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Abstract: In order to overcome the disadvantages of the Levenshtein distance algorithm

for long text and large-scale matching, we propose an early termination strategy for the

Levenshtein distance algorithm. Firstly, according to the intrinsic relationship between

elements in the Levenshtein distance matrix, we sum up a recurrence relation. Based on

this relation, an early termination strategy is proposed to determine early-on whether

two texts satisfy the predefined similarity threshold. Through several tests on different

subjects, it is demonstrated that the early termination strategy can significantly reduce

calculation time.
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¯K, K8��þû³Øà, ­E½pÝ�qK8FÃOõ, ���1��¦^�5é�

�(6. Ïd, �
�yK¥9�Æ�þ, ¯�éÑù
­E½pÝ�qK8Òw��©­

�.

K8�Ì�Ly/ª´©�. yk�O�iÎG�qÝ��{UìO�¤I�A��

ØÓ, �±y©� 3 «�{: Äui¡�q��{!ÄuÚO'é��{!Äu�Â�q�

�{, ±9nÜù 3 «�{�õ�A��{[1-3]. K8�ÊÏá©��Ì�«O3u, K8L

ã�SN�ª�ui¡z, �©��Ý��. Ïd�©æ^Äui¡�q�O��{5�ä

ü�K8��qÝ. Äui¡�q�O��{Ì�kÄu?6ål�O��{[4]ÚÄu�Ó

i½c��{[5]. Ù¥, ?6ål{A^2�, O��{�é¤Ù. �©ò��K8w���

�iÎG, ÏLO� 2 �iÎG�?6ål5�ä 2 �K8*d´Ä�q[6]. ©z [7] ÏL?

Uö��d, Jp
�{�°OÝ, ©z [8] ÏL*Ð��ö�, Jp
�{�°(Ý, �,

©z [7] Ú©z [8] ÑJp
�{�°OÝ, �Ó��ÑO\
O�þ.

�©©Û Levenshtein ålÝ
¥���S3'X, JÑ�«Jcª��`züÑ, �

ý�?6ål´Ä÷vý�K�, ¿òT`züÑ^u�5�K8��. �©�Ì��z3

uJÑ¿y²
½n1, ¿�â½n 1 JÑ
Jcª��O�`züÑ. TüÑØ=�±J

c�äüiÎG´ÄØ�q, ��±Jc�äüiÎG´Ä�q, ¿�¢y
¿1§S\�

��L§. ²L�þ�¢�, ÿÁ(JL²: �âT`z�{�Ñ�(J���{�Ñ�(

J�Ó, �wÍ~�O��m.

�©|�(�Xe: 1 1 !k0�� Levenshtein �{��'SN; 1 2 !JÑé�

Levenshtein �{�`z, Ú`züÑ�nØy², ±9éA��mE,Ý�©Û; 1 3 !0

�3¢�L§¥¦^�ü«`züÑ, ±9é'`zcÚ`z��?6�{3?n�Óê

â8e��Ç. 1 4 !´o(.

1 Levenshtein �{{0

1.1 Levenshtein ålÄ�g�

Levenshtein ålq¡?6ål, d�I�Æ[ Vladimir Levenshtein u 1965 cJÑ[9],

�l
iÎG S =¤8IiÎG T ��I�?1õ�giÎ�?U!V\ÚíØö�[10].

ù 3 «ö�gê�oÚ=½Â�ü�iÎG�?6ål. w,, ?6ål��, L²ü�i

ÎG��q§Ý�p.

1.2 Levenshtein ål�{

�k 2 �iÎG S Ú T , Ù¥ S = s1s2 · · · sm, T = t1t2 · · · tn (Ø���5�� n > m).

Ù¥ si, tj ´ S Ú T ²L©c�c�. ïá��iÎG S � T � (m + 1)× (n + 1) �'XÝ


 LD(%@ LD Ý
�z�1éA S ���eI, z��éA T ���eI), Uª(1)W¿

Ý
 LD(Ý
���¡ü�½ü��)[11].

di,j =
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
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


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
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




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
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
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i, j = 0,

j, i = 0,

min















di−1,j−1 + ai,j ,

di,j−1 + 1, i > 0, j > 0,

di−1,j + 1,

(1)
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Ù¥

ai,j =







0 si = tj

1 si 6= tj
(i = 1, 2, · · · , m; j = 1, 2, · · · , n).

Ý
 LD(m+1)×(n+1)�me���� dm,n =�iÎG S ÚiÎG T �m� Levenshtein

ål, {¡?6ål, P� ld, L«iÎG S Cz�iÎG T ¤I���?6ö�gê.  

 

�â?6ål ld, ½ÂiÎG S �iÎG T ��qÝ[12],

Sim = 1 −
ld

max(n, m)
. (2)

ª(2)¥ m, n ©O� S Ú T ��Ý. Sim ���, L«ü�iÎG�qÝ�p. w,, ld �

�, Sim ���, ü�iÎG��q.   

± S=“ABCD”, T=“EABC”Þ~, �âª(1)O���L 1.

LLL 1 iiiÎÎÎGGG S ��� T ���ååålllÝÝÝ


LLL

Tab. 1 Distance matrix of strings S and T

Null A B C D

Null 0 1 2 3 4

E 1 1 2 3 4

A 2 1 2 3 4

B 3 2 1 2 3

C 4 3 2 1 2

lL 1 ��, d4,4 = 2, = ld = 2. w,, iÎG S =�¤iÎG T I�?1 2 g?Uö�.

2�âª(2)�� Sim = 1 − 2
4 = 1

2 , �ª�ÑiÎG S � T ��qÝ�� 50%.

2 Levenshtein �{`z9A^

2.1 ?6ålÝ
A�©Û�y²

�â1 1.2 !��, dm,n L«� S = s1s2 · · · sm � T = t1t2 · · · tn � LD ål.   

Ïd, ∀i, j, 1 6 i 6 m, 1 6 j 6 n, di,j L«� S1 = s1s2 · · · si � T1 = t1t2 · · · tj �?6ål.

XL 2 �þ�ÒKÜ©¤«.

LLL 2 di,j ��� LD ååålllÝÝÝ


������¹¹¹ÂÂÂ

Tab. 1 Meaning of di,j in LD distance matrix

Null t1 · · · tj · · · tn

Null 0 1 · · · j · · · n

s1 1

· · · · · ·

si i di,j

· · · · · ·

sm m dm,n

�âL 1 ��, d1,1 = 1L«iÎG“A”�“E”�?6ål� 1, d2,2 = 2 L«�iÎ

G“AB”�“EA”�?6ål� 2, ÏL*	uyXe5Æ§

∀i, 0 6 i < m, dm,n > dm−i,n−i.
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�âXþ�*	, JÑXe½n.

½½½nnn 1 ∀i, j, 0 6 i < m, 0 6 j < n, di+1,j+1 > di,j , ð¤á.

yyy²²² �

di,j = X ; di+1,j+1 = Y ; di+1,j = Z.

S1 = s1s2 · · · si; T1 = t1t2 · · · tj ; S2 = s1 · · · sisi+1 = S1si+1; T2 = t1 · · · tjtj+1 = T1tj+1.

�âª(1)��, di+1,j+1 ��� di,j , di+1,j , Ú di,j+1 �', ��3±e 3 «�U.

�e di,j ����(edi,j = di+1,j ½ö di,j = di,j+1, �@� di,j ����)

�âª(1)¥� ai,j ����, e si+1 = tj+1, K di+1,j+1 = X = di,j , �� di+1,j+1 = X+1.

�� di,j�����, di+1,j+1 > di,j .   

�e di+1,j ���� (di+1,j < di,j)   

Ï� di+1,j < di,j , K�íÑ±e(Ø:

∃k, 0 < k 6 i + 1, ¦�Sk = sk · · · sisi+1� T1 �fG; (3)

��Ø�½¤á.

e¦^�y{y²ù«�¹: eØ�3 Sk ´ T1 �fG, K T1 ¥�½Ø�3 si+1. Ïd�

S1 V\ si+1 �, T1 �U�\ si+1, ½ò tj ?U¤ si+1 âU=�¤ S2, � di+1,j = di,j + 1, �

di,j > di+1,j �)gñ, �(Ø(3)¤á.

I��Ñ�´, e(Ø(3)U
¤á, di+1,j < di,j Ø�½¤á. ~XL 2 ¥ d1,2 = 2, =ò

T1 =“E”=�¤S1 =“AB” ��I�üg?6ö�, �´� T1 �\“A”���,÷v(Ø��

¦, � d2,2 = 2 = d1,2, �(Ø(3)¤á¿ØU`² di+1,j < di,j �¤á.   

e� di+1,j < di,j ¤á, #�\� si+1 �7L÷vXe^�,

si+1´ S1 =�¤ T1 ¤I�?6ö���. (4)

~X3L 1 ¥, d2,2 = 2, eò T1 =“EA”=�¤S1 =“AB”kü«=��{, ü«�{Ñ�

�I�?1üg?6ö�. 1�«´3 T1 ����\“B”2ò“E”íØ, 1�«´ò T1 ü�i

ÎÅ�?U¤ S1.   

� T1 V\“B”��, uy#V\�“B”�´ T1 =�¤ S1 ¤I�?6ö���. ¤±#V

\�“B”�
��u~�
�g=�¤I�?6ö�, � d2,2 = d3,2 + 1.   

Ïd, �k�#�\� si+1 ÷v^�(4)�, âU¦ di+1,j < di,j . �du S1 ��\��i

Î, ¤± di+1,j �¬' di,j ��g?6ö�, � di,j = di+1,j + 1.   

q�âª(1)��, e di,j+1 ����, K di+1,j+1 = di,j+1 + 1, ¤± di+1,j+1 = di,j . Ïd,

� di+1,j ������U÷v di+1,j+1 > di,j .   

� e di,j+1 ���� (di,j+1 < di,j)   

di,j+1 � di,j �'X, � di+1,j Ú di,j �'X�q, �y²Ó1�«�U. ¤± di+1,j+1 >

di,j �¤á.

(Ü±þ 3 «�U, y²½n 1 ´¤á�. y.. 

- (i = m, j = n), é½n 1 ?14íÐm��:

dm,n > dm−1,n−1 > · · · > d1,n−m+1. (5)
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2.2 U??6ål�{�«~

�âª(5)4í'Xª�±éA��eL 3.

LLL 3 444ííí'''XXXªªªéééAAA LD ÝÝÝ


LLL

Tab. 3 Recursive relation in LD distance matrix

Null t1 · · · tn−m−1 · · · tn−1 tn

Null 0 1 · · · n − m − 1 · · · n − 1 n

s1 1 d1,n−m−1

· · · · · · · · ·

sm−1 m − 1 dm−1,n−1

sm m dm,n

�âL 3, �o(ÑXe(Ø,   

∀i, 0 6 i < m, dm,n > dm−i,n−ið¤á. (6)

Ïd, 3O� Levenshtein ål�L§¥, ∃06i<m, ¦� dm−i,n−i > α, K dm,n > α ð¤

á. 3n��G�eª(6)�du ∀06i<m, dm,n = dm−i,n−i + 1. Ïd, e ∃i, 0 6 i < m, ¦�

dm−i,n−i 6 α − (m − i), K dm,n 6 αð¤á.

3K8��¥, �½ü�iÎG´Ä�q, I�éü�iÎG��qÝ�½��K� Sim.

Ïdeü�K8�q, K7÷vXe,

1 −
ld

max(n, m)
> Sim. (7)

{zª(7)��Xe,

n(1 − Sim) > ld = dm,n. (8)

nÜª(6)Úª(8), �ÑXe,

∃i, 0 6 i < m, ¦� dm−i,n−i > n(1 − Sim), K dm,n > n(1 − Sim) ð¤á. (9)

�âª(9)��, O� Levenshtein ?6ål�, X dm−i,n−i > n(1 − Sim) �, K�@�ü

�K8�?6ål7�u�½�K�, ü�K87Ø�q.   

Ón, ∃i, 0 6 i < m, ¦�dm−i,n−i 6 n(1 − Sim) − (m − i), Kdm,n 6 n(1 − Sim)ð¤á. (10)

�âª(10)��, X dm−i,n−i 6 n(1 − Sim)− (m− i) �, K�@�ü�K8�?6ål7

�u�u�½�K�, ü�K87�q.

�{ 1 U? Levenshtein �{

Ñ\µiÎG S �iÎG T , �qÝK� Sim

ÑÑµiÎG S �iÎG T ´Ä�q

1: '�ü�iÎG��Ý, ò��iÎG���1, �á����, �y n > m

2: Ð©z LD Ý
 LD[m + 1, n + 1], Uìª(1)¥ i = 0 � j = 0 Ð©z1�1Ú1��, ¿Ð©zCþ line = 1

3: ¦^ Levenshtein �{O�1 line 1êâ

4: e LD[line, n − m − line] �u(1-Sim)n, =Ú½ 9, ÄK=Ú½ 5

5: e LD[line, n − m − line] + m − line �u�u(1-Sim)n, =Ú½ 8, ÄK=Ú½ 6

6: e line �u m, =Ú½ 7§ÄK=Ú½ 8

7: line + +, =Ú½ 3

8: �£üiÎG�q

9: �£üiÎGØ�q
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Ïd, U?�� Levenshtein �{Ú½Xe, U??6ål�{O�?6ål6§ã�

ã 1.

n m

LD LD[m+1,n+1],

line=1

line LD

LD[line,n-m-line]>(1-Sim)n

LD[line,n-m-line]+m-line<=(1-Sim)n

Y

Y

Y

N

N

N

line<m

line++

ã 1 U??6ål�­EÝO�L§

Fig. 1 The flow of repeatability calculation for improved editing distance

±L 1 ¤«� S Ú T �~`²U?��?6ål�{. b�e S � T ��qÝ�u�u

80%, K@� S � T ´�q�ü�K8.

ò Sim = 80% �\ª(8), � ld 6 0.2n. K S � T �?6ålK�� 0.2n. �â(Ø(9)�

�, ∃i, 0 6 i < m, ¦� dm−i,n−i > 0.2n, K@� S � T Ø�q.   

d(Ø(9)��, �I'5L 1 Ý
¥ d1,1, d2,2, d3,3 ±9 d4,4 4 �Ý
��.   

dª(8)�Ñ ld �K�� 0.2n = 0.8, �O��Ñ d1,1�, uyd1,1 > ld, K@�ü�iÎG

�qÝ7$u 80%, Ïd�YO�Ò��Ñ.

duTU?�{¿Ø?U�Ý
¥�ê�, 
´3O�L§¥�âý��K�?1­EÝ

Jc�½, ~�Ø7��O�L§. ÏdU?�{��Ñ�­EP¹���{��Ñ�(J´

�Ó�, ÏdTU?�{�O(5���y.   

3©z [13] ¥, Jcª�g�®²¦^3
ü��iÎG8Ü¥é�
�q�iÎG¥.

3©z [13] ¥, � △ = n−m(ü�iÎG��Ý�), � τ �üiÎG�qÝ´K�, =�ª (8)

¥� n(1−Sim). 3©z [13] ¥'5�´Ý
¥ di,j(i = 1, 2, 3 · · · ; i−⌊ τ−△

2 ⌋ 6 j 6 i+⌊ τ+△

2 ⌋)�

�, e∃i, j, ¦� di,j > τ , K@�ü�iÎGØ�q, ±d5¢yJcª�. �©��'5�´

di,i+△, ¿y² di+1,i+△+1 > di,i+△. �©��Ç�'©z [13] p, Ì�Ly3ª(10)�Jcª

�üÑ´©z [13] ��9�. ��©z1�I�'��g, 
©z [13] KI�'� τ−△ g. �

k� △ = 0 (ü�iÎG��Ý�Ó), �ü�iÎGØ�q��ÿ, �©��ÇÚ©z [13] ��
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Ç�Ó.

2.3 U??6�{©Û

`zc�{��mE,Ý� O(n2), `z��{3���¹eI�O��Ý
Ú�Ý
�

�, ¤±`z��{��mE,Ý�� O(n2), Ïd3�mE,Ýþ, �`zc���mE,Ý

�Ó.   

du��{��þ´��Ý
O�, ��ÒU
ª�, �©Äu��{JÑ
�«Jcª

��üÑ, ¤±TU?�{�äkª�5.   

�â1 2.1 !�y², ��yTU?�{��(5.

3 ¢�`z�(J©Û

3.1 ¢�`z

3¢�L§¥O\
ü�`zL§, ��´�âK8�Ý5û½ü�K8´Ä?1��,

�k��´ò?1���K8UìiÎÑy�ªÇd$�p­#ü�.

3 ¢ � L § ¥ u y, e ü � K 8 � q, Ù i Î G � Ý � é � C. X: S=“AB”�

T=“AHNSUDIUS”. w,, �âü�iÎG��ÝÒ�±@�iÎG S � T ´Ø�U�

q�ü�K8.

�âþãA:, �½~êε(0 < ε < 1), �k÷vXe�, â?1�qÝ��.

(1 − ε) 6
S ��Ý

T ��Ý
6 (1 + ε). (11)

¢�¥, b� ε = 0.25, ²L©Û, ~�
 70% �Ã'O�. 3n�G�e, F" LD Ý


��U¦þ÷vXe,

dm,n > dm−1,n−1 > · · · > d1,n−m+1. (12)

ù�ÒU3���O�S÷v(Ø(9), �±��ÌÝ�J,O��Ç. �� S=“AAAB”,

T=“AAAC”�, �âª(1)�O�(J�L 4.

LLL 4 iiiÎÎÎGGG S ÚÚÚ T ������©©© LD ÝÝÝ




Tab. 4 LD distance matrix for S and T

Null A A A B

Null 0 1 2 3 4

A 1 0 1 2 3

A 2 1 0 1 2

A 3 2 1 0 1

C 4 3 2 1 1

d(Ø(10)��, '5 LD ålÝ
¥ d1,1, d2,2, d3,3 ±9 d4,4 ù 4 � LD Ý
��, �u

y�k�§SO�� d4,4 �âU�Ñ(J, �U?�{c��Ç�Ó. �{`z�ÇJ,Ø²

w, �I�éêâ?1ý?n.   

3?1��c, kòiÎG S � T ¥�iÎUì�g�ÑyªÇ?1­#|Ü, UìªÇ

d$�püS, |¤#�iÎG S′ Ú T ′.   

3#�iÎG S′ � T ′¥. iÎ��c, L²TiÎÑy�ªÇ�$, Ñy�TiÎ�Ói

Î�VÇ�Ò�$. ¤±iÎ��c, éª(12)�¬ÜÝ�p, ÏdO��Ç�Ò�p.   

òþã�iÎG S Ú T , �âiÎÑyªÇd$�püS, )¤#�iÎG S′=“BAAA”Ú

T ′=“CAAA”, ��L 5.   



1 5 Ï Ü ï, �: Levenshtein �{`z93K¥�­¥�A^ 161

LLL 5 iiiÎÎÎGGG S
′ ÚÚÚ T

′ ��� LD ÝÝÝ




Tab. 5 LD distance matrix for S
′ and T

′

Null B A A A

Null 0 1 2 3 4

C 1 1 2 3 4

A 2 2 1 2 3

A 3 3 2 1 2

A 4 4 3 2 1

�â­#ü�S���iÎG S′� T ′ � LD Ý
. �O��Ñ d1,1 �, uy d1,1 > ld, L

²ü�iÎG��q§ÝØ÷v�½�K�, ¤±§S�I�O�1�1B�±(å.

3.2 ¢�(J9©Û

�
�y�©U?�{�k�5, À��X�ý¢� K12 K8?1ÿÁ. ¢�¤^�O�

Å�� CPU: i7-7700 8 Ø 16 �§ 3.6 GHz!S�: 16 G. �­§S¥mé 16 ��§?1¿1�

�O�. ¤kÆ�K8�­EÝK���� 80%. Äk, À�
 10 �)ÔÁK?1�[��, �

���âK8�Ý?1, �Ý�OL��ÁK, %@ü�K8Ø�q, ¤±P¹
�AK8�Ý

��S�K8�ê!�{U?c��O�þ±9O��m, ¿�Ñ�A�O�þ!�z©'Ú

O��m!�z©'. (J��L 6.

�âL 6, òO�þ!�z©'ÚO��m!�z©'±�ò�ã, (J��ã 2.
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Tab. 6 Calculation statistics for 100 000 biology questions (repeatablity: 80%)

�Ý �ê
O�þ U?� O�þ!� U?c U?� O��m!�

U?c O�þ z©'/% O��m/s O��m/s z©'/%

0—14 11 616 1.63×108 2.89×107 82.2 14 4 71.4

10—18 16 044 2.17×108 3.98×107 81.7 18 5 72.2

14—23 18 194 4.20×108 6.84×107 83.7 36 10 72.2

18—29 19 651 6.88×108 1.01×108 85.3 50 13 74.0

23—37 20 775 1.03×109 1.52×108 85.3 91 23 74.7

29—47 22 264 1.28×109 1.76×108 86.2 141 32 77.3

37—59 22 345 1.51×109 2.06×108 86.3 206 48 76.6

47—74 20 315 1.44×109 1.82×108 87.3 224 48 78.6

59—93 15 966 7.83×108 1.04×108 86.7 179 35 80.4

74—117 11 176 5.34×108 7.25×107 86.4 185 33 82.2

93—147 7 720 5.50×108 6.99×107 87.3 246 36 85.4

117—∞ 7 474 9.93×108 1.56×108 88.7 511 78 84.7

0~14 10~18 14~23 18~29 23~37 29~47 37~59 47~74 59~93 74~11793~147117~
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Fig. 2 Performance comparison of repeatability caculation saved for 100 000 biology

questions (repeatability: 80%)
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lã 2 ¥, uyO�þ!�z©'´'�­½�, 
O��m!�z©'%kXþ,�ª

³.

Ñyù«ª³Ì�´Ï�3K8�Ý�á�, z1O�þ��, §S$1�m�á, Ïd3

§S$1¥�K8©�!¼êN^�§S�1L§���ò´ØU�ÑØO. Ï
â��
K

8�Ý3�á�, !�Ñ��z©'�¢S~��O�þ�å��. 3ò�ã¥��±�Ù/w

Ñ�XK8�Ý�O�, !�O�þz©'�!�Ñ�z©'��å3Øä �, du§S�1

L§
���ò´¤Ó'~��.

�XÀ�
)Ô� 10 �!20 �!30 �!40 � Ú 50 �ØÓêþ�ÁK?1��, P¹


U?c��O��m, ±9O��m!�z©', (J��L 7.

�âL 7 �O��m!�z©', ±�ò�ã, (J��ã 3.

LLL 7 ØØØÓÓÓ)))ÔÔÔÁÁÁKKKêêêþþþ¢¢¢���ééé'''LLL(80% ­­­EEEÝÝÝKKK���)

Tab. 7 Performance comparison of repeatability calculation for biology questions in

different sizes (repeatability: 80%)

ÁKêþ/� U?c�O��m/s U?��O��m/s O��m!�z©'/s

10 1 913 376 80.3
20 4 816 1 033 78.7
30 7 178 1 393 80.6
40 11 099 2 051 81.5
50 19 998 3 743 81.3
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Fig. 3 Comparison of calculation time saved for biology questions in different sizes

(repeatability: 80%)

lã 3 ¥uy3�êâþ¥, O��m!�z©'�«�­½�, 3 80% þe2Ä.

��À��©!êÆ!Ôn!zÆ!/n!)Ô!{¤Ú�£� 50 �êþ�K8?1�

�, P¹
U?c��O��m, ±9O��m!�z©', (J��L 8.

LLL 8 ØØØÓÓÓÆÆÆ���¢¢¢���ééé'''LLL(80% ­­­EEEÝÝÝKKK���)

Tab. 8 Performance comparison of repeatability calculation for multiple disciplines

Æ�
U?c� U?�� O��m

O��m/s O��m/s !�z©'/%

�© 223 942 43 626 80.5
êÆ 131 779 25 838 80.4
Ôn 50 631 10 355 79.5
zÆ 35 975 6 372 82.3
)Ô 19 998 3 743 81.3
/n 25 709 4 944 80.8
�£ 44 603 9 462 78.8
{¤ 27 729 6 075 78.1
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�âL 8 �O��m!�z©', ±�ò�ã, (J��ã 4.
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Fig. 4 Comparison of calculation time saved for different disciplines

©Û±þ(Juy, ¦^U??6ål�{�²þO��m!�z©'3 80% �m. �ü

��{¤��Ñ��qK83êþÚ��þ���Ó.

du��Æ��ÁKSNÚ�£:�ØÓ, ¤±�Æ�3���mþ�kØÓ, 'X3�

©ÁK¥�©���êØõ, ¤±���m�´��, ��Æ��²þO��m!�z©'´'
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4 ( Ø

�©©Û
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