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Ç�0

Abstract

By introducing a new constraint qualification, we equivalently characterize weak du-

ality, zero duality, strong duality and Farkas’ lemma between a DC composite opti-

mization problem and its Lagrange dual problem, which generalizes and improves the

relevant conclusions in existing literature.

Keywords

DC Composite Optimization, Zero Duality, Strong Duality, Farkas’ Lemma

Copyright c© 2026 by author(s) and Hans Publishers Inc.

This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. Úó

�X,Y, Z ´¢ÛÜàHausdorff ÿÀ�þ�m, X∗, Y ∗, Z∗ ©OL«X,Y, Z ��Ý�m�Y

ÚZ ©O34àIK ⊆ Y ÚS ⊆ Z ekS. PY • := Y ∪ {∞Y }, Z• := Z ∪ {∞Z}, Ù¥∞Y ,∞Z

©OL«Y ÚZ ¥'u S'X≤K ,≤S e����. �f1 : Y → R!g1 : Z → R þ�ýà¼ê,

f2 : X → Y •�ýK-à¼ê¶g2 : X → Z•�ýS- à¼ê, ht, ϕt : X → R ´ýà¼ê, C ´X ¥�

��àf8, T �?¿��(�UÃ�)�I8. �©�Ä±eDCEÜÃ�5y¯K

(P) inf
{

(f1 ◦ f2)(x)− (g1 ◦ g2)(x)
}

s. t. x ∈ C, ht(x)− ϕt(x) ≤ 0, t ∈ T.

�g = ϕt = 0�, ¯K(P )=z�àÃ�5yµ

(P1) inf
{
f(x)

}
s. t. x ∈ C, ht(x) ≤ 0, t ∈ T.

Æö�|^45^�Úþãa^��, ïá
àÃ�`z¯K�éónØ, Farkas Ún, �`5^
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��, �©z [1–4]. eϕt = 0, K¯K(P1)z�DCÃ�5yµ

(P2) inf
{
f(x)− g(x)

}
s. t. x ∈ C, ht(x)) ≤ 0, t ∈ T.

þãDC`z¯K®É�2�'5, �X©z [5]¤�Ñ�,DC`z¯K3`znØ�A^¥u�­

��^, Æö�éØÓa.�DC5y9Ù�aéó¯KÐm
ïÄ, �©z [1–3], [5–9]9Ùë�©

z. ,�a�'�­�¯K´EÜà`z¯K, Ï�$ÑÀ�!7K²L�¢S+��Ãõà`z

¯Kþ�EÜà¼ê�', ùa¯K�ïÄÚu
Æö��2�,�, �©z [10–12]9Ùë�©z.

Cc5, DCEÜ`z¯K�éó¯K¤�
ïÄ9:¿��
�þ­�¤J, 3©z [13]¥,

Fang�<�Ä�kü�EÜ¼ê�DC5y, ¿JÑeZ#��K5^�, ���xf£"/r/�¤

éó5, éu�k��EÜ¼ê�DC `z¯K, 3©z [14]¥, Sun �Fu345�å5�^�e

�Ñ�x�Û�`)�2Âg�©^�, 3©z [15]¥, Sun�<|^IOàzE|Ú\Fenchel-

Lagrange éó¯K, ¿��réó�2ÂFarkasÚn�45�å5�^�.

3N\f1 �K-4O!g1�S-4O�ϕt(x) = 0 �b�e, Fang �Gong3 [16]¥|^þãE|

3�mX∗ × {0} × {0} × R ¥��
eZ#��K5^�, ¿�Ñéó5�FarkasÚn����x.

/Ï�Ý¼êþã�àz�{, �©�3�mX∗ × R ¥JÑ#��å5�, �f£"/r/­½¤é

ó�£­½¤Farkas .·KJø���x.

2. PÒ�½Â

�X , Y ÚZ ´¢ÛÜàHausdorffÿÀ�þ�m, X∗, Y ∗ ÚZ∗ ©O´X, Y ÚZ ��Ý�m,

©OD�f∗ ÿÀw∗(X∗, X), w∗(Y ∗, Y ) Úw∗(Z∗, Z). 〈x∗, x〉 L«�¼x∗ ∈ X∗ 3x ∈ X ?��,

=〈x∗, x〉 = x∗(x). éuD ⊆ X, intD§clD ÚconeD©OL«D �SÜ, 4�ÚàI�. eD = ∅,
KconeD = {0}. éW ⊆ X∗, clW L«W �f∗4�. 8ÜD �éóIÚ«5¼ê©O½Â�

D⊕ := {x∗ ∈ X∗ : 〈x∗, x〉 ≥ 0, ∀x ∈ D} ,

δD(x) :=

{
0, x ∈ D,
+∞, Ù§.

�T ´?¿£�UÃ�¤�I8, -RT L«½Â3T þ�¢�¼ê¤|¤��m, ¿D�¦Èÿ

À. P

R(T ) :=
{
λ = (λt)t∈T ∈ R(T ) :�õ�kk��λt 6= 0

}
.

^R(T )
+ L«R(T ) ¥��KI, =

R(T )
+ :=

{
λ ∈ R(T ) : λt ≥ 0, ∀t ∈ T

}
.
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-suppλ := {t ∈ T : λt 6= 0}, Kk

〈λ, u〉 :=
∑
t∈T

λtut =
∑

t∈suppλ

λtut,

Ù¥u ∈ RT§λ ∈ R(T ). �K ´Y ¥�4àI, Y ´K ¤½Â�S�m. éuY ¥� S≤K , ½

ÂY ¥�����∞Y . PY • := Y ∪ {∞Y }, Kéz�y ∈ Y •, þky ≤K ∞Y . � f : X → R´ý
à¼ê, ½Â f �þã, k�½Â�Ú²;�Ý¼ê©O�

epi f := {(x, r) ∈ X × R : f(x) ≤ r},

dom f := {x ∈ X : f(x) < +∞},

f∗(x∗) := sup{〈x∗, x〉 − f(x) : x ∈ X}, ∀x∗ ∈ X∗.

w,, f∗ ´ýàe�ëY¼ê, epi f∗ ´f ∗ 48. �cl f Ú clco f ©OL«f �e�ëY�9e�

ëYà�, Kk

epi(clf) = cl(epif), epi(cl(cof)) = cl(co(epif)).

d©z[ [14], ½n 2.3.1 (iv)] �

f∗ = (clf)∗ = (cl(cof))∗, f∗∗ ≤ cl(cof) ≤ clf ≤ f. (1)

d	, ecl f ´ýà�, d©z[ [17], ½n 2.3.4] �,

f∗∗ = clf. (2)

�Young-Fenchel Ø�ª¤á, =

f(x) + f∗(x∗) ≥ 〈x, x∗〉, ∀(x, x∗) ∈ X ×X∗. (3)

e f, h : X → R�ýà¼ê�÷v dom f ∩ domh 6= ∅, K

epi f∗ + epih∗ ⊆ epi (f + h)∗, (4)

f ≤ h⇒ f∗ ≥ h∗ ⇔ epi f∗ ⊆ epih∗. (5)

AO/, é?¿� x∗ ∈ X∗, r ∈ R, e��ª¤áµ

epi (f + x∗ + r)∗ = epi f∗ + (x∗,−r). (6)

?�Ú, �¼êf1 : Y → R, é?¿�y1, y2 ∈ Y§�y1 ≤K y2 �kf1(y) ≤ f2(x), K¡¼êf1 ´K

- O¼ê. ½Â¼êf2 : X → Y • �k�½Â�ÚK - þã©O�domf2 = {x ∈ X : f2(x) ∈ Y }
ÚepiKf2 := {(x, y) ∈ X × Y : y ∈ f2(x) + k}. edomf2 6= ∅, K¡f2 ý¼ê. eepiKf2 ´48, K
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¡f2 ´K - þã4¼ê. eé?¿�x1, x2 ∈ X Út ∈ [0, 1], k

f2
(
tx1 + (1− t)x2

)
≤K tf2(x1) + (1− t)f2(x2).

K¡f2 ´K - à¼ê. éy∗ ∈ domf∗1 , ½Â(y∗f2)(·) : X → R �

(y∗f2)(x) :=

〈y∗, f2(x)〉, e x ∈ dom f2,

+∞, Ù§.

3. FarkasÚn9Lagrangeéó

�p ∈ X∗, �ÄXe��56Ä�DCEÜÃ�`z¯K

(Pp) inf
{

(f1 ◦ f2)(x)− (g1 ◦ g2)(x)− 〈p, x〉
}

s. t. x ∈ C, ht(x)− ϕt(x) ≤ 0, t ∈ T,

XÚ{x ∈ C : ht(x)− ϕt(x) ≤ 0, t ∈ T} ��1)8A ½Â�

A :=
{
x ∈ C : ht(x)− ϕt(x) ≤ 0, ∀t ∈ T

}
. (7)

ïáþã¯K�Lagrangeéó¯K

(Dp) sup
λ∈R(T )

+

inf
µ∈H∗

Φp(µ, λ), (8)

Ù¥µ := (u, x∗, s, v), s = (st)t∈T ,

H∗ := dom g∗1 × dom g∗2 ×
∏
t∈T

domϕ∗t × dom f∗1 , (9)

�Φp : H∗ × R(T )
+ → R ½ÂXe

Φp(µ, λ) = g∗1(u) + (ug2)
∗(x∗) +

∑
t∈suppλ

λtϕ
∗
t (s
∗
t )− f∗1 (v)

−
(
vf2 + δc +

∑
t∈suppλ

λtht

)∗(
x∗ + p+

∑
t∈suppλ

λts
∗
t

)
.

(10)

�p = 0 �, ¯K(Pp) òz�¯K(P), éA�éó¯K�

(D) sup
λ∈R(T )

+

inf
µ∈H∗

Φ(µ, λ),

Pv(P), v(Pp), v(D) Úv(Dp) ©OL«¯K(P), (Pp), (D)9(Dp) ��`�, �ïÄ¯K(P) �¯
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K(D) �éó¯K, k�ÑXe½Â.

½Â 3.1

(i) ev(P) ≥ v(D)§K¡¯K(P)�(D) �m�féó¤á,

(ii) ev(P) = v(D)§K¡¯K(P)�(D)�m�"éó¤á,

(iii) ev(P) = v(D)�S(D) 6= ∅§K¡¯K(P)�(D)�m�réó¤á,

(iv) eé?¿p ∈ X∗§¯K(Pp)�¯K(Dp)�m�féó("éó!réó)¤á§K¡¯

K(P)�¯K(D)�m�­½féó("éó!réó)¤á.

�e5, ·�5ïÄ¯K(P)�FarkasÚn9éó¯K, 3X∗ × R¥½ÂA�8Xeµ

K := epi
(
f1 ◦ f2 − g1 ◦ g2 + δA

)∗
�

J :=
⋃

λ∈R(T )
+

{ ⋂
µ∈H∗

(
epi

(
vf2 + δC +

∑
t∈suppλ

λtht

)∗
+
(
0, f∗1 (ν)

)

−
∑

t∈suppλ

λt
(
s∗t , ϕ

∗
t (s
∗
t )
)
−
(
x∗, g∗1(u)

)
+
(
ug2
)∗

(x∗)

)}
.

Ún 3.2 �p ∈ X∗, r ∈ R§KXe(Ø¤áµ

(i) (p, r) ∈ K��=�v(Pp) ≥ −r.

(ii) (p, r) ∈ J��=�v(Dp) ≥ −r§��3λ ∈ R(T )
+ §é?¿µ ∈ H∗§�3v ∈ domf∗1 ¦�

Φp(µ, λ) ≥ −r, (11)

Ù¥µ = (u, x∗, x∗t )§H
∗ÚΦp d(9)§(10)ª½Â.

Proof. (i)�â¯K(Pp) �½Â��

v(Pp) = −
(
f1 ◦ f2 − g1 ◦ g2 + δA

)∗
(p).

Ïd, (Øg,¤á.

(ii) [⇒] �(p, r) ∈ J , K�3λ ∈ R(T )
+ , é?¿�µ = (u, x∗, s∗t ) ∈ H∗§v ∈ domf∗1 k

(p, r) ∈ epi

(
vf2 + δC +

∑
t∈suppλ

λtht

)∗
+
(
0, f∗1 (v)

)
−

∑
t∈suppλ

λt
(
s∗t , ϕ

∗
t (s
∗
t )
)
−
(
x∗, g∗1(u)

)
+
(
ug2
)∗

(x∗),
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Kk(α, r1) ∈ epi

(
vf2 + δC +

∑
t∈suppλ λtht

)∗
¦�

(p, r) = (α, r1) +
(
0, f∗1 (v)

)
−

∑
t∈suppλ

λt
(
s∗t , ϕ

∗
t (s
∗
t ))−

(
x∗, g∗1(u) + (ug2)

∗(x∗),

=

p = α−
∑

t∈suppλ

λts
∗
t − x∗, (12)

�

r + g∗1(u) + (ug2)
∗(x∗) +

∑
t∈suppλ

λtϕ
∗
t (s
∗
t ) = r1 + f∗1 (v). (13)

Ï�
(
vf2 + δC +

∑
t∈suppλ λtht

)∗
(α) ≤ r1§(Ü(12), (13) ª��

r + g∗1(u) + (ug2)
∗(x∗) +

∑
t∈suppλ

λtϕ
∗
t (s
∗
t )

≥
(
vf2 + δC +

∑
t∈suppλ

λtht

)∗
(α) + f∗1 (v)

=

(
vf2 + δC +

∑
t∈suppλ

λtht

)∗(
p+ x∗ +

∑
t∈suppλ

λts
∗
t

)
+ f∗1 (v).

K

g∗1(u) + (ug2)
∗(x∗) +

∑
t∈suppλ

λtϕ
∗
t (s
∗
t )− f∗1 (v)

−
(
vf2 + δC +

∑
t∈suppλ

λtht

)∗(
p+ x∗ +

∑
t∈suppλ

λts
∗
t

)
≥ −r.

�v(DP) ≥ −r, �éz�µ ∈ H∗, �3λ ∈ R(T )
+ ÷vΦp(µ, λ) ≥ −r.

[⇐] b�v(Dp) ≥ −r �é?¿µ ∈ H∗, �3λ ∈ R(T )
+ ÷vΦ(P )(µ, λ) ≥ −r§K

(
vf2 + δC +

∑
t∈suppλ

λtht

)∗(
x∗ + p+

∑
t∈suppλ

λts
∗
t

)
≤ g∗1(u) + (ug2)

∗(x∗) +
∑

t∈suppλ

λtϕ
∗
t (s
∗
t )− f∗1 (v) + r,

= (
x∗ + p+

∑
t∈suppλ

λts
∗
t , g∗1(u) + (ug2)

∗(x∗) +
∑

t∈suppλ

λtϕ
∗
t (s
∗
t )− f∗1 (v) + r

)

∈ epi

(
vf2 + δC +

∑
t∈suppλ

λtht

)∗
.

(14)

?�Ú��

DOI: 10.12677/aam.2026.159380 143 A^êÆ?Ð

https://doi.org/10.12677/aam.2026.159380


Ç�0

p = −x∗ −
∑

t∈suppλ

λts
∗
t +

(
p+ x∗ +

∑
t∈suppλ

λts
∗
t

)
, (15)

r =f∗1 (v)− g∗1(u)− (ug2)
∗(x∗)−

∑
t∈suppλ

λtϕ
∗
t (s
∗
t )

+

(
g∗1(u) + (ug2)

∗(x∗) +
∑

t∈suppλ

λtϕ
∗
t (s
∗
t )− f∗1 (v) + r

)
.

(16)

dª(14)§(15), (16) ��

(p, r) ∈epi

(
vf2 + δC +

∑
t∈suppλ

λtht

)∗
+
(
0, f∗1 (v)

)
−

∑
t∈suppλ

λt
(
s∗t , ϕ

∗
t (s
∗
t )
)
−
(
x∗, g∗1(u) + (ug2)

∗(x∗)
)
.

(17)


(19)ªé?¿µ ∈ H∗ ¤á, �

(p, r) ∈
⋂
µ∈H∗

epi

(
vf2 + δC +

∑
t∈suppλ

λtht

)∗
+
(
0, f∗1 (v)

)
−

∑
t∈suppλ

λt
(
s∗t , ϕ

∗
t (s
∗
t )
)
−
(
x∗, g∗1(u) + (ug2)

∗(x∗)
)
.

Ïd(p, r) ∈ J .

½n 3.3±e·K¤áµ

(i) ¯K(P) Ú¯K(D) �m�­½féó¤á��=�J ⊆ K.

(ii) ¯K(P) Ú¯K(D) �m�féó¤á��=�J ∩
(
{0} × R

)
⊆ K ∩

(
{0} × R

)
.

Proof. =y(i), (ii) �dÓn��.

[⇒] �­½féó¤á, =é?¿p ∈ X∗§v(Pp) ≥ v(Dp). �(p, r) ∈ J , dÚn3.2 (ii)

�v(Dp) ≥ −r. d­½féó½Â�v(Pp) ≥ −r, 2dÚn3.2 (i) �(p, r) ∈ K, ?
kJ ⊆ K ¤á.

[⇐]�J ⊆ K,ev(Pp) = +∞,(Øw,¤á. e�v(Pp) < +∞,^�y{y²v(Pp) ≥ v(Dp).

b�v(Pp) < v(Dp), K�3¢êr ∈ R ¦�v(Pp) < −r < v(Dp).

dv(Dp) �½Â, éz�µ ∈ H∗, �3λ ∈ R(T )
+ ÷vª(11), dÚn3.2 (ii) �(p, r) ∈ J , ?


�(p, r) ∈ K, (ÜÚn3.2 (i) �v(Pp) ≥ −r, �v(Pp) < −r gñ. �v(P p) ≥ v(Dp), ½n�y.

½n 3.4±e·K¤áµ
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(i) ¯K(P) Ú¯K(D) �m�­½"éó¤á��=�K = clJ .

(ii) ¯K(P) Ú¯K(D) �m�"éó¤á��=�K ∩
(
{0} × R

)
= clJ ∩

(
{0} × R

)
.

Proof. =y(i), (ii) �dÓn��.

[⇒] b�v(Pp) = v(Dp), d½n3.3 ��J ⊆ K. duK ´f∗4�, Kk

clJ ⊆ K. (18)

�y²(1) ª�Iy²

K ⊆ J . (19)

�(p, r) ∈ K, dÚn3.2 (i) ��v(Pp) ≥ −r, (Üb�v(Pp) = v(Dp) Kkv(Dp) ≥ −r. ?�ε > 0,

Kéz�µ ∈ H∗, �3λ ∈ R(T )
+ ¦�

g∗(µ) + (ug2)
∗(x∗) +

∑
t∈suppλ

λtϕ
∗
t (s
∗
t )− f∗1 (v)

+ 〈vf2 + δC +
∑

t∈suppλ

λtht〉∗(x∗ + p+
∑

t∈suppλ

λts
∗
t ) ≥ −r − ε.

dÚn3.2 (ii) ��(p, r + ε) ∈ J . Ïd, (p, r) ∈ J , l
(19) ª¤á, (Ü(18) ª��K = clJ .

[⇐] ��, b�K = clJ ¤á, d½n3.3 kv(Pp) ≥ v(Dp). ev(Dp) < v(Pp), K�3r ∈ R, ¦

�

v(Dp) < −r < v(Pp).

dÚn3.2 (i) �(p, r) ∈ K, 2dK = clJ �(p, r) ∈ clJ . Ïd�3��Âñ�{(p, rn)} ⊆ J ÷
vrn → −r"(ÜÚn3.2 (ii), éz��µ ∈ H∗, �3λ ∈ R(T )

+ ¦�

g∗(µ) + (ug2)
∗(x∗) +

∑
t∈suppλ

λtϕ
∗
t (s
∗
t )− f∗1 (v)

+ 〈vf2 + δC +
∑

t∈suppλ

λtht〉∗(x∗ + p+
∑

t∈suppλ

λts
∗
t ) ≥ rn → −r.

=v(Dp) ≥ −r, �v(Dp) < −r gñ, Ïdv(Pp) = v(Dp).

½n 3.5±e·K¤áµ

(i) ¯K(P) Ú¯K(D) �m�­½réó¤á��=�J = K.

(ii) ¯K(P) Ú¯K(D) �m�réó¤á��=�J ∩
(
{0} × R

)
= K ∩

(
{0} × R

)
.

Proof. =y(i), (ii) �dÓn��.

[⇒] �p ∈ X∗, b�­½réó¤á, =v(Pp) = v(Dp). d½n3.3 (i) 9­½réó5��
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J ⊆ K. (20)

Ïd, �I2yK ⊆ J . �(p, r) ∈ K, dÚn3.2 (i) ��, v(Pp) ≥ −r" . d­½réó5�

�, v(Dp) ≥ −r§�é?¿µ ∈ H∗, Ñ�3λ ∈ R(T )
+ ÷vΦp(µ, λ) ≥ −r. (ÜÚn3.2 (ii) �

�(p, r) ∈ J . ÏdK ⊆ J , (Ü(20) ª, �J = K.

[⇐] �J = K, KkJ ⊆ K, d½n3.3 (i) �­½féó¤á. ev(Pp) = −∞, K(Øw,¤

á, �Iy²v(Pp) ≤ v(Dp). -r = v(Pp) ∈ R, dÚn3.2 (i) k(p,−r) ∈ K. db�J = K, �

�(p,−r) ∈ J , dÚn3.2 (ii), ��v(Dp) ≥ γ, �é?¿µ ∈ H∗, �3λ ∈ R(T )
+ , ÷v

Φp(µ, λ) ≥ r. (21)

(Üféó5, ��v(Pp) = v(Dp) = r, �é?¿µ ∈ H∗, �3λ ∈ R(T )
+ , ÷v(21) ª. Ïd, ­½r

éó¤á, ½n�y.

eã½n�x
�A�­½FarkasÚn.

½n 3.6 J = K ¤á��=�é?¿�a ∈ R, p ∈ X∗§±e·K�dµ

(i) (f1 ◦ f2)(x)− (g1 ◦ g2)(x) ≥ 〈p, x〉+ a, x ∈ A.

(ii) éz�µ ∈ H∗, �3λ ∈ R(T )
+ ¦�

Φp(µ, λ) ≥ a. (22)

Proof. [⇒] �J = K, Kd½n3.5 (i) ��­½réó¤á. e(i) ¤á, Kv(Pp) ≥ a, (Ü­½r

éókv(Pp) = v(Dp) ≥ a, �(ii) ¤á. ��, e(ii) ¤á, Kª(22) L²

sup
λ∈R(T )

+

inf
µ∈H∗

Φp(µ, λ) ≥ a.

=v(Dp) ≥ a, 2d­½réó��v(Pp) ≥ a, l
(i) ¤á.

[⇐] �(i) �(ii) �d, dÚn3.2 =��J = K.

Ón��±e�FarkasÚn.

íØ 3.7 J ∩
(
{0} × R

)
= K ∩

(
{0} × R

)
¤á��=�é?¿�a ∈ R, ±e·K�dµ

(i) (f1 ◦ f2)(x)− (g1 ◦ g2)(x) ≥ a, x ∈ A.

(ii) éz�µ ∈ H∗, �3λ ∈ R(T )
+ ¦�

Φ(µ, λ) ≥ a. (23)
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4. A~

�ϕt = 0, ¯K(PP) {z�XeEÜDC`z¯Kµ

(PP
1 ) inf

x∈A1

{
(f1 ◦ f2)(x)− (g1 ◦ g2)(x)− 〈p, x〉

}
,

Ù¥A1 :=
{
x ∈ C : ht(x) ≤ 0, t ∈ T

}
, éA�Lagrangeéó¯K�

(DP
1 ) sup

λ∈R(T )
+

inf
µ∈H∗

1

Φp
1(µ, λ),

Ù¥µ = (u, x∗, v), H∗1 := dom g∗1 × dom g∗2 × dom f∗1 ,

Φp
1(µ, λ) = g∗1(u) + (ug2)

∗(x∗)− f∗1 (v)− (vf2 + δC +
∑

t∈suppλ

λtht)
∗(x∗ + p).

�p = 0�, ¯K(PP
1 ) òz�Xe¯K(P1)

(P1) inf
x∈A1

{
(f1 ◦ f2)(x)− (g1 ◦ g2)(x)

}
,

éA�éó¯K�

(D1) sup
λ∈R(T )

+

inf
µ∈H∗

1

Φ1(µ, λ),

e¡�Ñü�A�8µ

K1 := epi
(
f1 ◦ f2 − g1 ◦ g2 + δA1

)∗
,

J1 :=
⋃

λ∈R(T )
+

( ⋂
µ∈H∗

1

epi
(
vf2 + δC +

∑
t∈suppλ

λtht

)∗
+ (0f∗1 (v))− (x∗, g∗1(u) + (ug2)

∗(x∗))
)
.

�í�±e�A½n.

½n 4.1 ±e·K¤á.

(i) ¯K(P1)Ú¯K(D1)�m�­½féó¤á��=�J1 ⊆ K1.

(ii) ¯K(P1)Ú¯K(D1)�m�féó¤á��=�J1 ∩
(
{0} × R

)
⊆ K1 ∩

(
{0} × R

)
.

½n 4.2 ±e·K¤á.

(i) ¯K(P1)Ú¯K(D1)�m�­½réó¤á��=�J1 = K1.

(ii) ¯K(P1)Ú¯K(D1)�m�réó¤á��=�J1 ∩
(
{0} × R

)
= K1 ∩

(
{0} × R

)
.

½n 4.3 J1 = K1 ¤á��=�é?¿�a ∈ R, p ∈ X∗, ±e·K�d

(i) x ∈ A1 =⇒ (f1 ◦ f2)(x)− (g1 ◦ g2)(x) ≥ 〈p, x〉+ a.

(ii) éz�µ ∈ H∗1 , �3λ ∈ R(T )
+ ¦�Φp

1(µ, λ) ≥ a.
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½n 4.4 J1 ∩
(
{0} × R

)
= K1 ∩

(
{0} × R

)
¤á��=�é?¿a ∈ R, ±e·K�dµ

(i) x ∈ A1 =⇒ (f1 ◦ f2)(x)− (g1 ◦ g2)(x) ≥ a.

(ii) éz�µ ∈ H∗1 , �3λ ∈ R(T )
+ ¦�Φ1(µ, λ) ≥ a.

5 4.5 �!¥�¯K(P1) T�© [16]¥�¯K(Pp), �é�©z [16]�Ó�DCEÜ`z¯K,

�!­�
éó¯K¿[z
A�8½Â, ©z [16]¥�'(Øþ��©(J�A~, ?�Úí2

¿�õ
Ta¯K�éónØ�Farkas Ún.

5. (Ø�Ð"

�©ïÄ
DC EÜ`z¯K�Lagrange éó�Farkas Ún, ÏL�E8ÜJ �K ��T¯

Kféó!"éó!réó¤á��d^�, ¿ïáéA�Farkas Ún. ¤�(JQ·^uk��

�m, �·^uÃ���m, �©JÑ�^��ä�nØ�d5, �3���/eJ±���y, =

3Ü©AÏ(�e�wª�ä, ��?�Úí�KKT �`5^���Oê��{. �YïÄ�Äu

�©µeí�DC EÜ��`5^�, ïÄéA�ê��{9ÙÂñ5, ��òT�xg´í2�

8�DC `z��2���., Ó�&ÏBu¢Su��¿©^�.
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