
f!©¬g�3�aêâ?n¯K¥�A^ �®½1l�¥Æ Ûêx

f!©¬g�3�aêâ?n¯K¥�A^

�®½1l�¥Æ Ûêx

Á �

3¿mÚ¢�¥§XÛp�/|�Ú?n�5�êâ´���¯K"�

©Ì�?Ø¿m¥�a��5S�Úä/(�k'�êâ?n¯K§Ú\©¬

g��Vg§&?©¬g�3êâ�|�§êâ�ý?n§±9�Ol��{

¥�A^§¿Þ~`²XÛòêâ©¬?n���mE,Ý$�`D�{"

1 Úó

3�aêâ?n¯K¥§·�I�ª�/ÚO35�
��êâ8Ü¥§

÷v�½^�����k'&E§Xê8½ö���"DÚ�êâ(�§X�

ãä§ò8Ü¥�¤kêâU�½��ªkS/|�å5§¦�zgÎ¯�±

y©¤eZkSÜ©�&E�Ú§lJp�Ç"

�©0��«©¬g�§Ó�´òêâkSzÚ�gz§��ªk¤ØÓ§

�*Ð5�r§A^���2�"

©¬g��Ø%´ò��8Üy©¤eZ�5����f8"��/§·

���uò5��C���©�Ó��f8¥§¿�rz�f8���U�½

�(�|�å5"

3êâ?n¯K¥§©¬g�kX2��A^§�Ï´©¬��{äk�


ûÐ�5�µ

ef85�é�§éz�f8�¦^'uf85��E,Ý�p��{"

ef8ê8é�§�¦^���8Ü5�k'��{©O?nz�f83"

3N´uycü^5��m�3gñ"�
þï§QØU4f85�L�§�ØU4f8ê

2013c&EÆc���¥II[èÿÀè
Ø© 27



f!©¬g�3�aêâ?n¯K¥�A^ �®½1l�¥Æ Ûêx

ez�f8SÜ���äk�Ó�5�§�±©O�Ok�é5��{"

�©Ì�?Ø©¬g�3��5S�Úä/(�k'�êâ?n¯K¥�

A^"1 2!0�3;.�êâ(�¥©¬����{"1 3!0�©¬g�

3êâ�ý?n¥�A^"1 4!0�©¬g�3�Ol��{��A^"

2 êâ�©¬z

ù�!0�ü«~��êâ(�=�5S�Úä/(�����©¬�{§

¿©O�ÑA^©¬�{)û�~K"

2.1 �5S��©¬z

3�5S�¥§êâ8Ü�¤k��U�½^Sü�";.�¯K´ª�

/ÚO��ëY�fS�¥÷v�½5�����Ú§d?/Ú”L«�YU


��½m�/©¤ØÓÜ©��Y�Ú"e¡k0��«~^�©¬�{§

,�Þ~`²XÛ¦^©¬��{p�/)ûda¯K"

©¬��{ lS��1����å§zëY� S ���|¤��¬"e

�ª�{���Øv S �§-§�|¤��¬"

5�2.1. �N �S���Ý§Kþã�{¥¬�ê8Ø�L bN / Sc+1"

5�2.2. ��gÎ¯ö��ÎS�¥1 L����1 R����ëYfS

�£±e{¡«m [L, R]¤�&E"@oØ
���¹3S�¬¥���±	§

«m [L, R]�9����ê8Ø�L 2S"

�â±þü^5�§XJU
3¬��g�o¬S¤k���&E�Ú§

-¬��� S �Ü·��§éu?¿«m§ÒU¯�é�éA����¬�õ

{���§¿Ü¿����«m�&E"

8L�"ùÒ´��o©¬�{��mE,Ý  �
√
N k'��Ï"

2013c&EÆc���¥II[èÿÀè
Ø© 28



f!©¬g�3�aêâ?n¯K¥�A^ �®½1l�¥Æ Ûêx

~K�4
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√
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Ún2.7. �: u´Ø3�cëÏ¬S�?¿��:"ÃØ±¬S�=�:
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½n3.1. =�Ä �3¬ A���z�¬ Bi"�±3 O(f(N))�E,Ý

SO�Ñ¬ A�¤k¬ Bi�m�&E§XJØ�ÄP¹&E�E,Ý"

eP¹?¿ü¬�m&E�E,Ý�±Ø�Ä�{14§·�qÞ¬ Ai§Ò

U± O(Nf(N)/S)��mE,Ý�¤©¬Úý?n�L§"
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�fS��&EÏLV\Ø�L 2S �����15"l��

½n3.2. éu�5S�þ«mÚOa.�¯K§e¯K÷vý?n�^�§

ÄkéS�©¬Úý?n§±�3�Î?¿«m [L, R]�§�±3 Θ(f(S))�

E,ÝS��«m [L, R]�&E"

~Kn16

�Ñ�� N �ê�S�"z�ê´ 1 ∼ N �m��ê"\I�£�M g

Î¯"zgÎ¯�Ñn��ê Li, Ri, Ki§¦«m [Li, Ri]¥Ñy
TÐ Ki g

�ê�ê8"

êâ5�: 1 ≤ N, M ≤ 105"

�{©Û

ù�K8¥§���«m��YØUÏLP¹�
N\&E¯�Ü¿�

§�|¤���«m��Y§ÏdØU¦^�ãä�êâ(��o"�´Î¯

÷vù��5�µ

Ún3.3. é?¿�ü�«m [L1, R1] Ú [L2, R2]§XJ®²P¹3«

m [L1, R1]¥ 1 ∼ N �m�z�ê�Ñygê±9Ñygê� 1 ∼ N �ê��

ê§�±3 O(|L1−L2|+ |R1−R2|)��mE,ÝS=z�«m [L2, R2]¥ 1 ∼
N �m�z�ê�Ñygê±9Ñygê� 1 ∼ N �ê��ê"

Ï�±¦^ý?n��{)ûd¯K"

14�±æ^l��{½O�Ãã"
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òS�©¬§-z¬���� Θ(
√
N)§K¬�ê8� Θ(

√
N)"·�U

± Θ(N
√
N)��mE,Ý�Ñ?¿ü¬�m 1 ∼ N �m�z�ê�Ñygê

±9Ñygê� 1 ∼ N �ê��ê"�´ù�P¹�&E´ Θ(N2)�§7L�

�{~�P¹�&Eþ"

Ún3.4. ò¤k¬lc��?Ò� 1 ∼
√
N"K?¿��ê x31 i¬�

1 j ¬�Ñygê�u x3c j ¬�Ñygê~� x3c i− 1¬�Ñygê"

·���o 1 ∼ N �m�z�ê3c 1 ∼
√
N ¬�Ñygê§E,Ýü

� Θ(N
√
N)"ù����o§�3?¿ü¬�m�Ñygê´�d�17"

Ún3.5. 3S�¥Ñy�gêØ�u
√
N �ê�õk

√
N �"

3ý?n�·��P¹ü¬�mÑygê3 1 ∼
√
N �ê�ê8"u´P

¹�E,Ý´ Θ(N
√
N)"�â½n 3.2§·�U± O(

√
N)�E,Ý�(/£

�¤kKi ≤
√
N �Î¯"

éu Ki >
√
N �Î¯§·�Jc?n¤kÑygê�u

√
N �ê�Ñy

gê�cMÚ§Î¯�± O(
√
N)�E,ÝqÞù
ê§O(1)�äz�ê3Î

¯«m¥�Ñygê´Ä�uKi"

½n3.6. þã�{�±3 O(N
√
N)��mE,ÝS�¤ý?n"éuz

gÎ¯§�±3 O(
√
N)�E,ÝS���Y"o��mE,ÝÚ�mE,Ý

� O((N +M)
√
N)"

3.3 ä/(��ý?n

��!�	�aä/(�¥ª��Îü:�m�´»�&E¿�÷vý?

n�^��¯K"Äkò�5S�¥©¬ý?n��{í2�äþ§`²�«

3äþIP'�:��{§,��ÑA^d�{�~f"

Ún3.7. ä/(�¥§?¿ü:�m�{ü´»18 ´���"

Ún3.8. éuk�ä¥�?¿: u Ú: v§�: p �§�� LCA §K

: u�: v�´»TÐd: u�: p�´»Ú: p�: v�´»üÜ©|¤"

17òý?n�1 i¬�1 j ¬�z�ê�Ñygê=z�?¿«m [L, R]�z�êÑygê

�§�Iéc j ¬�z�êÑygê�?U§¦^��c i− 1¬�z�êÑygê��=�"
18�²Lz�:�õ�g�´»"±e/´»”þ�{ü´»"
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·�F"òä¥�eZ�:IP�'�:§¿ý?n?¿ü�'�:�m

�´»§¦�äþ�?¿�^���´» pºX
�^®?nL�´»19 §¿

�´» p¥Ød±	�Ü©�¹k�:ê��"e¡0��«�%��{"

é��k�ä§U�Ýl����^SqÞä¥�z�:¿�ä´ÄòÙ

IP�'�:"ò?¿��: uIP�'�:��=�: u�fä¥�3��

:�: u�´»þvk'�:�´»þ�:�ê8�u S" S ´�½�ê"

Ún3.9. �N�ä�:8��§K�%�{IP�'�:Ø�LN / S�"

Ún 3.9¤á��Ï´z�'�:��´ S ��'�:���´»þ�1

��'�:"

Ún3.10. ��(:��Ý� 0§K?¿���ÝØ�u S �:��C

� S + 1�yk(:£¹T:g�¤¥��k��´'�:"

íØ3.11. éuä¥�?¿�^²L�:ê�u 3S �{ü´»§�: uÚ

: v ©O´´»�ü�à:"K: u �´»þ�C�'�:�ål20Ø�

L 2S − 2§: u�: v©O�´»þ�C�'�:�ål�ÚØ�L 3S − 3"

3IP'�:��%�{¥§·��Iéz�:P¹§�fäS�§�d

�'�:|¤�´»²L�:ê����§ÒU�ä´Ä�IP§"

½n3.12. 3 Θ(N) ��mE,ÝS�±òä¥� Θ(S) �:IP�'�

:"3 Θ(S2f(N))�E,ÝS?1ý?n§@o?¿�^{ü´»¥Ø�®?

nL�Ü©	�:�ê8� O(N / S)"

~Ko21

�Ñ�� N �:�ä"z�(:�ôÚ´ 1 ∼M �m����ê"

½Âläþ?¿: u�: v�À1ÂÃ�
∑M

i=1

∑Ci

j=1 ViWj"Ù¥ i´z«

ôÚ§ Vi´ôÚ i���§Ci´ôÚ i3: u�: v�{ü´»þÑy�gê§

W1, W2, . . . , WN´�Ñ��ê"

19d^���±´?¿�^´»��^®²?nL�´»�é¡���§���ä��¹é

õ§¤±§S¢y¬E,éõ"
20�²L�>�ê8
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\I��1 Qgö�"ö�kü«a.µ

− CHANGE xi yi ò: xi�ôÚ?U� yi"

− QUERY ui vi �Îl: ui�: vi�À1ÂÃ"

êâ5�: 1 ≤ N, M, Q ≤ 105, 1 ≤ Vi, Wi ≤ 106.

�K���� 10¦"

�{©Û

ò?¿��:���"- S = Θ(N
2
3 )§¦^IP'�:��{éä?1ý

?n§P¹?¿ü�'�:�m�´»¥ôÚ 1 ∼ M �ÑygêÚÀ1ÂÃ"

ý?n�E,Ý´ Θ(N
5
3 )"

éu�Î: ui �: vi �´»�ö�§k^�O�p���{é�ü�:

� LCA"�X§©Ol: ui Ú: vi Ñu÷X´»£Ä§é�´»þ��C

: ui Ú: vi �'�:",�ÒU|^®²P¹�&E§²LeZgOþö�

3 O(N
2
3 )�E,ÝS���Y"

éu?U: xiôÚ�ö�§qÞ?¿ü�'�:§�ä: xi´Ä3ùü�

:�m�´»þ§XJ´�{Ò��#P¹�&E"

Ún3.13. : xi 3: u �: v �´»þ��=�: u Ú: v � LCA ´

: xi�yk¿�: xi´: u½: v�yk"

XJý?nz�:3 DFS ¥?ÒÚÑÒ���§@o: x´: y �yk

��=�: y?Ò���3: x�?ÒÚÑÒ����m"·�3ý?n�P

¹?¿ü�'�:� LCA§Ò�± O(1)�ä: xi ´Ä3§��m�´»þ"

Ïd?Uö��E,Ý´ Θ(N
2
3 )"

½n3.14. �±3 O((N +Q)N
2
3 )�E,ÝS)ûd¯K"

4 ©¬�l��{

k
êâ?n¯K¿Ø�¦ézgÎ¯=����Y§´�g�Ñ�þ
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�Î¯§�¦§S¦¯O�Ñù
Î¯�(J¿Ú��""l��{Ò´�ý

k��¤kÎ¯�SNÏ�å)û¤kÎ¯��{"

3l�¯K¥§Ï�®²��¤kÎ¯§·��±rÎ¯U�½��ª|

�å5§l¿©|^Î¯�m�U&E"¢Sþ´ò¤kÎ¯��êâ8

Ü��Ü©?n§u´�±^�5?nêâ8Ü��{?nÎ¯"

�!ò^ü�~f`²©¬g�3�Ol��{��A^"

~KÊ22

�Ñ�� N �ê�S�"z�ê´ 1 ∼ N �m��ê"\I�£�M g

Î¯"zgÎ¯�Ñn��ê Li, Ri, Ki§¦«m [Li, Ri]¥Ñy
TÐ Ki g

�ê�ê8"

êâ5�: 1 ≤ N, M ≤ 105"

K8©Û

òS�©¬§z�¬����� Θ(
√
N)"¬�ê8�� Θ(

√
N)"

�gÖ\¤k�Î¯§¿rÎ¯U�Î«m��à: Li¤3�¬©a",

�©O?nz�aÎ¯"

�Ä�à:3¬ Ai �¤kÎ¯"·�rù
Î¯Umà:3S�¥� 

�l���üS",�U^S×£l¬ Ai ��à:�S�"��z���§

^ê|�oz���®×£L�¤k��¥Ñygê� 1 ∼ N �ê�ê8

Ú 1 ∼ N �m�z�ê�Ñygê"

éuz�Î¯ [Li, Ri]§�·�×£�Î¯�mà: Ri��±3 O(
√
N)�

E,ÝSò�c�o�&E=z�«m [Li, Ri]�&E"3P¹Î¯��Y±�

2ò&E¡E"z�Î¯Ñ¬�?n�g"

½n4.1. d�{��mE,Ý� O((N +M)
√
N)§�mE,Ý� Θ(N)"

3ù�~f¥§·�æ^l���{)û
~Kn¥I�P¹�&EþL

��¯K"�±w�§©¬�l��{�(ÜÚý?n��{k�½�q�?"

22K8Ó~Kn
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�U¦^©¬�ý?n��{)û�¯K���±3l��¹eü$�mE

,Ý"

e¡2w��ä/(��~f"

~K823

�� N �:�ä"z�:k��§��´�u 231 ��K�ê"\�£

�M gÎ¯§zg�Î: ui�: vi�{ü´»¥Ñy�ØÓ:��ê8"

êâ��µ 1 ≤ N ≤ 40 000, 1 ≤M ≤ 100 000.

K8©Û

Äkò¤k:���lÑz24§���±@���´Ø�L N ��ê"¦

^ 3.3!0��äþIP'�:��{§- S = Θ(
√
N)§K'�:�ê8�

� Θ(
√
N)"�âíØ 3.11§z�:��C�'�:�ål� O(

√
N)"

Ö\¤k�Î¯¿rz�Î¯U�éA�´»à: uiål�C�'�:©

a"©O?nz�aÎ¯"

�Ä?n±'�: ri�� uiål�C�'�:��aÎ¯"

±: ri���Ý`kH{��ä§Ó��o�c®\Òÿ�ÑÒ�¤k

:¥z����Ñygê±9ØÓ���ê8"

Ún4.2. �¯?¿: xi �§®\Òÿ�ÑÒ�¤k:TÐ´l: xi �

��´»þ�¤k:"

Ún4.3. ?¿: i�?¿: j�´»�Óu: i���´»\þ: j���

´»2~�: i�: j � LCA���´»"

éuz�Î¯ (ui, vi)§H{�: vi ��o�ÒS�:�&EÒ´: vi �

��´»þ�¤k:�&E"d�qÞl: ui�� ri�´»þ�z�: xi"X

J: xi´: ui�: vi� LCAKØ�UÄ§ÄKXJ: xi´ LCA�� ri�´

»þ�:K~�: xi���§ÄKV\: xi���"

23K85µSphere Online Judge 10707, Count On A Tree II
24=ïá N �:����8Ü�Ø�L N �g,ê�8Ü�ü�"��¦^ O(N logN)

�üS�{=�"
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: ui�� ri�ål´ O(
√
N)�§Ïdk

Ún4.4. �±3 O(
√
N)��mE,ÝS���gÎ¯��Y"

½n4.5. d¯K�±3 O((N +M)
√
N)��mE,ÝÚ O(N)��mE,

ÝS)û"

5 o(

/��`§©¬g��¢�´òE,Ý� O(f(N))�È��{=z�E,

Ý� O(g(S) + h(N/S))��{"Ù¥ S ´¬�5�§N / S ´¬�ê8"�´

éuØÓ�¯K§kØÓ�Ny"

±~K��~§ù�K8�ë��{¥ü?Ny
©¬g�"�?´é

u Di <
√
N �?UÚ Di ≥

√
N �?U©O^ü«êâ(��o",�?´3

?Uö�éª���¹e^©¬�(��oS��ã��Ú"3ù�AÏ¯K

þ§d�{'�ãä�\p�§Ï�?U�ê8���Î�ê8� O(
√
N)�"

�¡�~K�´aq�"ØLk�·�ò��¯K©��eZ����Ó�f

¯K§k�Kò��¯K©l�eZ��É���f¯K"

�©�Ñ
�5S�Úä/(�þ©¬�Ä��ª§é�a��é2�¯

KÑ´k��"�´Ä¾ATXÛA^©¬g�´ÏKÉ�§ÓÆ�Ø�Õ

Yuùp�Ñ�A«/ª§�]uM#"�,§XJ�3'©¬��{�p

���{§��Æ¬ÀJ§ØU$Å¤5"F"ù
~fUéÖök¤éu"
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