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1 ÁK5


�M

2 ÁK�¿

���� n� aGÚ��� m� bG"

½Â��'u aGÚ bG�¼ê F(a, b)§F(a, b)��´����| (x, y)§

x, y�¹ÂXeµ

• � a[l : r]L« aG1 l�iÎ�1 r�iÎ�m�fG"AO/§� l > r

�§a[l : r]L«�G"2½Â��'u sGÚ tG�¼êµ

f (s, t) = max
s[1:k]=t[1:k]

k

K

x =
|a|

max
i=1

f (a[i : |a|], b)

• yL«� x��z�§Ü{� i��ê"

k q�ö�§ö�ko«µ

1. UC aG�,� §Î¯ F(a, b)"

2. ÀJ aG¥���fG c§¿Î¯ F(c, b)"

3. ÀJ bG�ü� �§¿Î¯ùü��M���ú�cM��Ý"
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4. ÀJ bG�ü�fG s1, s2§¿Î¯G s1s2´Ä´ bG�fG§´�{Ñ

Ñ yes§ÄKÑÑ no"

3 êâ��

êâ?Ò n m q iÎ8�� �5

1,2 1000 ≤ 100 1000

≤ 100000

3,4 100000 ≤ 100 100000 Ãö��

5,6 100000 ≤ 30 100000

7,8

100000 ≤ 100000 100000

�kö�n

9,10 �kö�o

11,12 5 bG�½'~�Å

13,14 5 bG�½'~�Å

15,16 5 bG�½'~�Å

17,18 ≤ 100000

19,20 ≤ 100000

4 �{0�

dK��ko�ö�§�©¬kUìö�n§ö�o§ö��§ö���

^Sù)"

4.1 ö�n

b�·�Î¯�ü��M3 bG¥� �´ (x, y)"

·��±rö�n½Â¤¦

f
(
b [x : |b|] , b

[
y : |b|

])
êâ¥k 10%�êâ�kö�n§$^�{�½�{nþ�±ÏLù 10%

�êâ"

4.1.1 �{�

·��±��qÞ f ¼ê¥� k§ù��{��mE,Ý� O(qm)"
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4.1.2 �{�

du bG´Ø¬C�"·��±k^�mE,Ý� O(m)ý?n hashê|"

du f ¼ê¥� k���´ëY�"@o·��±ÏL�©�é k§^ hash�

äü�G´Ä�Ó"þã�{��mE,Ý� O(m + q log m)"

4.1.3 �{n

du bG´Ø¬C�"·��±k^�mE,Ý� O(m log m)ý?n�M

ê|Ú heightê|"XJ x = y@o�Y��� x��M�Ý"ÄK·��±Ï

L�Mê|¥� rankê|r«m [x, y]N�� heightê|þ��«m [l, r], l ≤ r"

@o·��±�â heightê|�½Ârö�n­#½Â¤µ
r

min
i=l+1

height[i]

@o¯KÒ=z¤ rmq�¯K
§·��±ÏL^�mE,Ý�O(m log m)

ý?n S T L§¦�Î¯��mE,Ý� O(1)"

ù��{��mE,Ý� O(m log m + q)"

4.2 ö�o

b�Î¯�ü�fG s1, s23 bG¥�«m´ [l1, r1]Ú [l2, r2]"·��±

krùü�fG©å5¤�G s",�·���y F(b, s)� x´Ä� |s|"��

\rö�µ·��±�ö�o��ÿ§XJk)§·��±Ó�O�Ñ��Ü

{� �"êâ¥k 10%�êâ�kö�o§$^�{n�±ÏLù 10%�ê

â"

4.2.1 �{�

Äk�±��qÞ F(b, s)¥� i§,��y f (b [i : |b|] , s)��´Ä� |s|"

XJ��qÞ f ¼ê¥� k§@où��{��mE,Ý� O(qm2)"

4.2.2 �{�

�±uy�{�¥�O� f ¼ê����Ò´ö�n"¤±XJ$^ö�

n¥��{n§@où��{��mE,Ý� O(qm)"
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·���±rG s� kmp§^G b����ÿO� newnextê|5ÚO�

Y"ù�ù��{��mE,Ý�´ O(qm)"

4.2.3 �{n

·��Ä^�Mê|5|ù�ö�"

�±k^�O�{3 O(m log m)��mE,ÝSrG b��Mê|§��

ê| sa§rankÚ height",�·�uy§XJG s´ bG�fG�{§@oG

sÒ�±L«� bG¥,���M�cM"u´§·�kr¤k± s1�cM�

�MÑéÑ5"�â saê|�½Â§�±uyù
�MéA� saê|þ´ë

Y��ã§ù�ã�±ÏL�©��"y3�3ù�«m¥é���± sG�

cM��M"du saê|´r@
�MUìi;SüS§@oq�±�âi;

S§3ù�«m¥UY�©§Ïé± sG�cM��M"3�©�L§¥§·

��±(Ü rankê|Ú LCP5?1¯��ä"du3ö�n¥§·�®²�

±|±3 O(1)��mE,ÝS?1 LCP�O�§@o�©��mE,Ý�´

O(log m)"

þã){��mE,Ý� O(m log m + q log m)"

4.3 ö��

ö���µr aG¥�1 x U¤ y"

4.3.1 �{�

·�r bG� kmp§O�Ñ nextê|"éuzgÎ¯§·��±r aG�

�3 bG� nextê|p��§O�Ñ newnextê|§¿ÚO F(a, b)��Y"d

u kmp��mE,Ý´�5�§@oþã�{��mE,Ý´ O(q(n + m))"

4.3.2 �{�

�â�{�§·�r§`z�e"·�uyk 30%�êâ m��"
�·

��±uy§zgU a�1 x §�¬K� x ∼ min(n, x + m − 1)� newnext�

�"@o·��I�éù
 ?1 newnext­�Ò�±
"@où��{��

mE,Ý� O(qm)"
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4.3.3 �{n

3ù��{¥§·�I�kJÑCXù�Vg"

��ªG��Ý� m� bG§©�G��Ý� n� aG"

CX�Ä�g��µ·�^�ªG b¥�fG�°(CX aG"

e¡�ÑCX�½Âµ

½Â 4.1.
��'u bGÚ aG�CX G§´��iÎG�S� [v1, v2, v3...vt]§
 vi�

¡�´CX�����"

CXI÷v v1v2v3...vt = a§�éuz��� vi (1 ≤ i ≤ t)§þ÷v±eü^

5�µ

• fG5�µvi ´ bG�fG"

• 4�z5�µe i < t§K vivi+1Ø´ bG�fG"

AO/§éu aG�1 x §e ax ù�iÎvkÑy3 bG¥§·��r

ax ���� vi§ØLù� vi 3 béA�´�G"

duCX�ª�Ukõ«§¤±Ü{� G��Ukõ«§äN¢y�§·

��I�?¿�«Ü{� G=�"

éu G·��±{ü/n)� vir aG©�¤
 t��¬"

y3·�éuz� vi ^��n�| (si, li, ri)5L«µ

• li, riL« vi3 bG¥� �µvi = b[li : ri]"

AÏ/§e vi3 bG¥L«�´�G§@o- li = ri = 0"

• si L« vi 3 aG¥� �§- si = 1 +
∑i−1

j=1 |v j|"

du�Ìk�§'u G�Ð©z!Ä��oÚ�mE,Ý©Û�ë�·�

8ÔèØ©"

·��±3 O((n + m + q) log m + q log n)��mE,ÝS�o G"

du F(a, b) ¼ê���´r LCP (a [i : |a|] , b) (1 ≤ i ≤ |a|) ����9�

����êL«¤����|§G ¼ê��±{ü/n)�r a G©�
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¤
 t ��¬ v j (1 ≤ j ≤ t)"éuz� v j§·�- s j = v jv j+1v j+2..vt§¿r

LCP
(
s j

[
i : |s j|

]
, b

) (
1 ≤ i ≤ |v j|

)
����9�����ê�L«¤����

|w j"u´·�Ò�±ÏLÜ¿Ü©����9�����ê w j§5���N

����9�����ê F(a, b)"


��â v j �4�z5�§·��±�*/uy� s j = v jv j+1v j+2 �§w j

��¿Ø¬C"u´ w j �Ú v j, v j+1, v j+2 k'"3þ�!¥§·�®²�±^

O(log n)��mE,Ýé� v j �c°Ú�U§@o§z�·�I�O� w j �§

�I�Ñ¤ O(log n)��mÒUé� v j+1Ú v j+2"

�(�e§·�rO� F(a, b) �¯K{z¤
O� w j"
éuO� w j§

·�q�±r¯K=z�µ�Ñ b G� 3 �fG s1, s2, s3§- s = s1s2s3§r

LCP (s [i : |s|] , b) (1 ≤ i ≤ |s1|)����9�����êÜ¿"

ù�¯K´��'u Border Tree�²;¯K"du�Ìk�§ù�¯K�

){�Ööë�·�8ÔèØ©"·��±3 O((n + m + q) log m + q log n)��

mE,ÝS5éù�#¯K?1O�"

4.4 ö��

b�Î¯� aG¥�«m� [x, y]"

4.4.1 �{�

·��±��ö��¥��{�"3 [x, y]ù�«m¥O� newnext ê|§

¿ÚO�Y"@où��{��mE,Ý´ O(qn)"

4.4.2 �{�

XJ·�$^ö��¥��{�"·�^�ãä5�où� newnextê|"

zgö�éu«m�à m � newnext ­#O�§�e$^�ãäÚO�Y§

,�r�YÜ¿"@oö����mE,Ý� O(qm + q log n)"ö����mE

,Ý� O(qm log n)"

4.4.3 �{n

éu1�«ö�§��{ü��{Ò´·��o a[L : R]ù�G�CX G′§
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,�?1O�"du a[L : R]´ aG�fG§·��±uy§XJr G′ S��

Þ�ü����K§@où�S�Ò´ GS��fS�
"u´éu1�«ö

�§�I�éu G′�Þ�ü���?1AÏO�§
¥m�Ü©·��±$^

êâ(���l GS�¥J�"@o·�Ò�±3üg O(log n + log m)��m

E,ÝS?1�E G′ 
",�3�o v′j �Ó��o w′j§·�Ò�±��é G
′

?1O�
"

u´§dKÒ�±3 O((n + m + q) log m + q log n)��mE,ÝS)û
"

5 �{o(

éuz�aêâ§·Ñ�Ñ
z«ö��¤I�$�{a.§�eLµ

êâ?Ò ö�� ö�� ö�n ö�o

1,2 � � � �

3,4 � � � �

5,6 � � � �

7,8 Ã Ã � Ã

9,10 Ã Ã Ã n

11,12

n n � n

13,14

15,16

17,18

19,20

�©JÑ�){�±3�mE,Ý3 O((n + m + q) log m + q log n)S)ûd

K"éu��·���GÚÄ�©�G���ù�a¯KÑ´�±kr©�G

C¤��G���CX G§,�ÏL�
êâ(�5�o G§¦�r¯K=z

����'u��G�#¯K"éuù�#¯K§·��±¦^ Border Tree

5?13�p�ö�§�g����mE,Ý� O(log m)"
���G�Å�

{§dud�XJr��Gï KMPgÄÅ§gÄÅ¥�äp´ O(log m)?O

�§¤±�±¦^ KMPgÄÅ5�O BorderTree?1O��Y"@oÒU�

�ü$¢yùa¯K�JÝ"

38Ôèpÿ¥§ýO¬k 4<U�� 50©§k 6<U�� 40©§k 2

<U�� 20©"
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