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� Ω ´ Rn ¥���4à8, F ´l Ω � Rn ���N�"C©Ø�ª´¦

x ∈ Ω, (x′ − x)T F (x) ≥ 0, ∀ x′ ∈ Ω. (1)

Ω Ú F ´C©Ø�ª¥�����, ·�P§� VI(Ω, F )"3C©Ø�ª VI(Ω, F ) ¥, XJ Ω

´���%�, §Ò�d���pÖ¯K (Complementarity Problem):

x ≥ 0, F (x) ≥ 0, xT F (x) = 0. (2)

C©Ø�ª´�¹
�
`z¯K�êÆ¯K"� θ(x) ´l Rn � R ���à¼ê, �o��

:´`z¯K

min { θ(x) | x ∈ Ω} (3)
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��`:QºlAÛþ5w, XJ,�: x∗ ´¯K (3) �), §7Láu Ω, ¿�lù:Ñu�

¤k�1��ÑØ´eü��"�é{`, �1��8�eü��8��7L´�8"^ ∇θ(x)

L« θ(x) �FÝ. ·�P

• Sd(x) = {s ∈ Rn | sT∇θ(x) < 0}, �: x ?�eü��8¶

• Sf (x) = {s ∈ Rn | s = x′ − x, x′ ∈ Ω}, �: x ?��1��8.'
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x∗

x ∈ Ω

∇θ(x∗)
Ω

�â·�é Sf (x) Ú Sd(x) �½Â, x∗ ´�`)7Lk x∗ ∈ Ω Ú Sf (x∗) ∩ Sd(x
∗) = ∅, ùé{

��dêÆ/ªÒ´ x∗ ´¯K

x ∈ Ω, (x′ − x)T∇θ(x) ≥ 0, ∀ x′ ∈ Ω (4)

�). ò (4) ¥� ∇θ(x) w� (1) ¥� F (x), ��à`z¯KÒ´��AÏ�üNC©Ø�ª.

`§AÏ, ´Ï�� θ(x) �g���, §� Hessian Ý
 ∇2θ(x) �½´��é¡Ý
. 
3C

©Ø�ª VI(Ω, F ) ¥, XJN� F ��, ·�¿Ø�¦§� Jacobian Ý
 ∇F (x) é¡.
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• ÏL�Â]
[�o]
, ¦ s ≤ smax, Ó�q4²L¦�U�J;

• ÏLã�Öb�æø�, ¦ d ≥ dmin, Ó�q¦�U~�ã�|Ñ"

�é{`, �UÜ�é��`[Â�þ y∗ ∈ R
m
+ Ú�`Öb�þ z∗ ∈ R

n
+, ±9²Eö�dd�

)� s(y∗, z∗) Ú d(y∗, z∗) AT÷v

y∗ ≥ 0, smax − s(y∗, z∗) ≥ 0, y∗
T (smax − s(y∗, z∗)) = 0,

Ú

z∗ ≥ 0, d(y∗, z∗) − dmin ≥ 0, z∗
T (d(y∗, z∗) − dmin) = 0.

P

u =

(

y

z

)

Ú F (u) =

(

smax − s(u)

d(u) − dmin

)

.

ÏL²LÃã¢y÷*N�¥��o]
-�æø�¯KÒ8(�¦)±e�pÖ¯K

u ≥ 0, F (u) ≥ 0, uT F (u) = 0.

pÖ¯K´�å8Ü Ω ��%��C©Ø�ª"

���xxx666þþþNNN���¯̄̄KKK. �X�Ï¯��uÐ, ®kLô�x�÷ô¢½qªªïå
�x, n

x"�¬úÃ�¦Ün¦^�Ï�ä, ;��ÏP@"·��	kn��ô�x�,½d��

H���Lô$Ñ�ä�.. ù��äãd 6 �:Ú 11 ^k�>|¤"
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Ø���5, ·��±ò N1, N2 Ú N3 w�d��H��ý3ô��Ñu/, Ó�ò S1, S2 Ú

S3 w�§�3ôH�8Ñ/. úK(½$Ñ?Ö��ý�±²LØÓ�xlô��ôH. �Ï

+nÜ�F"ÏL�ÂÜn�Lx¤, ¦�z�xþ�6þ3¦�F"�����S. é�½�

Â¤ 0 ≤ x ∈ R3, xþ�6þ´df¨
��â²L�n¤Jø�, ´Â¤�¼ê, �±��

f(x) ∈ R3. ·�� 0 < b ∈ R3 ´+nÜ�F"���xþ�6þþ., ÏLÂ¤¢yÜn6þ

©�¯K�êÆ�.B´¦ 0 ≤ x ∈ R3, ¦�

xi ≥ 0, fi(x) ≤ bi, xi[fi(x) − bi] = 0, i = 1, 2, 3.
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XJ·�P F (x) = b − f(x), Kþã¯K�±Lã¤±e�pÖ¯K

x ≥ 0, F (x) ≥ 0, xT F (x) = 0.

aq�¯K��±ÞÑéõ"~X, �?ék�]
(~XY!>)�Ün��¦^, éØÓ1

�¢1ØÓ�d��ü, ù��¯K��±�£ã¤��C©Ø�ª"
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�c·f/í2`À{�©è0��w, ����aÉ´@£�¢S)¹¥-���`z¯K

¥, ¼ê��vkwªL�ª"¦)ù
¯K, ´�é�½�gCþ, *ÿ�A�¼ê�(&E),

¦^/�^¼ê���{0"du&E�*ÿ�¼�  ´�dØ��, Ïd�¦�U�^¼

ê�"uÛ��Çí2Ê9�`À{[17], Ò´¦)��ü¸¼ê4�¯K��^¼ê���^

¼ê���{"3O�L§¥�^¿�^¼ê���{, ^y��â�, �±¡��Äu&E�

O��{"½N´ÉuÛ��Çí2Ê9`À{���K�, ½N´·/
á0�c 10 õc�

Öà²{¤/¤��
dP�w{��3å�^, ·é�^¼ê���{'�w­"

�¢SA^k��éX�, AO´
g+n�Æ�C©Ø�ª, Ù¼ê�Ï~vkwªL�

ª"±c¡J���o]
-�æø�¯K�~, é�½�]
/�[Âþ y ≥ 0 ÚI¦/�d

�Öbþ z ≥ 0, ²Eö��â�8�né��A�²Eþ x(y, z). ·�Ï~U
*	���´

@
�6u y Ú z �²Eö�3]
/�æ	þ s(y, z) Ú3I¦/�øÀþ d(y, z). Ó�, 3

�x6þN��pÖ¯K¥, 6þ f(x) ´Â¤ x �¼ê, ù�¼ê�½�3, %vkwªL�

ª. é�½� x ≥ 0, ·�U
*ÿ��A�6þ f(x). ¦)ù
¯K, Ó�I��^¼ê��

�^¼ê��¦)�{"�é�«ØÓ(�üNC©Ø�ªJø�^¼ê���^¼ê��¦

)��{��´·����vØU�ïÄ�K[5, 8, 9, 10]"

C 10 c5, �`zïÄ+�+E<Ô, =Iêx�Æ Powell �Ç3õ�|Ü��wÑ´'

u¦)4�z¯K��^¼ê�(Minimization without Derivatives)��{"¿¡��¦)õ�

4�z¯K��k^��{(the most useful algorithm)"é Powell �Ç��w�n), �¤


·�8vk��“Äu&E�¦)C©Ø�ª��{”ù�ïÄ����Ï"

o�d�¬�Cõg���åJ�ÚíÄ±¯K°Ä�A^êÆïÄ[18], ¿ò/QØ´X

Ä:, �Ø´XA^, �%´�ÏÄ:�A^�­��'��!0��é/±¯K°Ä�A^ê

ÆïÄ0��«.½"�¢SA^k��éX�, AO´
g+n�Æ�C©Ø�ª, ÙgCþ

Ï~Ø���, ¼ê���vkwªL�ª"¦)ù��C©Ø�ª, Ó�I��^¼ê���

{"Öo�d�¬��w, �Ú�
�·¤^�n), ·�ò/Äß&E0�¦)�{����

/±¯K°Ä0�¦)�{, qõ

UYù�¡ïÄ�nd"
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þ­Vl�c�±5, C©Ø�ª�ïÄ��é¯�uÐ, #��{�ÑØ¡[3]"ù��Ï, �

´/S:{0%ÇuÐ��Ï"S:{�/`D¬�0Ì�Ly3?nà`z¯Kþ"3ÆS

S:{��ÿ, ·+�
�
wÀ{ü�²;�à¯K, @£��à`z¯K�AÏJÝ"

du��
�à`z¯K�JÝ±9/���à`z�du�üNC©Ø�ª0ù�¯¢,

·3ë�C©Ø�ªïÄ�, �òC©Ø�ª¥'�{ü��aüNC©Ø�ª�¦)��Ì
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Ï1�m, Ù¼ê�(¢äküN�5�"

Q,¦)��`z¯K�(�^¼ê��)�7©�{��U?nü¸¯K, ïÄC©Ø�ª


�^¼ê��¦)�{�, n���{ATòïÄé��½üNC©Ø�ªþ"duÉ�u

�^¼ê�, ·�éN´�ù
�{<�/�EÂñéú��~"¦+Xd, ù
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J��÷*N�!�Ï²ï¥��
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���{{{¡¡¡���ÝÝÝKKKÂÂÂ   ���{{{

·�ïÄ�ù
�{, §�����ÝKÚÂ  (Projection and Contraction) k'"�{üà

8�ÝK´�{�^���
Ä�$�"

�,)8´���, �{%�yS�:�)8�ål�5�C, ù´�{�¡�Â �{�

�Ï"ÝKÂ �{�½Â9�{µe3 Springer Ñ��1975 cÑ�� Blum Ú Oettli ��

©;Í[1] ¥Ò`�Ù
"Springer ´Í¶�Ñ��, �ö E. Blum Ú W. Oettli ü ´�i­

�Æ.��Æ¬, Ñ®��, Oettli �Ç)c·��¯L¦"·�y3ïÄ��{, ��ÎÜ¦

��;Í¥'uÝKÂ �{�½Â��{µe, ¤ØÓ��´�E
��ål¼ê�ØÓe

ü��"Ñué{¤��­Úéc<ó���«¹�, ·��´rù
�{¡�ÝKÂ �{

(Projection and Contraction Methods)"

7L�Ñ, Korperlevich-Khobotov [14, 15]�	FÝ�{�´¦)C©Ø�ª��^¼ê�

��{"3�A��{¥, ·��Ì��z´ÀJ
�`Ú�[9]"	FÝ�{¥U^·���

`Ú�±�, éc¡J��÷*N�¯K��~, Âñ�ÝJp 7 �±þ"3¦)¢S¯K��

^¼ê���{¥, �¼ê��¼��dØ��, !�80 ±þ�ó�þ, ´ék²L¿Â�"
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���{{{¡¡¡���ýýýÿÿÿ���������{{{

�C:�{— �¡ PPA �{(Proximal Point Algorithm)´¦)C©Ø�ª��a²;�{,

§ÏLX�¦)^��Ð�Óaf¯K
���¯K�)"�{3Ü·�b�eäk�5Âñ

5"°(/ª� PPA �{zÚ�¦)���´^�Ð�
�Ó�5��C©Ø�ª, 
�{�

äk�5Âñ5, Ïd3O�¢�þ´Ø��J��"

·�ïÄ��õê�{Ñ�±w�l�C:�{üz
5"·�ò²;��C:�{¥f¯

K¦)�Ø°(OK�t�4����:¡��/ýÿ:0, #�S�:�|^/ýÿ:0�

¼ê�¿ÏLÝKÒU�
´Þ//��0��"ÃØ´ýÿúª�´��úª, Ñ´�±Ï

L��{ü�ÝKúªÒ�±¢y�,·��Ì�ó�3uÀ�Ü·�ëê, ¦��{��5Â

ñ5E,���y¿�3O�¢�¥Âñ�¦�U¯
"ù��5Âñ��{Ekd���Ï

´Ï�§zÚÑN´¢y, O��dé$"

ýÿ-��, ´O�êÆ¥�Ä�â�"òù
�{w�´Äu�C:�{��«ýÿ-��

�{ (Prediction-Correction Method) ´�b�ØL�"é��oN�5Âñ��{ü$f¯K

�¦)�d¿�±�k��5Âñ5´0B·�ïÄ�ÌKg�Ú�0�{"
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8 ···������oooéééCCC©©©ØØØ���ªªª������OOO������{{{aaa,,,���

(�.C©Ø�ª��O��{
gê�`z¥�O2 Lagrangian ¦f{(Augmented La-

grangian Methods)"O2 Lagrangian ¦f{ÚS��g5y{ (SQP �{) ´�å�`z�{

¥��ú@�'�¤Ù��{(�� Nocedal Ú Wright � Numerical Optimization [16] ���

Ù)"C©Ø�ª´�`z¯Kk��éX�"¢S¯K¥��f  ´�©l�, ��f´�

©l��ÿ, Òk�X��ÄuO2 Lagrangian ¦f{�©��{�±�Ä"

(�.C©Ø�ª�±w��� Leader ÚeZ���Ü�� Followers ��Ó¦)��X

Ú²ï¯K"Leader �?Ö´�²Ê�Ú©)?Ö, Followers ´�¢�, �äNó��"�g

S�¥�f¯K¦)�±w�´ Followers �â Leader ��êâ�-��¤��Ø��t�?

Ö"��Ð� Leader é�ÙÜ��e?ATØ´���, 3�{�O¥�NyÒ´ Leader é

Followers ¦)f¯K�°Ý�¦ØU�p, ¿�U|^gC�Æ£��¦, u�h²â�, ÏL

é Followers �"&E�\ó?n, �e�gS��Ñ�Ün�êâ�-"3y¢�¬)¹¥,

ù�� Leader â´É+¯�H�"·�ò�¬)¹¥��[Ñ@��ngA^��{�ïÄ�

�O¥[11]"Äuù���Ä, ·�éØ°(OKAO°t
q�±�5Âñ��{a,�"

9 ···������ooo���333ùùù���+++������ïïïÄÄÄ

úe, ·�ïÄ,��3ù�+�, Ò�t/�t&, ·éù�¬�/��¹'�ÙG, `Ø½�

Uuy�
#�k^�ÀÜ"�X`, ·�r¦ x ∈ Rn, ¦�

f(x) ∈ Ω, (y − f(x))T x ≤ 0, ∀ y ∈ Ω (5)

ù��¯K¡�_C©Ø�ª, P� IVI(Ω, f). §´d¯K (1) ¥�gCþ�N�p� �¿ò

‘≥’ �¤ ‘≤’ ���"3_C©Ø�ª¥, ·��¬��aq�(�._C©Ø�ª IVI(S, f),

¦ x ∈ Rn, ¦�

f(x) ∈ S(f), (y − f(x))T x ≤ 0, ∀ y ∈ S(f), (6)

Ù¥

S(f) = {f ∈ Rn | AT f ≤ (or =)b, f ∈ F}, (7)

A ∈ Rn×m, b ∈ R
m, F ⊂ R

n ´��{ü4à8.

·��Ä±©�>d¢y>�‘�¸W�’ �¯K. b�ò�U^>KÖ�‘¸’!‘�’ ©¤ n

��ã. ��æ>�S�ÚÜn^>, >åÜ�F"ÏLéØÓ�ãæ^ØÓ�>dò^>

KÖ��3 F = [c, d] ù���S, Ù¥ c, d ∈ R
n. �y1©ã>d´ x0 ∈ R

n, >�KÖ´

q(x0) ∈ R
n. �±b�>�KÖ´>d�ØO(½ö4~)¼ê. ·�P>d�CÄþ� x ∈ R

n,

¿P f(x) = q(x0 + x). 3ÏLN�>d¢y‘�¸W�’ �Ó�·�F">dCÄ¦�U�. >

åÜ��é��`�©�ã�>dN!þ x∗, ´/X (5)�_C©Ø�ª

f(x) ∈ F , (y − f(x))T x ≤ 0, ∀ y ∈ F

�). 3±©�>d¢y>�‘�¸W�’ù�¯K¥, ^>KÖ f(x)´õÇ, ·�ò A w���

n ����þ, §�z�©þ�©�ã���, AT f(x) B´�Uo^>þ(Z��). XJ3©�

6



>d¢y>�‘�¸W�’ ù�¯K¥·�ézU�o^>þk¤�¦, ù��¯KB�±£ã¤

��/X (6)-(7) �(�.�_C©Ø�ª IVI(S, f).

�C©Ø�ª��, _C©Ø�ª¯K�þÑy3y¢)¹¥. Ó�, y¢)¹¥�_C©Ø

�ª, Ù¼ê��vkwªL�ª, *ÿ¼ê���d  ´Ø��"¾xk))cQ�ErN:

/Ôn¯K�±kõ«êÆ�., §�3nØþ�d, �3¢�¥�7��"§��U��ØÓ

�ê�O��{, kØÓ�O��J0"�,_C©Ø�ª�±=z���*�
5��C©

Ø�ª, du/nØþ�d�, 3¢�¥�7��0, �éØÓ(��_C©Ø�ª¯K, �´k

NõÄu&E�O��{��ïÄ�[12, 13]"

Äu&E�O��{, ´)û¢S¯K�I�"3`zïÄ�ù|èÎ¥, k�Ü©<j±

�ù�¡�ïÄ, AT´Ø�k¿Â�"

10 ···������oooooo���¦¦¦ÆÆÆ)))ØØØ´́́���fff···������[[[���óóó

· 30 �âþ�Æ, qgêÆ, ¢3´�/��;á0��"3ÀJ
�`z��ïÄ��±

�, ·±üNC©Ø�ª¦)¥/�^¼ê���{0��Ì�ïÄ�K, 3/�^¼ê���

{0þeõÅ"c¡®²`�·�ù
�{Q�·þ�Æ�c�ó�²{k', ��·f�>

p�êÆ�¤f�(AO´uÛ�Ú¦�í2`À{�©è�)�
�wk'"uÛ�Æ�°�,

½Ní2`À{3¦�êÆ¤Ò��z¥ØÓ­�/ ",
, 3·��£�­��ãU
l

xN�>���´¦“òêÆnØïÄÚ)�¢�;�(Ü”�@
ó�, ±9/�^¼ê�0

Ú/�^¼ê�”��{"Ò·
ó, c���É��
*:��K�X·�g��ª��8F

��`z�{ïÄ"

Ïd, �·gC�U�ïÄ), U3ù�þÌÜ�
Æâ*:�, Òa�I?é�, )ùÆ)
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