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4 �	��
	�
��

R
2 �������������������! #"�$%�'&�(*)�+ V  �,� cov(V ) -�.�/ ( �,��0�1�243,5

(convex hull problem) 687:9 �:� cov(V ) ; V  =<?>A@:$� B" -*C "D��EF@BGIH�& � � �=J?K &LNM 7 0�ODP � -Q.�/ ( ������� ;#R:SIT�U ��V8W�(YXZE\[I]�^�& ��� 6 � L O=_  F`8a�^�&�bc P�_ R:SIT=U  �d8"�e�fQ� K EB<,� M 7#9 M � O�������� - bg>�hFi�jlknmIo ; O "�p8q c=r����s,tvuIwIxQy:z8{  =� /  �hQi�jlknm�o 6=|=} i�~��!� KB��� EN�I��� M 7#9

4.1 ���!�����
�8�,���=�

(divide-and-conquier method) ; hFiIj�knmIo, F� R:�,� KQ�Q� E�XvE�[8]D^,&�E
 6 � L O=���D��� eIW 6 &�>��%��& ��� ����� 7 ( P K 0 6�� M 7,9��,�  K V L O#  �����
� ��� - <%>¡@�$� �¢�£*& �B� ��¤=¥ � O=_ ��¦:� -'§�¨ ^=�:bD<8�= �© OFª �¡���B« -'¬ + �� E K  ���  Q« - ª��® K 7 (IEQ 687#9 ���D��� - b¯> M �I� OB° K��B�   ���¡���= Q±�~² -Q³=´ �:µ�¶�·���(,¸:¹=º�»�¼�½ (sorting) - �?f � ¤8¥ ¬=¾8�  �¿FÀ,Á�mDo -�R:S�Â  �ÃI"
$���Ä�Å � M �ZÆ ® 9
  �����4�F±�~ ²  B� 0 n 6 �F��Ç O:_ � - ¤=¥ ¬�¾���; dn/2e È  '±�~ ² K bn/2c È  *±�~² �:¤8¥ � O=_ ��¦:� -*§�¨ ^8��ÉB~vÊ � �� D© O ÉB~vÊQ£\�!�BË�Ì� Q±!~ ² -Q¬ + � M 7#9BÍÎ%K &�(YÏ R#S8Â�- T (n) 6#Ð�7 P K � 7 ( K O ¬ +�ÑIÒ ; ±!~ ² �4��Ó ° 7 ( R:S�Â�6#Ô ��(
 6 O c > 0 - r � KB���,Õ  �ÖI×�Ø - ª ( P K 0 6�� M 7 :

T (n) = 2T (n/2) + cn.

§I¨�Ù�Ú!Û � ; ±�~ ²  �� 0ÝÜ @=�8&�( M 6,Þ Làß £��v(� 6 O�á £ dlog ne  Zâã¤�ä 6�Ð�7 PK 0 6�� M 7#9 P  vâã¤=ä4 á £ k � ; 2k È  C " 0 � L O�_ ��¦�� 6 n/2k È  Q±!~ ²  ¬ +0 Ô �,��(� 6 O:åIæ

T (n) =

dlog ne∑

k=1

c(n/2k)2k = cndlog ne = O(n log n)

K & L O ÉB~:çZè:��éI �X=ê R:S�ÂD; �=ëIØ�ìIí 6 ��( P K 0 �I$ LYM 7#9
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n

n/2n/2

n/4n/4n/4n/4

1 1 11

c n

c n ( / 2) x 2

c n x 2 x / 2

c n x 1 x 

c n ( / 4) x 4
log n

���������
	���

8� �D�   ���¡�4� n È  B"D ')I+ V  ��� -B.I/ (�� / � ; O M�� x � �����I&������  f�
V - dn/2e È  :"�)8+ VL

K
bn/2c È  :"=)=+ VR

��������¤�¥ � M 7#9 _ �B� O VL

O
VR

_
��¦:�� �:� -'§8¨ ^=� .�/ O X��D� P  �â�@I �:�   ��!�"$#�� -Q.�/ ( P K 6 Ü @I � ��%
& � ¬ + � M 7#9 "�)I+ V  �¤�¥ ; O "� x '�(�-'³8´ ��É�~ZÊ � OD_  �) *�+ -�.�/ ��Ç 
<= 6 O�, ��-�. � �!ÉB~�ç�è:��é8�  f � O(n log n) 6#Ô ®'P K 0 6�� M 7#9

y

median
x

VL VR

â�@D �:� - _  ��$!�"�#�� 6#¬ + 7 (B� ; O,���=0 �/�0���  f � ¤�1Z£�� � <�( P K -32
� � M 7#9 �$�4 ��� - SL

O
SR 6:Ð � O=_ ��¦��� C " ; ì R/4 L � ´�5�6 W!�\� � <�(8EQ K�� M 7#9
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y

x

SL

Lv

SR

Rv

procedure
���

(SL, SR)

begin

SL
 �XZE��4 C " vL

K
SR
 BX�E �� C " vR -B.�/ ( ;

while �$� vL–vR

0
SL

K
SR
 �����"�#�� 6 &�< do begin

while �0� vL–vR

0
SR
 �����"�#�� 6 &�< do

vR - SR
 Õ  C "���q ��� �!( ;

while �0� vL–vR

0
SL
 B����"�#�� 6 &�< do

vL - SL
 �  C "D�:q ��� �!(

end;

vL
 Õ  C " - vR

K 7 ( ;

SL
 �XZE��4 C " vL

K
SR
 BX�E �� C " vR -B.�/ ( ;

while �$� vL–vR

0
SL

K
SR
 ��	��"�#�� 6 &�< do begin

while �0� vL–vR

0
SR
 �����"�#�� 6 &�< do

vR - SR
 �  C "���q ��� �!( ;

while �0� vL–vR

0
SL
 
�	��"�#�� 6 &�< do

vL - SL
 Õ  C "D�:q ��� �!(

end;

vR
 Õ  C " - vL

K 7 (
end;
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P  ���� � � � � 0 �,Ç O���� SL, SR

_ �4¦:�� ���# 7 ( C " - vL, vR

0�� r  ,Ì	����
��
7 (# 6 O â�@� ���  C ",�4��Ó ° 7 (��í 6 "�#�� -B.�/ ( P K 0 6�� M 7#9

Procedure ¬ + - �D< � "=)I+ V  �#� -�.�/ (*¤I¥ ¬8¾8��-�����7 �DÇ�� �� �® ��& LM 7 :

algorithm
�8�8�=���

I

begin  �v�\��� n " - x '�(  ³=´ �!É�~vÊ ��� ª �\�Z('"� ���� - V
K 7 ( ;

procedure ¤8¥ ¬=¾ (V ) -#Ù�Ú!Û � O V  ��� -B.�/ (
end;

procedure
�I�=�8�

(V )

begin

��� V - )�*�+ 6 |VL| = d|V |/2e
O
|VR| = b|V |/2c

K &�( �® ������â�@� �8¤���� VL, VR

��¤8¥ 7 ( ;

if |VL| > 1 then

procedure ¤�¥ ¬I¾ (VL) -:Ù:Ú�Û �B� VL
 �#� SL -�.�/ (

else VL - SL

K 7 ( ;

if |VR| > 1 then

procedure ¤�¥ ¬I¾ (VR) -#Ù�Ú!Û ��� VR
 �,� SR -B.D/ (

else VR - SR

K 7 ( ;

procedure ¬ + (SL, SR) -#Ù�Ú!Û � O SL

K
SR -'¬ + ��� V  ��� S - ÒZ(

end;

����� 	����

Procedure ¬ +�� ; O 7=6 �� �� K V L âN@D �#�  C "=���#Ó ° 7 (!�4í � $�$I$ L*M�"
# 9 ���  C ",� ; _ �4��$ M �Z(*"� B� -&% ��( P K ; &�<= 6 O X8ê R:SIÂD; O(|V |) 6=7#9
Procedure ¤�¥ ¬I¾4; "� �� -(' ¤�� �:�*) ¤ ),+ - â 4�Ù:Ú�Û,7 P K $%� OD_  �Ï R�S�Â�-
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T (n) 6#ÐD7 P K � 7 ( K�Õ  �ÖI×�Ø 08{ L�� © M 7 :

T (n) = 2T (n/2) + O(n).

ÉB~�ç�è:��é� ��I+ K�� � O §�¨�Ù#Ú4Û � 08á £ dlog ne  Zâã¤Iä KB��� Ð £��?( P K $?� O!P
 QÖ�×,Ø! Q« 0

T (n) = O(n log n)

6 ��( P K 0 �8$ L'M 7#9 X���� Ô �#�v( n "� �ÉQ~�ç�èB��é�� ; O(n log n)  ���í � $�$=$Z�
&�<� 6 O�å�æ algorithm ¤I¥ ¬8¾ I � J 6 E O(n log n)  ��4í 6
	�� M 7#9

4.2 ������!�
������� �

(incremental method) ; O�� �� :"� �#� -�.�/ � V � OD_ �!�:" - Ü @ 6 @��
� � & 0 � Í Î �:� � � �#� -"!$# ��� <%>¡Ì �D6I7#9
¤�¥ ¬=¾8�  ��8+ K�� � O M �   �v�����:",)I+ V  n È  :" - x '$(  ³=´ ��É�~ZÊ � M
7#9 _  ) 6 i %�/  �" - V (i)

O
i %�/ M 6  B"8$v� 6!� ( ��� - S(i) 6#Ð�7 P K � � M ��Æ ® 9Ü "�eIW#$��Y&�('"�)I+4 ��� ; _  �" ) + 6 ��(: 6 O0,  procedure ¬ + (SL, SR) -

SL = S(i), SR = V (i + 1)

K���� Ù�Ú�Û " Ç O i + 1 %�/ M 6  �"� �,� S(i + 1) -�.�/ ( P K 0 6�� M 7#9 P  P K $Z� O
n "� �#� S(n) ; Õ  �&�'D&DhBi�jgkAm�o 6I.�/ ����( P K 0 �8$ L*M 7 :

algorithm
������� �

I

begin  �v�\��� n " - x '�(  ³=´ �!É�~vÊ ��� ª �\�Z('"� ���� - V
K 7 ( ;

S(1) := V (1);

for i = 1, . . . , n do

procedure ¬ + (S(i), V (i)) -:Ù:Ú�Û �B� �:� S(i + i) -B.�/ (
end;
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786 ����¶�� �® � procedure ¬ +�� Í Î & R�SIÂ�; O ¬ + 7 ¶ � â\@D �,� ��$ M �?(*"
 F� 6�� £*��( P K 0 6�� M 7#9 P  P K $Z�3��©��

n∑

i=1

i = n(n + 1)/2 = O(n2)

K < ® algorithm � Õ�� � � I  ��
	!f���&�X=ê R:S8Â 0�ª ��� M 7#9 � $ � O� procedure ¬ +
6 vL, vR

0�� fB��� )� �" ; O8_   ����� K �8�,�Z( P K 0 &I<��B"������ 7 ��Ç O R�SIÂ  O L � @�<B��H -�� ( P K 0 6�� M 7#9
Procedure ¬ +� i 48/  Ù:Ú!Û � 6 O vL ; S(i)  C " - mi È � (�E: K�� M �vÆ ® 9 P
 mi È  C "� ® © O "�#��� �#�" K &!(!â�@ -�� < � mi − 2 È  C " ; Õ  �#� S(i + 1)

 z�{ $���� L � $#� M 7#9 <�fQ� # � L � $#�4��" ; ��� ��� K �:�  zI{ � ; �I�:��&�<� 
6 OD_  �Ï=� K E K  :"� �� n

K  =í8� ; Õ  ��� 0={ L�� @ ; � 6I7 :

n∑

i=1

(mi − 2) ≤ n. (4.1)

� Ì O procedure ¬ + 0 i 48/  Ù#Ú4Û � 6 mi È  C " - ��¶�(: 6 �B�DÇ O 7 ¶ �  Ù#Ú!Û� 6�; ∑
n

i=1 mi
��Ó ° 7 (��í 0 $8$�( P K �,& L*M 7,9 P  P K8K (4.1) $Z� O

n∑

i=1

mi ≤ 3n,

@ M�L R,S8Â�; O(n) 6 �D( P K 0 ��$ LYM 7#9�!#" & 0 �BhQi�j�kAm�o8 BX$��� Ô �,�Z(�É�~
ç�èB�Qé�� O(n log n) $,$ LNM 7  6 O � J  R�S=ÂD; å8æIO ¤=¥ ¬�¾,� K"� � O(n log n) 6�7#9

y

x

Lv

S( )i

V i + 1)(

mi


