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Identification of Citations Using Vector SpaceModels
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Databasesfor scientificpapersarewidely used.Citationindicesfor suchdatabasesareinvaluablein there-
trieval of relatedpapers.Methodsto determinetherelatioshipbetweenpapersautomaticallyarein demand;
however, a naivemethodsuchasusingexactstringmatchesmakeserrorsbecauseof thevariouswaysrefer-
rencescanbeformatted.In this paper, we proposea newindexing methodbasedon weightedvectorspace
modelsin orderto determinewhich paperscorrespondto which citationentries.Thus,givena citationentry
from areferencelist, themethodoutputscandidatepapersfrom thedatabasewhichtheentrymaybereferring
to. Furthermore,theweightinghelpsto eliminatefrom thereferencelist papersthatarenot availablein the
database.
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L¢£S¤§¦

( AB )
Ê ��j�kRà&¡�ÅZÒS¬
¯�°�±+²���	�
l�m�¢H£{¤ ¦

( Aion ) ³�·R¿&Ç
Ai ³ AB ²�¾�·�pH¬rq�³�·R¿M³�¡
Ai n Wtsvuw syx{z}|�~s�un s AB

3.
¯�°�±�² ��	�
�l�m�¢H£{¤ ¦R²�& (�Ó�¬�D U F·R¿OÇ � 1Là�D U  �¡&D�µ�±�¸�«¥¹Mº�² �
	�
¢S£R¤§¦�Ê�)�2 � Ù�ß&ã+ä�¿�²M³�  #�¾.Ü ¡ �
	

L¢b£A¤ ¦RÊ���j�kÔÓ�Ò � l�m�;¥²�Ù¥ß�825ãLäM¿&Ç
´LÅeã�¡Y±�¸5«M¹+º�¢R£R¤§¦

( AT )
¬�±5¸�«M¹+º² �
	�
+¢H£{¤ ¦¥Ê���j�k{à � ¢{£{¤ ¦

( AT/n )µ�±�¸�«H¹Mº�² ��	�
L¢{£{¤ý¦A¬MD F ·R¿RÅ³
ã�� F Ê�¾L¿OÚ¥¬QV d ¡AÅYÒH¬]D U ³�·R¿&Ç
AT ³ AB ²�¾�·�pH¬���³�·L¿L³�¡
AT/n W�s�u� s�x�z}|��s�un s AB
D U W s � u����� un���� �y� un�� ss u� � s

4.
¯+°+±�¢b£A¤^¦MÚÔÑI¯�°+±R²���	�
#l�mM¢F£¤ý¦

( Aion ) ¬���®�á�ÚFÑYÙLßQ8 (e¯�°�±���	�
¢{£H¤ ¦
(
D U Ai n ) ¬�¯�°�±�¢H£H¤ ¦¥ÊQPAà&¡�Ùß&8 (�¯�°�±�¢H£{¤ý¦

( Ai U ) ¬&)Ý¼
¿&Çà � µ $�á+¡ Ai U  C3#:L² �+Ú.ÑbV ø ¿OÇ

Ai U W � ¯�°�±+Ú.Ñ �
	�
�l�mA¬&Y�® � ¢H£H¤ý¦[�
Z � ¯�°�±¥²�ÙRßQ8 ( �
	�
	l�m+¢A£S¤ ¦[�

W G Ai \ Ai�n N�^9G D U Aion N

Å¥ÁZ·L¿+Å�³�ã�¡ ��	�
R²(�.ÆIÊ�ÙMß+¬b892&¡
Ú)�¡
±�¸5«L¹�º�³Y¯�°�±+²(�
��Ê
!��
ÙMß+¬()�2�¿Å�³
µ�ã)(�¿�Ç

4 ���¯+°�±¥Ê��L·S¿O±�¸�«H¹¥º5²&Û½Ü^ÞSßA³O®ÝÁ����ÚFÑe¡53�6M²��5�L²(�� �ÉR¬/¡�¢�·M¿ ��d Ê�õ�ö¬"£L¾ $ � Ç

4.1 ¤�¥§¦©¨��õ5öM 5¡ª���.Ñ�²(«�¬�­®�°¯#±�²&³
&�´�µ�¶�Î×�Ø�·&¸�¹��eã&º�ØRà�á�®�¿
±�¸5«L¹�º�³Y¯�°�±M¬��»b³�à � Ç±5¸5«R¹+º�Ê� �¡�´�µ�¶�Î�×5ØM¡b¼�½�¾�¿�¡/���¡�À+¡ªÁ�¾�Â�·+²�Ã(Ä�±�¸M²�Å&Æ�Ç�È�É�Ê�Ë�Ì�Ì+±

+ÚbÑ�Í�Î¥²Lü�²5¡

18601Î ¬�­M® � Ç�±5¸5«¥¹�º �¡����
�+¡�� Æe¡ ��	�
M¡(ÏL¹�Ð�¡ ��	�Ñ�¡�²"=� Æ�?�Ê R Ú&Ò+á�®�á�¡O´�Ò��&Ò�¼��+Ê�á&Ò�ÓRÓ<Òá+®L¿&Ç¯�°�±�Ê� �¡
1997

Ñ�ÚAÑ
2001

Ñ�Ô�£L²<´�µ�¶�Î×�Ø9ÃCÄS²(ÌL±�
R¡&Ç�È�É�Ê�Ë�Ú.ÑªÕ?ÑYÒ �
1707
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�M²(Í5Î�±�¸M²�¯�°�±�¸����HÀ¥Ü ¡b¼5��ã�=�±�Ê��� ÜI¬�Ò&Ò+áCÕ.ÑEÒ �
30855Î ÚFÑe¡�����	�Ê�
#!1

2000 Î ¬O­L® � Ç�¯�°�±¥  OCR
ã
�Sß{³�$�á����� ¤��{à�á+®M¿ ��d ¡��LßH³LÜ��óÜ µ ,�- à&¡�ÔÆ�?�Ê¥ü R Ú�Ò+áHü�®�¾�®�Ç ø � ¡I¯�°�±�²�¶Rà÷�·5±�¸�µ�±�¸�«¥¹Mº�¢L¹ � ��Ê ,�- ·¥¿+ü�²� �¡¼���ã����{à � ���L¡

2000 Î � 650 Î ãLä $ � Ç».Ó&¬�Õ�ÖM·�¿OÊ�ä � $�áCe�×5ØR¬/£M¾�$ � Ç�¯°�±Ô³�±�¸+«H¹¥º�²�&�±�ËH² ù ®
�L �� �AÓ�ÒLá®�¾�®FÅ�³5¬&°�7bà&áL¡&0LáM²5±�ËF¬��+±�Ë��{à
� Ç ø � ¡�¯�°�±� 

OCR
�¥ß��ëÜCÊ¥ÀSÜ Õ?ÑZÒ �

��d ¡�±5Ë�%+Ê� �£�µ
! ø Ò+á�®�¿�Ç�´LÅIã�¡� &£³" �£RÊ{ÀHÜEÍ�ÎLµ R Ú�Ò ���  Ê�� ��¿�#%$�&' ¬CY�(Mà � Ç)#*$�& ' ²�Y�(�Ê� 5¡,+�- � ±�Ë�%µ�.��LÊ ,�- ·¥¿�ÚLÏ.ÁZÚ�ã����Aà � Ç¢A£A¤ ¦H²OÈ�É¥Ê� �Í�Î
unigram

³
Í�Î
bigram³I±�Ë%/

-gram
²�0�1óÜI¬�£M¾ $ � Ç�Í5Î¥ �¡(Í +Ë�3�4R²&±5ËÔ³ � ÏL¹ � ã2� � $ � Çø � ¡
¢S£¥¤§¦¥²"=5È�ÉM² ��3 ¹�¦MÊ� �¡54�6¥¬7 ³�·¥¿M³�¡

T)8:9,; G 7 N W=< L ( > 7 >@? L ²S³�( )7 (
´�Ò�3�4R²R³�(

)³�à � �  ³�¡
ACBED G 7 N W < L�^GF BEDIH G 7 N ( > 7 >@? L ²S³�( )7 (

´�Ò�3�4S²S³�(
)³�à � �  ¬�­M® �

[7]
ÇÙMß+¬/8#2+¿/�ÔÆI  ��	�
��.ÆYã�ä�¿�Ç<ÙMß(8�2 �¡�±�¸5«L¹�º&²�ß�¡
±�¸5«¥¹+º�³Y¯�°�±+²(����²J 1óÜCÊQ�Sà�á�¡

0
Ú.Ñ

1
²�K2L�ã�£M¾ $ � Ç���	


H²OÙRß�µ
1
³& �¡�ÙRßL¬&)�2�ûLÊ���	�
	�èÆ�¬´�² ø�ø ­�®M¿¥Å�³�¬NMPO�·L¿OÇ¢A£A¤ ¦H²�»ÔÓ�²�QR6¥Ê� 

cosineSGT 6{¬�U�­à � Ç

4.2 ¤�¥WVYX[Z�\W]õ�öR  J )M²(���+Ú.Ñ@£¥¾ $ � Ç
^
_

1
ä+¿�¯�°�±�ÊQ�Rà�á5±�¸�«L¹�ºO²���`�a�b¬�ÛóÜýÞdcOÉ�¿S¬"eGfL·¥¿ ��d ²�õ�ö+ãMä�¿�Ç

�g`�µ ,#- ·H¿�¯+°+±
650 Î ¬"��» ³5à�¡�þÔü

cosineS�T 6L²NhM®&±�¸5«¥¹+º�µ+¡�´�²�¯�°�±5µ�¶à�÷¥·��g`M±�¸M«S¹¥º�ãRä�Ò����g`?³5à5¡�´ÔÁYã¾	2&Ò ��i��G`?³�à � Ç
i��G` Î + ü�Ó�¿RÅ�³O¾µ.ÑEþ�j�k�Ê¥üml Æ<·L¿�Ç�þ�j�kF³� �¡�±�¸�«L¹�º¬
cosineSGT 6+µ�& (�®�nRÊ�o�p � ÆLÊ�¡���`�±¸�«R¹�º�²�n�k�µ�þbümjMÚ $ ��qGr ²�n�kH¬ �L·�ÇÅ�²�þ�j�k�µ
�{Ó(2�Ò����AÓ�®� 5Ï�¡�±�¸�«L¹�º&²

�G`gaRbA¬�s¥®�K*L�Ê ø ã�ÛëÜ^ÞtcHÅ�³�µ�ã (�¿Å�³�¬�M�O�·¥¿&Ç
�

1
²"=�u Î  5¡�Ù�ß�¬b8�25¾�Ú $ �
v ³�¡�þ�jk�µ�þÔüN�.ÓF¼<¾¥¿�Ù¥ß�² v ²�i��R` + ³IþgjRk¬ �M·5Ç�Ï�²�u Î Ê�w�®�áSü�¡�Ù�ß+¬/8�2+¿�Å�³Iãþ�j�kM ��AÓH¼E¾�$�á�®M¿�Ç�Ó�ÑIÊ�¡�±�¸�«L¹�º�³¯�°�±�²(����;+²�Ù�ß"8�25 5¡�±�¸5«L¹+ºO²�ß&;+²Ù¥ßC892¥ÀSÜ^¡�!�xG6�ÚHÓLÑ�Ê
�AÓ{¼Y¾ $�á�®L¿�Çy¥Ê�¡&È�É�µ�Í�Î

unigram
ã ��3 ¹O¦�µ T"8:9m; ²

�   �¡�±5¸5«¥¹+º&²�ß&;+²�Ù�ßQ8�2�¡
±�¸5«¥¹Mº³I¯�°�±�²(����;M²�ÙLßQ8�2�²"���5ã�¡�þ�j�kS¬
3z ø ã+Ê�{ d á�®L¿&Ç|

1
 �¡�þ�j�k�µ�yMÊ��AÓ�Ú $ � u Î � È�É�µ�ÍÎ

unigram
ã ��3 ¹&¦+µ T"8I9,; �5ÊGw�2L¿�¡���	


�;M²�Ù+ß¥³Yþ�j�kM²�Ã�}¥¬��+·5Ç�0�á�²NK�L&ã�Ùß�¬")�2�¾5® v ÀLÜýþ�j�kM ��{ÓH¼^¾�$eá�®M¿�ÇIÙßM¬��FÓH¼�à)~2�M¿M³�¡&þ�j�kL OÌ�Ì�& (H¼C¾M¿�Çø � ¡�¯+°+±Ô³�±�¸+«{¹Lº�²C� ��;R²�ÙRß�8[2+²
�5µ+¡�±�¸�«L¹Mº�²5ßC;M²�Ù�ßQ8�2LÀ¥Ü ¡�Ù�ß�²���RÊ��Fà&á��¥®�K*L�ã��.Ó&®�þgjGkMµ��	'.Ó�ÒLá®L¿&Ç
^�_

2
¯�°�±�²(Ë  ¬O¡�±5¸�«L¹MºQ��Ê ��`�µ ,- à�´ ÁI¾�¯+°�±R²&Ë  Ê�ÛëÜ^Þtc&É�¿F¬NeRf¥·¿ ��d ²�õ�öMã�äM¿&Ç±�¸�«¥¹Mº&�5Ê ��`�µ ,�- ·¥¿
¯�°�±

650 Î ³�¡�g`Mµ ,	- à�¾+®5¯�°�±
1350 Î ¬  �R#S � 2000Î ¬"��»b³�à � Ç¯�°�±{³ª=�±�¸�«L¹�º&¬"���Rà�¡

cosineS�T 6�²þGhG�A¬CV d ¿�Ç�´�²&þGhg�+µL¡+äL¿
cosineSGT6M²����R¬5��Ð�Ò�� ��`�µ ,�- ·M¿+³����RàO¡m��Ð¾�2�Ò�����`M  ,�- à�¾�®R³����Rà � Ç�Å�²����+Ê�SàOá+¡������b³<â  �S¬�3#:L²LÀSÁYÊ����L·L¿&Ç

����� W ������ ^�� �â  � W ������ ^G���
� 1¥à�¡

TP
¡

FP
¡

FN
¡

TN
 +´OÒ��OÒ	3�:L² �Mã�+ÐbÑCÒA¿�Ç

«H¹Mº��5Ê «H¹Mº&��Ê
��`�µ¥ä�¿ ��`�µ�¾�®

650 Î 1350 Î��`SäbÜO³m���
TP FN��`L¾Là�³,���
FP TN�P� Æ��Ô³�à � ÛóÜ ÞRßO���Ô³�®?Á ����ÚbÑ� �¡hM®������¥¬5��l¥à�á�®+¿�Å�³<µ�þbüm� ø àO®5Ç �

2
 �¡&=�u Î ÊC�Hà�á�¡�������µ 1

¡�Ú	)�¡&þbümh®�â  �R¬
÷+·�Ù+ß�¬,
#!5ã�¡&´5² v ²�â  �+¡5i
��` + ¡�þ�j�kH¬�÷Aà � Ç
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È�É ��3 ¹�¦ u Î ÙRß i���` þ�j�kÍ�Î
Damp – 1.0 3 150

unigram D 0.1 7 3
CD 0.5 2 3

Log – 1.0 7 605
D 0.3 9 9
CD 0.6 5 5Í�Î

Damp – 1.0 17 9720
bigram D 0.2 16 1462

CD 0.5 15 957
Log – 1.0 21 10390

D 0.2 15 2017
CD 0.5 16 1781±�Ë

Damp – 1.0 18 290
4-gram D 0.1 8 45

CD 0.4 10 23
Log – 1.0 20 781

D 0.2 8 209
CD 0.5 12 94

�
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õ�ö��^²"���MÇ�u Î  �¡ –

 �Ù¥ßM¬")#2�¾�®�¡
D
 �±�¸�«S¹Mº�²�ß�¡

CD
 &¯�°�±A³I±�¸�«¥¹Mº�²(���Ê&Ù¥ß�¬C)#2 � Å�³�¬�÷L·�Ç

�
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���

���
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� ��
 � ��
 	 ��
 � ��
 
 �

�
�
�

�����������

�����! #"$���
%'&'�)(*�����! #"$��+#,

|
1:
õ�ö

1
²�i
��` qGr ²Oþ�j�kLÇ�È�É¥ OÍ�Î

unigram
¡ ��3 ¹�¦R  T"8:9m; ¬�­L® � Ç
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È�É ��3 ¹�¦ u Î ÙLß â  � i
��` þ�j�kÍ�Î
Damp – 1.0 0.581 3 150

unigram D 0.6 0.730 5 74
CD 0.7 0.690 3 13

Log – 1.0 0.505 7 605
D 0.5 0.660 7 59
CD 0.7 0.573 6 16Í�Î

Damp – 1.0 0.484 17 9720
bigram D 0.9 0.515 15 9468

CD 0.9 0.493 16 9307
Log – 1.0 0.502 21 10390

D 0.8 0.524 20 10003
CD 0.9 0.513 18 9941±�Ë

Damp – 1.0 0.605 18 290
4-gram D 0.4 0.660 7 139

CD 0.9 0.543 14 141
Log – 1.0 0.507 20 781

D 0.3 0.617 8 266
CD 0.8 0.565 16 357

�
2:
õ�ö��I²"���MÇ�u Î  �¡ –

 �Ù¥ßM¬")#2�¾�®�¡
D
 �±�¸�«S¹Mº�²�ß�¡

CD
 &¯�°�±A³I±�¸�«¥¹Mº�²(���Ê&Ù¥ß�¬C)#2 � Å�³�¬�÷L·�Ç

 ��&0�á+²�u Î ã�¡<Ù�ß+¬/8#2�¿�Å5³�Ê¥À¥Ü â  �S �h½¼<¾ $ � Ç
���g�F¬
1
Ê�·S¿ v ²&â  �F¬V d�����d ¡Oþ�h+ãHü

73 � ¹�� ' ¤Zã�ä $ � Ç&¯°�±H³e±5¸5«L¹�ºO²(�
��Ê�ÙLß�¬/8�2�¿+À¥Ü ¡�±�¸«L¹�º�²5ß5Ê�ÙMß+¬/8�2 � ��µ+¡Yâ  �� LÀRÜ hó¼¾ $ � Ç
|

2
 �¡ �����M¬

1
Ê�à ��v ²�â  �5µ�y�Ê"h�Ú�$

� u Î � È�É�µ�Í�Î
unigram

ã ��3 ¹�¦�µ TN8I9,; �Ê
w�2+¿�¡5�����F³Câ  �¥²&Ã�}¥¬���·5ÇQ L³b!�Ï²NKRL�ã�¡e¯�°�±{³e±�¸5«¥¹+º�²(����Ê�Ù�ß�¬/8�2¿+ÀLÜ ¡�±�¸�«L¹�ºO²5ß5Ê�ÙLß+¬/8�2 � ��µ+¡�À¥Üh+®�â  �R¬
÷Sà � ÇeÙ�ß�²>8�2 ��Ê¥À�¿Iâ  �¥²
*S®+ �¡
���g��µ

1
Ê�»	8R® � ³+Å��&ã�þÔü	���Ê�¾ $ � Ç

|
3
 �¡ �����M¬

1
Ê�à ��v ²�â  �5µ�y�Ê"h�Ú�$

� u Î � È�É�µ�Í�Î
unigram

ã ��3 ¹�¦�µ TN8I9,; �Ê�w�2M¿&¡��
	�
	;L²�Ù¥ßH³Yâ  �S²�Ã�}H¬ �L·�ÇÙMß�µ�

0.6
¡

0.7
² v ¡Oþbü<â  ��µ�hë¼Y¾ $ � Çà
ÚRà�¡IÙ+ß�¬"�AÓH¼Cà5~���¿�³YÙLß�¬Q)�25¾�® �

 ÀLÜ â  �M �jë¼E¾�$ � Ç ø � ¡Iâ  �S¬�þbümh¼C·R¿�Ù¥ßL²���¹R£�³�õ+ö �ýã�÷bà � þgjGkF¬�þü,�HÓH¼ ·L¿IÙMß�²
��¹�£� �#�¾�$ � Ç�Å�²LÅ5³IÚÑZ¯�°L² ��d Ê�õ�ö
1
³ !���¡5i���` + ¡Iþ�j�kR¬ä R�S á��LÊ�! d á�ä�¿&Ç

4.3 a���5õ5ö+ 
OCR

�Mß��èÜ§«M¹�º&¬���»{³Oà ���&d ¡Í�ÎS¬
È�É¥²�����Ê�
��R³�¡Oä+¿
Í5ÎR²�±5Ë�Ê����
��ãHü��ðÜýµ
! ø Ò �
v Ê�¡O´�²�Í5Î�0���µ��R²�ÍÎè³�Á��bÓ�ÒLáHà ø ®�¡�¢F£F¤^¦H²&» Ó&Ê��#k��¬���ÐR¿¥Å�³
µ�É
 .Ó�Ò � ÇL´¥Å
ãM¡5±�Ë

4-gram¬!���SÊ
� $ � õ+ö ü�£S¾ $ � µ¥¡&���#"MÊ�Í+Î
unigram

²���µ�É	¿Mµ�±�Ú $ � ÇAÅeÒS +¡
OCR

²�Lß��ÝÜ%$�65µ�& $ � À¥Ü�±&Ú $ ����d 1R³Y°�ÐHÑÒb¿&Çø � ¡�Í�Î
bigram

 &Í�Î
unigram

ÀSÜ É�¿�µ��Ú $ � µ+¡&´5²�Ø#'�³&à�áC�����L²����L² c ��µ�ä¿�Ç ��ËF³'��eL²�n�z�¡���e¥²G$)(+*
,I¦����M¡.-
/ ¦.0�¹!1�²�����¾�Ï�µMä+¿ ��d ¡"��ËM  ��h¥à �³�à�áSü�¡ J Í�Î¥²�+�µèÜ�³Oà�á� ���h¥àO¾�®SÅ�³µ * ®�Ú.ÑIãMäM¿&Ç��3 ¹&¦¥ 

Log
ÀSÜ

Damp
²���µ�0+�."�Ê�É�¿µ�±�Ú $ � Ç�¯�°�±M²MÀLÁC¾)2M®�±�Ë�%¥¬���»A³Oàá5¢S£S¤ ¦MÊ�Â�Ã�·L¿ v  5¡

Damp
²��5µ�±�®R³3&R ÒS¿OÇ�±�Ë�%�µ42L®5¡�) ø Ü§È�ÉL² + µ45M¾�® �d ¡ & (�¾��H¬/'	)&È�É¥²��&h+Ê¥À�¿bk���µ+¡eÈ�É² + µ * ® v Ê��gp+á�& ({¼Y¾L¿�Ú.ÑIãMäM¿�Çõ�ö

1
ã+¡<þ�j�kL¬ & (H¼���(�:
-�á�® � ¯�°�±Ê� �¡O´
Ò�µ5¶Sà
÷+·�±�¸�«L¹�º�²���	�
L²�����µ

��� ���{Ó<Ò+á�®+¿�³�®bÁ�y�6�µ+ä�$ � Ç�±�¸5«L¹º5²����A¬)7��¥·S¿RÅ�³�ãbü&¡�þGjgkA¬
 �8¥·S¿Å�³� &ã (5¿�³3& R ÒS¿OÇ5à�Ú¥à&¡,��94:L¾�«R¹�º
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²������¥ÊC�M·¥¿
â  �MÇ&È�É¥ �Í�Î

unigram
¡ ��3 ¹�¦R  T"8:9m; ¬�­M® � Ç�±�¸�«¥¹Mº�²�ß;L² �
	�
S²�Ù¥ß� 
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