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1 Introduction

Vector variational inequality was first introduced and studied by Giannessi [5] in
the setting of finite-dimensional Euclidean spaces. Since then, existence results and
duality for vector variational inequalities and vector complementarity problems have
been studied by many authors (see, for e.g., [2,6,7,10] and the references therein).

Chen and Yang [3] discussed equivalence relations among a vector complemen-
tarity problem, a vector variational inequality problem, a vector extremum problem,
a weak minimal element problem, and a vector unilateral minimization problem in
Banach spaces. We refer to [1,4,8,9,11,14] for some related works.

Recently, Rubinov and Gasimov [13] considered a vector optimization problem
with preferences that are not necessarily a pre-order relation. They studied a class
of preferences that are defined by means of so-called strongly star-shaped conic sets
in a Banach space X. The simplest example of a strongly star-shaped conic set is the
union of a finite number of convex and closed cones with the intersection having a
nonempty interior. Such a relation, determined by a nonconvex cone, is not transitive.
Thus, there might be some difficulties to study corresponding vector optimization
problems. However, Rubinov and Gasimov [13] suggested certain classes of functions
that provide scalarization of the relations. Using this class they constructed scalar
optimization problems such that weakly minimal points, minimal points and proper
minimal points can be completely described as solutions of these problems.

This paper aims to understand the solution structure for vector optimization prob-
lems where the ordering cone is not convex. These results may be useful in the design
of optimal algorithms to find the whole solution set of vector optimization problems
with a nonconvex ordering cone. We introduce vector complementarity problems,
vector variational inequalities, and vector optimization problems where relations are
determined by a nonconvex cone in Banach spaces. We give some characterization
results of solution sets for vector complementarity problems and vector variational
inequalities. More specifically, when the nonconvex ordering cone is defined as the
union of a set of closed and convex cones, the solution sets of the above problems
can be represented in terms of the intersection or union of the solution sets of the
corresponding subproblems defined by each closed and convex cone. Some simple
examples are given to illustrate these relationships.

We also give some relations of vector complementarity problems, vector variational
inequalities, and minimal element problems.

2 Vector optimization problems

In this section, we give some results concerned with relations of solution sets for (mild)
strong vector complementarity problems, (mild) strong vector variational inequalities,
and (mild) strong vector optimization problems.

Let X be a Banach space with a dual space X* and A be a subset of X. The topo-
logical interior of a subset A in X is denoted by intA. A nonempty subset C in X is
called a cone if \C C C for any A > 0. A cone Cis called a convex cone if C+ C = C.
A subset C is called a pointed cone if C is a cone and C N (—C) = {0}.

Let (X, C) be an ordered Banach space with C being convex and intC # .

Let P be a cone of a Banach space Y and let C(P) denote the complement of P.
Since P is a cone, we know that C(P) is also a cone.
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Let P be a cone of a Banach space Y. We define the following ordering relation:
foranyyi,y2 €Y,

y1 =py2 ifandonlyif y; —y; € P.

Note that the ordering >p may not be transitive. In sequel, P may be one of the
following: P itself, C(intP) and C(P\{0}).

Let Y be a Banach space and P be a closed and pointed cone in Y with intP # (. Let
L(X,Y) be the space of all continuous linear maps from X to Y and T: X — L(X,Y).
We denote the value of / € L(X,Y) atx € X by (/,x). Consider the following problems:

Strong Vector Complementarity Problem (SVCP): find x € C such that

(Tx,x) =0, (Tx,y)>p0, VyeC,

Mild Vector Complementarity Problem (MVCP): find x € C such that

(Tx,x) =0, (Tx,y) <cp\jop 0, VyeC;
Positive Vector Complementarity Problem (PVCP): find x € C such that

(Tx,x) >c(imp) 0, (Ix,y) 2p0, VyeC;
Strong Vector Variational Inequality (SVVI): find x € C such that

(Tx,y —x)=>p0, VyeC;
Mild Vector Variational Inequality (MVVI): find x € C such that
(Tx,y —x) <cp\jop 0, VyeC;

and
Strong Minty Vector Variational Inequality (SMVVI): find x € C such that

(Tysy _x) =P 0, Vy e C.

We would like to point out that the most of the above problems have been intro-
duced and studied by several authors when the cone P is convex (see, e.g., [2,3,6,7,9]).

2.1 Pis a general nonconvex cone

We need the following notions.

Definition 2.1 A mapping 7: X — L(X, Y) issaid to be pseudomonotone with respect
to Pif, forany x,y € X,

(Tx,y —x) >p0 = (Ty,y —x) >p 0.

Example 2.1 Let X = R, C =[0,+00), Y = R? and

P={ayﬁx2Q0§y§g}uknw:y3Q0§x§§}

Then P is a nonconvex cone. Let 7: X — L(X,Y) be defined as follows:
(Tx,2) = &*> + 1)(2z,2), Vx,z € X.

Then it is easy to verify that T is pseudomonotone.
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Example 2.2 Let X = Y = Ly(S5,%,u) and A € L(Lp,Lp), where (§,%, ) is a
measure space, p > 1, and L,(S, %, ) is the class of all measurable functions f
such that |f|P is u-integrable. For x € L, define e(x) = {s € § : (Ax)(s) < 0}.
Let P = {x € Ly : pnle(x)) > 0}. Then it is easy to check that P is a cone. Let
T: L, — L(Lp, L) be defined by

(Ay)(s), ifs € e(x),
(Tx,y)(s) = )

0, if s¢e(x).
Then

Ay —x)(s), if see),

(Tx,y —x)(s) = .

0, if 5s¢e(x)

and

e(Tx,y—x) ={seS:(Tx,y—x) <0}
={5eS:AXEG) <0,Ay —x)(s) < 0}.

Now we check that e(7y,y — x) D e(Tx,y — x). Indeed, letting s € e(Tx,y — x), then
(Ax)(s) < 0, (Ay)(s) — (Ax)(s) < 0. It follows that (Ay)(s) < (Ax)(s) < 0 and so

see(ly,y—x)={s€S§:(Ay)s) <0,(Ay)(s) < (Ax)(s)}.

Thus, if (Tx,y — x) € P then pu(e(Tx,y — x)) > 0, so u(e(Ty,y — x)) > 0. This implies
that the mapping 7 is pseudomonotone.

Definition 2.2 A mapping 7: X — L(X,Y) is said to be hemicontinuous if, for any
given x,y € X, the mapping ¢ — (T (x + t(y — x)),y — x) is continuous at 0.

Let S}SDVCP’ SgMVVI, S§VVI’ SIC[VCP, and Sf,IVVI denote the solution sets of (SVCP),
(SMVVI), (SVVI), (MVCP), and (MVVI), respectively.

Theorem 2.1 Forany T: X — L(X,Y), we have the following results:
(M) S§yvi = Sveps
(2) If T is hemicontinuous and pseudomonotone, then SgMVVI = ngvr
Proof (1) Lettingx € S§)VCP’ thenx € C and
(Tx,x) =0, (Tx,y)>=p0, VyeC.
Thus, for any y € C,
(Tx,y —x) = (Tx,y) — (Tx,x)
= (Tx,y) -0
> p0
andsox € S§VVI' Conversely, suppose that x € S§VVI' Then
(Tx,y —x)>p0, VyeC.
Since C is a cone, putting y = 2x and y = 0 in the above inequality, we have

(Tx,x) =p 0, —(Tx,x) =p0
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and so
(Tx,x) e PN (—P).
Since P N (—P) = {0}, we know that (7x,x) = 0. Furthermore, for any y € C,
(Tx,y) = (Tx,y —x) + (ITx,x) >p 0.

It follows that x € SSVCP and so SLy v = ngcp.
(2) Suppose thatx € Sé)VVI' Then

(Tx,y —x)>p0, VyeC.
Since T is pseudomonotone,

(Ty,y—x)=p0, VyeC
andsox € SISDMVVI. Conversely, letting x € SgMVVI, we have

(Ty,y —x)=p0, VyeC.

Foranyy € C,letz = ty+(1—f)x. Thenz € Cfort € (0, 1). Substituting z = ty+(1—f)x
into the above inequality, we have

H(Tx+tly—x),y—x)>p0, VyeC.
Since P is a cone, it follows that
(Tx+ty—x)),y—x)=>p0, VyeC.
The hemicontinuity of 7 implies that
(Tx,y —x)=p0, VyeC

andsox € ngvr This completes the proof. O
It follows from Theorem 2.1 (1) that the following result holds.

. P P
Theorem 2.2 Forany T: X — L(X,Y), we have SMVCP C Smvvr

Let A be a nonempty subset of Y. a € A is said to be a strongly (or an ideal)
minimal point of the set A with respectto Pifa <p yforally € A.a € A issaid to be
a mildly minimal point of the set A with respect to P if y <¢p\joy aforally € A. We
denote by MinpA and Mingp\ (o)A the set of all strongly minimal points of A and the
set of all mildly minimal points of A, respectively.

Let T: X — L(X,Y) be a mapping. Define the feasible sets F; and 7, associated
with T by

Fs={xeX:xeC, (Tx,y)>p0, VyeC}
and
Fn={xeX:xeC, (Tx,y) <cw\jop 0, VyeC},

respectively.
Let f(x) = (Tx,x) for all x € C. We now consider the following problems:
Strong Vector Optimization Problem (SVOP):
Minpf(x) subjectto x € Fy
@ Springer
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and
Mild Vector Optimization Problem (MVOP):

Minc(p\{()})f(x) subjectto x € Fy,.

A point x is called a strongly minimal solution of SVOP (resp., a mildly mini-
mal solution of MVOP) if f(x) is a strongly minimal point of SVOP (resp., a mildly
minimal point of MVOP), i.e., f(x) € Minpf(Fs) (resp., f(x) € Minc¢p\jopf(Fm))-
We denote the set of all strongly minimal solutions of SVOP (resp., mildly minimal
solutions of MVOP) by E; (resp., E;) and the set of all strongly minimal points of
SVOP(resp., mildly minimal points of MVOP) by Hs(resp., Hp). Then f(Es) = Hy
(resp., f(Ew) = Hp).

Theorem 2.3 Suppose that f(Es) # 0. Then the following conclusions hold:

(1) ifthere exists x € Es such that f(x) = 0, then the SVCP is solvable;
(2) ifthere exists x € Eg such that f(x) >cinp) 0, then the PVCP is solvable.

Proof 1t is easy to see that (1) is true. Now we prove that (2) holds. Let x € E; and
fx) >c(inepy 0. Then x € C and

(Tx,x) = f(x) =ci@mp) 0, (Tx,y) =p0, VyeC.

It follows that x is a solution of PVCP. This completes the proof.
Similarly, we have the following result. |

Theorem 2.4 Suppose that f(E,,) # 0. If there exists x € E,, such that f(x) = 0, then
the mild strong vector complementarity problem (MV CP) is solvable.

‘We now consider the following problems:

The SVOP;: for a given ! € L(X,Y), finding x € F; such that /(x) € Minp/(F);

The strongly minimal element problem (SMEP): finding x € F such that x €
Minc F;

The strong vector unilateral optimization problem (SVUOP): finding x € C such
that f(x) € Minpf(C);

The MVOP;: for a given [ € L(X,Y), finding x € F, such that /(x) € Min¢p\(op
(Fm);

The mild minimal element problem (MMEP): finding x € %, such that x €
Mincp\jop Frm-

Let X and Y be two Banach spaces. A map f: X — Y is Frechet differentiable at
Xxo € X if there exists a linear bounded operator Df(x¢) such that

lim [If(xo +x) — f(x0) — (Df (xo), ) /llx]| = O.

In this case, Df (xp) is said to be the Frechet derivative of f at xo. The map f is said to
be Frechet differentiable on X if f is Frechet differentiable at each point of X.

Theorem 2.5 Let T = Df be the Frechet derivative of an operator f: X — Y. Then x
solves (SVUOP) implies that x solves (SVVI).

Proof Let x be a solution of (SVUOP). Then x € C and f(x) € Minpf(C), i.e.,
fx) <pf(y) forally € C. Since, C is a convex cone,

f@) <pfx+tw—-x), O0<t<l1l, weC.
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It follows that
1
;[f(x +tw—x)) —f)]=p0.

Since f is Frechet differentiable on X and P is closed, letting t — 0, we get
(Df(x),w —x) zp0, VweC,

which is (SVVI). This completes the proof. O

Definition 2.3 A linear operator /. X — Y is called positive with respect to C and P if,
for any x,y € X,

x=cy=I1x =ply).

Example 2.3 Let X = R = (—00,00), C = [0, +00), Y = R? and

X

P= {(x,y):xZO,Osysf}U{(x,y):yZO,OSxSX}.
Then P is a nonconvex cone. Let /: X — Y be defined as follows:
X
I(x) = (x, Z) . VxeX.
Then it is easy to verify that / is positive with respect to C and P.

Theorem 2.6 Let [ be a linear operator such that | is positive with respect to C and P.
Then x solves (SMEP) implies that x solves (SVOP),.

Proof Let x be a solution of SMEP. Then x € F; and x <¢ y for all y € F, where
Fs={xeX:xeC, (Tx,y) >p0, VyeC}

For any z € F;, we know that x <¢ z. Since / is a positive linear operator, it follows
that /(x) <p l(z) and so

I(x) € Minpl(Fy),

which is (SVOP),. This completes the proof. |
Similarly, we have the following result.

Theorem 2.7 Let [ be a linear operator. If | is positive with respect to C(C\{0}) and
C(P\{0}), then x solves (MM EP) implies that x solves (MVOP),.

2.2 Pis a union of convex cones

We now consider the special case of P, that is, P is the union of convex cones.

Suppose that P = U;crP;, where [ is an index set and P; is convex, closed, and
pointed cones. Then it is clear that P may be not convex. We now give some examples
of nonconvex cones as follows.

Example 2.4 Let C(Q) denote the space of all continuous functions on Q, where Q is
compact. Let £ C Q be closed and

P= [x € C(Q) : maxx(¢t) > 0] .
teE
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Then P = (J,cg P1, where P, = {x € C(Q) : x(t) > 0} is the half-space and thus a
convex cone, so P is the union of convex cones. It is easy to check that P is a nonconvex
cone.

Example 2.5 Let O, C(Q), and E be the same as in Example 2.4. Let

P = ’x e C(Q) :x(t) <0, VteQ and Iglaé;x(t) = O] .
€

Then P’ = (7. P,, where
P.={xeC(Q) :x(t) <0, VieQ and x(r)=0}
It is easy to see that P’ is a nonconvex cone.

Proposition 2.1 Let T: X — L(X,Y). Suppose that P = | J;.; Pi, where P; is a convex
conein'Y fori e I. If T is pseudomonotone with respect to each P;, i € I, then T is
pseudomonotone with respect to P.

Proof Suppose that (Tx,y — x) >p 0. Since P = | J;; P, there exists i € [ such that
(Tx,y—x) >p,; 0. Since T is pseudomonotone with respect to each P;, (Ty,y —x) >p, O.
Since P = |J;¢; Pi, we have (Ty,y — x) >p 0. Therefore, T is pseudomonotone with
respect to P. This completes the proof. O

Theorem 2.8 Let T: X — L(X,Y) and P = J;¢; Pi, where P; is a closed, pointed, and
convex conein'Y fori € I. Then

(1) SISDVCP D Ujer S&’CP’ where S&/CP (i € I) denotes the solution set of the following

strong vector complementarity problem: find x € C such that
(Tx,x) =0, (Tx,y)=zp; 0, VyeC;
) SEyep € Nier S{;{,CP, where S&/CP (i € 1) denotes the solution set of the following
positive vector complementarity problem: find x € C such that
(Tx,x) Zc(mpy 0, (Tx,y) =p 0, Vye C;
3) S&VCP = Nies S{,}VCP, where SQVCP (i € I) denotes the solution set of the follow-
ing mild vector complementarity problem: find x € C such that
(Tx,x) =0, (Tx,y) <cpp\op 0, VyeC.

Proof (1) Letx € UieISISD{,CP. Then there exists i € I such that x € S

ol e svep- Thus,x € C,
x,x) =0, an

(Tx,y) >p; 0, VyeC.
This implies that (Tx,y) € P;forally € C and so (Tx,y) € P for all y € C. It follows

P
that x € SSVCP.

(2) Suppose that x € Sf,)VCP. Then x € C and
(Tx,x) =cimp) 0, (Tx,y) >p0, VyeC.

This implies that (7x,x) € C(intP) and (Tx,y) € Pforall y € C. Since P = U/ P;, we
know that

\J intPi C ineP.

iel
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Pi

It follows that (Tx, x) € C(intP;) for all i € I. Thus, x € NieSpycp-

(3) Letx € S5y cp- Then x € C,
(Tx,x) =0, (Tx,y) <cip\jop 0, VyeC

and so —(7Tx,y) € C(P\{0}) for all y € C. Since P = Uj¢;P;, it follows that —(7x,y) €

C(P\{0}) forally e Candi € I. Thus, x € Sﬁvcp andsox € mie[Sf/EVCP' Conversely,

suppose that x € miEISﬁVCP' Then (Tx,x) = 0 and
(Tx,y) <cprjop 0, VyeC,iel

This implies that —(7x,y) € C(P;\{0}) for all y € C and i € I, and so —(Tx,y) €
C(P\{0}) for all y € C. It follows that x € SII\J/IVCP. This completes the proof. O

Example 2.6 Let X = Y = R%, C = [0, 4+00) x [0, +00), and P = P; U P, where
Plz[(x,y):xZ0,0Sysg}, Pzz{(x,y):yZO,OSXS%].
Let T: X — L(X,Y) be defined by
Te= (™ 0 Vx = (x1,x2) € X
- O x2 ] - 1’ 2 .

Then it is easy to see that ngcp = {(0,0)}. In fact, for each x* € C, (T'(x*),x*) =0
implies that x* = (0,0) and

. 0
(Tx*,y) = (0) >p0, Vy= .y eC.

Similarly, we have S&/CP = {(0,0)} for i = 1,2. Thus, S§VCP = SISD{,CP U S€%7CP’

Example 2.7 Let X, Y, C, P, P; and P> be the same as in Example 2.6. Let T: X —
L(X,Y) be defined by

02
Tx = (Oxz)’ Vx = (x1,x2) € X.

02 2
(Tx,x) = (Oxz) (2) - ( ;%2) Vi = (x1,x) € C.

It is easy to check that

Then

Shvep = [0,400) x {0} U [0, +00) x {1} U [0, +00) x {4}.
Similarly, we have
P p = [0,400) x {0} U [0, +00) x {1} U [0, +00) x [4,+00)
and
Sg%/cp = [0, +00) x [0,1] U [0, +00) x {4}.
P P
Thus, Spycp = Spycp N Spvce-
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Example 2.8 Let X, Y, C, P, P{, P, and T be the same as in Example 2.6. Then
it is easy to see that Sf/[VCP = {(0,0)} and SIC}'VCP = {(0,0)} for i = 1,2. Thus,
P P P
Smvep = SM]VCP N SMZVCP'
Similarly, we have the following results.
Theorem 2.9 Let T: X — L(X,Y) and P = |J;; Pi, where P; is a closed, pointed, and
convex cone in 'Y fori € I. Then

S§VVI D) U Sg{/vp SgMVVI D) U ngvva Sf/[VVI = m Sllxjffvvp
iel iel iel

where Sg{,w, ngvww, and SﬁVVI are respectively the solution sets of the following
problems: find x € C such that

(Tx,y —x)>p, 0, VyeC,

(Iy,y —x) zp 0, VyeC
and
(Tx,y —x) cppop 0, Vy € C.
We now consider the minimal element problem.

Theorem 2.10 Suppose that P = J;.; Pi, where P; is a closed, pointed, and convex
coneinY fori e I. Then, for any subset A C Y,

MinpA = U Minp, A, Mincp\opA = U Mincp\jopA.
iel iel
Proof 1Itis easy to see that
X € MinpA <= x<py, VyeA
<= 3Jiel suchthat x <p,y, VyeA
—x¢€ U Minp,A.
iel
Thus,
MinpA = | | Minp,A.
iel
The second equality follows from the first equality directly. This completes that proof.
O

3 Weak vector optimization problems

In this section, we give some results concerned with relations of solution sets for weak
vector complementarity problems, weak vector variational inequalities, and weak
vector optimization problems.

Let (X, C) be an ordered Banach space with intC # #, Y be a Banach space, P be
a closed and pointed cone in Y with intP # @, and T: X — L(X,Y). We consider the
Weak Vector Complementarity Problem (WVCP): finding x € C, such that

(Tx,x) =cimp) 0,  (Tx,y) <cump) 0, Vye C.
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We also consider the Weak Vector Variational Inequality (WVVI): finding x € C,
such that

(Tx,y —x) <camup) 0, Vy e C.

We denote by SQVCP and S{;,VVI the solution sets of WVCP and WV VI, respec-
tively.

Let A be a nonempty subset of Y. We say that a € A is a weakly minimal point of
the set A with respect to P if y <c@np) a for all y € A. The set of all weakly minimal
points of A is denoted by Min¢np)A.

Let T: X — L(X,Y) be a mapping. Define the feasible set associated with 7" as
follows:

Fo={xeX:xeC, (Tx,y) <ciur) 0, Vye C).

Let f(x) = (Tx,x) for all x € C. We now consider the Weak Vector Optimization
Problem (WVOP):

Ming inep) f () subjectto x € Fy.

A point x is called a weakly minimal solution of WVOP if f(x) is a weakly minimal
point of WVOP, i.e., f(x) € Mincup)f (Fiw). We denote the set of all weakly minimal
solutions of WVOP by E,,, and the set of all weakly minimal points of WVOP by H,,.
Then f(Ey) = Hy.

Theorem 3.1 Suppose that f(E,,) # 0. If there exists x € E,, such that f(x) >cnp) 0,
then the WV CP is solvable.

Proof Letx € E,, and f(x) >¢(up) 0. Thenx € C and
(Tx,x) = f(x) =cimp) 0,  (Tx,y) <cimpr) 0, Vye C.

It follows that x is a solution of WV CP. This completes the proof. o
We now consider the following problems.
The WVOP;:foragiven/ € L(X,Y),findingx € F,, suchthat/(x) € Mingnp){(Fiw);
The weak minimal element problem (WMEP): finding x € F, such that x €
MingcFy.
The weak vector unilateral optimization problem (WVUOP): finding x € C such
that f(x) € Min¢up)f(C).

Theorem 3.2 Let T = Df be the Frechet derivative of an operator f: X — Y. Then x
solves (WVUOP) implies that x solves (WVVI).

Proof Let x be a solution of WVUOP. Then x € C and f(x) € Min¢gup)f(O), ie.,
f(y) <cp f(x) forally € C. Since, C is a convex cone,

f&) =cimp) fx+tw —x)), O0<t<1, weC.
It follows that

1
?[f(x + 1w —x)) — fF(O] =ciinep) 0.
Since, f is Frechet differentiable on X and C(intP) is closed, letting  — 0T, we get

(Df(x),w —x) <cimp) 0, Yw e C,

which is WV VL. This completes the proof. O
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Theorem 3.3 Let [ be a linear operator. If | is positive with respect to CC and C(intP),
then x solves (WMEP) implies x solves (WVOP),.

Proof Let x be a solution of (WMEP). Then x € F,, andy <¢¢ x forall y € F,, where
Fo={xeX: xeC, (Tx,y) <ciur) 0, VyeC}

For any z € F,, we know that z <¢c x. Since [ is positive with respect to CC and
C(intP), it follows that /(z) <cqup) [(x) for all z € F,. So x solves (WVOP),. This
completes the proof.

Next we assume that P is a union of some convex cones.

Theorem 3.4 Let T: X — L(X,Y)and P = |
and convex conein 'Y fori € I. Then

P P; P Pj
Swvep C ﬂ Swvep  and  Syyyp C m Swyvvrs
iel iel

i1 Pi» where P; is a closed, pointed,

where S&VCP (i € 1) isthe solution set of the following vector complementarity problem:
find x € C such that

(Tx,x) =cmpy 0, (Tx,y) <cimpp 0, VyeC
and S@VVI is the solution set of the following problem: find x € C such that
(Tx,y —x) <c@mpry 0, VyeC.
Proof Letx € S§,cp. Thenx € C and
(Tx,x) =c@mp) 0, (Tx,y) <cmr) 0, Vy e C.
Since Uj¢jintP; C intP,

(Tx,x) € C(intP;), (Tx,y) € —C(intP;), VyeC,iel.

It follows that x € SQVCP for all i € I. Similarly, we can prove that S{,)VVVI C
Nics S&VVI. This completes the proof. ]

Theorem 3.5 Suppose that P = | J,.; Pi, where P; is a closed, pointed, and convex cone
in'Y fori e I. Then, for any subset A C Y,

MincpA C (] Ming impyA.

iel

Proof Let x € Ming(inp)A. Then y <cup) x forally € A and so x —y € C(intP) for
all y € A. Since Uj¢jintP; C intP, it follows that

x—yeC@ntP;), VyeA,iel
Thus,
Yy <cumpy X, VyeA,iel

and so x € NjeyMincup;) A. This completes that proof. O
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4 Conclusions

The main result obtained in the paper is that, for a number of vector optimization
problems where the ordering relation is defined by the union of a number of convex
cones, the solution set of the problem concerned is shown to be the intersection of
the solution sets of all vector optimization subproblems which are defined by each
convex cone. This result looks interesting and may be useful in the design of opti-
mal algorithms to find the whole solution set of vector optimization problems with a
nonconvex ordering cone.
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