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Abstract. In this paper, we study a nonsmooth semi-infinite multi-objective E-convex programming problem
involving support functions. We derive sufficient optimality conditions for the primal problem. We formulate
Mond-Weir type dual for the primal problem and establish weak and strong duality theorems under various
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1 Introduction

Semi-infinite multi-objective programming consider sever-
al conflicting objective functions have to be optimized over
a feasible set described by infinite number of inequality
constraints. Semi-infinite programming problems have
occupied the attention of a number of mathematicians
due to their applications in many areas such as in
engineering, robotics, and transportation problems, see
[1]. Optimality conditions and duality results for semi-
infinite programming problems have been studied see,
[2-10]. Optimality and duality results for semi-infinite
multi-objective programming problems that involved
differentiable functions were obtained by Caristi et al.
[11]. Several kinds of constraints qualifications were defined
by Kanzi and Nobakhtian [12] and they obtained necessary
and sufficient optimality conditions for nonsmooth semi-
infinite multi-objective programming problems. Mishra
et al. [13] proved necessary and sufficient optimality
conditions for nondifferential semi-infinite programming
problems involving square root of quadratic functions, for
more details see [14]. Mond and Schechter [15] have
constructed symmetric duality of both Wolfe and Mond-
Weir types for nonlinear programming problems where the
objective contains the support function. Optimality and
duality for a mnondifferentiable nonlinear programming
problem involving support function have been obtained by
Husain et al. [16], see for more details [17-20]. In other
hand, convexity and their generalizations play an impor-
tant role in optimization theory. Youness point of view of
convexity is based on the effecting of an operator E on
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the domain on which functions are defined [21,22].
This kind of convexity is called E-convexity and can be
viewed in many fields such as in differential geometry when
a manifold is deformed by an operator E. In the field of
physical chemistry an E-convexity can be occurred when
the binding force f between elements construct a crystal
effect by a solution E. In mathematical programming, the
notion of E-convexity of functions plays an important role
in solving the problem of type composite model problem
[23] such as the problem

min||F||s.t.z€M, where f = || ||, E(z)
= F(z)and (f o E)x = [|F(z)||.

This paper is organized as follows: In Section 2,
we mention some definitions and preliminaries. In Section 3,
the sufficient optimality conditions for multi-objective
semi-infinite E-convex programming problems involving
support functions are established. In Section 4,
we formulate Mond-Weir type dual for multi-objective
semi-infinite E-convex programming problems involving
support functions and establish weak, strong and strict-
converse duality theorems under generalized E-convexity
assumptions.

2 Definitions and preliminaries

In this section, we present some definitions and results,
which will be needed in this article. Let R" be the
n-dimensional Euclidean space and R be the nonnegative
orthant of R". Let (.,.) denotes the Euclidean inner
product and || . || be Euclidean norm in R". Given a nonempty
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set DC R", we denote the closure of D by D and convex
cone (containing origin) by cone(D). The native polar
cone and the strictly negative polar cone are defined
respective by

D= :={deR"|(x,d) < 0, YzeD},

< :={deR"|(z,d) < 0, VzeD}.

Definition 1 /2// Let DCR". The contingent cone
T(D, z) at TED is defined by

T(D,E) = {deR"|3t,10,3d; — d : T + tydpeD, YkeN)}.

Definition 2 [24] A function £:R" —R is said to be
Lipschitz near x € R", if there exist a positive constant K
and a neighborhood N of © such that for any y, z€N, we
have

1f(y) -

The function fis said to be locally Lipschitz on R"if it is
Lipschitz near z for every z€ R".

Definition 3 [24] The Clarke generalized directional
derivative of a locally Lipschitz function f at z€R™ in the
direction d €R", denoted by ° (x, d), is defined as

f@)] < Klly = =]

sup(f(y + td) — f(y))
t b

Flz,d) = lim

10,y—=

where ye R".
Definition 4 [2/] The Clarke generalized subdiffer-
ential of f at t€R" is denoted by dcf(x), defined as

ocf(x) =

Definition 5 [21] A set MCR" is said to be E-convex
set with respect to an operator E:R"—R" if NE(z)+
(1—N\)E(y)€eM for each z, y€M and 0<N< 1.

Every FE-convex set with respect to an operator
E:R"— R" is a convex set when E= I If M, and M, are
E-convex sets, then My M, is E-convex set but My M is
not necessarily F-convex set. If E: R" — R" is a linear map,
and M;, M;CR" are F-convex sets, then M, + M, is
FE-convex set.

Example 1 Let E:R°—R” be defined as E(z, y) =
(0, y). The set M= {(z,y)€ R*:(z,y)=1r1(0,0)+
14(1.2) + 10.9) iz WER : (x.9) = 11(0.0) + 4
(0, =3) + Ag(—1,-2) },4; 20,32 | &; = 1} is an E-convex
set with respect to the operator F.

Definition 6 A locally Lipschitz function f:R" —R is
said to be E-convex with respect to an operator E: R" —R"
at t¥eR" if

{6eR" : f(z,d) 2 (§,d),VdER"}.

(foE)x — (fo E)x* > (& Ex — Ex™)

for each z€ R" and every £ €0 cf(Ex ).
The function fis said to be E-convex near x € R"if it is
E-convex at each point of neighborhood of z €R"

Definition 7 A locally Lipschitz function f:R" —R is
said to be strictly E-convex with respect to an operator
E:R"—R" at z*eR" if

(foE)x —(fo E)z" > (§ Ex — Ex”)

for each z€ R", z# 2" and every §€d cf (Ex").

The function f is said to be strictly E-convex near
e R" if it is strictly E-convex at each point of
neighborhood of 2* € R".

Proposition 1 /21] If g;:R"—R, i=1, 2, ..., m is
E-convex with respect to E:R"—R" then the set M =
{z€eR": gi(x)<0,i=1, 2, ..., m} is E-convex set.

Definition 8 A locally Lipschitz function f:R" —R is
said to be pseudo E-convex with respect to E:R" —R" at
©eR" if

(¢, Ex — Ex*) >0, for some &€ ocf (Ex")
S (fo B> (fo B’

for each z€ R" and every §€9d cf (Ex").

Definition 9 A locally Lipschitz function f:R" —R is
said to be strictly pseudo FE-convex with respect to
E:R"—=R" at 2" €R" if

(&, Ex — Ex*) >0, forsome é€acf (Ex*) =
> (foE)z*

for each z€ R", z# 2" and every £€0 ¢f (Ex").

Definition 10 A locally Lipschitz functionf :R" — R is
said to be quasi E-convexr with respect to E:R"—R" at
' eR" if

(foE)x

(foE)x < (foE)x' = (§ Ex — Ex") < 0,

for each z€ R" and every £ €0 ¢f (Ex").
The function fis said to be quasi E-convex near 7" € R"
if it is quasi E-convex at each point of neighborhood of
¥ eR".
Proposition 2 [21] If ¢;:R"—R, i=1, 2, ..., m is
quast E-convex with respect toE:R" — R" then the set M =
{reR": g(z)<0, i=1, 2, ..., m} is E-convez set.
Remark 1
— FEvery E-conver function is also quasi E-convexr with
respect to same E:R" —R", but not conversely.

— Every E-convex function is also pseudo E-convexr with
respect to same E:R" —R", but not conversely.

— Every strictly E-convex function is also strictly pseudo
E-convex with respect to same E:R"—R", but not
conversely.

Let C be a nonempty compact E-convex set in R".
The support function S(.|C): R"— RU{ +o0 } is given by
S(z|C) = max{{z, Ez) : zeC}.

Example 2 Let E: R* — R” be defined asE(y, y2) = (0,
) Ifc - {(yhyQ)ER 2: (ylayQ) =M (070) + )“2(1 52) +

23(0,3)} U{(yluy2)€R (Y1,92) =21(0,0)+ 22(0, =3) + A3
(—1,-2)},2; >0, ZZ L Ai =1}, then the support function
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S(./C) :R—RU{+oo0} is given by

S(x|C) = max{(z, E(y1,45)) : (y1,%2)€C}

= max(x, (07 y2)>a

i.e.

S(z|0) = 3|z].

The support function, being convex and everywhere
finite, has a Clark subdifferential [24], in the sense of convex
analysis. Its subdifferential is given by

05(z|C) = {2€C : (x, Ez) = S(z|C)}.

In this paper, we consider the following nonsmooth
semi-infinite multi-objective E-convex programming prob-
lem:

subject to
gz(w) < 07 ie[7
rER".

where [ is an index set which is possibly infinite, f; (z),
j=1, .., pand ¢; (z), i€ Iare locally Lipschitz E-convex
functions from R" to RU{+oco}. Let M denote the
E-convex feasible set of (P).

= {zeR"|g;,(x) < 0,Viel}

Let 2" € M. We denote I (z") ={i€ ]| (g;0 E)* =01}, the
index set of active constraints and let

F(B') = (ou(f(Ex) + S(E2'[C))
G(Ex"):= |J 0.g;(Ex").
iel(z*)

The following constraint qualifications are generaliza-
tion of constraint qualifications from [12] for multi-
objective E-convex programming problem with support
functions (P).

Definition 11 We say that:

— The Abedie constraint qualification (ACQ) holds at
TeM if G=(z)CT(M,z).

— The Basic constraint qualification (BCQ) holds at zeM
if T<(M,Z%)C cone(G(x)).

— The Regular constralnt qualification (RCQ) holds at
reMif FS(2)nG=(z)CT(M,%).

Definition 12 A feasible point x*€M is said to be
weakly efficient solution for (P) if there is no x €M such
that

fi(@) +S(z|C)) < fi(z") + S(z for all
j=1,p

“1Cy)s

3 Optimality conditions

In this section, we prove the sufficient optimality
conditions for considered nonsmooth semi-infinite multi-
objective E-convex programming problem (P) as follows:

Theorem 1 (Necessary optimality conditions)
LetE:R"—R" and =" be a feasible solution of (P). Assume
that Ex* be a weakly efficient solution of (P) and a suitable
constraints qualification from Definition (11) holds at E
(). If cone(G (Ex")) is closed, then there exist 7;> 0,
z;€C; (for j=1, 2, ..., p) and N\;> 0 (for i€ I(z")) with
)\ #0 for ﬁmtely many indices i, such that

OEZTj[dcfj(El‘*) + Zj} + Zkiacgi(Ex*% (1)

I(z*)
p
dri=1, (2)
Jj=1

(zj, Bz") = 5(z*|C)),j = 1,2, ... ,p. 3)

Proof: See Theorem 3.4 (ii) of Kanzi and Nobakhtian
[12].

Theorem 2 (Sufﬁcient optimality conditions)
LetE:R"—R" and =" be a feasible solution of (P). Assume
that there exzst7]> 0, z;eCj(for j=1,2,...,p) and \;> 0
(for i€I(z")) with \;# 0 for finitely many indices i, such
that necessary optimality conditions (1)—(3) hold at «*. If
T((.) + (2, .)) forj=1, 2, ..., p are pseudo E-convex at z*
and Ngi(.), i€1(x") are quasi E-convez at " with respect to
the same E and fi(Ex) <f(z), j=1, ..., p, Va€M. Then,
Ex" is a weakly efficient solutzon for (P)

Proof: Suppose, contrary to the result, that Ex* € M, is
not a weakly efficient solution for (P). Then, there exists a
feasible point z€ M for (P) such that

£,(@) + 8(2lCy) < f,(Ex") + S(Bx"|C)

for all
i=1...,p,
bUtfj(Ex)<fj( z) and 7,20, for j=1, 2,.

Zfa

..., D, SO we have

(Bx) + S(x|C;)] < Zr] ) + S(BEz*|C})].

=1

(4)

Since (z;, Ex) < S(z|C)), j=1, 2,..., p and the assump-
tion (z;, Ex" )= S(2"|C)), j=1, 2, ..., p, we have
p p
> tlfi(Bz) + (2, Bx)] < > _tjlf;(Ez") + (2, Ex")].

j=1 j=1
(5)

Now, from equation (1), there exist &€ 0 cf; (Ez") and
£;€0dcg; (Ex") such that

p
> il ) + kg =0. (6)
=t Ia)
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Since Exis a feasible point for (P) where M is E-convex
set and A;g; (Ex") =0, i€ I(2"), we have

Z/\zgz (Bx) < > hig(Bx®), (7)
I(z*)

I(x*)

and from quasi E-convexity of g;, 1€ I(z"), we get

<Ex _ Bz, ZM¢> <0,

I(z*)

by using (6), we have

<E:cfEx er itz >

Thus, from pseudo E-convexity of t,(f{(.) +(z, .)), for

i=1,2, ..., p, we get
p p
> _wlfi(Bz) + (2, Ba) 2 > rjf;(Ba’) + (2, B,
j=1 J=1

which contradicts (5). Thus Ez* is a weakly efficient

solution for (P).

The following corollary is a direct consequence of
Remark 1 and Theorem 2.

Corollary 1 Let E:R"—R" and z* be a feasible
solution of (P). Assume that there exist 7;> 0, z;€ C,(for
j=1,2, ...,p)and \;> O(for i€ I(x*)) with \; # 0 for finitely
many indices i, such that necessary optimality conditions
(1)-(3) hold at «*. If t(f}(.) +(z;, .)) forj=1, 2, ..., p and
Ngi(.), €l(z") are E-convex at ©* with respect to the same
E and f(BEx) <f(z), j=1, ..., p, Ye€ M. Then, Ez" is a
weakly efficient solution for (P).

Example 3 Let E:R°—R° be
E(z1,73) = (3, 22) and let M be given by

M = {(wl,l‘g)eR tx1+ 22— 6 < 0,21
< 0,22 0,2, 20).

defined as

— 45(:2

Consider the bicriteria E-convex programming problem
(P)min (f,(z) + S(z1C1), fo(a) + S(]C2)
Subjectto reM,
where fl(ml, To) = ? and  fo(z, 29) = (22— 331)3 and
S(z|Cy) = S(x|Cy) =%|zo|  where  z=(z,  z)for
Cy=Cy={(0, 2): —12<12,<0}. It is clear that M is E-
convex with respect to E and
E(M)={(z,2) € R*: 2 + 1, — 3< 0,2 —
By choosing (g, o E)z* =z — 225 as the active
constraint of (P) then I () = 1. It is clear that all defined
functions are locally Lipschitz functions at Ez" and
ofi(Ex") = (1207, 0), df(Ex") = (—3a®, 3a°), 0 g,(Bx") =
(1, —2) where a €0, 1]. Since 7; (f{(z) + ( 2j, z))for j=1, 2
are pseudo E-convex and A,¢;(z) are quasi E-convex at 2"

with respect to same E and conditions (1)—(3) of theorem

(1) holds at z" € M as there exist 11 =19 = A= %,zl =0,

21, <0,25, >0,

—a(9a +2,3a + 1), & = (12a2,0),&, =
(2, &), where o € [0, 1] such that

(—3a?%,30?),

Z9 =
& =
2

> i )+ D kg =0.

j=1 I(z*)
Then there is no x€ M such that
fi(x) +8(z|C)) < f;(Ex") + S(Ex"|C)), 5 = 1,2,

and hence Ex* = (a7}, %) where z} = 223 and x5€ [0, 1] are
weakly efficient solutions for (P).

4 Duality criteria

Many authors have formulated Mond-Weir type dual and
established duality results in various optimization prob-
lems with support functions; see [10,15,17,20,21,25] and the
references therein. Following the above mentioned works,
we formulate Mond-Weir type dual for nonsmooth semi-
infinite E-convex programming problem with support
function (P) and establish duality theorems.

max (fy(Ey) + (21, By), ..., f,(By) + (2, By)), (D)
subject to
0€) 7,[0.f;(By) + 2] + > _hideg;(Ey), (8)
J=1 iel

S higi(Ey) 20. )

i€l

We now discuss the weak, strong and strict converse
duality for (P) and (D).

Theorem 3 (Weak Duality) Let x be feasible for (P)
and (y, 7, N, 24, ..., z,) be feasible for (D). If 7,(f(.) +
(zj, .)) forj=1, 2, ..., p are pseudo E-convezr aty and
Ngi(.), i€l are quasi E-convex aty with respect to the same
E andf(Ex) <f(z),j=1, ..., p,Va€M. Then the following
cannot hold:

fi(@) + 8(2]Cy) < f;(By) + (2, By)
j=1...,p.

for all

Proof: Let z be feasible for (P) and (y, 7, A, 2, ..., 2,) be
feasible for (D), then from (8), there exist &;€ d ¢f( Ey) and
£;€0 cg( Ey) such that

p

ZTJ’(SJ + Z]‘) + Z)»ié'i =0.

j=1 iel

(10)

We proceed to the result of the theorem by contradic-
tion. Assume that

fi(x) + S(x|C’j) < [;(Ey) + (zj, By), forall

j=1...,p
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But f; (Ez) < f{z) and 7,20, for j=1, 2, ..., p, so we
have

P P
> _ulf(B) + S(lC) < D _wilf;(By) + (2, Ey),
=1 =1

(11)
and by using the inequality (z, Ex) < S(z|C), we get
P P

> tlf(Bx) + (2, Bx)] < tlf;(By) + (2, By)].

J=1 J=1

(12)

Now, since Exis feasible for (P) where M is E-convex set

and (y, 7, A, 2, ..., 2,) is feasible for (D), we have
Z)\igi(Ex) <0< Z)w‘gi(Ey);
il il

and from definition of quasi E-convexity of g,(x), i € I at y,

we have

i€l

(13)

for each z€ M and every and ¢;€d cg; (Fz). From (10) in
(13), we get

p
<Ex — By, (e + zj)> >0,
=1

for each z€ M and some §;€0dcf; (Ey). Thus, from the
definition of pseudo E-convexity of t; (f{.)+(z;,.)) for
j=1,2, ..., p, we have

hS]

> lf(Bx) + (2, Bx) 2> 1(f,(Ey) + (2, Ey)),

J=1 J=1

which contradicts (12). Hence,
fi(@) + S(2|C;) < f(By) + (2, By),Vi=1,....p,

cannot hold.

The following corollary is a direct consequence of
Remark 1 and Theorem 3.

Corollary 2 Let z be feasible for (P) and (y, T, \, 24, ...,
z,) be feasible for (D). If Tj(f}(.) +(z;, .)) forj=1,2, ..., p
are E-convex at y and Ng(.), i€ I are E-convez at y with
respect to the same E and f,(Ex) <fy(x),j=1,...,p,VzeM.
Then the following cannot hold:

fi(@) + 5(|Cj) < fi(By) +(zj, By),Yj =1,....p.

The following example shows that the generalized
B-invexity imposed in the above theorem is essential.
Example 4 [26] We consider the following problem:

(P)min (fy(x) + S(z[C1), f5(z) + S(z|C2))

Subject to

TER,

where_fi(z) = =2z, fo(z) =a?, S(z|Cy) = S(z|Cy) = |z|for
C,=0Cy=[—-1, 1] and g{z) =—i|z|, for i€l:=N. It is
clear that the feasible set of (P) isM : =R and fory = 1€ M,
I(y)=1. Let us formulate Mond-Weir dual of (P) as
follow:

(D)max {(f; 0 E)y + 21, (fy 0 E)y + 22}
Subject to

g:(By) < 0,iel

0€) _1,{0f;(Ey) + 2] + D _ridg(Ey),

J iel

> higi(By) =0,

i€l
where yeR,7;>0,57 7 =1,4;>0 with N\ = ()1 # 0
for finitely many indices 1€N and z,€C; for j=1, 2.
By choosing y* =0,11 =19 :%,A =(1,0,0,...),21 =1,
z9 = 0. We have (y, T, N, 7;, 22) be feasible for (D) .

Note that N;g,(.) is not quasi E-convex at y with respect
to E(y) =y and that fi(x)+ S(x|C1) =—1< fi(Ey) +{ =,
Ey)=0 holds. This means that pseudo E-convexity and
quasi F-convexity assumptions are essential for weak
duality.

The following theorem gives strong duality relation
between the primal problem (P) and the dual problem (D).

Theorem 4 (Strong Duality) Let E: R"— R" and «*
be a feasible solution of (P). Assume that Ex* be a weakly
efficient solution of (P) and a suitable constraints
qualification from Definition (11) holds at x* and cone
(G(2)) is closed. If the pseudo E-convezxity and quasi
FE-convexity assumptions of the weak duality theorem are
satisfied, and f{ Ex) < f(z),j =1, ..., p, Y x€ M. Then there
exists (T, N, 2y, ..., z,) such that (z°, T, N, 24, ..., 2,) is @
weakly efficient solution for (D) and the respective objective
values are equal.

Proof: Since Ez" is a weakly efficient solution for (P) at
which the suitable constraints qualification holds and cone
(G(2")) is closed, from the Kuhn-Tucker necessary
conditions, there exists (7, A, 2, ..., z,) such that (2%, T,
Ay 21, ..., 2,) is feasible for (D).

From weak duality theorem (3), the following cannot
hold:

fi(@) +S(x|C)) < fi(Bx™) + (zj, BEx*),forj=1,...,p.

Since (z, Er) < S(z|C), and f;j(Ex) < f;(z), j=1, ...
we have

7p’

[i(Ex) +(zj, Bx) < f;(Ex") + (2;, Ex"),forj=1,...,p,
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cannot hold, and hence (z*, 7, A, 2, ..., 2,) is a weakly
efficient solution for (D) and the objective values of (P) and
(D) are equal at z.

The following corollary is a direct consequence of
Remark 1 and Theorem 4.

Corollary 3 Let E:R"— R" and z° be a feasible
solution of (P). Assume that Ex* be a weakly efficient
solution of (P) and a suitable constraints qualification from
Definition (11) holds at «* and cone( G(z")) is closed. If the
E-convexity assumptions of the weak duality theorem are
satisfied, and f( Bx) < fi(x), j=1, ..., p, Yo &€ M. Then there
exists (T, A, 21, ..., 2p) such that (2, T, A, 21, ..., 2,) is @
weakly efficient solution for (D) and the respective objective
values are equal.

The following theorem gives strict converse duality
relation between the primal problem (P) and the dual
problem (D).

Theorem 5 (Strict converse duality) Let Ez* be a
weakly efficient solution for (P) at which a suitable
constraints qualification from Definition 11 holds at "
and cone(G(z")) is closed. Let T,(f{.) +(z;, .)) forj=1, 2,
..., p be pseudo E-convex and 1;g{.), i€ I be quasi E-convex
with respect to the same E. If (;i, T,A, 21, .., zp) s a weak
efficient solution for (D) and t{(f(.) +(z; .)) forj=1, 2,
..., p are strictly pseudo E-convex at T, then T = x*

Proof: We prove the result of theorem by contradic-
tion. Assume that Z#x*. Then by strong duality
Theorem (4) there exists (7, A, z, ..., z,) such that (Ez",
T, A, 21, ..., %) is a weakly efficient solution for (P) and the
inequality

[i(EZ) + (2, Ex) < fi(Ex") + (zj, Ex"), for

j = 17 A ’p’
cannot be hold. i.e.
P P
> fi(Bx*) 4 (2, Bx*) < Y_f(Bi) + (2, Bx). (14)
=1 =1

Now, since Ex”" is a weakly efficient solution for (P), 1;>0
and (Z,7,X, 21, . . ., 2p) is a weakly efficient solution for (D),
we have

Z)‘igi(Ex*) < Z)»igi(Ei)»
iel iel
and from the definition of quasi E-convexity of A;g:(.), i€ I

<E:p* - E:Z‘,ZA,-{Z-> <0,

el

(15)

for every 2" € M and every ¢;Edcg;(EZ). By substituting
from (10) in (15), we get

(Eo' - Fa, zp:tj(gj +2)) 20,
=

for each 2" € M and some &, €dcf;(Ez). Thus from strict
pseudo E-convexity of t(fi(.) +(z;, .)) for j=1,2, ..., p at
T, we get

)4 )4
> fi(Bx*) + (2, Bx*) > Y _f(Bi) + (2, E¥).  (16)
Jj=1

J=1

which contradicts (1). Therefore, z = z*.

Some Applications

Let us briefly review a few interesting applications.
Nonsmooth semi-infinite multi-objective programming
problems very naturally lend to a highly disaggregated
formulation. Computation of economic equilibria is a very
promising area of application for nonsmooth semi-infinite
multi-objective programming problems. A paper [27] give
example evidence of the solving-power of ACCPM
(analytical center cutting plane method) on these reput-
edly difficult problems. At the end, we would like to
mention applications to nonsmooth semi-infinite multi-
objective programming problems. In the first application
[28], ACCPM (analytical center cutting plane method) is
used to solve a Lagrangian relaxation of the capacitate
multi-item lot sizing problem with set-up times. A full
integration of ACCPM in a column generation, or
Lagrangian relaxation, framework, for structured non-
smooth semi-infinite multi-objective programming prob-
lems, shows that the reliability and robustness of ACCPM
in applications where a non-differentiable problem must be
solved repeatedly makes it a very powerful alternative to
sub gradient optimization [29].

5 Conclusions

This paper investigates the optimality conditions and
duality for nonsmooth semi-infinite E-convex multi-objec-
tive programming with support functions. The obtained
results extended and improved corresponding results of
[26,21] to nonsmooth E-convex case. By applying the
obtained results, one can study fractional programming,
set-valued optimization and variational inequalities and so
on. For instance, we can apply the obtained Kuhn-Tucker
necessary and sufficient conditions to study the optimality
conditions and duality for nonsmooth multiobjective
programming problems with generalized E-convexity.
We can also apply the Kuhn-Tucker sufficient conditions
to consider the solvability of some vector variational
inequalities.
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