�ED���� |&���1� �ED P!b ¥�Q ¬
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¢Wß z�{�|>û ß���ß ®
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�à32�)�Ã Ý ø�ù.ú�� A2

ß�¸x^&]#ø�ù.ú�� Ö
	x "m�Ç�ÇX~ Ò@Ð��X� >
�

�X� Â ] m�×�¿ À\Ù � Ç ºÓø�ù"ú"� 
 ß��"]  "m�Ç ' ∆Q < 0 )�ÃWÝ ø�ù"ú"� B
ß�¸�^b] ø�ù

ú"� Ö�	� "m�Ç�Ç	~ ÒHÐ��	� <
�X�X� Â ] m�×�¿ À\Ù¶W·>¸>¹�º oXp »�q ß � ¶ ¼b­�~
×�¿ � Ç	~ Ò Ý º A ° Ò â ��� Ç _ Ô ¶ ¼��&B Î�À »�q Â¸>¹�Ð�Ñ@ÒWø�ù"ú"� 
ò¼������&B Î�À »�q Ö.è�é÷Â ] m�× � À\Ù� Ç º�! ���&#�$ ø�ß g�$EhÚ
 Â ø�ù9ú�� û Æ
ü ß � ÿ"��� ß)_�� ¼^/ 4

Ò � Î 15 Ù �&�� Ý º x ¼�g�$ hË
 º z ¼ Å ��a�
 Â�Î�À@Â
� º&� y = 1.8 × 10−8x(z + x)
ß âòË � Î�� � Ã

â À (1.8 × 10−8 Ý t »&2�
 ) Ù�/ 4 Ã �3� � Â ���3� ¼ t�v Î�À@Â ± ; ®K�çÛ,× �ç¹|º��   Ò
Newman

q ß ª�«���Ö O(n(m + n))
Ò t »æÛ$×�¿ À\Ù å Û$× º n = 4029, m = 7146169

ß Â��� ÿ��3��Ý 532 �#ÃWâ ¹|º n, m Öue7��¿�e��&� ! ���b# $ ø9Ò�Ï oXp »�q Ö Ð ¾^�V��ÃWâ�À>Â
15  \¡\¢\£ CPU:Pentium4 3.0Ghz ¤¦¥�§ :1GB
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~
4 µ-m�o·¶?¸Ú9�¹
º�» �*�iD¼µ-m�o·¶ � �EDI9�¹
º�» ( ½ )

¹�º7¾#¿?À�Á

Â�Ã3Ä�ý�þ	����Ä��	�ÆÅ�Ç­È oXp�É q�Ê ¢3Ë�ÌKÂ�Í3Ä 3 �ÏÎ�Ð�Ñ?À�Ò�Ó-Ô�Õ��^À�Á
• Ö&×�É q Å�Ç�Ø}Ù�Ú Ê _*Û3Ü?Ä�Ý�Þ:ß"��à:á
â Î*ã ^ Ò�Ó-Ô�Õ��^À
•
Ý&Þ
ß���ä Ô
å&æ Ä  � Õ Ø�È�Ý&Þ�ß���ä Ô�Ö&æ Ä  � Ó&� µ�¶�Ä � ¶ Õ _!Û3Ü�Ä�Ý&Þß"��à:á
â Î*ã ^ Ò�Ó-Ô�Õ��^À

• e��&� ]X!èçèé # $ Ý Ê Ø}Ù�ê �V�&Õ�ë3À

6
ìîí
Ü?Ä�_*Û�ï

, ð�ñ�° ]?Ø:Ä Õ�ë3À . ò�óôÓ ] À ÜKõ Ê Å m Ì , ë3À�Ó�� ï�_*Û÷ö�ø�Ü ��ù�Õ Ø ,�?Ä  � Ê ï�_�Ûúö�Ì�ËX]KË Ò�Ó Ø ë Ç B�À . ë&À Ü^õ Ê ��ËKÌ�û�Ì3Ä�Ü ��ù Ä�_�ÛX¶ Ô��) �mÌ&Ë À�Ó�� , ³ Ä�Ü ÓX³ Ä�Ü Î _*Û3Ü Ó=� ]^ü   ï ,
_*Û�¶ Ê Å m Ì �&2 ¤ ¿?À Ü?Ä�_!� � Ê Å

ÀÏÓ�¹)ºÆ¾ý¿èÀ .
Ü�Ä�_�Û �7Î^/ 5

Ä�Å�^&]3þèçèé�ÿ���Ý / f[g � h�� Ä���� Î�� 1/
ÜèÄ	��Û

¶�
 Ó � ��
 Õ:��
 ��ü À�Ó , / 5-a
Ä�Å���� � ï �&��� � A,B,C �:¿x¦:¿3Ô ,

�*Û3Ü?Ä �����ø	�!Û�Ü�õ ÕVë�À�Ó}��º�À . ��� Ê / 5-b ÕVë
¿x¼ , �3��� � A,B,C,D ��¿"¦�¿�Ô �!Û�Ü�õ Õ
ë3À�Ó#�)º�À . Ò Ä�Å�� Ê Ü?Ä�þ�ç�é�ÿ���Ý�Ã Õ��	� Ó���Ñ Ì��X¶ Ô�­ � � � Ì&Ë À*���ÏÎ"!�#ü À�Ò�Ó-Õ , © Ü?Ä��*Û3Ü Î���2 ü À�Ò�Ó-Ô�Õ��^À .

Web
ï ��$ Ê 	���� Ê�% ²�&('	) ß é  7¾+*�_ ¤ ¿ Ì�Ë À!Á ö�ø Ô	� Ì�È A ° Ê �&����ø�ÜÄ��*Û �ÏÎ*BèÀ Ê ï�È Web   ¾ Ù�Ú,�.-�/ ��0ÏÎ Ú Ç # ö�øKÃ Õ È � Ä1-�/ ��0 ¿ Õ Ä��*Û�¶

Î3254�À�Ó Ë6�=
�7 Ô�8:9 ¾}¿�À�Á Ò�¿ Ê ï:È<;�= Ý?>úà�� Ê�@ 2 Ä�;�=3Ü � keyword spice



Î�AB9�À3C 7 Ô�D�E�Õ�ë�F � (Oyama, Kokubo, and Ishida 2004) ÁG�H�- Õ ï�È��*Û3Ü�þ�ç�é�ÿ���Ý�Ã3Ä<>èç1I Ê ï1J?� Î�9K9 Ì�Ë��KË Ô È�Ü?Ä��*Û�L Ô�M�N
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