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�
��� ����
�&& ��� 
����� ���� ����
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	 �
�#1 $2���* ���� �
� 0
	��� #���� WCE = CE. 9�����
��
�
� SD #���� 
	&� SCE ��	 $
� �� �&&* 
���
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��� 
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�
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�� �
 ��� �0�
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	�
�

	�&* ��:
��� 
� SW 
��� �
�� �&���

� #���� $
	 ��
� ���� � �&��� 
� n%����
	 PD,� 
� �
:�� �
��&� &
	��� 2%���
&
��
�
	#���

	 #����* -� ��	 #��( �
� ���������	� -� ��� ��� ���
��

	 ��&��
$MV * �	� ��� �	�
�����	� ��&�� $EV *(

F�� G ∈ Γ 0� � #��� ��
� � �&��� 
� >	
�� #����� P (G) ��� ��� 
� ��
0�%
0
&
�� �
���
0��

	� 
��� ��� ������#� ��
>&�� 
� G� M(G) ��� ��� 
� ��
0�0
&
��
�
���
0��

	� #�	������ 0� �
:�� 7��� �/�
&
0�
� �	� S(G) ��� ��� 
� SCE,�(
F�� SW (p) 0� ��� �
�
�& -�&���� $��� 
� ��� �:������ ��
&
�
�� 
� ��� �&�����* 
�
� ��
0�0
&
�� �
���
0��

	 p( ��>	� ��� ���
��

	 ��&�� 
� SCE 
	 G� ��

MV (G) =
maxp∈S(G) SW (p)

maxp∈M(G) SW (p)

�	� ��� �	�
�����	� ��&�� ��

EV (G) =
maxp∈P (G) SW (p)

maxp∈S(G) SW (p)
.

9��	 ��� ���
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	 ��&�� MV �	� ��� �	�
�����	� ��&�� EV 
� SCE 
��� ���
�&��� 
� #���� Γ ��� ��>	�� ��

MV = sup
G∈Γ

MV (G), EV = sup
G∈Γ

EV (G).
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��� 	
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�
	# ���� MV 
� � B0��� ����B� -�
&� EV 
� � B-
��� ����B
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���
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� MV ��� 0��� �
��
0&� ��&�� 
�∞� �
� EV ��� 0��� �
��
0&� ��&��
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� ���
����� �
� �����
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7��0�� 
� �&����� MV MV P EV

2 ∞ ∞ 1
3 4

3
4
3 1

4 ? ≥ 4
3 1.007478...

... ... ... ...

n ? ≥ n�

4(n−1) ≤ 4
3
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	�' ������
	� ��
��	� ��&��� �� �
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�� �
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&
�� �
��&� �
:�� &
	���
�
	#���

	 #���

F1 = C F2 = D

a1 = 0 b1 = y + (n− 1)z
a2 = x b2 = y + (n− 2)z
a3 = 2x b3 = y + (n− 3)z

... ...

an = (n− 1)x bn = y

.

-
�� ���������� x, y, z > 0( ;	 ����� 
� ��� �

�����
��, �	� ������
��, ��	��

	�
��� �0
�� ��0&� ��.�� ��� �
��

F1 = C F2 = D

C(1) = 0 D(n− 1) = y + (n− 1)z
C(2) = x D(n− 2) = y + (n− 2)z
C(3) = 2x D(n− 3) = y + (n− 3)z

... ...

C(n) = (n− 1)x D(0) = y

.
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� �����(

F�� t ��	
�� ��� 	��0�� 
� �&����� �&��
	# D� t = 0, 1, ..., n. 9��	� �����
�
�� ������	#���	�� ��� 
	��	�
�� �
	����
	� �
� SCE 
� $��� �
�#1 2��?*

(−y + (n− 1)(x− z))q0 +
1

n

n−1�

t=1

(ty − t(n− t)(x− z)+

(n− t)((n− t− 1)(x− z)− y))qt + yqn ≥ 0. (2)
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		�#��
�� �	� ��� �� �
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n�

t=0

qt = 1, (3)

qt ≥ 0, t = 0, 1, ..., n.

C� -�	� �
 ��:
�
4� SW -�
�� 
� ��� ��� 
� ��� �&�����, �:������ ���
8

SW = n(n−1)xq0+
n−1�

t=1

(t(y+(n−t)z)+(n−t−1)(n−t)x)qt+nyqn ( (4)
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� ��
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	� Q1 �	� Q2
���� 0� ���
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�
� t = 1, ..., n− 1 �	� ���� ��� ���������� ��
�&� ���
���

y + tz > tx, t = 1, ..., n ( (5)
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	 W 0�

W (t) =
n�

t=0

(t(y + (n− t)z) + (n− t− 1)(n− t)x). (8)
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 �����(

���� �( x ≥ z( ;	 ��
� ����

W ∗ = max{W (0),W (n)} =
ny 
� x ≤ 1

n−1y

n(n− 1)x 
� 1
n−1y < x

.
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� ��
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�� qt = 0, t = 0, 1, ..., n− 1, qn = 1 
� �&-��� �	 SCE
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	�� y > 0� ������
�� -� ��
�
�&&� ���� EV = 1 
� W ∗ = ny( �
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- ���
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� ��
0�0
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1
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� ���
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 (2) �	� #���
	#

1

2
(−y + (n− 1)(x− z)) +

1

2
y = (n− 1)(x− z) ≥ 0(

9�� SW 
� ��
� SCE 
�

1

2
n(n− 1)x+

1

2
ny(

9��� -� #�� ��� ���
���

	

EV ≤
n(n− 1)x

1
2n(n− 1)x+

1
2ny

< 2(

�



���� 2( x < z( 3����� >��� ���� n 
� ���	( 3	 SCE ��	 0� 
0��
	�� 0�
����
	# ��� ��
0�0
&
�
�� q�

�
= 1, qi = 0, i 
=

n
2 . 9�
� ���
�>�� (2) 0������

n

2
y−

n

2
(n−

n

2
)(x−z)+(n−

n

2
)((n−

n

2
−1)(x−z)−y) =

n

2
(z−x) > 0( (9)
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n

2
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n
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(y +

n

2
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n

2
(
n

2
− 1)x) =

n

2
(y +

n
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z +

n

2
x− x)(
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	 ���� �� -� ���� EV = 1(
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W (0)

W (n2 )
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n(n− 1)x
n
2 (y +

n
2 z +

n
2x− x)

= 4
(n− 1)x

2y + nz + (n− 2)x
=

4
(n− 1)x

2y + nz + (n− 2)x
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� ���� ��� �
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� ��� �
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9��� 
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� ��� ��	��

	W ��&&� 
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	�����&
[n2 , n],�
 �
�� ��� 
	��#�� ��:
����

	� t∗$0�
	# 
	� 
� ��� 	�
#�0
�
	# 
	��#���

� r*( 9�� �
�H�
�	� 
� qt∗ 0�
	# �
�
�
��� qt∗ = 1, qt = 0, t 
= t∗ 
� �	 SCE

�	� EV = 1. 9��	 -� ���� �
 �
	�
��� 
	&� ��� ���� -��	 0 ≤ r < n
2 ( 9��

�
	�
	�
�� ��:
��� ��	 0� 0
�	��� ��
� �0
�� ��

W ∗ =W(r) = n(n− 1)x+ r2(z − x) < n(n− 1)x+
n2

4
(z − x)

0������ r < n
2 �	� z − x > 0( �
� ��� EV -� ����

EV <
W ∗

W (n2 )
=

n(n− 1)x+ n�

4 (z − x)
n
2 (y +

n
2 z +

n
2x− x)

=
4(n− 1)x+ n(z − x)

2y + nz + (n− 2)x
< 2(
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��� �
�H�
�	�� 
� qt 
	 
	�/��&
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2 ≤ t ≤ n �	� 
� ���

	��#�� ��:
����
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� W ��&&� 
	 ��
� 
	�����&� ���	 EV = 1( 9�����
��
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�#� �
 ���& -
�� ��� ���� -��	 0 ≤ r < n+1
2 ( �
	�
��� ��� SCE =

q�−�
�

= 1
2 , q����

= 1
2 , qi = 0, i 
=

n−1
2 , n+12 . 9�� SW 
� ��
� SCE 
�

W =
1

2
W (

n− 1

2
) +

1

2
W (

n+ 1

2
) =

1

2
(
n− 1

2
(y +
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