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1 có

¤¢�±Èzêâ(�,Ò´��ù�êâÅ��¤k{¤��,Ó�^§��m��^

êâ~��mÚ�m��Ñ.

éõêâ(�Ñ�±�±Èz,'X�ãä,²ïä,¬GóL.

2 �©(�

�©òk0��
�±Èz�ãä�A^,Ó�ò0��±Èz¬GóL.

• «m1k�Î¯

• äþ´»1k�Î¯

• l�=3�

• �
~K

�e5´�©�:,ò0��±Èz²ïä�A^.

• �??6ì

• ��Ä�à�(|±í:,\:).

3 Ä:�£

• �ãä �&�[Ñ¬.

• à� �&�[Ñ¬.

• äGê| �&�[Ñ¬¦^äGê|5�ocMÚ.

• ²ïä ·¬3©¥�0�.

• ¬GóL ·¬3©¥�0�.
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4 �±Èz�ãä

4.1 �ãä��
PÒ

etL«��!:.

left(t), right(t)©OL«t��m¯f.

et���´[l, r),@oleft(t)���´[l, l+r
2 ),right(t)���´[ l+r

2 , r).

f(t)L«3tþP¹��
&E,'Xcnt(t)´t¥ê��ê�a.

·��4�ãä|±�
ö�,Ó�U
�o¤k�{¤��.

a5��Ä�e,�g?Uö��U�!:�kO(log n)�,�ïù
:¿�¦þ^Ù

§�:,Ò´·��8�.

4·�5�ÄXÛ¢y�±Èz�ãä.

4.2 ü:?U

Äk·��8I´,?U�� �þ��,Ó�ØK�¤k8c���{¤���$�,�

���#�����ãä.

du�ãä�¢y´48�,@o·��548�w�ù�¯K.

Äk�Ä���f!:,@o·��I�#ï��#��f!:,§��´?UL��

�,@oÒU�����c��.

2�Ä����f!:,du§�ü�¯f¥�õ�¬k���?U,Ø�w¤�¯f,@

o·�é�¯f48N^¼ê,���¯f�?U���,,�ò�c!:���°,m¯fØ

C,�¯f�?U����,ÒU���c!:?U����.

5¿�¬�?U�!:,�U´�?U��f!:�yk,�zg�I�#ïO(log n)�(

:.

Ó�·��´3#ï!:,vké?Û!:�&E�?U,�{¤���vkÂ�K�.

4.3 ü:,«mÎ¯

·��I������ãä@��Ò�±
.

4.4 IP

�ãä¥k���~²;�ö�:�IP.

4·��ÄXÛ4�±Èz�ãä¢yIP.

�·��¯���:�,XJ§þ¡kIP,·�Òò§�IPeD.5¿�ùp·�é:

?U
,�ù´vk¯K�,Ï�eDIP�,T:�´Ú�5�:�d,Ø¬K��c�{¤�

�.

5¿�eDIP��ÿ,·�ØU?U§�¯f��,·��#ï2�!:L«��IP�

�§�¯f.
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�IPKaqü:?U,XJT:���CX,Ò#ï��!:L«��IP��§,ÄK

�{Ò#ï��:,v�CX�¯fØC,�CX�¯fO��?U����.

5 �±Èz¬GóL

5.1 ¬GóL

¬GóL,Ò´O(
√
n)�^óLëå�ê|.

�y���ü�¬���Ú>=
√
n,��¬���<= 2

√
n.

5.1.1 �\��

·�é�@���¤3�¬,3§SÜ�\@���,E,ÝO(
√
n).

5.1.2 íØ��

·�é�@���¤3�¬,3§SÜíØ@���,E,ÝO(
√
n).

5.1.3 �o

zg?1�ö���,·�×£�H¤k�¬,XJk��ü¬����Ú<
√
n,@oò§

�Ü¿,XJk�¬��> 2
√
n,@oò§©¤ü�¦þ���Ü©.

5.1.4 E,Ý

N´wÑ¤kö��E,ÝÑ´O(
√
n).

5.2 ±Èz

4·��ÄXÛ±Èz¬GóL.�Ò´�o¬GóL�{¤��.

·�zg?U��¬��ÿ,U�#ï����?UL��¬�#¬.

Ó�^����O(
√
n)�ê|Ø´óL��¤k¬.

?U��^��#ê|��#�¬S�.

6 «m1k�¯K

6.1 ¯K£�

4·�5£��e²;�«m1k�¯K.

6.1.1 ¯K£ã

�n�êa0, a1, ..., an−1,zgÎ¯al, al+1, ..., ar¥,1k��ê´õ�.

£��ªk3�Úl�2«,�k|Ø|±?U�� ��ê�ö��«O.
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6.1.2 ¯K�²;�{

·�5£��eù�²;¯K�²;�{.

Ã?U+3�:

E,ÝO(A)+O(B)+O(C)L«ý?nE,ÝO(A),£��gÎ¯E,ÝO(B),�mE,

ÝO(C)

• �©�Y+�ãä O(n log n) +O(log3 n) +O(n log n)

• �©�Y+©¬ O(n log n) +O(
√
n log n log n) +O(n)

• y©ä O(n log n) +O(log n) +O(n log n)

• U�ï�ãä O(n log n) +O(log2 n) +O(n log n)

k?U+3�:

E,ÝO(A)+O(B)+O(C)+O(D)L«ý?nE,ÝO(A),£��gÎ¯E,ÝO(B),?

U�E,ÝO(C),�mE,ÝO(D)

• �©�Y+�ãä@²ïä O(n log n) +O(log3 n) +O(log2 n) +O(n log n)

• �©�Y+©¬ O(n log n) +O(
√
n log n log n) +O(

√
n log n) +O(n)

• U�ï�ãä@²ïä O(n log n) +O(log2 n) +O(log2 n) +O(n log n)

©¬�{��:´ùz¬����
√
n log n,�±ü$E,Ý.

ù
Nu�ÌÒØ�[0�
,�[�±gC���þ´L�]�.

�±w�y©ä�E,Ý�©`D,�´ù�(���E,,�èE,Ý'�p.

6.2 ¦^�±Èz²ïä��{

6.2.1 XÛ¦^�ãäé1k�

é1k��1k�´�d�,�
�B·�é1k�.

ù´��²;�¯K,·�b�ê´3[0, n)�m,@oéu��ïá�ãä. z�!

:t,^cnt(t)L«!:Sê��ê.

@o·��Ä�c3!:t,é!:tSÜ�1k��ê. XJt��¯fSÜ�ê��ê≥
k,@o�Y3�¯fSÜ,ta��¯f. ÄK�{,�YÒ´m¯fSÜ�1k − cnt(left(t))�

!:,ta�m¯f=�.

ù��E,Ý´O(log n).

Ó�O\��ê��I�é�ãä?1?UÒ�±¢y.
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6.2.2 ���ãä�$�

�Äü�(��Ó����ãäa, b,���ãäa(+/−)b�z�!:�cnt�´éA �

�a¥!:��(+/−) éA ��b¥!:��.

�Ä�����ãäaÚ���êc,���ãäa · c�z�!:�cnt�´éA ��a¥

!:��¦c.

@oéu���ãäa− b,·��é§¢1Î¯¿ØI�ïÑ¦,�I��oa, b¥3Ùé

A ��!:=�.

éu���ãäa · c,�´����n.

Ó���n,·��Ä���ãä

T =
k∑

i=1

ai · ci

Ò´k��ãä��êÚ. @oé�ãäT?1Î¯,ÒI�O(k log n)��m.

6.2.3 Ã?U

4·�ké¤kêlÑz,@olÑz��,ai < n.

�e5,·�^atiL«a0, a1, ..., ai−1ù
êV\�þ¡`����ãä/¤��ãä.

@oati�±ÏLati−1?U�� ���.

¦^�±Èz�ãä��¤k�ati�I�O(n log n)��mÚ�m.

@o·��ÄÎ¯«mal, al+1, ..., ar−1�1k�ê.

5¿�·��I�3�ãäatr − atlþé1k�Ò1
.

@où��{�E,ÝÒ´O(n log n) +O(log n) +O(n log n)

6.2.4 k?U

duk?U
,·�����atiÒ'�J�
,Ï��g?U¬UKO(n)�ati��.

�´·��±^äGê|5�oati,Ò��u�o�����ãä�cMÚ.

@oatiÒ�±L«¤O(log n)����ãä�Ú.

@oatr − atlg,�±L«¤O(log n)����ãä��Xê��êÚ
.

@oÒ�±3O(log2 n)��mS�¤Î¯,Ó�?U��I�?UäGê|¥O(log n)�

!:,�?UE,Ý��O(log2 n).

@où��{�E,ÝÒ´O(n log n) +O(log2 n) +O(log2 n) +O(n log2 n)

6.2.5 o(

¦^�±Èz�ãä��{�mE,ÝÃØkvk?Uö�,Ñ´®��{¥�`�.

Ó�ù
�{�~´un)ÚÐ�,�~ØN´��,3OI'm¥é·Ü¦^.

(·¬`y©ä®²C¤���úb
o)

-<¢Ã�´�?U����mE,Ý��,I�¦^�
�m~ê`zâUÏL�
K

8.
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6.3 'u?U��
[!

5¿�·�����ãä,´I�lÑz�,XJ�±l��£�¯K,@o·�Ø�kÖ

\¤kÎ¯,,�?1lÑz.

�XJ7L3�Q?

6.3.1 ¢�m!:����ãä

4·�5��� Û�IP:”�3”,��!:�¯f�m©´Ø�3�,�k�¯�§�

�ÿ,XJ§þ¡k”�3”ù�IÅ,Òrù�IPí�§�¯f:4§Ø�3�¯f�C�”�

3”.

Ù¢Ò´>�¯>#ï!:.

@ozg�¯�õ#ïO(log n)�!:.

@o·���é��m��ãä,'X[0, 231),Ò�±)û3�?U�¯K.

6.4 «m1k�¯KEXT

IK¥�EXT�¿gÒ´EXTENDED,¤¢�\r�.

Q,·��´±Èzêâ(�ïÄ,@o·�AT��|±3{¤��pÎ¯1k�.

òÎ¯UC¤:Î¯1ig?Uö��,ù�ê�al, al+1, ..., ar¥,1k��ê´õ�.

4·�5�ÄNo�,Ø�^���±Èz��ãä,ù��ãä´éa¥�eI �m�,

���[l, r)�!:þ�����¹al, al+1, ..., ar−1����ãä.

@oal, al+1, ..., arÒU�¤O(log n)����ãä�Ú.

Î¯ÒU3O(log2 n)��mS�¤.

Ó�,?U��±3O(log2 n)��mS�¤¿��{¤��.

6.5 «m1k�¯KEXTEXT

IK¥�EXTEXT�¿gÒ´EXTENDED’s EXTENDED,¤¢�\r��\r�.

4·�25|±��ö�:3�� ��\��ê,Ó���|±{¤Î¯.

ùe¯K�JÝÒ��þ,
,XJ�±l��{,·��±k�Ñ¤kê��ª �2

O�,�´XJ7L3��{,ù��{ÒØ+^
.

·��8I´òal, al+1, ..., arC¤�
���ãä�Ú.

Ø�¦^�±Èz¬GóL�o.

z�¬·��o�����ãä,L«ù�¬SÜ�ê.�
|±3�?U·�I�¢�

m!:����ãä.

�ÄÎ¯al, al+1, ..., ar,N´uyØ
O(
√
n)�ê�	,Ù§�Ñáu,�¬SÜ����

ãä.

@o�Ä��Î¯,·�kò@O(
√
n)�êï¤���ãä,I�O(

√
n log n)��m,,

�3ù����ãäÚ@
¬S�ãä�Ú¥é1k�,I�O(
√
n log n)��m,�oE,Ý

´O(
√
n log n)

9



6.6 «m1k�¯KEXTEXTEXT

IK¥�EXTEXTEXT�¿gÒ´EXTENDED’s EXTENDED’s EXTENDED,¤¢�

\r��\r��\r�.

4·�25|±2�ö�:íØ�ãê,E��ãê��23,�� ��\ù
ê,Ó��

�|±{¤Î¯.

Ó�ê�êþØ¬�L105.

UY¦^�±Èz¬GóL�o.

4·��ÄXÛJ�Ù¥�ã,w,�ãd¥mA�¬,ÚÞ��O(
√
n)���|¤,·�

òÞ�@
��ï¤#�¬,,�2r¥m@
¬<L5,ÒU��J���ã.

íØ�ã´Ó���n,íØA�¬�,?U«mÞ��ü�¬=�.

@o3,�� ��\�ã�´��,·��\��×£�H?1�o=�.

5¿�du´�±Èz�,?UÑ�ÏL#ï��¬5�¤.

@où
ö��E,ÝÑ´O(
√
n log n).
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7 äþ´»1k�¯K

7.1 ¯K£�

7.1.1 ¯K£ã

���>���ä,zgÎ¯a→ bù^´»þ�>¥,1k��>�´õ�.

Ó�k3�,l�,|Ø|±?U�«O.

7.1.2 ²;�{

Ã?U+3�:

E,ÝO(A)+O(B)+O(C)L«ý?nE,ÝO(A),£��gÎ¯E,ÝO(B),�mE,

ÝO(C)

• �©�Y+äó¿©@�ãä O(n log n) +O(log4 n) +O(n log n)

• U�ï�ãä O(n log n) +O(log2 n) +O(n log n)

k?U+3�:

E,ÝO(A)+O(B)+O(C)+O(D)L«ý?nE,ÝO(A),£��gÎ¯E,ÝO(B),?

U�E,ÝO(C),�mE,ÝO(D)

• �©�Y+äó¿©@�ãä@²ïä O(n log n) +O(log4 n) +O(log2 n) +O(n log n)

• U�ï�ãä@²ïä O(n log n) +O(log2 n) +O(log2 n) +O(n log n)

5¿�äó¿©�E,Ý~êé���äÑ´�~��.

7.2 ¦^�±Èz�ãä��{

7.2.1 Ã?U

·�Äk^O(n log n)−O(log n)��{5£�Lca(u, v)�Î¯,=ü�:��Cú�yk.

@o^atuL«l��:u�´»�ù
>þ�ê|¤����ãä.

atu�±l§�I��at�?U��ê��,��±3O(n log n)��mS��¤kat�.

·��±uyu→ vù^´»þ�>|¤����ãäT = atu + atv − 2 · atLca(u,v).
@o��3�ãäTþé1k�=�.

E,ÝO(n log n) +O(log n).

7.2.2 k?U

4·��Ä?U��No��ati.

·�kéä?1dfs��dfsS.

@o?U�^>���,�¬K���fä�ati,�Ò´dfsS¥���«m.

11



@o·�^���ãä5�odfsSþ�z�:�ati=�.

@oatiÒUL«¤O(log n)����ãä�Ú.

E,ÝO(n log2 n) +O(log2 n) +O(log2 n).

Ó�,·��I�4�	��@��ãä±Èz,ÒU£�{¤���¯K.

12



8 l�=3�

�±Èz�ãäPkl�=3��Uå,�±)û�
¯K.

8.1 �C��½���yk

8.1.1 K8£ã

���ä,z�:Ñk����,·�zgÎ¯��: þ,1�����x����?Ò.

7L3�.

8.1.2 �{

Ø�-a[u][c]L«u þ1�����c�:�?Ò.

@o�Äê|a[u][∗],5¿��u�I�f�ê|a[f ][∗],�?U
�� �.

·�¦^�±Èz�ãä�oê|a[u],@oÒU3O(n log n)��mÚ�mE,ÝS��

¤ka[i][∗].
E,ÝO(n log n) +O(log n)

5¿�XJU¤�±Èz¬GóL,E,ÝÒC¤.

O(n
√
n) +O(1).

9 �
~K

9.1 middle

�Ó3·��¥�TK)K�w.
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10 �±Èz²ïä

�±Èz²ïä,�¶gÂÒ´�o{¤���²ïä.

·ÀJ
��N´¢y�Treap5ù).

10.1 Treap

Treap´�«²ïä,§�A5´z�:k���Å��,Ó�I�����½'¯f��

��.

@où�²ïä,�±w¤´Uù�Å��^S�g�\�ÊÏ²ïä.

du�\^S´�Å�,�äp´Ï"O(log n)�.

10.1.1 �
PÒ

etL«,!:.

@oleft(t), right(t)©OL«�m¯f.

size(t)L«±t���fä��.

key(t)L«t��Å��.

10.2 �±Èz

�
�B?Ø,·�ò¤kTreap�ö�Ñ{z�ü�ö��|Ü:merge(a, b), split(a, n)

merge(a, b)�Äü�Treap:a, b,a¥¤k��Ñ'b¥��,��£��Treap,p¡�¹


a, b�¤k��.

split(a, n)�Ä��Treap:a,�£ü�Treap,left, right,©O�¹a�cn���Ú���Ù

§��.

@o�\�±w¤kU�½ �split¤ü�Ü©,,�3¥m���ü��Treap,,��

gmerge.

íØ�±w¤U�½ �Ú�c��split¤n�Ü©,,�ò1�Ü©Ú1nÜ©merge.

Ù¦�²ïä�kö��±��.

10.2.1 merge�¢y

�ÄXÛ¢ymerge(a, b)

Äk�ÄaÚbk����ä��¹,@o�£Ø��ä�@�=�.

Ùgekey(a) < key(b)��,@o4a��¯fØC,m¯fU�merge(right(a), b).

ÄKb�m¯fØC,�¯fU�merge(a, left(b)).

5¿�du´�±Èz�¢y,?U´ÏL#ï��!:5¢y�.
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10.2.2 split�¢y

�ÄXÛ¢ysplit(a, n)

XJcnt = size(left(a)) ≤ n�,@o-{l, r} = split(left(a), n)

@o·�òa��¯fU�r,�£{l, a}=�.

ÄK�{,-{l, r} = split(right(a), n− cnt− 1)

·�òa�m¯fU�l,�£{a, r}=�.

5¿�du´�±Èz�¢y,?U´ÏL#ï��!:5¢y�.

10.2.3 �
ö��¢y

@oJ��ã,Ò�±ÏL2gsplit5��.

íØ�ã,�±ÏL2gsplitÚ�gmerge��.

�,�k~ê����{,ØLùo�'��B.
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11 �??6ì

11.1 K8�¿

���iÎG,\I�|±�
ö�

• �\�ãiÎG

• E�SÜ��ãiÎG,¿�\�,�½ �.

• Î¯�� ��iÎ.

Ñ\o��Ø�L1MB.

iÎGo��Ø�L512MB,�´S����k100MB.

·�uy¦^�±ÈzTreap�±¢yù
ö�¿�S���ö�gêk'.

�´5¿���éî�¯K,'X`·ØÊE���G,@o�[��Å��Ñ�

�,TreapÒ�.��²ï5
.

No�Q,5¿��k3merge¥âk¦^�Å��,���Å��ØL´�VÇ¯K,·�

Ø���¦^�ÅVÇ!

�Ämerge(a, b),5¿�a��Å��´size(a)�ê¥���,b��Å��´size(b)�ê¥

���,@okey(a) < key(b)�VÇÒ´ size(a)
size(a)+size(b) , ��Uù�VÇ?1Ü¿.

U
ÏL�«���êâ,�´�<Uåk�,¿vk�Ñ�[y²ÙÏ"E,Ý�U

å,XJk<U�Ñ�[y²½�EÑ¦�T�{$1�ú�êâ�éX·.

16



12 à�

e¡0��
à��Ä:�£.

�½²¡þn�:p0, p1, ..., pn−1,ù
:�à�½Â����¹ù
:3SÜ�,¡È��

�àõ>/.

þà�:ù
:Ú(0,−∞)|¤�à�.

eà�:ù
:Ú(0,∞)|¤�à�.

13 ��Ä�à�

Ä�à�¯K´,�½��:8Ü,�¦|±�\,íØ��:,Ó��o��:8Ü�à�.

13.1 �k�\

�k�\��¹´��²;¯K,·��±^ü�²ïä©O�oþà�Úeà�.

13.2 íØ

kíØ��¹JÝÒé�
,Ï��gíØ�U¬��à�þO(n)�:u)UC,�å�

{w,ØU¤õ.

Ø�UY�Ä©O�oþà�eà�.

duþà�eà��d,·���Äþà�.

13.3 Ü¿ü�Ø���þà�.

�Äü�3x¶þØ���þà�,ò§�Ü¿.

5¿�·��I�òùü�à��	ú��¦Ñ��,�g��ã�3�å=�.

@o·��I�^�±Èz²ïä5�oùü�þà�,ØP¦ú��E,Ý�{,ÒU

��O(log n)Ü¿2�þà�.

13.4 ¦ü�à�m�	ú��

Ø��p, q©O�à�A,Cþ���:,·�5©�¹?1�«?Ø.

�ú���à�A,C©Ouu, v.

duçXK�ü�,Ø�rã¡îL5.
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case 1:

case 2:

case 3:

case 4:
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case 5:

case 6:

�±wÑcase 1·���Ò��(J,case 2 ∼ 5,Ñ���±�äÑ�
à��Ü©(Å

L)�±��ï,äN©Û'��¡ÒÑ�Ø!,�[�±gCg�.

�´3case 6¥,·�Ã{��(½Tí�=
Ü©,Ï�'�`u3A��à?,v=�U

3q��>,��U3q �m>.

@o·�UY©ü«�¹?Ø.

·���^p'uA���lp,q'uC���lq,�¦���:�s.Ó�-�^à�m�y©

��m.

case 6.1:s3m�e�.

case 6.2:s3m�þ�.
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N´uyã¥�ÅLÜ©Ñ�±�í�.

@oXJ�Ñü�à��²ïäL«,Ø�-p�����,q�,����.

�±w�zgö�ÑU¦�p½qr�§���¯f,@oo�mE,ÝÒ´O(log n).

13.5 ¢yíØö�

�±uy·�®²�±3O(log n)�E,ÝSÜ¿ü�þà�
.

@o·�^��²ïä�o¤k:Ux¶�^S,z�!:�oþà�Úeà�.

�\íØ��3²ïäS�=�.ä��þà�Úeà�Ò´�ª�(J.

E,Ý´²ïä�E,Ý¦þÜ¿�E,Ý,�´O(log2 n).

13.6 ¢y��
[!¯K

ÄkI�5¿�´,3�ä�L§¥,·�I���p, q���à�þ�:.

ù�I�3O(1)�mS��,·�Ø�òÙP¹3:þ.

@o5¿�Ü¿��ÿ.ë��@ü:��m��:&EUC
,¤±ùü�:�#ïÑ

5.
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14 ~K:Almost

14.1 K8�¿

���Ý�n(n > 1)�ê�a0, a1, ..., an−1�A�²þê,½Â�
∑i=n−1

i=0 ai
n−1 .

q�Î¯:al, ..., ar�ëYfS�¥,���A�²þê´õ�.

14.2 êâ��

n ≤ 105, q ≤ 3 ∗ 104.

14.3 �{

ùK´M�� �8Ôèpÿ'm�K8,��¦�Ñ��{zgÎ¯´O(
√
n log n)�.

14.3.1 =z¤AÛ¯K

·�-sumi =
∑k=i

k=0 ai.

Ó�-Ri = (i, sumi), Li = (i, sumi−1).

@o�±uy«m[l, r]�A�²þê,Ò´Ll → Rr��Ç.

·��8IÒ´¦l ≤ i < j ≤ r�Ll → Rr����Ç.

Li, Ri�x�I´4O�.

14.3.2 �{1

y3·��Ñ��zgÎ¯O(log2 n)��{.

5¿�XJ·��¦i ∈ [a, b], j ∈ [c, d], b < c�Ll → Rr����Ç.

Ù¢Ò´[a, b]|¤�L∗�eà�,�[c, d]|¤�R∗�þà��m�ú����Ç,éuþ

eà�m�ú��,·��ì�c��{,��±�Ñ��O(log n)��{.

@oÒU3O(log n)��mS�Ñþã¯K�(J.

@o·��o���ãä,éu���ãä��´[l, r)�!:,

·��ol ≤ i < j < r�Ll → Rr����ÇÚR∗�þà�±9L∗�eà�.

cö�±ÏL¯f��YÚ�gà�m�ú����.�üö��ÏL¯fÜ¿Ñ5=

�.

@oïä�E,ÝÒ´O(n log n).

�ÄÎ¯[l, r],Ø�òÙU^S¤k = O(log n)��ãä!:t0, t1, ..., tk−1.

@o�Y«mkü«�U,�«´ü�!:m,��´��!:SÜ,�ö·��±���

Ñ.

cö�{�Ä�Y«mmà:3tiSÜ,·�3d��ot0, t1, ..., ti−1�L�eà��¿.

@oO(log n)�mÒU�Ñd�¹e��`(J.

Ó�2òti�Ü¿?�=�.

E,Ý´O(n log n) + O(log2 n).
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14.3.3 �{2

�e5·�2�Ñ��O(log n)��{

·�ò¤kê©¤O(
√
n)¬,z¬��O(

√
n).

·�ý?nÑz¬�ci�|¤�R∗�þà�,�i�|¤�L∗�eà�,±9cMÚ�M

©O�SÜ�Y. z¬�E,Ý´O(
√
n log n),@oùÜ©E,ÝÒ´O(n log n).

Ó�·�2ý?nÑ1i¬�1j¬�L∗eà�,R∗þà�,ÚSÜ�«m��Y.

1i¬�1j¬�(J�±ÏL1i¬�1j − 1¬�(J3O(log n)��mS�Ñ.

@oùÜ©�E,ÝÒ´O(
√
n
2
log n) = O(n log n).

�ÄÎ¯[l, r],XJ§Ø´3,¬�SÜ,@o§�©¤
nÜ©:,¬��A�A,¥më

YA�¬B,,¬�cA�C.

@o�YÒ�U´3Ü©SÜ(®?n),AB�m,AC�m,BC�m,©OO�=�.

XJ§3,¬�SÜ,·�éz�¬48¦^±þ�{.

�Äeéu��n�,I���m´F (n)

@oF (n) =
√
nF (
√
n) + n log n.

Ø��F (n) = kn log n.

@o

F (n) =
√
nk
√
n log

√
n+ n log n

log
√
n =

log n

2

kn log n =
k

2
n log n+ n log n

k = 2

�Ò´`F (n) = O(n log n).

oE,ÝO(n log n) +O(log n).

�,���48��~���ÿ('X�u16),ØI�©¬,�å=�,E,Ý�~ê,ØK

�oNE,Ý.
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15 a�

3Æ�þÊ9�±Èzêâ(�¿3WCù�4·¼Ã�f��Ór �.

JÑ©¥¤`�^�±Èz�ãä)û«m,äþ1k�¯K��W�(ÌRä).

�·?Øù�¯K�¯õÓÆ.
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