
1

����������	
	����������������������������������
�
� �������!�"��� �	

#�$&%('*),+.-0/�1�2&%43�$5'76 2&/98&$&6 /;:!<�2�2�=>'?6 /�8@:A'CB5D�'=;E;3�39$F%C6 G5$5'76 2F/;H
IJB&K BF/;$ML�N�2&/�B&/;O>P*QSR�$

TJU&%C6 /�8 V&W@WYX

2

Z@[�"\���	[]�� �^�

_a`!bdcfehg@bdi bAj�k^l m!n�o�l nFp7m*c7erqSk^l m*n�s"q!l n
_�t*m"mJg�k^l nus
_a`!bYv"k�g&w*exeyq*cfl z&q"k^l m*n

3

{|���S�}	
��� ���!�"��� �~������� �&�[���"��� [�9� ��

� -0/�1�2&%43�$5'76 2&/98&$&6 /Y�J3�B�$�=;E@%�B�=�'?N�B�+?/&E;3�<�B&%d2;1�<&6 '.=2;14H�6 /�1�2&%43�$5'76 2&/92F<�'C$&6 /;B���142&%*��$5'CB�8&2&%�QaU&%4B��Y6 �>'?6 2&/<5QaR�/;2;��6 /�8�'7N;B�U@%�B�=�B&/���B�2&%*$&<�=�B&/���B�251*$�'CB&%�3�6 /$��&2��5E�39BF/�'
� 6 /5142&%43�$5'76 2&/98@$F6 / 6 =���$�K �;E@K $5'CB���142&%*B�$��;N�'CB&%43�$&/��'7N�B <�B�=>'�/�'CB&%43�=�$F%4B9=^B&K B��>'CB��

4

{|���S�}	��������*�A� ��y~,Z��

�x� �7�������
�7�C� ���
�^��� �!���������������?�
� ���^�4�>���^���
�f���&�7�@ C�7���f�^����� �f¡

( ) ( )
( ) ( ) ( )
( ) ( ) ( )

1

1

1

( ) log

| log |

~ |~ log |~

m

i ii

m

i ii

m

i ii

G t p c p c

p t p c t p c t

p t p c t p c t

=

=

=

= −

+

+

¢
¢
¢

5

£�¤M���¥]9���

_§¦�m"jr¨�o�j@qAk�j&qAk�j�qAk�©fj@ª
_§¦�m"j,«�o�j@qAk�j&qAk�j�qAk�¬JmJs©?j&ª
_§¦�m"j,®�o�j@qAk�¬umJs¯e�m!w"g&b�©^°�j@ª
_§¦�m"j ±�o�j@qAk�j&qAk�j�qAk�¬JmJs�¬"mJs�¬Amus©^°Mj&ª
_§¦�m"j,²�o�ermJwug&bx©^°Mj&ª

_r«rjYi qug�g@bAg*o�jaqJnu¬°�j

6

p(c) = 2/5, p(~c) = 3/5
p(cat) = 4/5, p(~cat) = 1/5, p(dog) = 3/5, p(~dog) = 2/5, 
p(mouse) = 2/5, p(~mouse) = 3/5 

p(c|cat) = 2/4, p(~c|cat) = 2/4, p(c|~cat) = 0, p(~c|~cat) = 1
p(c|dog) = 1/3, p(~c|dog) = 2/3, p(c|~dog) = 1/2, p(~c|~dog) = 1/2
p(c|mouse) = 0, p(~c|mouse) = 1, p(c|~mouse) = 2/3, p(~c|~mouse) = 1/3

-(p(c) log p(c) + p(~c) log p(~c)) = -(2/5 log 2/5 + 3/5 log 3/5) 
= -(2/5 (log 2 – log 5) + 3/5 (log 3 – log 5)) = -(2/5 (1 – log 5) + 3/5 (log 3 – log 5))
= -(2/5 + 3/5 log 3 – log 5) = -(0.4 + 0.96 – 2.33) =  0.97    (log base = 2)

p(cat) (p(c|cat) log p(c|cat) + p(~c|cat) log p(~c|cat))
= 4/5 (1/2 log ½ + ½ log ½) = 4/5 log ½ = 4/5 (log 1 – log 2) = 4/5 (0 – 1) = -0.8

p(~cat) (p(c|~cat) log p(c|~cat) + p(~c|~cat) log p(~c|~cat))
= 1/5 (0 + 1 log 1) = 0

G(cat) = 0.97 – 0.8 – 0 = 0.17
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p(dog) (p(c|dog) log p(c|dog) + p(~c|dog) log p(~c|dog))
= 3/5(1/3 log 1/3 + 2/3 log 2/3) = 3/5 ( 1/3 (log 1 – log 3) + 2/3 (log2 - log 3))
= 3/5 (-1/3 log 3 – 2/3 log 3 + 2/3) = 3/5(-log 3 + 2/3)
= 0.6 (-1.59 + 0.67) = -0.55

p(~dog) (p(c|~dog) log p(c|~dog) + p(~c|~dog) log p(~c|~dog))
= 2/5 (1/2 log ½ + ½ log ½) = 2/5 (log 1 – log 2) = -0.4

G(dog) = 0.97 – 0.55 – 0.4 = 0.02

p(mouse) (p(c|mouse) log p(c|mouse) + p(~c|mouse) log p(~c|mouse))
= 2/5 (0 + 1 log 1) = 0

p(~mouse) (p(c|~mouse) log p(c|~mouse) + p(~c|~mouse) log p(~c|~mouse))
= 3/5 ( 2/3 log 2/3 + 1/3 log 1/3) = -0.55

G(mouse) = 0.97 – 0 – 0.55 = 0.42

ranking:  1. mouse 2. cat  3. dog
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Ä,Å?Æ�Ç�È9É&Ê Ë Ê Ì@Ç�É�Í5Î
Ï�Í�Í�ÐfÅ7Ê Ë;ÑJÒ
Ó�Ô Í�È�Ï@Ê Ë�Ç9È�É&Ë5Õ9Ö�Ç�ÉF× Ô;Ø É�Ð^Ð5Ê Î�Ê ÇFÙ4Ð�Å.Í�Ú&Ù4Í�ÌYÛ Ô Ç9ÉÐ5Ê Ë;Ñ Ø Ç�Æ�Ê ÑSÆ Ø Õ|Ç^Î�Î�Ç Ô ÅÜÊ Ý&Ç Ô^Ø É�Ð�Ð^Ê Î�Ê Ç&Ù

ÄyÇ5Þ@É�È�Ú Ø Ç�Í5Î*É�Ö�Ç�ÉF× Ô;Ø É�ÐfÐ;Ê ÎCÊ Ç&Ù0ÒAß>Ê ÎJÅ?Æ�Ç�Ö�Í&Ù4Ì à È�Í&Ë�Ç5Õ@àÉ&Ú@Ú�Ç�É&Ù�Ð�Ê Ë�Å7Æ;Ç�Ì&Í Ô Û�È9ÇFË�ÅCáAÅ7Æ;Ç&Ë Ú&Ù4Ç�ÌYÊ Ô Å*Å7Æ�É5Å*Å7Æ;ÇÌ@Í Ô Û;È�Ç&Ë5Å�Ï�Ç Ø ÍFË;Ñ&Ð�Å.Í Ô É;Å.Ç�Ñ@Í&Ù(Õ Ô ß
Ó Å?Æ&Ê Ð Ô^Ø É�Ð^Ð5Ê ÎÜÊ Ç&ÙAÖ�Ê Ø Ø Ú&Ù4Í&Ï�É&Ï Ø Õ È Ê Ð Ô^Ø É�Ð�Ð5Ê Î�Õ È9É&Ë5ÕÌ@Í Ô Û;È�Ç&Ë5ÅCÐ�á!Ï@Û5Å�É Ô Í&È Ï&Ê Ë;É5Å7Ê Í&Ë9Í5Î*È�É&Ë�Õ Ð5Û Ô ÆÔ5Ø É�Ð�Ð^Ê Î�Ê ÇFÙ4Ð Ô É&Ë Ï�Ç�Ý&Ç&Ù�Õ9Ç5Î(Î4Ç Ô ÅCÊ Ý@Ç

ÄyÍ&Ë;Ç�Ï�Í�Í�ÐfÅ7Ê Ë;Ñ É Ø Ñ&Í&ÙCÊ Å7Æ;È,ÒYâdÌ&É&ãFÍ�Í�ÐfÅ
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Ä�É�Ð�Ð5Û�È�Ç"ÒJÉ�Å7Ù4ÉFÊ Ë&Ê Ë�Ñ Ð�Ç;Å�Í5Î
Ú@Ù�Ç�ë Ô^Ø É�Ð�Ð;Ê ÎCÊ Ç�Ì�Ì@Í Ô Û;È�Ç&Ë5ÅCÐì É�Ð�Ï�Ç5Î4Í&Ù�Ç�í
ÄrÏ�Í�Í�Ð>Å7Ê Ë�Ñ É Ø Ñ@Í&ÙÜÊ Å7Æ�È Ô É Ø Ø Ð�É�Ö�Ç�É&× Ø Ç�É&ÙCË�Ç&ÙAî|Å7Ê È9Ç�Ðì î,Ê Ð�É�Ú;É&Ù�É�È9Ç;Å.ÇFÙ4í
Ó Ç�É Ô Æ�Å7Ê È9Ç�Å7Æ;Ç�Ö�Ç�É&× Ø Ç�É&ÙCË�Ç&Ù�Ù�Ç5Å7Û@ÙCË�Ð�É Ô^Ø É�Ð^Ð^Ê Î�Ê Ç&Ù
Ó ÇFÙCÙ4Í&Ù*Í5ÎJÅ7Æ;Ç Ô5Ø É�Ð�Ð^Ê ÎCÊ Ç&Ù*Ê Ð Ô É Ø Ô Û Ø É5ÅCÇ�ÌaÛ�Ð^Ê Ë�Ñ�Å7Æ;ÇÅ7Ù4ÉFÊ Ë&Ê Ë�Ñ Ð�Ç;Å
Ó Ö�ÇFÊ ÑYÆ�ÅCÐ�Í5ÎJÅ7Ù4É�Ê Ë&Ê Ë;Ñ Ì&Í Ô Û�È�Ç&Ë�ÅCÐ�É&Ù4Ç�É�Ì>ïfÛ;Ð>ÅCÇ�Ì

• ”hard” examples get more weightÓ Å7Æ�Ç�Ö�Ç�É&× Ø Ç�É&ÙÜË;Ç&Ù
Ê Ð Ô É Ø Ø Ç�Ì É�Ñ@É�Ê Ë
Ä�ÎÜÊ Ë�É Ø Ø Õ�Å?Æ�Ç�Ö�Ç�É&× Ô^Ø É�Ð^Ð^Ê Î�Ê Ç&Ù4Ð�É&Ù�Ç Ô Í�È�Ï&Ê Ë�Ç�Ì
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Ä�÷7Ë&Ú&Û�Å�Ò
Ó�ø Ì&Í Ô Û@È9Ç&Ë5ÅCÐ�É&Ë;Ì Ø É&Ï�Ç Ø Ð@Ò
ù ì ÌYú4á�ÕYú4í?ádû�á ì Ì@üfáAÕ@üfí^ý*áÖ�Æ�Ç&Ù4Ç Õ�þ ∈ ÿ ë��5á������Ó Ê Ë�ÅCÇ�Ñ&Ç&ÙAîdÒAÅ7Æ;Ç�Ë&Û;È�Ï;ÇFÙdÍ5Î
Ê ÅCÇ&Ù4É5Å7Ê Í&Ë;Ð

Ä�÷7Ë&Ê Å?Ê É Ø Ê ��Ç	�*ú ì Ê í�Ò
�!ú ì Ê í����� ø
Ä���Í&Ù*Ð����5á��&á�û�á î¾Ì&Í
Ó�� É Ø Ø�� Ç�É&×���Ç�É&ÙCË9ÉFË;Ì Ñ&Ç5Å�É�Ö�Ç�É&×�Æ�ÕYÚ;Í5Å7Æ�Ç�Ð5Ê Ð�Æ��
Ó�� É Ø Ô Û Ø É5ÅCÇ�Å?Æ�Ç�Ç&ÙCÙ4Í&Ù*Í5Î
Æ � Ò ε �Ó�� Ú�Ì@É5ÅCÇ�Å7Æ;Ç�ÌSÊ ÐfÅ7ÙCÊ Ï&Û�ÅÜÊ Í&Ë ì Ö�Ç&Ê ÑSÆ5ÅCÐfí�Í5Î*Ç5Þ@É�È�Ú Ø Ç�Ð Ò� � ì Ê í�ë�ý�� ���5ú ì Ê í

Ä! Û�Å7Ú&Û�Å!Å?Æ�Ç�ÎCÊ Ë;É Ø Æ5ÕSÚ�Í5Å7Æ;Ç�Ð5Ê Ð
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Ä�÷0Ë@Ê Å7Ê É Ø Ê �5Ç��*ú ì Ê í5Ò
�*ú ì Ê í����� ø
ÄrÊ Î ø ����0 ì Å?Æ�Ç&Ù4Ç�É&Ù4Ç1��0 Ì@Í Ô Û;È�Ç&Ë5ÅCÐ�Ê Ë�Å7Æ;Ç�Å7Ù4É&Ê Ë@Ê Ë�ÑÐ^Ç5ÅCí?áAÅ7Æ�Ç Ê Ë�Ê Å?Ê É Ø Ì&Ê ÐfÅ7ÙCÊ Ï@Û5ÅCÊ Í&Ë9Í5Î*Ç5Þ@É�È Ú Ø Ç�Ð�Ê Ð@Ò
Ó � ú ì �5í����2���30&á
� ú ì �@í��4�����30&á!û�á
� ú ì �30&í��������0

Ä�Å7Æ�Ç9ÌYÊ ÐfÅ7Ê Ù�Ê Ï@Û5ÅCÊ Í&Ë9Ì&Ç�Ð Ô ÙCÊ Ï;Ç�Ð Å7Æ;Ç�Ê È�Ú�Í&Ù�ÅCÉ&Ë Ô Çì �JÖ�Ç&Ê ÑSÆ5ÅCí�Í;ÎdÇ�É Ô Æ9Ç5Þ&É�È Ú Ø Ç
ÄrÊ Ë�Å7Æ;Ç�Ï�Ç�ÑSÊ Ë&Ë@Ê Ë;Ñ É Ø Ø Ç;Þ@É�È�Ú Ø Ç�Ð�É&Ù4Ç�Ç�5YÛ;É Ø Ø ÕÊ È�Ú;Í&Ù(Å.ÉFË�Å
Ó�Ø É5ÅCÇ&Ù*ßfÆ�É&Ù4Ì&ß�Ç5Þ@É�È Ú Ø Ç�Ð�ÉFÙ4Ç9ÑFÊ Ý@ÇFË9È9Í&Ù�Ç�Ö�Ç&Ê ÑYÆ�Å
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• error rate < 50%
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• both occurrence and non-occurrence of a term can be significant
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) ���qû��������*��ý �+�,�<þ�ÿ�ÿ %-% ÿ�ù*�Ný �qÿ��;ý % û,� û<þ.�<ÿ/��'&��0�ÿ<þ�aú�'����Mþ$ÿ������1� % ����ù'��&ÿ������û<þ�ÿ�û�qû<ý � û�0�� ÿ % �<þ
�aþ�û�ý �<ý ���

• otherwise no noticeable difference) �	��ùeù�úqý �gý �"��ý �	�<ý % ý ùeû��2�3� 4 % û��*�^ÿ<þ
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}T���	�����1�	���� �b�
��� þ$ÿ��8�gý �&�"�����b���	�

 K¡*¢¤£3¢¤¥X¢.¦�¥1§Z¨Z©-§�ª�«�¥Z¬��¥3¢.¦*ª�®Z«e¬�©¯¥�«e¨Z° ¢¤«e¬£Z±*®1²eªZ±*²{° ¨�«�³ ªZ±�«§�©H¥�«�¥Z±{¢¤¥�®E³ ±X¢.¦�¥�ªZ©¤³ ´�³ ±�£°3®Zª�²e¨��¥Z±{¢.¬¥2³ ¢.¦�¥Z©N³ ±X¢.¦�£3¢	ªZ©H®�¥Z©�ªZ©µ ³ ¢.¦�£Z±1³ ±³ ¢¶³ £°3¥2�§Z¦*£�«{³ «QªZ±1©¯¥�«e¨° ¢¤«b£Z±�®1²·ªZ±�²�° ¨�«�³ ªZ±*«�¸
 K¹k£Zº3¥�¢.¦*¥�£Z»*«�¢.©H£�²�¢	£�«�³ ±{¼ ªZ©�X£3¢¶³ ½�¥�£�«N¢.¦�¥1±�£3¢.¨�©H¥�ª3¼�¢.¦�¥®�ª�²e¨ZX¥Z±3¢ µ ³ ° °�§�¥Z©-1³ ¢.¬«3ª�¢.¦*£3¢k©¯¥�£�®Z¥Z©¯«�X£�¾�®Z¥�²e³ ®Z¥Z¬¿¨2³ ²eºZ° ¾£Z±*®1£�²�²e¨Z©¯£3¢¤¥Z° ¾Z¬ µ ¦�¥3¢.¦*¥Z©�¢.¦�¥�¾1±�¥�¥�®�¢¤ª1©H¥�£�®�¢.¦�¥�¥Z±3¢.³ ©H¥®�ª�²e¨ZX¥Z±3¢�¸
 hÀ�½�ª2³ ®E³ ±*²{° ¨�®�³ ±*´E»�£�²eº3´©HªZ¨Z±*®E³ ±{¼ ªZ©-�£3¢.³ ªZ±�ªZ©�²�³ ¢.³ ±�´�¢.¦*¥ µ ªZ©¤ºXª3¼ª3¢.¦*¥Z©H«�³ ±X¢.¦*¥�£Z»*«�¢.©H£�²�¢.¬�¨Z±Z° ¥�«e«N¢.¦*¥�«�¢.¨*®Z¾1³ «b£1©H¥Z§Z° ³ ²e£3¢.³ ªZ±�ªZ©¥�½�£Z° ¨�£3¢¶³ ªZ±1ª3¼�¢.¦*¥Z³ © µ ªZ©¤º�¸
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 KÁ�ª1±�ª3¢Q³ ±*²{° ¨�®�¥Â³ ±3¼HªZ©.X£3¢¶³ ªZ±E³ ±X¢.¦�¥�£Z»�«�¢.©¯£�²�¢�¢.¦*£3¢k³ «�±�ª3¢²·ªZ±3¢¤£Z³ ±*¥�®+³ ±X¢.¦�¥X¢¤¥�Ã3¢.¨�£2°�X£3¢¤¥Z©�³ £°�»�¥2³ ±�´1£Z»*«�¢.©H£�²�¢¤¥�®�¸
 hÄ�¥Z©-³ ¼H¾�¢.¦*£3¢�£° °3¿¨�£Z±{¢.³ ¢¤£3¢¶³ ½�¥�£Z±*®1¿2¨*£2° ³ ¢¤£3¢�³ ½�¥E³ ±{¼ ªZ©-�£3¢�³ ªZ±1¨*«�¥�®+³ ±¢.¦*¥�£Z»*«�¢.©H£�²¶¢�£�´©H¥�¥�« µ ³ ¢.¦X¢.¦*¥Â³ ±3¼¤ªZ©¤X£3¢¶³ ªZ±�²eªZ±{¢¤£2³ ±�¥�®E³ ±X¢.¦*¥�¼¤¨Z° °¢¤¥�Ã3¢	ª3¼�¢.¦*¥�®�ª�²e¨ZX¥Z±3¢�¸
 KÅ&«�¥�«¶¢¤£Z±�®Z£Z©¯®EÆZ±*´2° ³ «e¦�£Z±*®E§Z©¯¥�²e³ «�¥X¢¤¥�²e¦�±2³ ²�£2°·¢¤¥Z©-�«�¬£Z±*®�¼ ªZ° ° ª µ²·ªZ±�½�¥Z±3¢.³ ªZ±*£2°3´2©¯£Z1�£Z©�£Z±*®E§Z¨�±�²�¢.¨*£3¢.³ ªZ±1©¤¨° ¥�«�¸
 BÇ ³ ½�¥�¥�ÃZ§*£Z±�®�¥�®1½�¥Z©H«e³ ªZ±�«bª3¼k° ¥�«�«�¥Z©	º�±*ª µ ±�£Z»Z»�©H¥�½Z³ £3¢¶³ ªZ±*«b£Z±�®£�²3©HªZ±�¾ZX«e¬£Z±*®1½�¥Z©¤»*£2° ³ È�¥�«�¾Z�»�ª° «N¢.¦*£3¢kX£�¾Â»*¥Â¨�±3¼H£Z1³ ° ³ £Z©�¢¤ª©¯¥�£�®Z¥Z©¯«Qª3¼�¢.¦�¥�£Z»�«�¢.©¯£�²�¢
 BÉ 1³ ¢k±*¥�¥�®2° ¥�«�« µ ªZ©H®�«e¬�§�¦Z©H£�«·¥�«e¬£Z±�®1«·¥Z±3¢¤¥Z±�²·¥�«�¸

}T~����2�H�N�E���#�����H�=���=�1�E�Z�=���1�=�Z�����E�,�o�2� �������
}Ê���	�����1�k�2����Ë1�
�.� þ�ÿ��,�(ý �&�"�����b���	�
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ÌÂÍ#Î,ÏÑÐ8ÒHÓ

ÔÖÕ�×�Ø Ù	Ø Ú�Û�Ü�Ý�Þ�×.ß�Ø à�Úká
âeã�ä�å ä�æ�ä�å ä�ç¤è é�ê�è ë è ìHí�ê�îZï�ð�ç¤è î è ñ�äí�çHç-ð.ì¤è í�î è ð�ê�ç�ò-ä�î æ�ä.ä�ê�î ã¶äìHð�ê�ìHä�ê�î å í�î è ð¶ê¶ç2ð·ëeî ã¶äç¤ó·ò�çHî í�ê�ìHä�í�ôeõ�è ê�è çHî ä�å ä�ô�í¶ê¶ôõ�ð�å î í¶ö è î ÷	è ê	å í�î çí�ê�ô�õ�è ìHä	ð�ëò-ð�î ã�çHä�ø�ä�ç¤ù
âeã�ä�å ä�æ�í�ç�ê�ð�ì¤ð�ê�ñ�è ê�ì¤è ê�éä�ñ�è ô�ä�ê�ìHä�î ð	è ê�ô�è ìHí�î ä�î ã�í�îä�ê�ô�å è ê	è ê�é�ä.çHî è ð�ê	è ê�ô�ó�ìHä�ô�í�ê�ô	ð�ëî ã�ä�ô�è ë ë ä�å ä¶ê¶î�î ÷�ï¤ä�çð�ëeî óeõ�ð�å çæã�è ì¤ã�æ�ä�å ä�ë ð¶ó·ê�ô è ê�î ã¶äî å ä�í�î ä�ô�í�ê�è õ�í�ö ç¤ù

úaû üXý þ�ÿ ü��bÿ����ký ���
	
�Zð�å î í�ö è î ÷�è ê�å í�î çí�ê�ô õ�è ìHä�ð�ëò¤ð�î ã�çHä�ø�ä�ç�æ�í�ç�ô�ð�çHä�å ä�ö í�î ä�ôeù

�3ð�î å ä�í�î õ�ä�ê�î  å ä�ö í�î ä�ô�î ó�õ�ð�å çæZä�å ä�ë ð�ó�ê�ô	è ê�í�ê�÷�ð.ë3î ã�äí¶ê·è õ�í¶ö ç¤ù

26

���,Ð��������������#Ï;Ï Î����! �Î"�#�!���

ú�$��ký ��%'& ÿ^ü(��)+*�,Kÿ-� þ.���",�*�& þ�ý /�& ÿKü���)0*',Kÿ-� þ1�
úhþ{ÿ02 þ43Eý ,�$(%bÿ��035$�*QüXý ��35��ý übÿ#�
úBü($Nþ1$�67$���ÿ

27

8�9 Î���Î":���Ó���� ���#�!:;�<�"�����#ÏÑÏ Î����HÓ"�

ÔÖÞ>=@?3×.Û@A1?�à�×�Û7B&ßC?e×�Û@A1?
D Þ>=@?3×.Û@A1?Zá�A&×.Þ�Û�?�Þ@EFB�GT×�Þ+H&ß�Ø Ú�ÙFI&à�×J?eØ à�Ú�ßLK�H�ß�H�Û�Ü Ü Gß�Þ�Ú�?¶Þ�Ú>A�Þ�ßNM1à�O�?QP�Þ/Ø Ú�I+H�?'?�Þ�=@?�Ý�Þ�×RB&Û>?�Ø S
D Û7B&ßC?e×�Û@A1?Zá�S,Û�GT×�Þ�O.à�×TS�H�Ü Û>?¶ÞL?QP&Þ,Þ�=@?3×.ÛUA1?�Þ@E
A�à�Ú�?¶Þ�ÚV?1Ø Ú/Ú�Þ�WX?�Þ�×YS,ß

ÔZA�à@S[I�×.Þ�ßZßØ à�Ú/×.Û>?¶Þ
D ×�Û�?3Ø à,à�O�ß�H@S�S,Û�×\GÊÜ Þ�Ú&ÙU?QP]?�à8ß�à+H�×TAZÞ�Ü Þ�Ú�ÙU?�P

ÔZA�à�Ú�Ú&Þ@AC?�Þ@E�?�Þ�=@?�à�×�O�×�Û�Ù�S,Þ�Ú�?�Û�×\G
D Þ>=@?3×.Û@A1?�ß"Û�×.Þ,à�OJ?¶Þ�Ú]O�×.Û�Ù+S,Þ�ÚV?�Û�×JG

28

8�9 Î���Î":���Ó����!�'�#�!:;�<�^�Z���#ÏÑÏ Î[��� Ó"�

ú�%Qÿ_�Qÿ���ý )`���.*#��ÿ��1aQb��#)0*#��ÿNü�c�ü���,�$Xý ��a���/ ÿ#)ký b�ý )
d %Qÿ_�Qÿ���ý )`�+*',�,Z$���ý ÿ#��	
e�fNg;g'hNiJj k4e(h1l4lVimk1eRe�j nCophrq4i!s1h1l�t@fNnCe�u1k1v�j wYj v'f1exkNi
hNf1lVj kNn1vRkNtUy(j zY{1sNf|z7vRsNnCe|j lNkNiTj nCophNn1}pf1eRh1o4krimk1~Vf4j i!kNg�kNnQz\e� oNkNnCkNi!hN� �\u4fNiJu1s1eRk;e�fNgpg�hNi!}N�

d þ|$Xý & ���eÿ ü��0*�,�,Z$���ý ÿ#��	
e�fNg;g'hNiJj k4e(h1l4lVimk1eRe�j nCopoVimsNfNu;e�uCk1v�j wYj v5j n|z\kNi!k1eTz\e�sNi+k1�1kNn
j n1l@j �Vj l�f1hN� j �Rk1l
f1exh1oNkpi!k1~Vf4j imkNg'kNn|z\e(sNi+vxsNnQz\kNnQz#uNimsQwYj � k1e� e�uCk1v|j hV� �JuNf4i\u1s1exk5e�f4gpg'hNim}V�

• expressed via query terms, interest profiles, feedback info, 
time window

8�9 Î���Î":���Ó���� ���#�!:;�<�"�����#ÏÑÏ Î����HÓ"�

úZ��*Qÿ_�R�'a{ü���ý �Qÿ_� �1e1� þ�ÿ�2NþNa�ü���ý �bÿ����0*�,�,�$��R�
d þ1��/(a�ü��(�[�
	5��*Qÿ_�R�'a�ü'��ý �Qÿ_��b��#)0*#�

• criteria of interest encoded as search specifications
• system uses specifications to filter or analyze relevant text 

portions.

d 6#�Nþeþ1��,�a4*'/p	�þ�ÿ�2	þ4a{ü���ý �Qÿ_��bR��)+*(�
• generic importance metrics encoded as strategies. 
• system applies strategies over representation of whole text. 

30

8�9 Î���Î":���Ó����!�'�#�!:;�<�^�Z���#ÏÑÏ Î[��� Ó"�

Ô��3Ú>EkØ AZÛ�?3Ø Ý�Þ@�bØ Ú�O.à�×YS,Û�?3Ø Ý�Þ@�bà�×'A×�Ø ?�Ø AZÛ�Ü�ß�H@S�S8Û�×·Ø Þ�ß
D Ø Ú@E	Ø AZÛ>?�Ø Ý�Þ8ß>H>S�S,Û�×�Ø Þ�ß
eQfNg;g;hNi!}p{1h1e�hrimkQw kNimkNn1vRk�w\fNn1v�zYj sNn�w!sNi+eRkN� k1vTzRj nCoimkN� k1�1hNn|z7l4s1v�fNg�kNnQzTe#w!sNi�j n��mlNkNuQzY{pimk1h1lVj n1o

D Ø Ú�O.à�×TS8Û�?3Ø Ý�Þ,ß�H@S�S,Û�×�Ø Þ�ß
eQfNg;g;hNi!};vRsNnQz\h�j n1e�h�� �xzY{CkrimkN� k1�1hNn|z � nNs1�1k�� �-j nQw!sNi\g;hQzRj sNnsQwUzY{1k;sNi\j o@j n1hV�Ql4s1v�fNg�kNnQzYtVzY{Nf1e�e�f4q1eTzRj zYf|z�j nCo;zY{1k;sNi\j o>j n1h��l4s1v�fNg�kNnQz

D A×�Ø ?3Ø AZÛ�Ü�ß�H@S�S8Û�×·Ø Þ�ß
eQfNg;g;hNi!}pn1sQz�sNnN� };vQsNnQz\hVj n1e�hV� �xzY{CkrimkN� k1�1hNnQz(j nQw!sNi\g;hQzRj sNnq4fQz�hN� eRs
j n1v1� fClNk1e�sNu�j n�j sNnCe�t�v�iTj zRj vRh�� � };h1eReRk1eReRk4e-zY{1k~�f1hN� j z\};sQw�hNnCl;zY{1kpg'hQ�!sNi+h1eReRkNi z�j sNnCe�k1�NuNi!k1exeRk1l
j n�zY{CksNiJj o@j nChV�Ql4s1v�f�g'kNn|z
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���@����� ���"���#�]�@���"�`���+�
�"�
� ����� �����!¡'�"�#�!��¢ ��£.� �����

¤¦¥p§'¨�©-©�ª-§(«#¬+©#¬�
® «�¯#«�° ±�²�³ ¯(´�µ1§�©�³ ¯'ª�¶�µ.µ1©�·-µ
® µ4¨�«�¯#¬@¸R¹�¨1º�³ ¯�´»³ µ�³ ¯#µ�¹�«�¬+¶�º�º�«�¨R±
¨�©_ª�¨�©#¬+©�¯#µ1«-µN³ ¹�¯

® ¬U±'¯-µ1§(©#¬0³ ²�³ ¯(´�«�¯�«�ª�ª(¨�¹�ª�¨1³ «#µ1©�¹�¶#µ4ª#¶#µ�¸�¹�¨�º

32

¼½�"�¿¾!�
À]��¾
�"��Á��@�]�;� �;� �T¢"Â

¤�¬�¶'¨R¸R«-Ã�©Ä° ©0Å(©_°
¤�Æ'³ ¬+Ã�¹�¶'¨R¬�©Ä° ©�Å(©_°

33

Ç �������.�;�LÈ(¾!��À]��¾���Á]Á��V�]�"���.� �

¤¦¥5©_¯(Æ�µ�¹»¨�©�ª�¨�©-¬�©-¯#µ�µ|©0·#µ�¸1¨�«�´�º�©�¯-µ�¬ÊÉ|©'ËJ´5Ë
¬+©�¯-µ|©-¯(Ã+©�¬+Ì�³ ¯�µ|©_¨1ºZ¬F¹-¸
¬+§(«�° ° ¹�ÍÎ¸�©-«�µ4¶'¨�©#¬

¤½µ4§(©`¸Q©#«-µ1¶'¨�©-¬�«'¨�©Êµ1§(©_¯�¬�©_° ©-Ã@µ4³ Å(©�° ±�Ã�¹_º�Ï(³ ¯(©-Æ
µ1¹�´�©�µ4§(©�¨pµ1¹�±�³ ©_° Æ�«�¬@«�° ³ ©_¯(Ã+©`¸1¶�¯#Ã@µ4³ ¹�¯�¶#¬+©#Æ
µ1¹�¬�©_° ©-Ã@µ"¬�¹_º�©�¹-¸pµN§(©Z¸1¨�«�´�º�©-¯#µ�¬

34

Ç �������.�;�¿¾!��À]��¾

Ð�Ñ�Ò@Ó+Ô Ô Õ�Ö»×YØ@Ó�ÙQÚ+ÛYØ@Ü"Õ�×'ÓLÙ�Ø>Ý@Ù�×RÛYÓ@Þ+ß�Ø+àVÙ
á Ù�Ò@Ø@ß�Ó�ÙQâ ã�×TØ@Ó�ÙQÚ�ÛTØ@Ü

• presence of statistically salient terms, based on term frequency
statistics

á Ô Õ@ã4Ó�ÙQâ Õ7à
• position in text, position in paragraph, section depth, particular

sections
áåä Ó@ã>æVÞ0ÛYÕ+Ú+à>ç

• presence of terms from the title or headings in the text, or from the 
user’s query

35

Ç �����V�"�;�¿¾!��À^��¾

á]è Ú>ØLÖ
Õ+ÛYç+Ü"Ó+à@çFé�Ò+ÛYÓ@Ü4Ø@Ü
• ”in summary”, ”our investigation”
• emphasizers like ”important”, ”in particular”
• domain-specific bonus (+ ) and stigma (-) terms

36

ê�� � �;����� � �LÈ(¾!��À^��¾
�[Á]Á����]�"���.� �

¤�ë]¹(Æ�©_°7µ4§(©�´�° ¹�Ï0«�°#¬UµN¨Q¶(ÃUµ1¶'¨�©�¹-¸pµ1§(©Êµ1©�·#µ"«�¯(Æ
³ µ1¬Ê¨�©�° «#µ4³ ¹'¯�µ1¹�Ã@¹�º�º�¶�¯'³ Ã�«-µ4³ Å�©�´-¹�«'° ¬

¤�¬@µ4¨1¶#Ã@µ4¶'¨�©�Ã@«�¯�³ ¯(Ã0° ¶(Æ�©ì
® ¸�¹�¨1ºZ«-µ.¹0¸
µ1§�©�Æ-¹(Ã7¶'º�©-¯#µ]É1©'Ë\´;Ë;§#±�ª#©�¨Rµ1©�·#µ
º�«'¨1í�¶�ª0Ì

® µN§'¨�©-«�Æ#¬¦¹-¸pµ1¹�ª(³ Ã@¬F«(¬[µN§�©�±�«�¨�©�¨�©0Å(©#«�° ©#Æ»³ ¯
µN§(©Êµ1©�·#µ

® ¨1§(©�µ1¹�¨1³ Ã+«�°7¬UµN¨1¶#ÃUµN¶'¨�©Ê¹�¸
µC§(©`µ1©�·#µ4î5¬0¶0Ã7§�«(¬
«'¨�´�¶�º�©�¯-µ�«-µN³ ¹�¯�¹'¨"¯#«�¨1¨�«-µN³ Å(©�¬Uµ4¨1¶0ÃUµ4¶'¨�©
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37

ï�ð!ñ]ò5ò�ó!ô'ñ�ð
ñ[õ]õ]ö@÷"ñ]ô�ø.ù"ò

ú�û+ü�ý(þ�ÿ ���
ú����_þ����	��
�� ������

� ��� �������������	�����������+ý����_þ �!�-þ����
� �0ý ��� ���"�1ý��"���_þ �!�-þ#��� �%$&� �4ý��1ý���ý�� ��ý������
�������	�'���)( ��� þ ��
 ü��� *� þ"�Ný��"�+ü�+�+����-,

38

.0/ ø2123 ò54�ù76�ø.÷98

:�;=< > ?A@CB�?-@�BED2F9< GH?JIK@2L�M�NPO�DQ@CG=?0O�FP< G�R&SQFT?AMCU�> < FT?
:%VC@�BED2F9S�BE@WGKM�B-D2S�> < X=@YL%ZKS�F[@�L&M�GQN[M�D&Z�< G�< GKR
?AMYR�@P?JI�@�B�M�B\?-M�R#BES�U�I�< N[S�> > ]QFK< DW< > S�B�?-@�B^DQF
_ L�< `\`^@�BE@�GP?-< SP?-@�a�L�< `b`E@CBE@�GP?Aa�L#< `\`^@�BE@�GP?J> ]�a�LC< `b`^@�BE@�G�Nc@
dce L#< `b`^@�BE@�G

:�;=B^@�f�O�@�G�NP< @�F9MP`�NcM�DWZ�< G�@�L2?-@�BED2F9S�BE@2NcS�> NPO�> SP?-@�L
S�GKL%G�M�G d `gBE@�f#OK@CG=?�?-@�B^DQF9S�BE@WBE@�D&MKh�@�L

: dce�i F[< R�G�< `^< N[S�G=? i ?-@�BED2FjBE@�D2S�< G

39

:�k�l m nbo�p�q-DWUKMCB\?	S�GP?
F[@�GP?A@CGKN[@�F9NcM�GP?-S�< GHr�MCBEL�F
?JI�SP?sM�N[NPO�B tcFcMYDQ@Pr9I�SP? i
`gBE@�f#OK@CG=?J> ] u

:�v7w�x�y#z {|p�q�GKNKBE@�S�F[@
F[@�GP?A@CGKN[@QF[NcM�BE@j`EMCB}@�SYNPI
`gBE@�f#OK@CG=?�r�MCBEL u

[Luhn, 58]

~ ù"ò;÷�ð ��óE19� õ.÷9� ù�ö�÷9�"� ÷�öP8�ò

words

Word
frequency

The resolving 
power

of words

40

.0/ ø2123 ò54�ù76�ø.÷98

:"� @�GP?-@�GKN[@�F9S�BE@jr�@�< R�IP?-@�L%OKF[< G�R2?	I�@�BE@�FKO�> ?	< G�RQF[@P?
MP` i FK< R#G�< `-< NcS�GP? i ?A@CBEDQF9S�G�L&Sj?A@CBED�L�@CGKF[< ?^]
DQ@�SYFPO�BE@ p
_ @�S�NPIQF[@�GP?A@CGKN[@&< F9L�< h#< L�@PL%< GP?-MQF[@�R�D2@�GP?-F
Z�BESYNP�=@P?-@�L%ZP]&FP< R#G�< `^< NcS�GP?�?-@�BED2FjGKMP?�DQM�B^@H?JI�S�G
� GKM�G d FP< R�G�< `g< NcSCG=?�?-@�B^DQF9S�U�S�B\?

_ @�S�NPIQF[@�R�DQ@�GP?0< F9FcNcMCBE@�L%ZP]Q?-S��P< GKR2?JI�@QF[f�O�S�BE@2MP`
?	I�@WG�O�D&Z�@�B�MP`�Z�B^S�NP�=@K?A@YL&FP< R�G�< `^< NcSCG=?�?-@�B^DQF
L�< h�< L�@�LWZP]Q?JI�@H?-MP?-S�>�G�OKDWZ�@�B}MK`sZ�BES�NK�=@P?-@�L2?-@�BED2F

• score(segment) = significant_terms2/all_terms
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Ê À�¸�¹�¿	¾0Ë7·�Í�Î�Ì¤ÐÙØ�Î�Ì¤ÐÚ¶�ÔbÏ

44

Û0ÜQÝ2Þ2ß ¬5àá§7â�Ýäã9å

³�½cæ�¾'À�¸�¹�¿	¾"¹�Ç0½[æ�¾�æ�È ç�æ�¾�ÀY½äÀ�¸�¹�¿!È Å�ç�À�¾ ç}º�¾�Å�½
È À%½!Æ�Õ�¾�Å�Æ�À&½!æ�¾'À�¾}Å ½�¾�Å�¸�¾"ÀY¸�¹�¿	¾

³�½cæ�¾µæ�È ç�æ�¾�À�½9À�¸�¹�¿!È Å�ç�À�¾}Å�½�¾}Å#¸�¾ À%Æ�¿	¾"¸�æ�¹�À�¾}Å
½�¹�½!æ�¾"À�¼�º�º"Æ�¿-è

³"Æ�¸#¼ ½	¹�Ç^Ç�Â Æ�Ö ¼�¾�È Àéç�È Â�¾}Å�ê|¾�Ô\ç�Ô
Ê2ëíì ¾�À�½7½�¾}¿!º�À#ês¹�¿
Ê7î�ï ¹�Ç0½!æ�¾"¹�¿!È ç�È Å�Æ�ÖC½!¾ î ½
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³é½!¾ î ½HÀ�¼�º�º�Æ�¿!È õ�Æ�½[È ¹�Å�¹�Ç9öQ¾ ì » Æ�ç�¾�À�¹�Å
æ�Æ�Å�×�æ�¾}Ö ×�×�¾�Â�È ¸�¾ À�÷=ø�¼ è�¼�Õ Õ�¹�Õ�½!¾�Å�êsùHÆ�¿-¸�È Æ�ú
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³�º�Æ ¸#¿	¹�ú[Ö ¾#Â�¾}Ö#À#¼�º�º�Æ�¿!È õ�Æ�½[È ¹}Å
Ê�� æ�¾�ö2¾ ì » Æ�ç�¾�È À'»CÆ�¿-½[È ½[È ¹�Å�¾�×*È Å�½�¹
	�
 ¾�º�Æ�Å ½[È ¸ � ¾ î ½[¼ Æ�Ö�0Å�È ½!À���÷ 
 � �|À�ÿ

• Paragraphs, lists, alt texts (for images)

Ê�� È ¾�¿	Æ�¿	¸#æ è�¹#Ç 
 � �sÀ'È À�È ×�¾�Å ½[È ÇTÈ ¾�×
• List  - list item, table – table row 

Ê2ë ¾�À�½!¾ × 
 � �0À�Æ�¿	¾�æ�È ×�×�¾�Å
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TVU�WVXHY�Z�U\[J]D^_^\Y�`�a�b!Y�cLa�d/e

fhg,iLj<kKlBm�j<n oBprq�sutrtrluk;vrq�g+oLj1gBoLm6g+q
w�x gyoLj1g+o,m�gLqzlukKg{q�m�|SkKg+}~sBq�n op�l{�Lluk1n lSo+j�|��
� su�ou� qhtrg�j1�|B}J�
• Words are TF*IDF weighted; given a weight cutoff value, the 

high scoring words are selected to be significant terms
• Weight of a segment: sum of the weights of significant words 

divided by the total number of words within a segment


