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An error detection method for English text by glue detection.

Tomotaka Shionoya† and Kyoji Umemura†

There may be non English part, which consists of alphabet, in English text. When using

dictionary, it might be difficult to detect such parts. While such parts tend to divide text into

two other patterns. We call this gap between patterns as ‘glue’. A previous reserch shows
that ‘glue’ is more likely to be error. We think that using a detection of glue is useful to

checking such errors. We have measured the goodness of detection by changing size of corpus.

With these experiment, we have found two things. First, the glue is useful for the detection

of error. Second, “area” of glue is effective for detecting it.

1. ¿
ÀÂÁ�Ã
Ä�ÅÇÆKÈFÉQÊÌË@Ä�ÍFÎYÏFÐ�Ñ6Ò2Ó:ÔÇÕ8ÖØ×DÙ>Ú�ÅFÛ
ÜJÝ�Þ ÄFÎàßaáJâ

.
Þ ÄFÎ¸ãKä�å�æ�ç6è¸éYêFë�ì¸í�î

ï@ðQñ�ò Ú¶óDô ÝKõDöÌ÷4ø Ë2ùûúJß2ÐÇËQü�ý
,
Þ Ä�Î

ÝKþÌÿ Ê�Ë��������Jý��
	���ÑkË
. 
������ ���@Ú��� Ð Þ ÄDÎ Ý�� ü:ß��

, � Ú����Yã�� ß2ã��JÐ �!� �" Ë
.
�#	�ã ��� Ú $oÆ&%('*)QÒ4ÓûÔJÕVÖ ×¸Ù>Ï�+�,÷ 	 ü�ÎkÏ 
 Þ Ä�Î.-�/ � -�0 ÿ Ï.�FË!1*26ê�0 ÿ ÒÓ.35476*8��.9kË�-��@Ï�9ÇË

. � Ú�� � ÐQÒ@Ó�3:4;68 Ý�<�= ä�>YÏ�?*@oÊ:Ë(�Fß;� ÿ7A 	(BC�2ÚD� � Ð Þ
ÄFÎ Ý äQåFEoÆ*1*26êÌß � ��0 ÿ Ê�ËD�Fß;��G*HÇÆDÐË

. � Ú�üDýFÆ�ã � ÚoÄFÎàß Þ Ä�ÎJÚJI.� ÝLK�M�N ÊË7O!P*��9�Ë
. Q(R ã��YÚ7��� ßTSLUD� “V ”

Ï�9QË(�
ß;�oÄ�Î ß Þ Ä�Î Ý�W�X Ê�Ë 
 ÚQÏkãLYJÑ!-�ß[Z " ,“

V Ï.9kË ”
ß�Ñ � �Fß ÝLK*M�N Ê�Ë���ß2Æ � ü . \ ��YÏFã ÿ7]�^ ô ßaÅQÛ Ü�_ Æ�`�a5bdcFô Ý�e Ñ&�KÄFÎ

ß Þ Ä�Î Ý.WJX Ê�Ë�f*g ÝLh*i Ê:Ë
.

† jlklmln#olplqlp
Toyohashi University of Technology

2. r s t
2.1 uLv�wFx�y
“V Ï.9YË ”

ß�Ñ � ��ß�Ú�0 ÿ ÚkÒ&zF{Dê*| ß � �ð Ó êÌßoÑ � 
 Ú*� 9YË . V ,
ÊÌÐ�}C~J�JÆ ] 	 ÐDÑ

ß�Ñ � 
 ÚQÚ K�� ãÇÑ��DÑ*��Z " �T	 Ë�� ,
�*�@Ï�ã

� ëkê ï ß � ëkê ï ÚL� � Ý ð Ó êÌß � � K.� Ê Ë .� ëFê ï ß2ãL�*� � � ] 	 Ë¶ÅFÛ Ü Ú���ß4Ï.9DË .
ð

Óûê6Ú�� Ý��
1
Æ��QÊ

.
�

1
Ú�� � Æ�1*2QêQÏ � ëQê

�
1 ���7����� (�l���T�7�����l���#� �T¡£¢#��¤ )

Fig. 1 An example of glue.(The part framed by square is

pattern.)

ï ��� ¥ ÷ 	àü�¦�§ÌÆ ð Ó ê!��¨ ©�Ê Ë
. ª �kÚ ðÓûê��.1*2Qê6Ï�ãDÐFÑ��!«YÐ5beß 
 1�2�êKÆL¬QÊÌË�­® �!¯*° ÷ 	 ü 
 ÚDÏ�9ÇË .
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Fig. 2 The flow chart of detection of glue.

2.2 u�vFw�¶�·�¸J¹!º9ÇË@ÅDÛ ÜJÝ
“
� ëFê ï

”
ß¼» K Ê:ËQükýFÆDã � ÚÅDÛ Ü*_ ß ÿ�]*^ ô Ý�e ÑkË
.
�@ÚL½D¾QÚ�¿ <�ÀJÝ�Á

Â � ü òDÃ ãL¿ < EKÐoéYêQë�ìYí@î ï2ð Ú K!Ä Ï*9kË�Dßkß
,
Ð�Å*-�¾

“
9YË�ÅDÛ Ü �!Æ*Ç�È ] 	 Ë

”
ßKÑ

� � ëkê ï Ú K.� Æ!`FaYÑ�ü�ckôJÏ 9YË!-���Ï 9kË
.ð Ó:ê Ý 0 ÿ ÊÌË(�Fß;�(É;Ê6Ó:ËJÉoÐ!/FÚ�0 ÿ ÆLÌ�Í

¾��Fß¼�L®�Î ÷ 	���ÅÐÏ
,
�&�4Ï 
 '�ÑkÆ�ÅFÛ Ü!_ ,

ÿ
]�^ ô Ý�Ò Æ ð Óûê�0 ÿ6Ý ?�@ � ��ÑkË .2).

ð Ó ê�0
ÿ ã
• ª �KÚ7���oÅKÛ Ü Ú4ÅoÛ Ü�_ ,

ÿ¼]�^ ô Ý7<L= Ê¸Ë
.

• � ÚJ½F¾6Ú�¿ <�ÀÇÝ É�Ó ßVÊ�Ë*É&ÔQÒ�¬!ÇYÆ��DÏ
� Ú�Å�Û Ü Æ(É!ÔFÒ Ý ¾&ÕYË .

•
É&Ô�Ò&�&Ö*×Ø�FÏ õ Ñ¶ÅDÛ ÜJÝ ð ÓûêJß>Ê:Ë

.ß¶Ñ �
Ù 	�Ï�?�@ ÷ 	àË
.
�#	 ÝL�

2
Æ��FÊ

.ß!���KÏ \ �!�ÇÏQã¶Í6ÎÐÚ#ÛYÚ�É¼Ê�Ó:Ë�É�Ï6ãFÐÜb ,Þ ÄFÎJÚJ�.� Ý 0 ÿ Ê�ËD�Dß Ý�Ý EJß � �DÑDË . � �Ï ð Ó ê�0 ÿQÝ Í�ÎDÍ*Þ¸Ï�ß � � � Æ�à*á � ü .

2.3 âDã!ä&å�æzF{ ð 2�8�çkÎJÐ�/�Ú�è M ç�Î¸ÏDã ÿ�]*^ ô
,
Å�Û

Ü�_ � � 	FéJ	�êD�6Ñ � ëFê ï Ý è�,QÊÌË(�Fß;��ëJÑ�
,
Ä�ÅJÚ�� � ÐKÅ�ìØÚ Ã ç�Î¸Ï�ãLè M ç�Î(í /�êF�

Ð � ëDê ï ��è*, ÷ 	 ËD�Dß£�!«YÐkÑ
. î A Ú ð Óûê0 ÿ ÏkãoÅ�Û Ü Ú _:÷

,
êF� ÷ Æ&¬ � � M (1)

Ú�� �
ÐLï*èJÚ�É&ÔFÒ Ý ¾&Õ �DÑQü

.

BScore(s,L, F ) =

l=L
∑

l=1

f=F
∑

f=1

S(s) (1)

S(s) =

{

1 (L(s) > l&&F (s) > f)

0 otherwise

s :
ÅDÛ Ü

ü&ð � L(s)
ã¶ÅQÛ Ü Ú _¸÷oÝ

F (s)
ã@ÅQÛ Ü Ú ÿ7]!^

ô ÝLñ Ê.¬�Ç
, L, F

ã � 	�é�	¸Å�Û Ü�_ ,
ÿ�]*^ ô�Ú

Ö�× ÝLò�K Ê�Ë � 2(óoêFëQÏ.9ÇË
.
É!ÔFÒFÚLêD�FÐ�Å

Û Ü í!/
“
� ëQê ï � � Ñ ”

ßô» K¸÷ 	ûË
. � üL�����Ö�× Ý�õ�K � , � Ú&Ö*×Ø�FÏ ê��QÐDÉ!ÔFÒ ÝLö ¾ 
 ÚÝ � ëQê ï ßVÊÌË(�Fß4Ï ð Ó:ê�0 ÿoÝ ?�@QÊÌË 
 ÚFÏ

9ÇË
.
�2Ú�É&ÔFÒ�¬*ÇYãoÅFÛ ÜJÝ ð ÓûêJß�÷FÐ¶Ê�ÅDÛ

Ü*_
,
ÿJ]�^ ôJÚ�Ö�×�Ú õ�K Ï�ø*ù�É!Ô�Ò ÝLò ýkËF�

ß7�DÏ �FË
. � ÚFükýJø.ù�É!Ô�ÒÌß¼Ö�×JÚJú.§ Ý�û*KÊÌË(�Fß4ÏLü�ýFE6Ð�É&ÔQÒFÚ�Ö!× Ý�� ¾�ÕYË��Fß;��Ï

�DË¸ß¼Z " ü
. � - � êF�6Ð � ëQê ï �&è�, ÷ 	 Æ:bÑJ¦.§

,
� ëFê ï Æ�êF�DÐ�É!Ô�Ò!��þ " �ô	 ÐkÑ

.
�

Úküký(É�ÔkÒDÚ�Ö.×ÌÚ ò�K �!ÿ � Ñ��Dß����D-(�6ü .

� �4Ï�êD�QÑ¶Å�Û Ü ÆFãLêD�QÐ�É&ÔQÒ&��9�üFËF� � ÆÅ�Û Ü�_ ß ^ ôJÚ�� Ý É!ÔQÒL¬�Çàß � ü .
�@Ú�� � Æ

ÅFÛ Ü Ú�É!ÔQÒ�ß � � ÿJ]�^ ô ß _J÷ ÚL¬�Ç Ý���e �üL���&�YÆ 
 ®�Î ÷ 	C�kÑDË .1)

AScore(s) = L(s) ∗ F (s) (2)��	Jã�ÅoÛ Ü Ú
“� ÷ ”

ß � �JZ " Ë.�Qß£�QÏ*�6Ë . ���Ï��KÚ�É�ÔDÒkÚ.¾*Õ�f Ý
AreaScoring

ßeáÌâ
. �ü��	� � ü�Ö.× ÝLe ÑDË 
 Ú Ý BoundaryScoring
ß

áÌâ
. \ ���JÏDã BoundaryScoring

Ý Ö�ê�É*2Yí ï
ß � , AreaScoring

ß4Ú@óQô Ý S�
6ÊÌË��FßeÏ
AreaS-

coring
Ú��	
�� ÝL<*û � ü .

3. �.s��������������
3.1 SuffixArray_ Ñ¶ÅDÛ Ü Ú ñ�ò Æ�9�ü Ï

, � ¾&-kÚoé�êFë�+����e Ñ(�ô	��kÑ�Ë
4). \ ���YÏ ð Ó ê Ý 0 ÿ Ê:Ë6Æ 9�üÏ QCR ã SuffixArray

ß¶Ñ � éYê�ëJ+�� Ý�e Ñoü
.
�

	 ã&?.@���S	
�E� �!JÏ 9ÜÏ
, � ü#"���ÊûË LCP

ß
$ ÷L§�} ø ËF�kß@Ï ð Ó êL0 ÿ Æ&%�'Dð�-��¶Ï 9ÇË

.

SuffixArray
ß2ãoÅDÛ Ü Ú�9ÇË�Þ	((-��*)�+ � ÏÇÚL���ÅDÛ Ü

, , +	- (Suffix)
Ý -	.�/¸Æ�0¶ê Ù � ü 
 ÚÏ.9�Ë

. banality banana
ß�Ñ � ÅDÛ Ü Æ�¾QÑ��

Suf-

fixArray
Ý +�1 � ü 
 Ú Ý&� 3

Æ&��Ê
. SuffixArrayÆ Å!ÕYË � ë�ê ï ÝL�

4
ÆL��Ê

. SuffixArray
>JÚ�2

èJÚ�3.f54QÚ _Ì÷ � � ë�ê ï Ú _J÷
:length, 6 f746Ú_¸÷ � � ëQê ï Ú ÿ�]!^ ô

:tf(term frequency)
Æ98�:

� �DÑkË .���4ÏF�2Ú
SuffixArray

Æ�ÅQÑ&�
i ; Ý ß i+1 ; ÝÚ

Suffix
ß2Ú

LCP
Ý�<�= ÊÌË

. LCP(Longest Com-

mon Prefix)
ß4ã�½D¾6Ú¶ÅkÛ Ü Ú�<�= -��@Ú�>@?FÅFÛ

ÇÌÚ��Dß2Ï 9YË
.
ü*ð � ,

ø�"ÌÚ
LCP

ã
0
ß K.� Ê

Ë
.
�¶ÚûßL�

,
2.èÌÚ&3.fA4�Ú _�÷ ß �KÚ

LCP
�@8

:FÊ�Ë
.
¾ � Ï LCP

Ý 0�BFÊ�ËF�kß2Ï�C@DDÉ Ù>Ú �
ëFê ï Ý 0 ÿ Ï �DË

.

3.2 SuffixArray ¸�E	F�E�G�H�¸�I�J
\ �!�YÏFãKÅFÛFÍ!ÞYÏFã�Ð5bHÍQÎFÍ*ÞÇÏDÚ�1.2QêJ0ÿ¶ÝDÝ EDß � �6ÑoË . � �>Ï(�eÚ SuffixArray

Ý ÍoÎKÍ
Þ�Æ�à�á � ü .

� 	 Ý
WBSA(WordBaseSuffixArray)ßháJâ���ß¶ÆoÊ�Ë

. SuffixArray
ÚKÍÇÎ�Í.Þ�K:Ú�à�á

2
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index suffix

8 banana

14 a

3 ality banana

12 ana

1 anality banana

10 anana

0 banality banana

9 banana

5 ity banana

4 lity banana

13 na

2 nality banana

11 nana

6 ty banana

7 y banana�
3 “banality banana” � SuffixArray

Fig. 3 An example of Suffix Array.(structed phrase is

“banality banana”)

�
4 SuffixArray LNM LCP O�¡£¢l��¤ô�QPSR

Fig. 4 The pattern complianted on Suffix Array and LCP.

ã ÷ í�/�T�ÿÇÏDã�ÐkÑ
. U	V ÐF�¼B�ÍFÎJÚ�<	= ÷&"�<= Ê:ËD�Dß;� ÿ�A 	DB
, W Í�Î¸ãoÅFÛDÍ*Þ¸ÏDÚ W Å�ÛÆ#8�:FÊ:Ë

. � 	 Ý�� 5
Æ��FÊ

. W ÍDÎàß W Å�Û����ÚF� � Æ
1:1
Ï98�:oÊ�ËKÚ6ÐD�[B

, î A Ú SuffixArrayÚ�+�1YÒeÓ�354;6�8 Ý « ��X@Y Ê�Ë���ß4Ï�?!@QÊ�ËD�ß��kÏ��kË
.
ÍkÎÌÚ9<�= Ý ».¥FÊûËFüký�Æ

,
ÍkÎÌÚ W

Z Ï2ßKÐYË@Å
(
éÜ4�Ë@ë

)
Ý�K.� Ê Ë�O�P(��9YË

. \���YÏ�ã(É7ÊJê É
, [ ï ì , \ 4S]_^ , [ ×7ÔDÐ�/�`�aEQÐ 
 Ú Ý ÑØb[¾L-�b*§àß � � K�� � ü .

character based word based

b red

a apple

n light

a apple

l pink

i peach

t purple

y grape

crimson

b red

a apple

n light

a apple

n light

a apple�
5 cedgfghji&klfgmgfghen;�pogq

Fig. 5 An extension from letter based to word based.

3.3 WBSA ¸sr	t
( 1 )

É�Ó�ÅFÛ Ü Ú ª �FÚ “word”
Ús<	=

index
Ý�<

= ÊûË
.
�*�2ÏDã.9ÇË

word
-��hÅ	) � ÏkÚ ,+	- Ý

WordBaseSuffix
ß>áJâ

.

( 2 )
É�Ó�ÅFÛ Ü Ú ª �FÚ WordBaseSuffix

Æ.¾QÑ!�
-u.u/JÆv0Kê Ù Ý ß �

.
�

3
Ïkã ª �kÚ Suf-

fix
Ý�w U üC� � Æ�x_y � �YÑÇË!� ,

?uzÌã@<
=¸Ú

index
ð�Õ Ý�{@| ÊL	DBÐ�2Ñ

. � ü!���&�
WBSA

Ú�+�1JÆ�O.PJÐ�ó#}�4 À ãQÉ*ÓkÅDÛ Ü
Ú _:÷

n
Æ�S��QÊ:Ë

.

3.4 LCP ¸9~��
( 1 ) � Ü index

Ú _Ì÷ ß�� � Ñ _Y÷ Ú � Ü lcp
Ý�e

� Ê:Ë
.
�2Ú _:÷6Ý

m
ßVÊÌË

. lcp[i]
ã

WBSAÆ!ÅKÑL�
i ; Ý ß (i+1) ; Ý Ú WordBaseSuffixÚ�<�=(-��*>	?FÊ�Ë

word
Ç Ý9� Ê

.

( 2 ) i=0
ß8Ê:Ë

( 3 ) WBSA
Ú

i ; Ý ß (i+1) ; Ý Ú#<	=D-��KÚ#>?
word

Ç Ý
lcp[i]

Æ#�@��Ê�Ë
.

( 4 ) i < m − 1
ÐF�;B

(2)
Æ

( 5 ) lcp[m-1]=0
ßaÊ�Ë

( 6 ) �A�
3.5 â��	����uéYêQëFìYí¶î ï4ð Æ�ÅQÑ!��É#CFË ï4ð ß¶Ñ � � ñ�ò
Ý ß � �Qß7� � B � B�9ÇË .

É&C�Ë ï4ð ß4ãoÄFÍ�Î¸Ú
Î�+ Ý Y���Ê:ËD�kß2Ï#���

,
Å�����Í.ÆJÐ�/FÆ��¶Ë¶Ä

Í�Î¸ÚKÎ@+�� NJÝ��	� Ê�Ë���gÇÏ.9�Ë
. \ ���ÇÆ ÅFÑ� É#CFË ï4ð Ý9� Ê �Fß4ÏKóFôkÆ�
@� ��9kË�-��&UûË

3
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ü�ýFÆDÉ�C�Ë ï2ð Ý�� Ê.¦*§
,
�J÷ ÐÇÑ�¦�§JÚ�½�¾FÚ

Ò2Ó.3 4£6.8 Ý S�
 � ü .

3.6 âDã!ä�¸�~��
3.6.1 AreaScoring

( 1 )
_J÷

m
Ú � Ü score

ÝLe � Ê�Ë
( 2 ) i=0

ßaÊ�Ë
( 3 ) lcp[i] 6= 0

Ð��7B
j=i+1

ßhÊ Ë
.lcp[i]=0

Ð��
B

(5)
K

( 4 ) lcp[i] ≤ lcp[j] 
L� b^ã m > j
Ú � j=j+1

ß
Ê�Ë
( a ) z=i

ß8Ê:Ë
( b ) • score[z] < (j − i) ∗ lcp[i]

Ð���B
score[z] = (j − i) ∗ lcp[i]

• score[z] > (j − i) ∗ lcp[i]
Ð���B

score[z] = score[z]

( c ) z 6= j
ÐF�;B

z=z+1
ß � � (b)

K
( 5 ) i < m

ÐF�;B
i=i+1

ß � � (4)
K

( 6 ) �5�
3.6.2 BoundaryScoring

( 1 )
_J÷

m
Ú � Ü score

ÝLe � � ,0
Ï#��� N Ê�Ë

( 2 ) width=MINWIDTH
ßaÊ�Ë

( 3 ) height=MINHEIGHT
ßaÊ�Ë

( 4 ) i=0
ßaÊ�Ë

( 5 ) lcp[i] ≤ width
Ð��7B

j=i+1
ßhÊûË

.lcp[i]=0ÐD�;B
(5)
K

( 6 ) lcp[i] ≤ lcp[j] 
L� b^ã m > j
Ú � j=j+1

ß
Ê�Ë

( 7 ) j − i ≤ height
Ð��£B

( a ) z=i
ß8Ê:Ë

( b ) score[z]
� ]�� Ú

width,height
Ï9��� ÷

	Ð�YÑFÐ¸ÑFÐ��
,score[z]=score[z]+1

ß
Ê�Ë

( c ) z < j
ÐF�

z = z + 1
ß � � (b)

K
( 8 ) i=j

ßaÊ�Ë
( 9 ) i=m

Ð��¼B
height=height+1

ß8Ê:Ë
( 10 ) height ≤ MAXHEIGHT

ÐF�;B
(4)
K

( 11 ) width=width+1
ß8Ê:Ë

( 12 ) width ≤ MAXWIDTH
ÐF�;B

(3)
K

( 13 ) �5�
MINWIDTH, MINHEIGHT, MAXWIDTH, MAX-

HEIGHT
ã � 	(é�	 BoundaryScoring

Æ�ÅLÕDË � 2
ó�êQë6ÏKÅFÛ Ü Ú9� ß[ù ÷6Ý � 	(éJ	�/FÚÜb£�@Ñ����Ê�Ë!-ûß�Ñ � 
 ÚFÏ 9ÇË .

4. �  
¡	¢ Æ�9Qü5Ï¤£�ÚoéJêFë Ý�e � � ü

� �
I can chcp 437 email you copies of these ar-

ticles if you can’t find them at yourlibrary.

I’ve been using Managing Your Money for

several years, and I have several friends who

use Quicken, though I’ve not used it my-

self. CONFIG.SYS My overall impression is

that Quicken is a financial accounts manager

� ��
6 ¥g¦¨§���¢e©¤ªg«em�¬¨­g®°¯�±³²µ´�¶·§���¢l�Q¸T� (¹gº#��
±;²p¯�±¼» “½�¾�� ”)

Fig. 6 The sample of test data which is newspapers in-

serted noises.(The underlined words are “error”

which should be detected.)

( 1 )
Þ Ä�ÎkéJêFë

( 2 ) WindowsOS
Æ�¬FÊ�Ë(óoêeÓ
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Fig. 7 Precision and recall.
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Fig. 8 F-measure and threshold of score.
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Fig. 9 F-Measure fo various corpus size.
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Fig. 10 An error detection which include common word.
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