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1�1 n �^���m��K�ê§1 i ��!: i �I�!:?Ò

f ai"£ f a1 = 0§éu i > 1k 1 ≤ f ai < i¤

1n1 n�^���m��K�ê§��� 0 ∼ n − 1�ü�§1 i�L«

ai"
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�1��¢ê§L«�·þ�7�-����34�êÏ"§o�Ê\�
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4 êâ��

éu 10%�êâµn = 2"

éu 20%�êâµn ≤ 5"

éu 30%�êâµn ≤ 100"

éu 50%�êâµn ≤ 2000"

éu 70%�êâµn ≤ 100000"

éu 100%�êâµ2 ≤ n ≤ 500000"
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l 1 ∼ i − 1¥�ÅÀ��§a1∼n´�� 0 ∼ n − 1��Åü�"

2015c&EÆc���¥II[èÿÀè
�� 2



�ü��ä)K�w �g¥Æ ��Ë

5 �{0�

Äk§Ø�Ä�7�-�K�§·�éK8����e©Û"

�5·�´z�UÚO n�üf¥¤õ�üf'~§2¦ù�'~�²þ

�§=34�ê"�5¿�§z�üfé34�ê��zÙ¢´Õá�"?�

Ú/§éu��üf§§Ð©�3�o ��´Ã';��"Ï� T v
�§

�±@�´Ã¡�§��üfo´¬3k�ÚêSa��§=B·��Àù

�üf�c��z§r§w�´l�Ñu�§é�Y�K��´�±�Ñ�"

½Â P�µ��üf§�BÀ��:Ñu£'X`�¤§,�a T Ó§a�

¤õ�gêÓogê�'~�Ï""@o�5��üfé34�ê�Ï"�z

� 1
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5.1 �{ 0

éu n = 2�êâ§·�5¿��
7�-��½ a1 = 0!a2 = 1§ÄKe

a2 = 0ò�� p(1) = 0, p(2) = 0§üf��a�ò[�Ã{¤õ"

�â·��a�5K§ØJuy§1, 2 z�:Ñk 0.5 �VÇa�,��

:!0.5�VÇ�/ØÄ"@o·��±@�§üf3z�:���mÓo�

m� 50%"qÏ��k3!: 2k 0.5�VÇ¤õ§@o34�ê�Ï"Ò´

0.5 × 0.5 = 0.25"

�mE,ÝµO(1)
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·�qÞ�õ��7�-§5¿�I�l 0qÞ� n − 1§,��ÄNoO

�34�ê"

aq�{ 0 �g�§��¦Ñ3z�: i Ï"���m'~ xi§��∑n
i=1 xi p(i)=��Y"

@o xi No¦Qº
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� h j§@ok�ªµ

xi =

t∑
j=1

x f rom( j)h j

��§�â½Âk
∑n

i=1 xi = 1"

éáþã¤k�§Ò�±)Ñ5 x
"

�mE,ÝµO(n × n3)

Ï"�©µ20 ∼ 40

5.3 �{ 1S��

^�{ 1�g´§Ø��üfl�Ñu§- fi,v L«1 iÓüf3: v�V

Ç"éuÓ�� v§�X i�O\ fi,v ¬Åìª���½�"

3§Sp���qÞ� i�þ�§,��å4í f =�"Ï��K°Ý�

¦Øp§·�N�ëê�±¼�Ø��©ê"

Ï"�©µ20 ∼ 60

5.4 �{ 2

ùp0�,�«O�34�ê��{"

�Ä�©�Y§@ÒI�éu�½� e�ä´Ä ans ≥ e£ansL«34�

ê¤"P fi L«1 iUüf´Äa�¤õ§@oµ

ans =
∑T

i=1 fi

T

·���½�ªf�Ò´µ ∑T
i=1 fi

T
≥ e

T∑
i=1

fi ≥ e × T

T∑
i=1

( fi − e) ≥ 0

u´�©�Y��§�.C¤
µüfa�¤õ�g¼� 1 − e���§�

}�g¼� −e���§¯aÃ¡õÓ��Ãþ���Ï"´Ä�K"
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ù�No¦Qº·�Äké� ai = 0�@� i£�½k�=k��¤§w,

üf3k�ÚS¬a?fä i§¿���f�ÑØ�
"ù�·��I�Ä3f

ä ipa=�"

�e5�?ØÑ´�éfä i�"

Ø�4ù�üfl� root Ñu£�c?ØL
§ù´ØK��Y�¤§d

uÃ¡õ�a��du�gq�gl�£���L§§·�����{ÚOÑ

/l�2�g£��0ù�L§¥���ÂÃ´Ä�KÒÐ
"

½Â outu L«§l: u Ñu§²L�X�a��§1�gaÑ
fä u§

ù�L§Ï"<
õ���"

éu u , root§?Ø�e1�Úa�¤õ�Ä§- pL« p(u)§��4í

ªµ

outu = p × (1 − e) + (1 − p) × (−e +
∑

v∈subtree(u)

1
sizeu

(
∑

d∈path(v,u)

outd))

��5¿�´�ªm>k outuù��§£���>ØK=�"

¦Ñ
 outu§l�£��Ï"<���Ú�Ò´µ

−e +
∑

v∈subtree(root)

1
sizeroot

(
∑

d∈path(v,root) and d,root

outd)

�mE,ÝµO(n × n3 log v)

Ï"�©µ20

5.5 �{ 3

��`z�e�{ 2"

*	�c�4íªµ

outu = p × (1 − e) + (1 − p) × (−e +
∑

v∈subtree(u)

(
1

sizeu
×
∑

d∈path(v,u)

outd))

·�é outd ?1
Lõ�EÚO"¯¢þéu,�� outd§3ÚO��

ÿ�qÞ�
TÐ sized g"

¤±��#�4íªµ

outu = p × (1 − e) + (1 − p) × (−e +
∑

d∈subtree(u)

1
sizeu

× outd sized)

�mE,ÝµO(n × n2 log v)

Ï"�©µ30
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5.6 �{ 4
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@�
∑

d∈subtree(u)
1

sizeu
× outd sized ¯¢þ´��fäÚ§^BP¹¿4í�e

zgÒØ^qÞ d
"

�mE,ÝµO(n × n log v)

Ï"�©µ50

5.7 �{ 5

5¿qÞ�õ�7�-�ù�L§¥§z�:� aÑk�=k�g = 0"

zg·�)û�¯K5�´ sized �§XJ��5¿�:�{§éN´ÒU

�� O(sized))û¯K§ù�oE,Ý´ O(
∑n

i=1 sizei)�"

Ï�ä�/��Å§¯¢þ
∑n

i=1 sizei = O(n log n)"

y²µ�Ä
∑n

i=1 sizei¥§z�: i�ÚO
�Ýg§¤±�u
∑n

i=1 deepi"

- fi L« i �:��Åä¥:��ÝÚ�Ï"§w,k fi = fi−1 +

( fi−1/(i − 1) + 1)§K fn =
n
1 +

n
2 +

n
3 + ... +

n
n = O(n log n)"

�mE,ÝµO(n log n log v)

Ï"�©µ60 ∼ 70

5.8 �{ 6

3�{ 5�Ä:þ·�2��`z"

Äk§·�±�Å�^SqÞ�7�-�þ x"

5¿��c·��©��k�L§´ check(e)§U
3 O(size)��mp�

½�Y´Ä ≥ e§@o3qÞ�,� x��ÿ§·�k check()�e�c®²¦

Ñ���34�ê§wwù�Ó´Äk�UÑy�`��"XJ´§·�2?

��©¦)"

�Ä\þù��`z���E,Ý"

éu	�� check()§N^�g´ O(size)�§��N^ ng§oE,Ý�

O(
∑n

i=1 sizei) = O(n log n)"

éuS���©¦)§N^�g´ O(size log v)�"du·�´±�Å^
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i§¤±��Ï"?\ O(log n)gS��©¦)"du a´�Å�§z�g

?\S��¯K� size �Ï"��´
∑n

i=1 sizei

n = O(log n) �§ÏdoE,Ý�

O(log2 n × log v)"

�mE,ÝµO(n log n + log2 n log v)

Ï"�©µ100

6 �©�O

38Ôèpÿ¥§ýOk 3<U�� 100©§k 5<U�� 60 ∼ 70©§k

4<U�� 10 ∼ 50©"
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