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Improvement of the Method for Acquiring Knowledge
from a Single Corpus on Correspondences
between Abbreviations and Their Original words

Hiroyuki Sakai† and Shigeru Masuyama†,††

We propose a method for acquiring knowledge from a single corpus on correspon-
dences between abbreviations and their original words. This is an improvement of
our previous method so that higher precision is attained for the same recall. This
knowledge is useful for such tasks as information retrieval, word sense disambiguation
and summarization. Our method searches “abbreviation candidates” and “original
word candidates” corresponding to the abbreviation candidates by using information
of characters composing them. Then, in order to decide a correspondence between an
abbreviation and its original word, the similarity between the abbreviation candidate
and the original word candidate is calculated by using statistical information in the
single corpus. For example, a correspondence between abbreviation “ G�À gempatsu

(a nuclear power station)” and original word “ G;Ã�Ä;À;Å:Æ genshiryoku hatsudensho

(a nuclear power station)” is extracted by our method. Here, our method does not
presume that information whether each noun in the corpus is an abbreviation or
an original word is given. Experimental results show that our method is promis-
ing, as the precision attains 73.4%. We compare our method with our previous
method and experimental results suggest that our method is able to extract corre-
spondences between abbreviations and original words more appropriately than our
previous method.

KeyWords: Extraction of copprespondences between abbreviaions and their original

words, Knowledge acquisition from a corpus, Paraphrasing
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�Ó���� Ô8�9Ø!Ù¿±Gnpo²µY��'�)!°ó	®�¬'ÒJÓ��
�¹Ô���
�Ó����¶Ô8�9Ø!Ù²±�Ò�Ó¶Ô8��
�ÓÕÔ+�%Ø!Ù¶Ô'µP�Æ��y�y�9�

Step 1
Ðm"�#���q4�6$r�.

/�Ñ���sut9ó��!�!�� �¡jª/«�¬'���� µ%·�4�6
( v�w�x�y{z}|u~q� 2002)

Ô����!¥�¦$Ð:ï���ó/�
Step 2

ª�«�<��9ñ/ò&%	'�)�°�*k+� �¡�Ñ	��¼��9�JÁ�Ï:Ð��!�����P �¡�Ñ	�
Step 2

ªJ«�<��9ñ/ò
%	'$)!°�*k+� �¡¿±(���Õµ+·p�$Ô4ÐJ�/�!�!�� �¡£¢�¤	��¥�¦�+§�¨!©jªJ«�¬!	®�¬	¯�°²±P³�´
�$�+�

Step 1
� ý Ò�Ó������jÔ ý��k
!Ók�����!�8ú'èª � ¬/!Ñ

3.1 � Ð��
Step 2

� ý Ò�Ók�����
Ô ý���
�Ó������y��ñJò9%	'�)!°�ª � ¬'�Ñ

4.1 � Ð$Ö	×9�	×k�&�m�y�%�

3
���{��� ��� Ê���� �{��� � Ê���� Ê����

3.1 � �u¡£¢¥¤&¦¨§ª©¬«¬�u¡£¢§u®°¯
Á/ !¡Ñ%�JÒ�ÓNÔB�k
!ÓNÔq±8Ø/Ùj±8�$Ý�Þ%ß�à�ª�²�¸%×�³Îý Ò	Ók�k���jÔ8Ök± ý���
�Ók�����

Ô%±	´�µ��p³��$Ô4Ð�ç!è��9³	¶�Ö�±!·'ö���¸	÷	��ý ÒJÓ����$�NÔ ý·��
�Ó������¹Ô�±%Ø!Ù¿±�Ý�Þ
ß$à�á£â{ç!è¹µ8¼$<	×9¸'¼£â4¼!¬�¶JÁ� �¡yÐ�Ñ	�k�ª±�4$6

1
±�¹�·��'ñ'ò

A
Ôuñ!ò

B
Ô�±9Ø!Ù

±8��Ò�Ó����
A

Ô8��
�Ó����
B

ÔG±%Ø!Ù¹Ôg�9³	¶
ºk»

1
ñ/ò

A
ª	²j¸9×�!¬�³q¼y$±� �!yóJ�!ñ/ò

B
ª'¥¾½�¿�À:Ð�Á4¨��9³	¶

µ*áãµY����±�4�6p±/î'Ð�Ñ	=¬2g±�Âk:�Ã�¼/Ò�Ó����
A

Ô8��
�Ó����
B

Ô�±%Ø!Ù:ó	ú�èuÄ8×&³'·
ö	�k�p±

2
� ±�.�/²±GÅê���Âk:�Ã�¼9Ø!Ù²±Gn&ok�9³�¶

ÆkÇ
1

��
�Ó����
B

ª'ÑJÒ�Ó����
A

ó(È�ÉÕµ+·� �!�Ê¹Ô'µ4m²j¸9×��¬�¼'¬�¶
ÆkÇ

2
Ò�Ó����

A
Ô8��
�Ó����

B
±�Ë�Ì�±� �!yó�¥�¦�Ð�ï�³	¶

Í ê�¸9�Jñ�ò
A

ý���Î���Ñ9�JñJò
B

ý��kÏ�Ð�ÎkÑ�Ò���ª+ØNµu(¼:�±�4�6!�!«�¢�Ó	�(.�/j±G¹·
�	¶���¼�Ô&Õ%��ý·��Î���±

1
 �!×Ö$Ô8ª	Ø�Ù��9³�Ô

2
 �!�ª	Ø�ÙÚÄ8×&³	¶Ö�µ4 ý·��Ï�Ð�Î�Ñ�Ò��

Ñ
2
 �!�¼yy±G²yî��!á � �9Á4¨�¿�Àu� ý·� z Î���±	¿�À:Ð�ï¿¤bÛÕµP¬

(
4�6

1)
¶ãµ4áª�u� ý���Ï

Ð�Î�Ñ�Ò���ªþý·��Î���Ñ�È�ÉÕµ8·� k!�Ê¹Ô/µ4�Ñ	²�¸+×�!¬�¼/¬
(
.�/

1)
¶&ÄyâPª9�(Ü�ñJò&±�Ë

Ì�±� �!�Ñ�Ý�ªþý·����Ð�ïã¤ð��¥�¦�Ð�ï�³
(
.�/

2)
¶ ýÞ��Î��£Ô ý·��Ï�Ð�Î�Ñ�Ò��$Ñ�4�6!��«�¢

Ó�.�/²±G¼ym¹j·���Ø!Ù:Ð$ï�³/·'ö�� ý·��Î��NÔ ý·��Ï�Ð�Î�Ñ�Ò��²±P�:Ò�Ó����¹Ô8��
�Ó����¹Ô
±+Ø!Ù¹Ô'µ4	ú�è��9³�¶

µ*á¿µY���P×Nâq±�4�6���«�¢�Ó�.�/p;�<�Ð�Ñ	��Ò�Ó����:ó ýÞß�à$���Ö	×:ª%Ø!Ù��9³���
�Ó
���ó ý·ß�á�à�â�ã��NÔ8¬yõ�·��²â*á$ª�Â�:�Ã�¼9Ø�Ù×�Wä�Á�µP¿µ	¸¾å5¶²¢/õ9/��æ$çjæ/¼� 
!�ì�í�ª¢�³�.�/ª±/î!Ð�Âk:�Ã�¼'Ò�Ó����¶Ô8��
�Ó����¹Ô�±%Ø�Ù²±qn&o¿µY��ÒJÓ¶Ô+Ö�±	��
�Ó
Ô�±	Ø!Ù¿±4ú�è��&³��:Ô8Ñ�è	éÐ�ï$³�Ôëê�ê�³�¶yÖ9�9ÐJ��ÒJÓ����¶Ô8��
�Ó����¾±�'�)!°¿±�*
+ÕµY��'�)!°:ó�ìÚí9¬'Ò�Ó����¹Ôf��
�Ó����¹Ô�±%Ø'Ù²±	Ò�ÓÕÔ8��
�ÓÕÔ�±%Ø/Ù¹Ô'µ49ú�è��9³�¶
Ò�Ó����¹Ô8��
�Ó����&±�'�)!°�ª � ¬'�Ñ

4.1 � Ð(î�ï&³	¶
5
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1 öë÷�ø�ù9úOû�ü�÷�ø�ù9ú8ý�þ�ÿký����

3.2 ��� 1 �	��
��� 2 §�����
Á�ÏÐ$ÑJ�yï$³�ñ'òáNâ�¦��¾±� �!�r�ñ�ò²±��yÒ µP ���������¿±�� � Ó¿±�Ò'Ó¹Ô���� µ

·	¶�¢�õ%���¼:�±�Ò�ÓÕÔB�k
�Ó Ô�±+Ø'ÙÑ�4�6
1

±g¹·���¶²µuá¿µP¼Jóãâ{��¼:�±JÒ	ÓNÔB�k

ÓNÔ�±%Ø!Ù�Ñ�.�/

1
Ôf.�/

2
±G¹�·���Ô9<�Ð�Ñ'¼'¬m¶�.�/

1
«�¢�Ó	.�/

2
Ñ9��Âk:�Ã�¼/Ò�ÓÕÔ8�


�Ó¶Ô�±9Ø!Ù¿±Gnpok�&³/·'ö�ª��! ÕµP�¬�³�ó/��¬ 2 � á$±	:�Ã�¼/ÒJÓÕÔ8��
�Ó¶Ô�±9Ø!Ù×�9¥
"�ª	n&o²µ8¿µ9¸¾å5¶ Í ê�¸	��ý�à$#b�NÔ ý�à$#&%('*)	�Ñ�:�Ã�¼/ÒJÓÕÔ8��
�ÓÕÔ	±%Ø!ÙyÐ�ï�³
ó(.$/

1
±q¹�·�Ä�¼'¬�¶�¸!·	��ý,+*-��NÔ ý/.!+0-(1��:Ñ	:�Ã�¼/Ò/ÓÕÔ���
�Ó¹Ô�±9Ø�Ù:Ð$ï�³�ó

.�/
1

Ôi.�/
2

±ëÝ�ª�¹·�Ä9¼/¬m¶9Á' !¡:Ð�Ñ	Â�:�Ã�¼JÒ	Ók���¹ÔB�k
!Ók���ÕÔq±+Ø!Ù�±ën9o��
³�·'ö!ª�.�/

1
Ô5.�/

2
±2�� Nµ4!¬�³	óJ�$Ö%× âYó	Â'Ã:Ð�ï�³�á43�åYáy±65�7/½!¾²±4À�õ%98

:Õµ+·(¶(5;7'½!¾ª±�<'¡²±%û*=�ª�>���¶
Step 1:

Ý�Þ9ß$à!á£âf4�6
1

±G¹�·���Ò�Ók���¹Ô8��
�Ó����¹ÔG±%Ø!Ù²±G¼y	ú�è$�9³	¶
Step 2:

ú!èÕµ+·%Ø!Ù²±+�k�p±
4
� ±�?;@��

C00, C01, C10, C11

ª	Øk'��9³	¶
C00:

.�/
1

Ôi.�/
2

±ëÝ�ª�¹·�Ä9¼'¬JÒ�Ó����¹ÔB�k
�Ó����ÕÔq±%Ø'Ù&±�?A@�¶
(
��¼mÔ

Õ%�k��
�Ó����
B

Ñ�ÒJÓ����
A

±GÈ�ÉÕµ+·	 �!�Ê Ô'µ4m²î���á � �$Ò�Ó����
AÔ���
�Ó����

B
±	Ë�Ì9±� �!yó�¥�¦$Ð�Ñ!¼'¬ãÔmí+��á � �yÖ�±²Ômí�±/îJ�

A
Ô

BÔ�±%Ø!Ù�Ñ
C00

ª�B��9³	¶�ý/+*-��NÔ ý/.A+*-(1$�:¼C3*óED�F	�9³	¶
)

C01:
.�/

1
±ë¹�·�Ä9¼'¬/ó(.�/

2
±q¹y·m��Ò�Ó����ÕÔ8��
�Ók���¹Ôq±+Ø!Ù9±�?�@�¶

(
�

¼�Ô&Õ%�k��
�Ó����
B

Ñ�Ò/Ó����
A

±GÈ�ÉÕµ+·� �!�Ê¹Ô'µ4m²yî��$á � �$Ò�Ó��
�

A
Ô8��
�Ó����

B
±�Ë�Ì�±� �!yó�¥�¦�Ð�ï�³jÔmíP��á � �Ö�±jÔmí�±/î��

A
Ô

B
Ô�±%Ø!Ù�Ñ

C01

ª�B��9³	¶�ý�à$# �NÔ ý�à$#�%E'*)	�:¼C3*óED�F��9³	¶
)

C10:
.�/

1
±ë¹�·m�!ó(.�/

2
±G¹·�Ä%¼/¬'Ò�Ó����ÕÔ8��
�Ók���¹Ôq±+Ø!Ù9±�?�@�¶

(
�

¼�Ô&Õ9�k��
�Ó����
B

ÑJÒ�Ó����
A

±GÈ�ÉÕµ+·� �!�Ê¹Ô'µ4�²j¸	÷9��á � ��Ò�Ó
�$�

A
Ô���
$Ó��$�

B
±�Ë&Ì&±	 $!�ó$¥/¦$Ð:Ñ�¼�¬ Ô�í+��á � �yÖ�±ãÔ�í�±!î/�
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G
1 H�I 1 J9KML2N2J�H�I 2 OELQPSR�TVUW�X H�I 1 H�I 2 ���VU R�TVU

C00 0 0 968302 2
C10 1 0 524396 1
C01 0 1 545276 8
C11 1 1 372576 16����U : Cxx OZY9[EP8þqÿ�ýZU]\R�T�U : R�T!^`_9aZbVcAd�þ�ÿký�U

A
Ô

B
Ôq±9Ø!Ù�Ñ

C10

ª�B��9³	¶�ýfeA��g$�NÔ ýih	È*ek¼;�kj�g�l!m$�:¼C34óED�F
�9³	¶

)

C11:
.�/

1
Ô8.�/

2
±GÝ²ª�¹�·���Ò/Ó����¶Ô���
�Ó����¶Ô	±9Ø�Ùª±�?*@$¶

(
�$¼kÔpÕ9�

Á! �¡:Ð	ú�èuÄP×&³8Ø!Ùp±�?;@�¶�ý·��Î��NÔ ý·��Ï�Ð�Î�Ñ�Ò��:¼�3*óED�F(�9³	¶
)

Step 3:
�A?!@yáNâ��

100 n ±9Ø�Ù¿±�o;p;qjª	ä Á�µu�Mr! �Ðm:�Ã�¼'Ò�Ó¶Ô���
�Ó¹Ô	±9Ø�Ù
±�s;t��9³	¶

Step 4:
ä¾Áµ+·

100 n ª�²j¸9×&³q:�Ã�¼/Ò�ÓÕÔ8��
�ÓÕÔ�±%Ø!Ù&±�u¿±V8A:��9³	¶ ,
Ò�Ó¶Ô���
�Ó¹Ô	±9Ø�ÙjÛ%Üã±Pú�è��&³+Ø*vp±:ÝJÞ	ßyà£Ô!µP/�

93 w ±Cx&y�z�{}|�l 1 ~ 1
xPá

â
6 ~ 30

x9¸�Ð�±9�
84,905

|Elã±���#Nµ%·�¶Ö�±9�!�:�
2, 410, 550 n ±	4�6 1

±/îy±�¹�·k��Ò
Ók���¹Ô8��
�Ó����¹Ôq±%Ø!Ù:ó	ú�èuÄ8×$·(¶�æ

1
ªV5;7'½!¾ª±%�'�¿±Q>���¶:¼/«J��æ

1
Ð�Ñ	��.

/j±q¹�·��}�;@²±
1
��¹�·�Ä	¼'¬��;@²±

0
Ð(æ;|Nµ+·(¶

3.3 ��������§��C�
æ

1
á âë�

C11

ó}�×�ë=>2g±	:�Ã�¼/ÒJÓ¹Ô8��
$ÓÕÔ�±9Ø!Ù¿±�²���Ð�¬�³��:Ô4ómØá9³	¶Ö�±
·Jö���.�/

1
«¢	Ó	.�/

2
Ñ�Âk:�Ã¼JÒ�Ó��k�ÕÔB�k
�Ók�k�ÕÔq±%Ø'Ùj±gn9ok��³�±'ª%ÂJÃ:Ð�ï�³

Ôgê�ê�³	¶
C01

Ñ	��ý�à$#Y�NÔ ý�à$#2%E'*)(�9±y¢�åP¼	:�Ã�¼/Ò�Ó¹Ô8��
�ÓÕÔ	±%Ø!Ù¿±q²��'óJ��ý��p���	�
ÔÉýi�9�	���k�$±:¢�åu¼�Â�:�Ã�¼%Ø/Ùu�W=¬2b²��(¶�¥��yª	�

C00

Ñ9� ý�+!-��¿Ô ý�.A+!-E1���±:¢
å*¼�:�Ã�¼/Ò�Ó¶Ô8��
�ÓÕÔ�±%Ø!Ù²±q²��'óJ� ý��E���NÔ ý����E�	�9±y¢�å8¼(Âk:�Ã�¼	Ø!ÙÚ�g=¬2
²��k¶�Á� �¡:Ð$Ñ	��ÒJÓ����¹Ô���
�Ó����p±�ñ'ò9%�'�)�°²±�*k+¶µY�J®�¬�'�)!°ã±$� � ÒJÓ��
�¹Ô���
�Ó����¹Ô�±%Ø�Ù²±�Ò�Ó¹Ô8��
�ÓÕÔ�±%Ø�Ù¹ÔYÆ����9³�¶£µPáãµ8¼/ó âë��'$)!°�*k+ã±PÀ
åZ��ª�Â�:�Ã�¼/ÒJÓ����¶Ô8��
�Ó����yó�¼$³(ï£25n&oªÄ8×��¬�³�<:ó�®¬�¯!°:ó(���yÐpík³/·
ö	�JÁ! �¡:Ð�Ñ�.�/

1
Ôf.�/

2
±Q�; Õµ+·(¶
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4
��� � ��� � � Ê���� ¦¨§ Êª©¬«

4.1 � �u¡£¢¥¤�©¬«>�u¡¨¢§��®¯
ú!èÕµ8·JÒ�Ó����¹Ôf��
�Ó����¹Ôq±%Ø'Ù:á¿âuÒ�ÓÕÔB��
�ÓÕÔq±%Ø/Ù²±PÆ��$�9³J·'ö	�!Ò�Ók�

�ÕÔ8��
�Ó����p±�'�)!°²±�°k±�#²�(+p%9¡
(Salton 1988)(Baeza-Yates and Ribeiro-Neto 1999)ª�0�132� !¡:Ð�*k+���³	¶�Á � Ð�Ñ%��Ò�Ó����¹ÔB��
�Ó����p±�'�)'°�*k+! '¡�ª � ¬/(î�ï&³�¶

¸	÷	�jÝJÞ9ß:à�³k±/Ò�Ó����²±�²���Ð�¬�³� �´jª�à�îy±Vµ!é¹µ8�¿�¶;µª<�±8À¼�¬E·Ö�±M¸}¶
 �´£±Gä�Á(�&³��:Ô*Ð�Ò�Ó����¶Ô+Û�Èª±!ï$³q ;´�?*@²±qä Ám�9³�¶���ª9·Ö�±� !´�?!@�ª�²j¸
×��¬�³	ñ/ò�ª%Ø¹µ4màî:±�µ'é¶µ4�¿�¶;µª<�±PÀ¼�¬E·Ö�±M¸}¶p±�ñ/òj±qä Á��9³��$Ô4Ð!Ò
Ó����¹Ô%Û�È¾±!ï$³9ñ'òj±�ä Ám�9³�¶yÖ�µ4M·yÖ�±�ñ/òª±�à�î:±�¹*ºÕÔ!µ+·E°k±�#²�j±G-�´��
³	¶Ö�×yªy¢�¤»·�ÒJÓ���� Ô+Û�È¾±!ï$³9ñ'ò�ª�µ!éÚÄ+×y·�à�î:±�¹!º¹Ô!µ+·E°k±�#¼��óm-�´ÚÄ
×9³�¶

(
¼/«(·� �´y«j¢�Ó�ñ/ò!½�±�à�î9µ'é�¾�¡�Ñ]¿�î��9³	¶

)
¥]�p±�ÀAg¿±8À¼'¬E·k��
�Ó��

�NÔ+ÛqÈp±!ï�³%ñ/ò�±ëä¾ÁµZ·:Ö�±�ñ�ò9±�àyî$±�¹;º Ô/µ+·9°�±�#»�±G-!´$��³	¶�Öµ*(·
2
�

±}°�±�#Á�9±�Â�Ã±�*�+¹µ2·(ÂkÃ!ó$ï�³}ÄEÅ$û*¸�±/Ò�Ó����¶Ô8��
�Ó����¹Ô�±%Ø�Ù²±�Ò�Ó¹Ô8�

�ÓÕÔ�±%Ø!Ù¹Ô`s�����³	¶�û*=�ª�¾;Æ²±�>���¶
Step 1

Ò�Ó����
A

±q²��	 �´�?;@
DA

±�Ý�Þ%ß$à!á£âfä Á(�9³	¶
Step 2

 (´M?M@
DA

±�¹�º�Ð!ï�³ë�� M´
d ∈ DA

±Gà:î
Wd(d, A)

±V·+û�=�±�Ç
1
Ð�*m+$�$³�¶

Wd(d, A) =
tf(A, d)

1 + log(atf(d))
·
1 + nl(d) − nlf(A, d)

nl(d)
(1)

·�;�µ2·
tf(A, d):

 �´
d ∈ DA

ªJ«�<�³�Ò�Ó����
A
±�ÁP¨�È�°!·

atf(d):
 M´

d ∈ DA

ª	²j¸%×&³q¼y$±�ñ/ò&±�ÉpÁVÊ�È�°!·
nl(d):

 �´
d ∈ DA

±G�!´��9³q ª±�u*·
8
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nlf(A, d):
 M´

d ∈ DA ËEÌAÍAÎ ·�Ò9Ó����
A

ó]�;Ï Ë ÁVÊ���³q �ÐMÑ*· (
��µ2·'Ò�Ó

���
A

ó( �´
d
±�Ò!Ó� Ë Á�Ê��9³J¼¿âq¸9·

nlf(A, d) = 1
¶

)

Step 3 Step 2 Ë�Ô õ Î µ'é�Ä8×:·�àî/ó(ìÚí Í ¸]¶ n
 �´CÕGä Áyµ2·:Ö�±� M´�?�@CÕ

SA

Ô
�9³	¶�ä Á$Ä8×:·

n n ±� �´4Õ	Ò�Ó����
A
±�Û�È� �´¶Ôg�9³	¶

Step 4
 �´�?;@

SA Ë ²j¸9×&³���ñ/ò
tj Ë ØNµ Î ·(Ç 2 Ë0Ô õ Î *k+ÚÄ8×&³Gàî

Wt(tj , SA)ÕVµ'é��9³	¶
Wt(tj , SA) =

TF (tj , SA)

1 + log(ATF (SA))
· log

|∆|

df(tj , ∆)

×maxd∈SA

1 + nl(d) − nlf(tj , d)

nl(d)
(2)

·�;�µ2·
TF (tj , SA):

 �´M?;@
SA Ë(Ì <�³9ñ/ò

tj
±�ÁVÊ�È;Ö�¶(Ç

3
± Ô å Ë *k+uÄ8×&³	¶

TF (tj , SA) =
∑

d∈SA

tf(tj , d) (3)

tf(tj , d)
Ñ9·� �´�?;@

SA

±�¹!º�Ð�ï�³q �´
d Ë(Ì <�³9ñJò

tj
±�ÁVÊ�È;Ö:Ð�ï�³	¶

ATF (SA):
 �´�?;@

SA Ë ²j¸9×&³q¼ Î ±�ñ/ò9±�É¾ÁVÊ�È;Ö�¶
∆:
¼;×p±� �´!?;@�¶���¼�Ô&Õ�·�Ò�ÓÕÔ���
�ÓÕÔ�±%Ø!Ù�Û%ÜCÕ4ú�è9�9³MØ'ö Ë "�#��³�Ý�Þ9ß$à�¶

df(tj , ∆):
¼;×p±� A´�?;@

∆ Ë(Ì <�³9ñ/ò
tj
±� �´�È;Ö�¶

Step 5 Step 4 Ë�Ô õ Î µ'éÚÄ8×�Ø�àyî
Wt(tj , SA)

ómìuí Í ¸9¶ m n ±�ñJò�ÕGä Á(�9³	¶�ä
Á$Ä8×�Ø

m n ±�ñ/òkÕ	Ò�Ó����
A
±�Û�È$ñ/ò Ôg�9³	¶

Step 6
ÒJÓ����

A ËAÌ <$³�· Step 5
Ð(äuÁ$Ä+×�Ø	�jÛ�È:ñ/ò

tj Ë Ø!Ù��9³�¹!ºCÕ�·Ö�×9�
×A·Ö�±�àî

Wt(tj , SA)
ÔAÙ2·Ö	×'û(Úp±�¹!º�Õ

0
ÔMÙ�Ø}°k±�#²�

VA

ÕG-;Û$�9³	¶
Step 7

�$
Ó����
B Ë � Í0Î � Step 1

á¹â
Step 6

±EÀ0g�Õ]Ü4Ý Í ·;°4±Þ#ß� VB

Õ�-�Û
�9³	¶

Step 8
°k±�#²�

VA

Ô2°k±�#»�
VB

±�Â�Ã�Õ�*k+�Ù2·�ñ/ò9%�'�)�Ö
sim(A, B)

Ôg�9³	¶
sim(A, B) =

VA · VB

|VA||VB |
(4)

Step 9
ñ'ò&%	'�);Ö

sim(A, B)
ó:ï$³9Ä(Å$û0¸�±'ÒJÓ����

A
Ô���
�Ó����

B
Ô�±	Ø!Ù4Õ�Ò

ÓÕÔ8��
�ÓÕÔ�±%Ø!ÙÕÔ`s����9³	¶ ,
àA¾!Æ�Ñ9·�Ò�Ó����

A
Ô8��
�Ó����

B
ó!á}Ó9±����*Õ�â � ±JÐ�ï�×�¸Aá}Ó9±0�V�&±� �´yÐm"�Ô

×&³9�:Ô*ó�=¬2²·�ÒJÓ����*·���
�Ó���� Ë Û	È�Ù Î;Í ³	ñ/ò Ë Ñ�Ý�ãÙ�Ø�ñ'ò$ó�= Í4äVÍ å�åæ Ë�ç0è�é ¶Ç
1
±

1
Ð�ê	±]ë¾±�Ø�Ï�ì}·*íMî�ï;ð

A ñ}ò ´ d Ë]ó	é Á�ÊÙ Î;Í ³��*@ Ë ìÚí}Ý�à�ô�ÕVõö ³AØA÷�±�ë�ø�ù�³	¶4úVû�ì9·*íEî�ï�ð
A ñ ó$é ÁVÊÙ Î;Í ³ ò ´�ì(íEîAï�ð A ä�ü Èª±�ù�³
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ò ´�ø!ù�³Qÿ���� ñ ù�³ äQÍ åßåMæ Ë�ç*è�é ¶�Ù���Ù&· ò ´ d ñ��	� û�¸ ó�é ±�î ñ ²�
]û9³(Ø÷}·����� Ë ò ´ d Ë í(îAï;ð A
Õ ó	é ²��9ÿ���� ñ�� é Ý�³�¶���Ù Î · � Í ò ´�ø�ù}û�� ó

é�� �V� ñ�� 
]û Î;Í�� Ø;÷}·*í(îAï;ð A
Õ ó	é � ��ø Í Ø ä Ù Î	� ·�� � ò ´�ì(í(îAï;ð A

ä��;ü�� ñ� Í ÿ���� ñ ù ��! Ç 1 � 1
Ð�ê � ë �#" -�ì9· ò ´ � �%$ Ë�Ô��'&)( Õ'*)+�, � Ø÷ Ë.-0/ Ù�Ø�ë�ø0ù �.! � Í ò ´�ø*ù}û�� ò ´ d Ë � 
]û ��1�Î2��34	� É�5VÊ;È;Ö atf(d)

ì
� é Ý � ØM÷9· � Í ò ´ ËEÌ � ��6 ô0Õ ò ´ � �%$ Ë�798QÎ;: $ é ø�< ��! Ç 1 � 2

Ð�ê � ëkì]·íMî!ï*ð
A ñEò ´ d �.= Ï Ë 5�Ê�Ù Î*Í�� ò ´ Ë;> Ù Î�? <(Ý 6 ôkÕ�õ ö � Ø!÷ � ë�ø�ù �;!úVû�ì9· ò0@�A �#= Ï � ò ì 6 ¹kÝ ò ø0ù � ÿ���� ñ;� éCB � ��Ô�D Ý ò Ë íEî;ï�ð A ñ�� 
û Î;Í û�� B � � ò)@ ì}íEîAïAð A ä�ü��	� ù � òE@ ø*ù � ÿ���� ñ ù �kä�ÍFD å�æ Ë�ç0è�éC!Ç

2 � 1
Ð ê ä 2

Ð�ê � ë�ì B òG@HEI SA

Õ
1 J � òG@ ä Ù�Ø�K I ËEÌ � � tf · idf

Æ
(Salton

1988)(Baeza-Yates and Ribeiro-Neto 1999) ËVç0è�éL! Ç 2 � 1
Ð�ê � ë ��"M ì B òE@EHEI SA

Ë�ó$é 5�Ê�Ù Î�Í���3G4�Ë#> Ù Î.? <9Ý 6 ô�Õ6õ ö � ØM÷ � ë0ø!ù �#! úQû0ì B ò@EH)I SA Ë
ó$é 5VÊÙ Î!Í��;34 ì B � � ò)@0H0I ä�ü#�	� ù �.3)4 ø0ù � ÿ��G� ñ ù �kä�Í%D å�æ Ë�ç
è�éN!G"�O ì B Ç 1 � 1

Ð�ê � ë ��"�O�ä á 80éNB ò)@ � �%$ Ë�Ô���&)( Õ'*0+�, � ØA÷ Ë#-0/Ù�Ø]ë�ø0ù �.! Ù�� Ù B03E4�� 5VÊ;È;Ö � ôAø0ì BMó	é�� ò)@ Ë 5�Ê�, � ÓP��AÝ 3E4�Ë.> Ù
Î � Í.6 ô�ÕQõ ö Î Ù#
 D ØA÷ B �9ûkÕQðEQ�, � ØA÷ Ë#R 2 � 2

Ð�ê � ë4Õ -0/ , �#!	� Ù 3G4
tj ñ BMó	é�� ò)@ Ë 5�Ê�, �0Ô�D ÝEÓGPF�(ÝEî0ø0ù2SEØ�K I B df(tj , ∆) ñ ? < é Ý � Ø�÷ B �
�0Ô�D Ý 34���6 ô;ì  é Ý �#!�R 2 � 3

Ð�ê � ëkì BG3G4 tj ñ]ò)@ ��= Ï Ë 5�Ê�Ù Î�Í�� Ý�T� ? <9Ý 6 ô�Õ�õ ö � ØA÷ � ë�ø*ù ��! ú�û�ì B ò0@�A �#= Ï � ò ì 60U Ý ò ø�ù � ÿ��G� ñ
� éLB � ��Ô�D Ý ò Ë � 
9û Î!Í��.3E4%� á 8�é � � ò0@ Ë4ä S Î�60U Ý 3E4 ø0ù � ÿ���� ñù �kä�Í%D å�æ Ë�ç0è�éN!
4.2 VXWZY\[^]`_ba�ced
úAú�ø B�f)g�h;iEj $�k �Gl ÷)m�n0í 3�4 m J0oEp;q)r ��s�t�h'u ö �#! n�í 3G4�ä ì B�vw î;ï�ð	m � 
]û �#x ã 34	� A ø�í(îAï;ð h�y)z , � ò0{ h � 
| o 34b} æE~�, �.!G� ö� B íEîMï�ð ���	����E��� }�v w îAï�ð ���	���G�)�)�E�2�!ø*ì����)��� ñ n�í 34b} | �#!|;�2|�T B �����#���E�E�G�0�)mAì B �����#�E�����E�0�����G��� � 3 J ��x��23�4 ñ.� 
�û � ñ B ������ h#y)z , � ò){ ì �������)�E����m�ì � 
9û p�o | o �\TQø*ù ��! |E� BG�)�2�����0� mù l��CBG�����E�0�)��}E  p JUMAN 1 version 3.5 h'¡2¢b #l ñ B£ I 3E4��."E¤ ì JUMAN

version 3.5
m�¥�S p0o ��!

�E�0� ø*ì B ú � n0í 34 m >b  p B¦�� 2 J ��s�t�h'u ö ��!§�¨
1 v w îAïAð � A m�n�í 34 ñ £©0ªE«b  p0o û�� B � � íEîMï�ð A }�v w îAïAð B }
��>)7�h íEî }�v w î }���>)7¬}® æ   | o ! (sim(A, B) = 0 } , �#! )

1 http://www.kc.t.u-tokyo.ac.jp/nl-resource/juman.html
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¯®°�±³²'´ µ þ�¶¸·®¹Cº�»Zþ�¶¸¹½¼®¾�¿½À'¹ÂÁLÃÅÄ�Æ®Ç�È½¹�ýÊÉÌË®ÍÏÎÑÐ�¹ÓÒÌÔ
§�¨

2 v w î�ï*ð�ø0ù �#£ I 3E4	�;=�Õ���Ö�× m*ù �.x0��3)4 ( � ö � B �Ø�F�;�E�2���)���|%TÙ���0���
) ñ nkí 3E4 ø�ù � |%T�� B � � í(î!ï;ð A }Úv w î�ï;ð B }#�;>07%h íî }�v w î }���>)7b}® æ   | o ! (sim(A, B) = 0 } , ��! )

s�t 1
m J0op.Û�Ü , ��! n0í 3G4 ñ ªE«�  p)o ��v w î(ïAð ñ >E7 , � í}î(ïAð }ÑÝ�Þ ñ0ß;àø;ù ��}Ó�á ø�< �G� |�T�� B � � n!í 3G4	hãâ æ*ø�< � � U ñ ù �#!	  �  ÚB n0í 3G4 ñ £©

ªE«b  p)o � |FT'� B �9û9T hã1 p â æ�ø�< � ÿ����kì  �o !�� ö � B;�)�0� ø*ìä�æå)ç�è)é��
} �êåEç�ë)ìEí�î.è0é0� ñ í}îAïAð }�v w îAïAð }���>)7b}E  p.ï0ðF$ û �#! ú � K I B �ñë0ì)�
} �òí�îG� ñ n�í 3G4�} | �#!F  �  ÏB �óå)ç#è)é0�E�%Tô�òë)ì�� } ��í�îG� h�â æ0ø�<�õ B�ö S
p B ú ��ö�D |MíEî }®v w î }���>)7 ñ ë 8.� ÿ����kì  �o ! � �)l ÷ Bs�t 1 hãu ö ��!
s�t 2

m J0oEp�Û�Ü , ��!v w îMï�ð �#=0Õ��.x��34 ñ n�í $ û ��}®Ý	Þ ñ;÷ | �.34 m| � ú } ñ ù �#!�� ö � B �ùø j � } �ñø �Új�ú#ûü �Aø!ì B � ûü � ñ n0í 3G4 ø!ù � ñ B � ûGü �
ñ n�í $ û � ú } ø Ý�Þ ñ;÷ | �.34 mE| ��! � �)l ÷ Bs�t 2 h'u ö �#!
4.3 ý�þZÿ��
�E�0� ø*ì B íEîAï�ð BGv w îAï�ð�m > , ������� � h ë z , �l ÷)m B Step 3

m�� oEp n� �*ü#� ò)@ B Step 5
mG� oEp m

� �!ü���3)4�h ï�ð , � � U ñ ù �.! ú ��	�
� Þ��
n B m

���%h�� æ�, �El ÷0m���� ��%h���DÅ! 
�õ B í(î }Ïv w î }#��>07Cü��Fh ï�ð , ��� Þ 	��
}  p B 93 � � � �"!�#%$'& 1 ( 1 � �\T 6 ( 30 � 
9ø ��) 84, 905

$*& h�¡2¢9 ÂB,+;�-� Þ 	
� ��T/.01	m 500

� �3234"56�}Úv w 4"56�}#�.>)7%h ï�ð  �l;! |)� B7� Þ 	��8 T ï�ð
 �l'294"5:6¬}�v w 4"5:6¬}���>)7�;;B 3.2 <-=%>  #l C11

m�?�, �*294"5:6¬}�v w 4"5:6¬}��
>)7 m�@7A�, �.! �   p B ï0ð  #l.>07�h�BE� m ö S p -Cb �l�D:EFh Q ��F Þ�� }E  p Bf
g P B'G:H:I R hKJ3L , ��!|G� B*G:H"IFhNM:C , �Gl"O m ;.BP� Þ 	-� A m ªE« , ��1 p �9294�}�v w 49}��#>)7�hQB
� = Cb  p Q ��F Þ-� h 0 z , ��REU�S-T���!\ Q8F ÏB �%U ;"V�W |�0:X = T���! |���|FT BYZ�[|�\ {]:^ m öG�K_ J 8�`�a�bFh�cb  p � 372, 576

� �*`'2'4:5�6¬}Úv w 4:5:6Z}�`.>
7�S ï0ð\$ U p  %d	D�l"O�B7� Þ 	�� A m ª0« , ��1 p `'2'4b}Úv w 4b}�`.>)7%hKB)� = C, �e+�}�;.û"f�g = T2�*8 T = T��.!eh:`0l"O�B���i = ;;B Q ��F Þ�� `�GHj%hKM���kEg¬}
o DÑÝ	Þ = G:H:IFh#¢ o ��!
fEg P B'G:H:I R ;%l-m�`�ö�D m C ~ $ U ��!

R = C/X (×100%) B P = C/Y (×100%) B
l"n	 ÂB
C: ��)� m ö S p :C $ U l9294�}®v w 4b}K`#>E7b} Q ��F Þ-��mG��o �%2*4�}�v w 4�}K`

>)7 = B à'p , �*2*4b}�v w 4b}�`�>E7�`#©
11
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|
3 }"~��K�����w���e�/�����'�/�������w���:�K~��

X:
Q ��F Þ���mG��o �*294b}�v w 4b}�`#>)7�`#©

Y : �)�)� m ö S p C $ U l'294b}�v w 4b}�`�>)7�`#©
	7
�� Þ��

n B � ö%��B m `��Fh���C , �El:O m B n = 10, m = 100 ` K I B n = 20, m = 200

` K I B n = 30, m = 300 ` K I m��   p f)g�B'G:H:IFhKM:C¬ #l;!P� 3
m DEFh > , !G�)�0�

;�B'�*� m ö S p fg0B � ö��;B�G"H"I�S%�"� ,�� ` = B�G3H"I,�ãf)g7�"
"� = D3E�h > ,�� �
�D�EP8 T B"	,
� Þe�

n B � ö%�B m
m ö S p D:E�S�? <7� ��¬  | o +�}KS9�P8 �%� ö S

p BG�)�0� = ; n = 20 B m = 200 } ,e���

5  ¢¡¤£¦¥¨§
�)�2�Fh��0��  p 2'4¬}Úv w 4¬}�`.>07 � � `�© ð h�� |�S l � � Þ 	e�\})  p 93 � `7��'!�#�$'&

1 ( 1 �u8 T 6 ( 30 ��d = `�) 84, 905
$�& hã¡�¢\ ÚB.�E�)��E�E��}  p JUMAN2

version 3.5 h�¡�¢9 #l �'Y 2
m B�9��h 0.3

m�ª Cb #l K I m �)�0� m ö S p;ï0ð  #l'294b}�vw 4b}�`�>)7�h o � J 8 > ,��

6 «¬
6.1 ®°¯Zÿ��²± _´³ µ�¶
�E�0��h�f)g�B'G:H"I =9·"¸ ,e��� ·"¸"¹ ��h�l-m m > ,��

Step 1 1, 000
� `'294"536¬}�v w 4"5:6¬}K`�>)7�h .:0:1�m ï)ð ,e���

Step 2 ï�ð  �l3234"56�}Úv w 4:56�}�`;>)7 ` A 8 T B'º» | 294¬}Ïv w 4¬}�`;>07Fh
BE� = Cb ÂB Q ��F Þ�� h 0 z ,e���

2 http://www.kc.t.u-tokyo.ac.jp/nl-resource/juman.html
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¯®°�±³²'´ µ¼v�¶¸·®¹Cº�»{v�¶¸¹½¼®¾�¿½À'¹ÂÁLÃÅÄ�Æ®Ç�È½¹�qÊÉÌË®ÍÏÎÑÐ�¹ÓÒÌÔ

½
2 ¾�¿�À3Á*Â�Ã{ÄuÅ�Æ��/�QÇÉÈPÊÌËKÍ�ÈeÊ/�/Î�ÏÇÉÈ Ë�Í�È Ð�Ñ��Ë�Ò Ë�Ó�ÔKÒQÕ�Ö 0.39×�Ø ×�Ù�Ø*Ú

0.35Û Õ Û�Ü Õ*Ô 0.37Ý Å�Þ Ý�ß Å"à/Þ�áKâ 0.58ã ØKä ãKå Ø'æ{ä�ç â 0.47è }:é�ê è �ë}'�%é�êKìQíN�%�N� 0.44îëï îÉðKï�ñ
0.68ò�ó�ô ò�ó�õ�öKô
0.59÷3ø/ù�úKû ÷"ø/ù�ü�ý�úKû
0.34þ�ÿ þ������uÿ��
0.58

|
4 ¾�¿�À'�{�K�����w���:�K~��

Step 3
Q ��F Þ�� 8 T f)g�B'G:H:IFhKJ3L	� ��� 


|G� B Step 1
mG��o:� 294"5:6¬}�v w 4"5:6¬}�`�>)7�;;B 3.2 <-=%>  #l C11

m�? � � 294"5:6
}�v w 4:56�}�`�>07 m�@,A  ÂBG¡�¢� �l�� Þ 	��8 T ` ï2ð ©7; 372, 576

� = T �%� h:` A
8 T 1, 000

� `�>)7�h ."0"1�m���5   Q ��F Þ-� h 0 z9 #l9SGB 5 BP`�����P`�?�� ë�� ö��#?
�	� ë�m 2'456Z}Úv w 4:56�}�`.>07Fh��C¬  p�� T o B 3 B�l�jS*º» = T � }��C� �l
>)7%h Q ��}) #l � h:`�D:E�B Q �PF Þ��Gm ; 147

� `�º» | 2'4¬}�v w 4¬}�`.>)7eSGª0«¬ 
l � � 4

m D"E�h > � � dGl;B Y 3
m B3�9��h 0.1 8 T 0.8 d = �"��� k l K I `�fEg�B�G:H:I�h> � � dl;BG¡2¢9 #l-� Þ 	��:8 T ï0ð � U l�>)7�`#© ��� $ � ���
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½
3 ¾�¿�À'�/�����Q�������� �K� (%) ����� (%) Å�Æ��

0.1 57.2 75.5 37318
0.2 64.9 60.5 21528
0.3 69.1 44.2 14387
0.4 73.4 31.9 10120
0.5 79.1 23.1 7208
0.6 84.8 19.0 5164
0.7 94.1 10.9 3766
0.8 100 6.1 2745

6.2 �! #"%$'&#()&�*,+.-/&�0!1
��)�b}�2'443)g (tf) `45�h�60¢% �l��)�b}#h�7�89� ��� 29443)g (tf) `�5�h�60¢\ �l��)�= ;;:4< 1 ` Wd(d, A) : � ö��=< 2 ` Wt(tj , SA) S"l�m�`�ö	> m ��?@� Ue���

Wd(d, A) = tf(A, d),

Wt(tj , SA) =
∑

d∈SA

tf(tj , d),

����� m2�7oP�*\	ACB-\DA9mFE d U � 4 `4G�5P; tf · idf � (Salton 1988)(Baeza-Yates and

Ribeiro-Neto 1999)
m�H�I � �� =KJFL   p)o ���  N8� M: Terada N ; \PO (Terada and Toku-

naga 2001) = tf `F5	Q�6�¢\ #l*�P��� � =;R 4P`*294b}®v w 4b}�`�S�TUQ� Þ 	��:8 NÑï)ð  
p)o ��� (

\VO
(Terada and Tokunaga 2001) }Å�)�)�¬}�`�W o ; 1 X�=;YPZ	[ S�: \VO (Terada

and Tokunaga 2001) ;=: à3¹ ;'294CQ�\ �]E 5^: � >�_ ¹ ;'2*4�S;`ba�c�d^_feMg�hbi�`-� Þ
j �/Q�k�l�mFnpo�:Ph U N `bq Þ j ��8 N 234,rts�u�4vr�`KSVT�Q�wVx	� �%� h U/y S,o�zF:{F|�} ;~e�g^hbiKS���C�� U z�c�a4c�2F_Cq Þ jV� 8 N 2*4%r�sFu4#rQ`=S�TUQ�w�xP� ��� ) h
+ = : {�|�} r tf `F5	Q�6Pm%o [ |�} rKQ�748	� ��� D"E�Q3� 5

y > � �
6.3 �)�#������-b�#�@������&@0~1
{ ib�9�4:D� �^���b� N _��U�K�P� BP��� Q��D�%o�z � nU�D����Q��blF��Q^���~rM�� vo

[K¡4¢D£P¤ :¦¥¨§���©��=s�u�� ¥¨§�ª��	«�© � N _^�C�����D¬^�9�/��D®9¯9r°�;§�±���D® ¡D²
 y S!o�z4:³¥µ´C¶=·F¸�¹9©D�=s�uP� ¥µ´U¶=·Fº�»�¸�¹V© � N �F� ¥¼ºP»P©V¬^�	�/��b®9¯9r��
§�±%��/® ¡ {P½ �9�;:Fs�uP� � N _4�U�����b¬^�D�/¾=b®	¯9r��;§P±�¾�b®4����Q¿¥À�����
�;u	©@rM�� ~o°:4s�uV� � N ��� ¬��	�C¾�/®9¯	r���§�±@¾�/®^�4�UQÁ¥ �F� �	�^uV©#r��� Â ® ¡V² o�z�:Ã¥¼�����	�Ku�©�rÄ¥ �4� �9�=uP©9�;���#r�sFuP�#r���S�TUQ�7�8 Â ® ¡^Å4Æ Q4Ç 6y�È Â ¡bÉ�[ :4Ê 4

y :PË4Ì�Q 0.1
� N 0.8 É ��Í�Î%¾�Ï [=ÐPÑ �KÒ�ÓV:4Ô�ÕPÖ9:4wPx�×�Q ² Ø  È Â ¡ aFÙ4: 6.1

½ �;Ú�±#o [�Û�Ü	Ý ÞVÞ�y ��ß�àDaá¥¨�����	�=uV©V�=S�TV¬ 77 â :Kß�àba
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5 ������ (tf) ���������������� "!��$#%



6 &�')(+*-,"!/.0�(+*-,1�$#%

¥ ��� �	�^u	©9�+243	¬ 70 â65�É Vz�Ù87:9³¥À�����D�;u9©D�KÔ�Õ�ÖU�1;��V� 52.4% 9]¥ ��� �D�
uP©D��Ô�Õ�ÖC�1;��P� 47.6% r�aV® ¡

6.4 C00 ∪ C01 ∪ C10 ∪ C11 <>= ?8@

3.2
½ �V�+9BA4C 1 D�E>F Â ���HG6I!r�s�uP�HG6I~r���263 D 9BJ4K 1 Ù>LNM)J4K 2 DE>F Â

Ð�Ñ 9 E>F ¾;aFc Ð�Ñ � 4 l9��O Ñ C00 9 C01 9 C10 9 C11

y)PHQ o F;¡ {�|�} �V�+9 C11

y)R Â
®^�F�6G6I,r�s�uP�6G6Ivr��N263 �TS ���~rMs�uV�!r��)243 D w�x,o F ¬B9 C00 9 C01 9 C10

y
U ßVàCa��F�~rMs�u9�,r��N2�3D¬VcWV�l �XR o�zPc	® ¡b² ¯=�69BJYK 1 r�JYK 2 �NZ6[Y\ D Ò
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b
4 &�')(+*-,"!/.0�(+*-,1�$#%

&�'�(+*-, .�0�(+*$,cd e � (%) f�g�h (%) i)jlk e � (%) f�g�h (%) i�j�k
0.1 58.5 42.2 25062 55.7 33.3 12256
0.2 67.1 37.4 14695 61.8 23.1 6833
0.3 74.1 29.3 9884 61.1 15.0 4503
0.4 75.6 21.1 7020 69.6 10.9 3100
0.5 84.4 18.4 5062 63.6 4.8 2146
0.6 84.0 14.3 3718 87.5 4.8 1446
0.7 92.9 8.84 2771 100 2.0 995
0.8 100 5.4 2077 100 0.7 668



7 C00 ∪ C01 ∪ C10 ∪ C11 !���#l%

Ó49�Ô�Õ�ÖD�Xm1n Â ® FHo y 9�A4C 1 �1p DlE>F Â ���HGHI~r�s�u��HG6I~r��)263b��O Ñ (
Â aqsr 9 C00 ∪ C01 ∪ C10 ∪ C11) r�9 {�|�} ��24t!r�o�z�c9®lO Ñ (

Â a q"r 9 C11)
�TS 9 ²  Ø

P�F�~r�s�uV�,r��N243 D wPx!o-96u1v�m4n Â ® ¡ m6n/� F6o y 9BAYC 1 �1p D�EwF Â �4�6G
I!r�s�uP�1G6I~r��)263 �xS�y Ú1z y 1000 â ��263 D{}| o$9X~ | �+��� Dl� c Û�Ü	ÝY� Þ D
ÚP± Â ® ¡	² o�z19 Û9ÜDÝ�� Þ^��S Ò�Ó�9�ÔPÕVÖ D)�6� Â ® ¡�ÅPÆxD Ç 7

yKÈ Â ¡ ÚP±~o F=Û
Ü9Ý�� Þ�y � 52 â ��ß�àCaF���!r�s�uP�,r��)263D¬ 5UÉ Pz�c F^¡b² �Y�^�19 C11

y�R Â ®�2
3b� 25 â �V��� F;¡b² � FHo 9 {6�6� �V�+91A6C 1 �Bp DlEwF Â ���HGYI~r�s�uP�6G6I~r��)2
3 (C00 ∪ C01 ∪ C10 ∪ C11)

y Ùs��®N9 {�|�} (C11)
y L4® ÛPÜDÝ�� Þ �=Ô�Õ�ÖU�1;P�V� 48% r

aP® ¡

16
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8 (�*l.0B������X�����s�����)�l�$���s!���#%

6.5 � �v�@�����8�>��� =w�W {�|V} �9��9 ��� �D�+¡U�F�4�4G4I£¢�¤6¡9�HG4I£¢��N2Y3w¥N2W¦l§B9 4.2
½ �B¨>©}¦ F �D��4� ¥sL�®�ªs« D�¬ ¦§4	® ¡ ¯;�)ªs«P�NZH[4\ D m6n Â ® FHo 9 4.2

½ � È ¦ F ª"« 1 Ù>LNM
ª�« 2 D�¬ ¦§64®H Ð�Ñ ¢�¯6°6±W¢ D uBvYmHn Â ® ¡FÅ�Æ²D Ç 8 ¥ È Â ¡

6.6 ³x´Tµ·¶�¸ =w¹·º ���8�"»½¼·¾ =w¿£À
¯H°4±b��Á �NÂ�Ã �²S �^�8¢�¤H¡��8¢��)213 D�Ä�ÅwÆ ¥�Ç6È Â ® FHo ��°6±	�P�P® ¡9² � F

o ¥P�+9D�V®�É�Ó/��Á �+Â�ÃXÊ ¬�Ë6Ìw¥6®V®�¬B9}Á �NÂsÃ+ÊxDÍTÎ V�¦l§ U ¯4Ïb�XÐ��8¦ FNÂÑHÒ � Þ n = 20 9 m = 200 � É�É � U Ò�ÓY94Ô�Õ�Öw¥ ÍTÎ ®)Ó6ÔD¬Y®6 �+�6� Dl� � F;¡ �6�
���+9sÁ �NÂ�ÃNÊ²D�Õ1Ö 9 1 Ö 9 1 Ö1Õ ¢�ÍH×8¦ F�Ð�Ñ ¥4Ù���®�Ô�ÕFÖY9�Ò�Ó D uXv8¦ FK¡ ®�ÙB9
Á �NÂ�Ã+Ê6Õ6Ö � 93 Ö � 1 Ø 1 Ù �TS 6 Ø 30 Ù=É�Ú � Ù ºHÛ>Ü+Ý1Þ�9wÁ �NÂ�Ã+Ê 1 Ö>ß 92 Ö �
7 Ø 1 Ù ��S 93 Ö � 6 Ø 30 Ù=ÉXÚ � Ù º6ÛwÜ�ÝHÞ�9}Á ��Â�Ã�Ê 1 Ö6Õ}ß 92 Ö � 1 Ø 1 Ù ��S 93

Ö � 6 Ø 30 Ù=É+Ú � Ù ºHÛ>Ü+Ý1Þ Ú4à ® ¡ �6� Å�Æ²D Ç 9 ¥ È Â ¡

7 áãâåäçæãè éëêíìåî
1
½ ÚHï>ð}F L}ñ+¥19B¯sÏ ÚHò�ó Â ®+°s± ß 9HôöõX¥öL�®�÷ ò�ó °s± ( ø�ùsú�ûýüÿþ����

2002)( ��� 9X÷ òHó °6±W¢�Ê6Ý ) ¢��
	D��Ô�Õ�Ö>¥4Ù4B§
�s;Ò�Ó D� ± Â ®9¯Y¢ D���� ¦ F U� Ú�à ® ¡ ¯H°H±8¢�÷ òHó °6± ( ø1ù6ú1û�ü þ��� 2002) ¢ ß 9 3.1
½ Ú ¨s©"¦ F�� �1G1I8¢�¤H¡

�HG�I D�� È Â ® F6o � Ê�� Æ ®��������}¥"LF®�A�C �HJYK ß"!"# ��	 Ú�à ®
$ ( F"% ¦�9 4.2½ Ú ¨>©}¦ F�&'�)()* ¥"LF®�ª"« ß+¬ ¦l§YY®6�$ ) ¦�+x¦-9 ��, G4I£¢�¤4¡ , G4I�+ S �-,
17
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9 .0/21�354B�76981�X���;:9<

¢�¤4¡ , ¢ � 263 D� È Â�= FHo � ()*�> Q"? Ó � �6� °Y±A@19X¯4°Y± Ú�ß ÷ òYó °Y±W¢7B>®= $X÷ òHó °6± U �
, G6I8¢�¤1¡ , GHI ��C'D�E · D4²�F Ø F�G)H ¦$9 2 I ��C'D�E · �KJAL D
�1� ¦§Y = @B9 CMDNE · D9O�H Â�= Ì�PA@
Bw® = $�¯Y°4± ß 9 �-, G4I��H¤H¡ , G4IA@ | ÕÂ�= ��Q}¥ 5�É�F = ()*}DK� ÈW¦$9 ² �9R p D Ì�P£¢H¦l§ CSDTE · DG�H ÂS= $ ² �-U 9 �-,
GHI��1¤H¡ , GHIW¢9VKW � à = (�*}D{ö| ¦$9'VKW � ®H (�*}DX�Y Â�=KZ)[ D� ®²ñ\$ U ¦$9
��, G6I �1¤6¡ , G6I�@ | Õ Â�= ��Q}¥ 5�É�F =�] § � ()* �^R p D Ì P8¢ Â FA_ 9-` V �9ab ÌcP D�5�d CSDTE ·c@ G H ¾ F = $ ² � ÐPÑ 9 ² ��C�DNE · ß-�-, G4I��H¤H¡ , G4I ��e�f
D Ê Âhg ¢@ Ú>Î^i 9 F ¢�jB9 �-, G6I£¢�¤H¡ , G4I�@ Û ¦� �-, ¢�¤6¡ , ¢ � 243 Ú�à � F
¢H¦�§ U5k  Q"? ÓA@�l 7mX§ S F §²¦ É ñ\$ ² g Ú 9B¯4°4± Ú�ß 9 CSDTE · G�H �-U ¥ �-,
G6Ic�1¤6¡ , G6Iw¥"V9W � à = (�* ¥^n�7po6pB9�V9W � ®6 ()*}D�X'Y Â'=cg ¢ Ú 9-` V �9ab Ì�P Dl5�d CSDNE · � G"HöD�qNr $s F ¥�28¦�§B9�÷ òHó °6± ÚYß-��, G1IY9X¤H¡ , GHIA@ | Õ Â�= �w¥ 5UÉ^F =0] § � (�*wD
� È£¦$9 s F>D�tMu R \w¥^vPÎ Â'= $ s ¦§B9 s � t�u R \>¥�w)x%¾ FsF R p D Ì�PW¢H¦ F CDNEzy D�G"H Â�= $ U ¦-9-{�× � t�u R \A@
l 7mX§ S F = (�*�Ú�à = ÐPÑ>ß 9�l�7�m�§ S F=] § � tMu R \ D|�} Â�= $ ( ®FÙB9 tMu R \�~�Q£¢1¦§ � Ù ¯ ,),��6Í���� ( � ¤-� , �-��Û�

, �$ù"� , ������� , �K� úT� , ������� � , Íh��� � , �)��� ( � ) 1997) D5�"} ¦�§4 = $ ) ÷
ò6ó °4± Ú�ß 9 �-, G6I�9B¤6¡ , G4IA@ |��A� = �}¥ 5���F =�] § � (�*öD� È � = F6o 9 �
, GYI��H¤H¡ , G4IW¢^VKW � ®6 (�*öDXSY�� =KZ�[ D�� ®��)§YY®H-$�®- s® S 9 �-, G6I
�1¤4¡ , G6I�@ |K�A� = �w¥ 5��
F =K] § � ()*}D� È8¦ F ¢6¦§ U 9B¯6°Y± � L�ñ�¥ �-, G
I��6¤H¡ , G4IA@ |���� = ��Qw¥ 5��
F = (�*öD� È£¦ F^¡"¢ ¥+u ð §19 � È Ú}Î = (�* @ à
� 7¥�£"®6)+ S Ú�à = $ I'� 7:9 �-, G4Ic�1¤6¡ , G4IW¢^VKW � ®6 (�*öDXSY4Ú>Î = !h¤
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10 ¨��) s!ª©K«K¬��� s!���#%9K®^¯�°

�^± � ����@XÈ S F ®6�$ s g Ú 9B÷ ò4ó °Y± Ú�ß 9 ��, G4IY91¤6¡ , G6I�@ |9�A� = �}¥ 5
��F =�] § � (�*öDt�u R \ Ú v"²8¦-9 s � tMu R \>¥
w)x�³ FsF R p D Ì P8¢4¦ F CSDTE´y
DG H ¦ F $ �HF 9B¯4°4± Ú�ß 9 thu R \)~"Q�@-µ1Ì Ú�à =K¶�U ÷ ò6ó °4±w¥+u ð §�· ¶ ¢l®= $ �6�"¸)¹�º�» 10 ¥K¼ � $

8
½¿¾

8.1 ÀÂÁÄÃ  
»

5 +ÂÅÇÆB¯6°4± ß�È),�É"Ê ��Ë�� °4±�ÌSÍ^Î���	-Ï ��Ð ¥-Ñ4H§
�"�Ò Ê º �"H ¦9Ó�$B¯
°4± ß Æ �-,)Ô"Õ �)Ö)× ,)Ô�ÕSØ V9W � à = (�* ºÙÛÚ'Ü�Ý CMDNÞßy�� Ì PTà ÜÝ�á = $ g"g
Ú Æ ��,)Ô"Õ �)Ö)× ,)Ô"ÕSØ VKW � à = (�* à Ü�Ý ß Æ�`ãâ � ��Q Ø Ú �A� = Ì"ñä�	-å Æ ä
(�*sÚ�ß ä á-æ @�ç � Ü9á $Aä� 'äÂÅ2Æ s � Ì"ñ9ä ()* @ ChDèÞzyM��a b ÌcPéà9äAê�Ó ¡c¢ Æë�ì Ú�ß ä á ��,�Ô�Õ à7Ö"× ,�Ô�Õ à �^í"î Ú�à ê Ý Î0ï ? Ê @
�ãâpä = Ö�ð Ø ä = +ÂÅ Ú�à= $ Ü + Ü Æ È),)É"Ê ��Ë Ú�ß 	)åhñ�ä ()* @ ��,�Ô�Õ ��Ö�× ,)Ô"ÕSØ VKW � à = ()* à ÜÝÙMÚ ³ F Æ
ò C'D�ÞªyA��a b)ó P Ø ä =ôcõ�ö @�÷ = $ s � Ó-ø
Æ^ù)ú�û � æ @ � á�¸�¹cü ÷�ê
ÓMà0ý"j = $»

6 +ÂÅÇÆ-ù�ú"û ü þ ()*)&A� × � ��, à7Ö)× , à �^í�î ÌSÍ^Îp��� &A� × � ��, à7Ö)× ,
à �^í)î'� æ @�Æ �
	�Ï �)ÐSØ Ñ á�Ý � á Ò Ê º �"H Ü Ó
$ � Ó^Æ�ÿ 4 +hÅÇÆ
�)� & � × � ��,
à7Ö"× , à ��í�îM� æ @��-	���� Ø Ñ á)Ý ����� @�` á g à@���+ = $
	�ê Ý Æ�Ì�Í�� á Ò Ê
@� ó ü ÷ = ä�Å _ Æ-��� &�� ×�� ��, à7Ö�× , à�� í�î � Ë º�� �A� = Ì�� Ø���� º�� j =g à ü í�î ü�� = à0ý�j =��
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»
7 +�Å;Æ C00∪C01∪C10∪C11 Ø,+"� = ��, à Ö-× , à�� í�î ( -/. 1 � Ë º10 Ó �/�
, à;Ö

× , à,� í�î ) ÌSÍ^Î C11( ù"ú"û ) Ø�+�� = ��, à7Ö)× , à�� í�î � æ @-Æ�2�3-Ï ��ÐMØ Ñ á)Ý
� á Ò Ê º$465ÂÜ Ó � -�. 1 � Ë º10 Ó �/��7�Ô�Õ à Ö-× 7-Ô�Õ à�� í�î (C00∪C01∪C10∪C11)þ�8 â1�
µ ë"ì ä í�î º�9 Ë Æ �/7�Ô�Õ à7Ö�× 7)Ô"Õ ��ï�: Ê�;
< á í�î º�=?>ÛÜÝ Î$� á Ò
Ê�; 4�5�ü�� ä/@'ê�Ó � Ü @ Ü Æ �
A ³�BAÓDCFE�G�H���I�JLK ¢SØ í Ü�Ý ù"ú"û ºëNM �?O ä
Å�P�Æ -�. 1 � Ë º,0 Ó ����7)Ô"Õ àÇÖ�× 7�Ô�Õ à�� í"î @NÅ ��7 àÇÖ�× 7 à�� í"î º,� � ÜÝ ÎÆ�÷ O,Q)Ê ��� á Ò Ê�; 4L5Aü?� O à5ýLR O �TSLU 1 Ñ'Ì�V SLU 2

þ Æ�µ ë)ì ä ��7)Ô)Õ à
Ö)× 7)Ô"Õ à�� í"î º�=?> ��O Ó�ø Ø�W�X ÜÝ�á O�; Æ �
A ³,B�ÓYC$E
G�H���I�JLK ¢ @�Å �
7�Ô�Õ à7Ö�× 7)Ô�Õ à,� í�î º�� �c� B�P
Æ � � ³�B O µ ë�ì ä í)î � ��;TZ £ ��O à0ý�R O �[ RNP�Æ ��7�Ô�Õ \^] H�_�àÇÖ"× 7�Ô"Õ \^]a`�b Hc_Nà�� í"î þ µ ë�ì'ü ÷ O
; Æ b H6d�e�fg�h�i Ø6��A ³,B�Ó�I�JLK ¢ @�Å�j���Ì���ä í"î þT� � ³,BAä á à0ý�R O ��k ÜÝ Æ�µ ë"ì ä
��7)Ô)Õ à;Ö)× 7�Ô)Õ à,� í)î ; � � ³�B ä�l�BNP�Æ SLU 1 Ñ'ÌTV SLU 2

º WLX Ü ä�â Ý ÎF� á
Ò Ê�; 4�5Aü�� O à0ýLR O �»

8 @�Å2Æ-ù�ú�û þ �?� 1 ÑMÌ�V �?� 2
º�mTÜ�Ý�á ä á ú�û Ø�npo Ý 2
3�Ï�q Ð ü � á Ò Êºc4�5TÜ Ó � Ì�ê Ý Æ ��� 1 ÑSÌTV ��� 2
º�mpr jcà þ,s6tAü ÷ O à0ý�R O � [ R�P�Æ ��� 1 Ñ

ÌTV �?� 2
º�mNÜ�Ý"á äNl�B�P
Æ \vu�w�x�y _Nà \vu�w6z�x�yL{�|�} _ ;��
7 à7Ö�× 7 à�� í"î

à ÜKÝ�� � ³�B'Ó � j�B þ�~ Å�@ Ø µ ë"ì ä í"î ü ÷ O�; Æ �?� 2
º�mNr jcà ü j��'Ì?��ä�µë)ì ä í�î º�=?>/r O jcà ; ü�� Ó �»

9 @ÂÅÇÆ b f ]N���?;��6�MØ�� äNâpä�l�B�P
Æ b f ]N��� ���6� Ø Ì�ê Ý Ò Ê Æ-ÏLq ÐMØ��� äT�"² ; ä á jcà ; �?@ O � ù�ú�û þ Æ ��7�Ô�Õ Æ"ÑhÌ�V�Æ�Ö�× 7�Ô�ÕMØ h�i �"÷ O��/�º b f ]N� @ÂÅ ÙhÚ'Ü Æ k � �/�'Ø,�6� ³,BcÓ�� Ë º ó�� à Ü Ó���� Þ�� º���5�r O ��k ÜÝ Æk ����� Þ���� ����� ; ÷ O �
�N�p�p� ��7)Ô"Õ à7Ö"× 7�Ô�Õ à,� í�î º Æ ��7 à7Ö�× 7 à,�í�î à*� A r O � Ü @ Ü Æ b f ]��
��; ������B Ý Î5ù ú û ü-Ù�Ú �TB O/��7"Ô Õ Æ ÑhÌ�V-Æ
Ö)× 7�Ô�ÕMØ h,i ��÷ O��/� �/��� þ���� ä���� ; ä�â´Æ k ��Ó�ø�Æ-Ò Ê Æ�Ï�q Ð Î �a� ä��
� ; ä á à0ý�R O �

8.2 �Y ¢¡D£Y¤¦¥�§a¨�©
»

10 @ÂÅpÆ�ù"ú�û þTª¬« �TL®�¯ ú�û ( ��°)Æ/L®p¯"ú�ûÄà r O � ) ÌMÍ²±NB'Ó�³ ¹ ;�� Å
B O jcà ; ��@ O � ù�ú)û þ Ï6q Ð�; 40% ´ ü Ò Ê 70%

º�µ6¶èÜ0Ý"á O � Ü @ Ü Æ�6®L¯)ú"ûþ Æ-ÏLq Ð 40% Ø Ñ á)Ý Ò Ê�; 60% ´ ü <�· ÜÝ"á O �?k ��¸º¹Sà ÜÝ � ·6; ý�RÛÅFB O �
/®L¯)ú"û þ Æ �
7)Ô)Õ�» Ö)× 7)Ô�Õ�; Ú q r O I Ø 9 ´ B Ý�á O�¼ Ý � ��� ��½�¾ + ö Øí ÜKÝ � Ë º�¿/ÀÄÜ Æ k BNÅ º ó�� à Ü Ó���� Þ(� º,��5�r O � I Ø 9 ´ B Ý"á OT�6�?Á l üþ Æ �/7)Ô"Õ �
��� Þ�� à7Ö"× 7)Ô"Õ �
��� Þ�� Ø�Â�Ã r O óp� �?;�� ä á Ó"ø�Æ�I Ø 9 ´ BÝ"á O��/� º ¼ Ý�� � Ü Æ k � �/� º ½Ä¾ + ö Ø�Å � r O  ó ; ÷cê�Ó ��k ��Ó)ø�Æ ��7�Ô�Õ
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ÆÈÇ�ÉËÊ�Ì Í�%�ÎÐÏÈÑ�ÒÔÓ*%�ÎÐÑÖÕÈ×,ØÖÙ�Ñ$Ú(Û�ÜÔÝÈÞ,ßÖÑ, áàãâÈäFå&æ1Ñ²çãè

» Ö"× 7�Ô�Õ à h�i ;
< á �L� ��½�¾ + ö º Î ó�� à Ü Æ 8 â1��éLê ó�� º�¶�ë ��� Þ�� ; �5 ��B O ��k �'Ì���ä �6� �T½�¾ + ö þ Æ ��7�Ô�Õ à7Ö"× 7�Ô�Õ à ü Â�Ã Ü Ó óN� àKä O ôAõö þ < á ; ÆhÎ Ü Æ ��7)Ô"Õ à2Ö)× 7�Ô�Õ à,� í�î ;�ì�í ü ÷ ê�Ó�î�ï Ø Æ ��7)Ô�Õ àÇÖ�× 7
Ô�Õ � �6� � ï�: Ê�;
ð �hâpä O Ö�ð Ø ä O ��k ��Ó)ø�Æ�L®L¯"ú"û þ Æ ì Ü�á �
7 à7Ö�× 7
à,� í�î ü Î < á �/� � ïp: Ê�;�ñ Í�ò Ý ÅFB O jAà ; ÷ O � Ü Ó ; ê Ý Æ�Ï�q Ð º �pó O Ó
ø Ø þ < á ��� º�ô A r O  ó ; ÷ÛÍ´Æ k B Ø à�ÎKä ê Ý Æ 8 â$��õ�� AN; ��ö O � [ R�P�Æ^ù
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