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Extracting and analyzing recycled word sequences from text

Akiko AIZAWA

National Institute of Informatics

Texts distributed in real-world networks contain numbers of duplicated word sequences that
are sometimes longer than sentences or paragraphs. These word sequences exactly match
due to such operations as copying, editing, revising, quoting in generating or transferring
documents, and can be considered as useful information that represents associations between
documents. In this paper, we propose a suffix-tree based method for extracting repeated
word sequences efficiently. Some analytical results are also reported where the proposed
method is applied to different types of large-scale text collections such as newspaper articles
and abstracts of academic papers.
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����H U V�W X `�Y�? @ d Q�S�^ H a
b�`�l �
m w���D�Q ( L ` I�K�& w1, · · · , wL

��n*o (�pH�� lh` D]Gqp�r `JW y m `qa�s�[��*��^ H�t j3t D*�I�K
wi P���s�V M 1�u O   ��vZw�P D�x�r p

�
Zyn�o�z X®c } ����{ p D�|�}�D�~���G�� ~ � � ��H© ` d ^ H�tLQ ( � n0 P�� ¤ G s I�K N L�M O B

�L� (�p H d ^ H d D�n�o��3Gqp ( p H ¤ i P B�D L^ ` I|K'& `	� ���rG q d|© n0

^ u O � Z'[ T�V E
T�q�� T (�p G n�p ¦ G o G s t
shj D k

^ ` z XF[�\�] I�K�&���n�o���G�p (�pG s � lhPe�NsrV 2 ¥ H d D k
^ ` z X ` ]	� � ^N_

V (n0 − 1)
���NH d�¡

L
B�� g R d G�H�t�� P D m

p y�X © Q s INK'& Pe��shV BND�5 t Q ( � n0

u O
`�� ? I�K &�� U�V W�X O P T p HRt ^ G�« @�D uv [W����^ H dR¡ D�n�o�I�K�& ` �2G q d�© g�� �5 t G�p���������H�t

L ≥ ((n0 − 1) × (k + 1) + k) + 1

= n0 × (k + 1) (2)

� s } ¥ H d D�Q ( L ` I�K�& P�Q�T�V D�z X � k����� [�����^�p ¦ D�5 t n�o���Gqp���������H�t
k ≤

L

n0

− 1 (3)

w p±y�X G�p�x*r ` v�� R B�������� ¥ o�p H�t

ε(L, n0) =

d L

n0
−1e∑

k=0

LCkpk(1 − p)
k

(4)

¤�d�¥�¦
n0 = 5

d ^ H d�¡ D p = 0.1
��B

L = 20�
87%, L = 60

�
99%

D
p = 0.05

��B
L = 20

�
99%

u O ` Gqp�r d G X D N ≤ 4
GNH

N L�M O [ �� T�V © D�n�o���� ` � ¥ O�� `��Z� B g ¡ G����
[���n G s w d ����� (�p H�t
3.4 ���������������� �¡�¢
£ p T ¤ n�o�I�K�& `�g�c�`�¤r(�[ � : !�P�¥�¦

^ H ¤ i P D Z I�K�& g�c���c } term sequence coin-

cidence ~ [ D } ^ l ~�§�¨�©�ª : M(wN
1

) `�i � P
T ¤ ��k V ����� 
 i�H�t

M(wN

1
) = log

P (wN
1

)

P (w1) · · ·P (wN )
(5)

^ G�«�@�D M(wN
1

)
B�D

(i) k
^ ` I�K (w1, · · · , wk)� vZw2P � � ¤2d¬« i�^ H�� l(`® 1 R¬¯Z° ? d D

(ii)
)±X P®²�³7( p ¤ ��´ P ��m ¡ 
 i ¤  1 R�¯° ?�`�µ�? ����H�t¶L· !�P B�D�� (5) ` M(wN

1
) `�R B�Q s I�K�&

` � l�- � g ¡ q G�HRt�I�¸ P I�K &�Q [�¹�� d T
VR��s HR� l d `�º�s B�D�� (5)

��B�» ��[ 2�4 T
VFdZ¼ G�I e�- � ( q�½�¾�m�n�V�s H�¿�����H�t lÀ D k ¤ ��Á )�M PRW�s�V DJI�K &�Q d � (5) P�y

4

研究会Temp 
－192－



�
1:
)�M � ��s ¤ � � � R a�b�k�l

Data source Period Language #Docs #ST-cluster Execution time

Reuters 1996.8.20-1997.8.19 Eng 109,433 1,338,735 2644 sec.
SJM 1991.1.1 -1991.12.31 Eng 72,947 320,457 595 sec.

Mainichi 1998.1.1 -1998.12.31 Jpn 10,855 111,406 78 sec.
Nikkei 1996.1.1 -1996.12.31 Jpn 911 19,745 10 sec.

ntc-IPSJ 1988.5.19-1997.7.25 Jpn 26,796 226,640 99 sec.
ntc-JSCE 1991.9.17-1996.9.17 Jpn 21,259 180,538 70 sec.

H g�c���`�� � [ D�� M���� ^ a�b�`�� ��� � I��� ` ¦ o�� ¡�d ` §	� [���s�V�
��±T ¤2d w��D��� `�` � yqs�R�[�$�^ w d ��x�� (�p ¤ t�
(5) ` P (wN

1
)
B�INK�&

wN
1 ` p T x*rh��� X D

wN
1 `��|aNbNk|l D � � ` p T » � freq(wi) W�y��
l K�� F =

∑
wi∈W freq(wi) [R��s�V ����� �Z�

^ H�t

P (wN

1
) =

freq(wN
1

)

F
. (6)

I�K
wi ` p T x*r P (wi) PJ��s�V © ��� P D wi [Q (� ` I�K�&����NH d ¾ G T�V � (6)

  o�
 iNH�tw�w���B�����K ` x�r�� i�[�DY{ 5 K���G s w d  
o D�I�¸ (�[�½ � TRV D�����H P�y H�x�rZ��E�B >
�±T�V�s G s t�x��� M���� (S, D)

�W� ¥ o p ¤ � l D jWt S

`���`�^�_�V�` I�K & PR��s�V O � (5) P�y H�I�K& g*c	��[��	� T DR� MN��� � < d TJV�`JgLc*� BNDw p±oR`�R2`�l���j ¤ B�� g R d T�V�
 i�HRt s�t
p�[�¥�¦�R d ^ H� �B�D ? = `±a�!�PRS � V�i i�H© ` d ^ H�t  ZK�` )�M ��B�� ��! G d��2[� �_ H¤ i�D g�! T�V � g R�[�¹�� d T�V���s�V�s H�t
4 "$#$%$&
4.1 '�( �*)	+�,�-���/.�0�132 
)�M ��B �

1 Pe$�^54 �2`Ra.b�6  R [R�.s ¤ t
Reuters [12] W y�� SJM (San Jose Mercury) [13]B87 az`:9�; ? � � I.D Mainichi [14] W(y<� NIKKEI

[15]
B�D3@ 6>=@? WUyA� 6  �B�C =	? CD-ROM D  o £ p T ¤ ��ar`E9F;>? � � Ih���|HJt j ¤ D ntc-

IPSJ W!yG� ntc-JSCE
B m pIHxp D NTCIR-1[16]

P�J�K7(�p ¤�L�M�N�� a�O�P�K�Q�? � `&{ @�D ©�ªA�C�L�M W±yR�	S X L�M P�W�n H N�� a�O�P�Q�S&T
VRs HRt�=@? � I PR��s�V�T D N�U � � � I ��PF$
( p�VRs H � I b n�[�V	W � )�M P���s ¤ t�;�< !
P�T D Reuters W!yA� San Jose Mercury P���s(V

T D V $N!NP <byline>
� ��L �hnN( p ¤ a�X & [ D

Mainichi W�y�� NIKKEI PJ�|srVFT D � IZY V P0d
i�`�[F\3?�]  RC� � � (qp ¤�NEU � ©*ª } “ ^`_�a
1 R 1±�b 6dc D � Dfe ”

Gf� ~ [%? = T�V���s ¤ tw p±o�`�a�b�6  R ��`�a�b	T 6 � Ihgji ©�ª P
y k V ¨ s2P \ l ��������H���D � � � R ��? b n
P��!aq^ H d D ¨ sh` ^�9 ��� g d G�H Z ½ � a�b�c��� �ZkFl T D m `G
 r T D Reuters

�
3,014(2.8%)

D
Mainichi

� T8m ¯ } ½ �.G T ~ D ntc-IPSJ
�

6 } 0.06% ~����k ¤ t  ZK�` )�M � T 6 � ©�ª [ 2�4 T ¤ ? =
` ¤ i P D�w p±o�`�½ � a�b�[R\	W b j�j�` 8�� AC [ D k ¤ t 6  K `F?  �@ b ¡FA�C P�T 8�: ;�<=	n ?�o�p�q [17] [���s ¤ tG W � 1

� T D * a|bE6  R `rJFK j ] D � KhD a
b � P�s ¥ V DutZvz�rw _ ¤ "Ex [B> ��T V £ p T ¤����� MN�N� `�l ��D W yy� 2.8GMHz Xeon/Linux

} 1CPU ~ P�y H ) Dq� ] [�$�T�V�s H } ¤�b T D 

��` ¤ i�8 :�;�< = WUy*� W b�z�°�`�� ] T�\@W �
s G s ~ t
4.2 {�| 1: } �	~������	���3�	�*�����
�E� ` )�M � T D�� , `�½ G X ����G s��®��`�a

b�6  R [�V�� D�w pUo�P�����^ H�I�K�& [ £ p T
V D gLc��h`B?E�r[� _ ¤ trw wJ� ` FhG aB!FT D NU � ` ¶�U N�O I D ?�G q�� T (�p H�I�K�& PR��s
V D Q�e d ^ H � � � R `�º�s�P�y H g�c���?���`{ o���[� �_ H�w d ����H�tw ` ¤ i P D j�t D (a)Reuters

d
San Jose Mer-

cury (SJM)
D

(b) Mainichi
d

Nikkei
D WUyR� (c)

ntc-IPSJ
d

ntc-JSCE
D m p@H�p�`�a�b�6  R `��

_N[r�|l T ¤ O �z�J�N� MN� � [ � ° T ¤ t¬� P D m
`*�   o D Reuters

d
SJM `�yr{qP E�G|H���� `Ja

b � � l ^ H�Z �|l � MN�N� c [ £ p T D m `Jg	cL�
?���[� �_ ¤ t±w�w�� (a)(b)(c)

m p	H�p�`���_�T D
¨ s2P���� I ?���[   ¥ H�w d ��D�� , `�½ ����GH _rq ��G q G�H y�{�P 5 4 T�V ��H�t
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�
2 P D ��l � M���� `�gLc*��` � g R D O b 30^ ` ��� R D W(y � D £ p T ¤ � l � M �N� ` 95%

�
m `�R u�v P G�H y�{ G Z

95% ��� R�c�[F$�^ t P� ^ ` � R T�Q�S�^ HRI�K�& ` Q ( D ^ G�«�@ g�c
T ¤ I�K������NH�t j ¤�§ 3 P D (a)(b)(c) `��d��_
P � TRV £ p T ¤ ��l � M���� `�g�c���?���P���s
V D�0 E � �P G�H y�{ E G�H T ¤	� � R L�M O `

���
���[%$�^ t��K I ?��2`�º�s�[ 2�4 ^ H d D �®��`�a�b�6  R ^�_�V�P���s�V D g�c���`�?��	T�g�!±T ¤�	� [
$UT�VRs H d s ¥ H�t ^ G�«�@�D ¨ s�P � , `�½ G
X ����G s�a�b�` � l D R � 50∼100 y�X © g ¡ qG�H yr{ G�n	o�I�K�& ` k�l T D 
��2!�jJp ����HJt� s } ¥ p ¦ D m pUy�X®g�c�� � ( s I�K & ` k�l
T D�� o   ` � , ��H s	TF?�� ! G � G�� X�[�$�^w d ����� (�p H�t
�

2:
� , `�½ G X ����G s � l�`�g�c���`�R

Data Source Top score Top 30 Avr. 95% Th.

Reuters-SJM 162.6 (9) 95.7 (9.8) 38.7 (6)
Mainichi-Nikkei 116.8 (12) 93.2 (10.6) 47.7 (7)

IPSJ-JSAI 133.8 (12) 102.3 (13.8) 45.5 (8)

§
4 P D Reuters ` * a�b�P�Q±TRV�� � (�p ¤ �

� � � [���s�V D�� M���� ^ `Ra�b � ��� � �3� �
[�C�� � l�`Rg�c�� ?���[W
 i ¤ 
���[�P�$�^ t 

��` ¤ i�D�� M��|� ^ a�b�` 6 ���*µ � 3

6 u ^ D
16 u ^�d G�HR� l2P���s�V�`�R © ��«�¬ VF$±T�V�sHJtzw `hyr{ P D g	cL�r`B?F� T D<� , � ( sNa|b -� g ¡ G � X�[B$|^ w d �>xE�r� ¡ Het ¤ b T D dNi

`Ra�b ] ��� , � g�c±T ¤   o d s k V D35 t±T ©I�K�& g�cZ� � ( s�R�[�$�^ « n � T G s�` ��D O� ` 95% ��� R T DA� , `Jg*c J g*ch[��'l�^ H ¤i ` © ` � T G s w d P���� ��5�K�����H�t
j ¤ D g�c��r` ( s aZX & T�Y qe` � l D a|b � M��� ` ^�9 [ ��� ^ H�"���  X d G�H ©�ª [�\�] wd � ² � ( p ¤ t ¤�de¥�¦ D (a)Reuters W�yy� SJM

pairs PJWrn H O b � ^ T D (i) ”Kate, Larry, Mindy,

Nicholas, Odette, Peter, Rose, Sam, Teresa,” (score

162.6; ��� `���� )
D

(ii) ”said David Jones, chief

economist at Aubrey G. Lanston & Co.” (score 124.8)
D

(iii) ”the Golan Heights, which Israel captured from

Syria in the 1967 Middle” (score 113.6)
����k ¤ t

� � !�P�T Dhw `�y�{ G�n�o a�X & [Ra�b � M����
` K�� P����^ H _ " ¯ ?	� © 2 ¥ o�p H�t
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3:
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al_ m
^j X\OFnGSIo P S

YQp-NLO"q-ZQP rsRKp-NLY-t
YQp-NLO"q-ZQP rsR0p-N Y-t\uv]wp-NLOQ]-O4xGy{z+|YQpQN O"q-ZQP rsR0p-NLY-tFuv]wpQN OQ]-O4xGyFzw}

§
4: Reuters `�� �3� �qP�Q�S�^	~�g�c��h`�?��

4.3 {�| 2: ��	,�-��  ���3�	�*�����
� ` )�M � T�� Reuters, Mainichi, ntc-IPSJ `��

�h`eaNbZ6  R * m�PJ�|srV�� � M|�N� ^ a|bh` � �� ¨ s�P����~ ����� M���� [ £ p T������ &�� c
���B?E���r ������������ � ����� ����~�����T�������¡  ^ ��¢�£�¤��	¥�¦����	��§¡~	¨�©ª�«�¬ ¯®
«�¬	�°�±�² ��³�´�µ �¶�·�¸	�¹ µ ¥¶	~�º

3 ¦���«�¬ � ����~�� ����  � 95% »�¼�½ ��¾
¤T��¿�À�����Á�Â º

3 ��Ã�ÂÅÄ�¢�£�ÆÈÇÊÉÌË���¦�Í�Î� ÉÏ��¢���Ð�¦&Ñ�Ò µ ÂÓ (5) ¦Ô¨�Õ ��Ö�× ��¢�§
��ØKÙ�Ú ½�Û §�ÜÝ	¥�¾ µ ¥�¶	Õ��Þ���ß 5 ¦�Â�àá�â µ �	ã � ÉKä ��å ¦	¨Õ ��Ö�× Ñ�æÔ�ç�è��¾
¤T� º

2 Â�ß 3 ��·�¸é�Åç�è�¤�Õ���Âëê�ì�¢�£�ÆÊÇíÉ
¦	¨Õî�¶ �ïéðªñ Õ	��� � Ü�ò�Õ��
º

3: «�¬ ��ó�ô Õ�õ�ö�� ����  ������÷ ��Ö�× � ½
Data Source category Sentence Avr.

Reuters 907.4 (84) 330 (24.5)
Mainichi 164.2 (20) 394 (33.6)
ntc-IPSJ 110.2 (15) 420 (32.4)
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@ âK5 Ý�Â =F? t LJM � ô Õ�� ����  ¦CN�¶ ¥ 95% »
¼�½ �PO�Á��RQTSVU¡ß 6 ¦&¾�¤�W	ÞTX�Â Reuters Y
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