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lC©Ø�ª(VI)�ÝKÂ �{
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1 üüüNNNCCC©©©ØØØ���ªªª

� Ω ⊂ <n´��4à8, F ´l <n�g�����f,·�?ØüNC©

Ø�ª¯K

VI(Ω, F ) u∗ ∈ Ω, (u− u∗)TF (u∗) ≥ 0, ∀u ∈ Ω (1.1)

�¦)�{.��C©Ø�ª¡�üN�,´� VI(Ω, F )¥� F ´ <n (½ Ω)

þ�üN�f (monotone operator),= F ÷v

(u− v)T (F (u)− F (v)) ≥ 0, ∀u, v ∈ <n(or Ω).
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` F ´üN���f,� F (u) = Mu+ q, q ∈ <n,Ù¥M ´��½Ý
.

�� n× nÝ
M ´��½�,´�é?Û� u ∈ <nÑk

uTMu ≥ 0.

ùp¿Ø�¦Ý
M é¡.�é{`,��MT +M é¡��½.

AO´,�M ´�é¡Ý
,=MT = −M �,ok uTMu ≡ 0.ù�,��

�f F (u) = Mu+ q´üN�.

2 ���555üüüNNNØØØ���ªªª

k
;.��1wà`z¯K�±z¤(���{ü�C©Ø�ª.ù�

!·�±�áålÚ¯K�~\±`².



J - 4

b � b[1], . . . , b[5]

´(½�~	. y

3�^��Xmã

��är§�ë�

å5. x[1], x[2], x[3]

´ � À � ë �

:, § � 7 L ©

O 3 y ½ � � �

X1, X2, X3 S. XÛ

(½ x[1], x[2], x[3]�

 �,¦��ä�´

�Ý�á.
0 1 2 3 4 5 6 7 8 9 10

0

1

2

3

4

5

6

7

b
[1]

b
[2]

b
[3]

b
[4]

b
[5]

x
[1]

x
[2]

x
[3]

e
1

e
2

e
3

e
4

e
5

e
6

e
7



J - 5

·�3 p-�¿Âe¦þã�ä��áål.T¯K�êÆ�.´

min
x[j]∈Xj


‖x[1] − b[1]‖p + ‖x[1] − b[2]‖p + ‖x[2] − b[3]‖p

+ ‖x[3] − b[4]‖p + ‖x[3] − b[5]‖p
+ ‖x[1] − x[2]‖p + ‖x[2] − x[3]‖p

. (2.1)

Ì�é p = 1, 2,∞a,�.5¿�ùp´ålÚ¯K,Ø´ål�²�Ú¯

K.da¯K´���1wà`z¯K.

2.1 îîî¼¼¼���eee������áááååålllÚÚÚ¯̄̄KKK

òòò¯̄̄KKK===zzz���min-max ¯̄̄KKK.5¿�é?¿� d ∈ <2,k

‖d‖2 = max
ξ∈B2

ξT d, (2.2)

Ù¥

B2 = {ξ ∈ <2 | ‖ξ‖2 ≤ 1}.
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|||^̂̂ (2.2),þþþãããîîî¼¼¼���¿¿¿ÂÂÂeee������áááååålllÚÚÚ¯̄̄KKK���±±±zzz���min-max ¯̄̄KKK

min
x[i]∈Xi

max
z[j]∈B2


zT[1](x[1] − b[1]) + zT[2](x[1] − b[2]) + zT[3](x[2] − b[3])

+ zT[4](x[3] − b[4]) + zT[5](x[3] − b[5])

+ zT[6](x[1] − x[2]) + zT[7](x[2] − x[3])


§�;n/ª�

min
x∈X

max
z∈B2

zT (Ax− b)

Ù¥

X = X1 ×X2 ×X3 , B2 = B2 ×B2 × · · · ×B2.

x =


x[1]

x[2]

x[3]

 , z =


z[1]

z[2]
...
z[7]

 . (2.3)
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©¬Ý
AÚ�þ b�(�©O´

A =



I2 0 0

I2 0 0

0 I2 0

0 0 I2

0 0 I2

I2 −I2 0

0 I2 −I2


, b =



b[1]

b[2]

b[3]

b[4]

b[5]

0

0


.

3ù�min-max¯K¥,z� x[i]éA��:,
z� z[j]KéA�^>.

� (x∗, z∗) ∈ X × B2´min-max¯K�),Ké¤k� x ∈ X Ú z ∈ B,k

zT (Ax∗ − b) ≤ z∗T (Ax∗ − b) ≤ z∗T (Ax− b)

§��d/ª´e¡��5C©Ø�ª:
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x∗ ∈ X , z∗ ∈ B2,

 (x− x∗)T (AT z∗) ≥ 0, ∀x ∈ X ,
(z − z∗)T (−Ax∗ + b) ≥ 0, ∀z ∈ B2.

�±�¤�{ü;n�/ª

u∗ ∈ Ω, (u− u∗)T (Mu∗ + q) ≥ 0, ∀u ∈ Ω

Ù¥k

u =

 x

z

 , M =

 0 AT

−A 0

 , q =

 0

b


Ú

Ω = X × B2.
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2.2 l1-���eee������áááååålllÚÚÚ¯̄̄KKK

dué?¿� d ∈ <2,k

‖d‖1 = max
ξ∈B∞

ξT d,

Ù¥

B∞ = {ξ ∈ R2 | ‖ξ‖∞ ≤ 1}.

�î¼�e��áålÚ¯K��,¯K (2.1)3 l1-�¿Âe��±L«¤�

�min-max¯K

min
x[i]∈Xi

max
z[j]∈B∞


zT[1](x[1] − b[1]) + zT[2](x[1] − b[2]) + zT[3](x[2] − b[3])

+ zT[4](x[3] − b[4]) + zT[5](x[3] − b[5])

+ zT[6](x[1] − x[2]) + zT[7](x[2] − x[3])


§�;n/ª�

min
x∈X

max
z∈B∞

zT (Ax− b)
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�î¼�e�ålÚ¯K��,§�duC©Ø�ª

u∗ ∈ Ω, (u− u∗)T (Mu∗ + q) ≥ 0, ∀u ∈ Ω

Ý
M Ú�þ qÑØC,¤ØÓ��´ù�8Ü

Ω = X × B∞, B∞ = B∞ ×B∞ × · · · ×B∞.

2.3 l∞-���eee������áááååålllÚÚÚ¯̄̄KKK

dué?¿� d ∈ <2,k

‖d‖∞ = max
ξ∈B1

ξT d,

Ù¥

B1 = {ξ ∈ R2 | ‖ξ‖1 ≤ 1}.

�î¼�e��áålÚ¯K��,¯K (2.1)3 l∞-�¿Âe��±L«¤
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��min-max¯K

min
x[i]∈Xi

max
z[j]∈B1


zT[1](x[1] − b[1]) + zT[2](x[1] − b[2]) + zT[3](x[2] − b[3])

+ zT[4](x[3] − b[4]) + zT[5](x[3] − b[5])

+ zT[6](x[1] − x[2]) + zT[7](x[2] − x[3])


¿z¤�d�C©Ø�ª

u∗ ∈ Ω, (u− u∗)T (Mu∗ + q) ≥ 0, ∀u ∈ Ω

Ý
M Ú�þ qÑØC,¤ØÓ��´ù�8Ü

Ω = X × B1, B1 = B1 ×B1 × · · · ×B1.

ò?nî¼�¯K�� B2�¤
B1.
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3 ���ÏÏÏÕÕÕ���¯̄̄KKK���pppÖÖÖ¯̄̄KKK

�,ªô¢½kn��ô�x,©O� Bridge-1, Bridge-2Ú Bridge-3.

Yangtse River
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·��é+nÜ��¯Ka,�,b��ÂLx¤.+nÜ���½��·

��Â¤IOÜn��xþ6þ.

fff¨̈̈


ÄÄÄuuuWardrop���nnn������`̀̀ÑÑÑ111���YYY−−������¤¤¤^̂̂´́́»»»

é�½��xÂ¤ x = (x1, x2, x3),f¨
¬é�¦���`Ñ1�Y.

+++nnnÜÜÜ������¦¦¦ÏÏÏLLL���xxxÜÜÜnnnÂÂÂ¤¤¤������xxxþþþ���666þþþ

• 0 ≤ x ∈ <3:xþ�Â¤�þ;

• f(x) ∈ <3:xþ�6þ,§´Â¤ x�¼ê;

• 0 < b ∈ <3:+nÜ�F"���xþ�6þþ..

+nÜ��¦)�êÆ¯K´

x ≥ 0, F (x) = b− f(x) ≥ 0, xTF (x) = 0.

Ó�,6þ f(x)(´Â¤ x�¼ê,�vkL�ª.�Ué�½�gCþ,

*ÿ�A�¼ê�,
ù«*ÿ,  �dØ�.·�l¯ÝKÂ �{ïÄ,

Xú:´����Çp�
�!�^¼ê�Ú�^¼ê���{.


