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Abstract: In this paper, we consider the generic stability of the weakly efficient solution mapping for semi-
infinite vector optimization problems under perturbations of both objective and constraint functions. We
show that the weakly efficient solution mapping is upper semicontinuous and, in the sense of Baire category,
most of semi-infinite vector optimization problems are essential. As application of our results, we obtain
the density of the set of all problems whose weakly efficient solution mappings is continuous. Our results
improve the corresponding results in the literatures.
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Introduction

In recent years, semi-infinite optimization problems became an active research topic in math-
ematical programming due to its extensive applications in many fields such as reverse Cheby-
shev approximate, robust optimization, minimax problems, design centering and disjunctive
programming. A large number of results have appeared in the literature; see [12,16,20,23,24]
and the references therein.

It is well-known that stability is very interesting and important in optimization the-
ory and applications. It may be understood as the solution set having some topological
properties, such as semicontinuity, well-posedness, essential stability and so on. Chuong
and Yao [7] established sufficient conditions for the pseudo-Lipschitz property of the Pareto
solution mapping for parametric convex semi-infinite vector optimization problems with con-
vex perturbation of the objective function and continuous perturbation of the constraint.
Chuong et al. [8] obtained sufficient conditions for the lower and upper semicontinuity of the
Pareto solution mapping for semi-infinite vector optimization problems with the continuous

*This work was partially supported by the National Natural Science Foundation of China (11471059),
the Chongqing Research Program of Basic Research and Frontier Technology (cstc2015jcyjB00001,
cstc2017jcyjAX0382, cstc2017jcyjBX0032, cstc2015jcyjBX0131), the Program for University Innovation
Team of Chongging (CXTDX201601026, CXTDX201601022), the Open Project of Research Platform of
Chongqging Technology and Business University (KFJJ2017071) and the Education Committee Project Foun-
dation of Bayu Scholar.

© 2017 Yokohama Publishers



594 X.-J. LONG, Z.-Y. PENG, X.-K. SUN AND X.-B. LI

perturbation of both objective and constraint functions. Chuong [4] obtained the lower semi-
continuity of the Pareto solution mapping for quasiconvex semi-infinite vector optimization
problems. Fan et al. [9] obtained the upper semicontinuity of the weakly efficient solution
mapping for semi-infinite vector optimization problems with the continuous perturbation of
both objective and constraint functions. Recently, Gong [13] obtained sufficient conditions
of lower semicontinuity of efficient solution mappings for semi-infinite vector optimization
problems by scalarization methods. Very recently, Peng et al. [19] derived a sufficient condi-
tion of the lower semicontinuity of the Pareto solution mapping for nonconvex semi-infinite
vector optimization problems with the continuous perturbation of the objective function
and cone-lower semicontinuous perturbation of the constraint function. For the sensitivity
of semi-infinite vector optimization problems, we refer readers to [5, 6, 26].

On the other hand, essential stability was firstly introduced by Fort [11] for the study
of fixed points of a continuous mapping. Since then, essentiality was applied in many
nonlinear problems such as KKM points, vector equilibrium problems and Nash equilibrium
problems: see [3,14,18,22,27,29,30]. Recently, Xiang and Zhou [28] obtained the essential
stability of efficient solution sets for continuous vector optimization problems. Song et
al. [21] generalized the results obtained by Xiang and Zhou [28] to a set-valued case. They
obtained the essential stability of efficient solution sets for set-valued optimization problems
with the only perturbation of the objective function in compact metric spaces. Long et
al. [15] obtained the essential stability of the weakly efficient solution mapping for set-
valued optimization problems with the perturbation of both the objective function and the
constraint set in noncompact Banach spaces.

Recently, Fan et al. [10] obtained the essential stability for convex semi-infinite vector
optimization problems with continuous perturbation of the objective and constraint func-
tions. Since convexity and continuity do not satisfy in many cases. A natural question is
"How to weaken the convexity and continuity to get the essential stability for semi-infinite
vector optimization problems?’ This paper is an effort in this section.

The rest of the paper is organized as follows. In Section 2 we recall some basic definitions
and some known results. Section 3 obtains some properties of the feasible set mapping and
an existence theorem of the weakly efficient solution for semi-infinite vector optimization
problems. Section 4 contains the main results of this paper. We obtain a sufficient condition
of the upper semicontinuity of the weakly efficient solution mapping for semi-infinite vector
optimization problems. Moreover, we derive that, in the sense of Baire category, most
of semi-infinite vector optimization problems are essential. Our results obtained in this
paper do not required the continuity of the objective and constraint functions. Our results
generalize the corresponding results in [10].

Preliminaries

Throughout this paper, unless specified otherwise, we assume that X is a normed linear
space, Y and Z are Banach spaces with norms denoted by | - ||. Let C C Y be a closed
convex cone with nonempty interior intC', which induces an order in Y, i.e., for any z,y € Y,
x <¢ y if and only if y — 2 € C. The corresponding ordered vector space is denoted by
(Y,C). Let A be a nonempty compact convex subset of X.

In this paper, we consider the following semi-infinite vector optimization problem:

(SIVP) Ming f(x),

sit. g(z,t) <k b(t), t €T,
rEA,



GENERIC STABILITY FOR SEMI-INFINITE VECTOR OPTIMIZATION PROBLEMS 595

where T is a nonempty compact subset of a Hausdorff topological space, f : A — Y is a
vector-valued function, C C Y is a closed convex cone, g : AXT — Z and b: T — Z are
two vector-valued functions, K C Z is a closed convex cone.

We will use the following definitions of continuity for a set-valued mapping.

Definition 2.1. Let X and Y be topological vector spaces and F : X — 2Y be a set-valued
mapping. T is said to be

(i) upper semicontinuous at z¢ € X if, for any open set V containing F(z(), there exists
a neighborhood U of zy such that F(x) C V for all € U; F is said to be upper
semicontinuous on X if it is upper semicontinuous at each x € X.

(ii) lower semicontinuous at zg € X if, for any open set V with F(xzg) NV # 0, there
exists a neighborhood U of xy such that F(z) NV # () for all z € U; F is said to be
lower semicontinuous on X if it is lower semicontinuous at each x € X.

(iii) continuous on X if it is both upper semicontinuous and lower semicontinuous on X.

(iv) closed if Graph(F') := {(z,y) :x € X, y € F(x)} is a closed set in X x Y.

Lemma 2.2 ([1]). Let X and Y be metric spaces and F : X — 2Y be a set-valued map-
ping.

(i) If F is closed and Y is compact, then F is upper semicontinuous.

(ii) If F is upper semicontinuous and for any x € X, F(x) is a closed set, then F is
closed.

(iil) F is lower semicontinuous at xo € X if and only if for any y € F(xo) and any
sequence {xo} with xo, — x, there exists a sequence {ys} such that y, € F(x,) and

Yo — Y-

Definition 2.3 ([17]). Let X and Y be topological vector spaces, FE be a nonempty subset
of X. A mapping h : E — Y is said to be C-lower semicontinuous at zy € F if, for any open
neighborhood V of 0 in Y, there exists an open neighborhood U of x( such that

h(x) € h(zg) + V + C (or equivalently, h(zg) € h(z)+V —=C), Ve € UNE.

h is said to be C-lower semicontinuous on FE' iff h is C-lower semicontinuous at every point
of F; and h is said to be C-upper semicontinuous on FE iff —h is C-lower semicontinuous on
E.

Remark 2.4. It is easy to see that a continuous function is C-lower semicontinuous and
C-upper semicontinuous, but the converse is not true as demonstrated by the following
example.

Example 2.5. Let Y = R? and C = {(z,y) € R? : 2 € R, y > 0}. Clearly, C is a closed
convex cone in Y. Define h: [—1,1] x [-1,1] = Y by

| (0,0), ify =0,
e ={ Wy, ity 70

It is easy to see that h is C-lower semicontinuous and C-upper semicontinuous at (0, 0), but
not continuous at (0,0).
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Remark 2.6. For any € > 0, we denote B(e) :={y €Y : |ly]| < e} and B°(e) :={y € Y :
llyll < €}. Then, the open neighborhood V' can be replaced by B°(¢) in Definition 2.3 when
Y is a normed space.

Definition 2.7. Let E be a nonempty convex subset of X. A mapping h : E — Y is said
to be

(1) C-convex on E if, for any x1, 2 € E and X € [0, 1], one has

A(z1) + (1 — Nh(2s) € h(Azy + (1 — Nza) + C.

(2) natural quasi-C-convex on E if, for any x1, 22 € E and A € [0,1], there exists
X € ]0,1], such that

Nh(z1) + (1 — N)h(za) € h(Azy + (1 — N)xg) + C.

Remark 2.8. Every C-convex function is a natural quasi-C-convex function, but the con-
verse is not true illustrated by the following example.

Example 2.9 ([25]). Let X =R, E=[0,1], Y =R? and C = R% = {(z,y) : © > 0,y > 0}.
Define h: E — Y by

h(z) = (22,1 — 2?%).
Then h is natural quasi-C-convex on E, but it is not C-convex.

A topological space X is said to be a Baire space if the following condition holds: given
any countable collection {4, }:725 of the closed subsets of X each of which has empty interior
in X, their union UA,, also has empty interior in X. A Gy set in a topological space X is
a set that equals a countable intersection of open sets of X. We now recall the following
lemmas which will be used in the sequel.

Lemma 2.10 (]2, Baire category theorem)). If X is a compact Hausdor[f space or a complete
metric space, then X is a Baire space.

Lemma 2.11 ([11, Theorem 2]). Let Y be a metric space, X be a Baire space and h : X —
2Y be upper semicontinuous with compact values. Then there exists a dense Gs subset Q of
X such that h is lower semicontinuous at each x € Q.

Existence of Weakly Efficient Solutions

In this section, we recall some results about the feasible set mapping of semi-infinite vector
optimization problems. We also obtain an existence result of weakly efficient solutions for
the semi-infinite vector optimization problem.
O ={o:=(g,b) : g: AxT — Z satisfies: for any t € T,
g(+,t) is K-lower semicontinuous and naturally quasi K-convex on A,

b:T — Z is continuous}.
For any pair o1 = (g1,b1), 02 = (g2,b2) € ©, we define

pl(o1,02) = sup |lgi(2,t) — ga(z,t)|| +sup||br(t) — b2(t)]].
(z,t)EAXT teT
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Assume that sup(, e axr [19(%, 1) < +00 and super [|b(?)[| < +oo forall o € ©. Obviously,
(0, ') is a metric space.
For o € ©, we consider the stability of the feasible set mapping F : © — 24 such that

F(o)={x € A:g(z,t) <k b(t), Vt € T}.
In the rest of this section, we assume that for any o € ©, F(o) # 0.
Proposition 3.1. Let 0 € ©. Then F(0) is a convez set.

Proof. Let z1,22 € F(o) and z) := Az + (1 — A)ag for any A € [0,1]. Then z1,22 € A.
Since A is a convex set, ) € A. Now we prove that z) € F(o) for any A € [0,1]. As
x1,22 € F(0), for any X € [0,1], we have

Mg(z1,t) — b(t) € —K, VteT, (3.1)

(I =) (g(xe,t) —b(t) € =K, VteT. (3.2)

By the naturally quasi K-convexity of g(-,t) on A for any t € T, there exists 6 € [0, 1] such
that
gz, t) € Og(z1,t) + (1 = O)g(z2,1) — K.

This fact together with (3.1) and (3.2) yields, for any t € T,

g(xx,t) = b(t) € 0(g(x1,t) = b(t)) + (1 = 0)(g(x2,) = b(t)) — K
C-K-K-KCcC-K.

It follows that ) € F (o). Therefore, F(o) is convex. This completes the proof. O
Lemma 3.2 ([19]). Let o € ©. Then the feasible set mapping F is closed at o.

Since A is compact and F is closed at o, by Lemma 2.2 (i), we obtain that F' is upper
semicontinuous at o.

Corollary 3.3. Let 0 € ©. Then the feasible set mapping I is upper semicontinuous at o.

The following lemma was given in [19]. For the sake of convenience, we give a short proof
here.

Lemma 3.4. Let 0 € ©. Then, the feasible set mapping F is lower semicontinuous at o.

Proof. Let us consider the following two cases.

Case 1: F(o) is a singleton set. Denote the unique point by . Suppose by contradiction
that F is not lower semicontinuous at o. Then there exist a sequence {o,} C © with o, = o
and an open neighborhood U of x( such that

Flo,)NU=0 foralln=1,2,---. (3.3)

Since F' (o) # (), we can take x,, € F(0,,). Note that A is compact, without loss of generality
we can assume that z, — /. By Lemma 3.2, F is closed at o. It follows that ' € F(o).
And so zg = «’ since F (o) is a singleton set. This contradicts (3.3) by =, — 2’. Hence, F’
is lower semicontinuous at o.
Case 2: F(o) is not a singleton set. Let V be an open convex set such that VN F (o) # 0.
Let g € VN F(0). Then
g(l‘o,t) — b(t) <kg0,VteT. (34)
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Since F'(o) is not a singleton set, we can choose z’ € F (o) with 2’ # xg. Let r € (0,1) be
such that
xp i=x0 +1(2 —x0) EV.

From (3.4) and a’ € F (o), for any ¢t € T and X € [0, 1], we have
Ag(zo, t) = b(t)) + (1 = N)(g(a’, t) = b(t)) <k 0. (3.5)
Since g(-,t), t € T is naturally quasi K-convex on A, there exists r’ € [0,1] such that
9(zr,t) <k ' g(x0,t) + (1 —1")g(2',t), Vt € T.
This together with (3.5) yields
gz, t) —0(t) <k 0, VteT. (3.6)

Let 0, = (gn,bn) € ©, n = 1,2,--- such that o, = 0. We now claim that there exists
ng € N such that z, € F(o,,) for all n > ng. In fact, if there does not exist nyg € N such that
x, € F(o,) for all n > ng; or equivalently, if for any n € N, z,. ¢ F(0,,), then there exists
t’ € T such that

gn(xrat/) - bn(t/) ﬁK 0;
or equivalently,
gn(xrat/) - bn(t/) € Y\ - K.
Note that Y\ — K is an open set. Then there exists a neighborhood U of 0 in Y such that
For above U, there exists ¢ > 0 such that Us + Us C U, where Us :={y € Y : ||ly|| < 5}
As 0,, — o, for above € > 0, there exists ny € N such that for n > nq,
gn(@r,t") — gz, t') € Us.
Similarly, there exists ny € N such that for n > no,
ba(t') —b(t') € Us.
It follows that for n > max{ny,na},
g(@r, t') = 0(t") = g(xr, ") = gn(r, t') + gn (20, t') = b (t') + by (t') — (')
S U% + U% +gn(wr,t/) — bn(t/)
C gn(@r, t') = bp(t')+ U
CY\-K,
which contradicts (3.6). Thus, there exists ng € N such that x, € F(o,,) for all n > ny and
so VN F(o,) # 0 for all n > ng. Therefore, F is lower semicontinuous at o. The proof is
complete. 0
Now, we give an existence result for problem (SVIP).

Proposition 3.5. If f : A = Y is C-lower semicontinuous on A and o € ©, then the
weakly efficient solution set Sy, (f,0) :={x € F(o): f(y) — f(x) ¢ —intC, Yy € F(o)} is
nonempty.

Proof. By Lemma 3.2, F' is closed at 0. Then, F'(0) is a closed set. Since A is compact,
F(o) is compact. By the C-lower semicontinuity of f on A and Corollary 5.10 in [17, p. 60],
we get the efficient solution set S(f,0) :={z € F(o) : f(y) — f(z) ¢ —C\{0}, Vy € F(o)}
is nonempty. Therefore, S, (f, o) is nonempty since S(f, o) C Su(f,0). O
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Generic Stability of the Solution Set Mapping

In this section, we discuss the generic stability of the weakly efficient solution set mapping
for semi-infinite vector optimization problems.

M ={(f,o0): f:A—Y is C-lower semicontinuous and C-upper semicontinuous on A,

o € © and F(o) # 0}.
For any pair m = (f1,01), m2 = (f2,02) € M, we define

p(mi, m2) = sup [f1(x) = fa(z)|| + p'(01, 02).

Assume that sup,¢ 4 || f(2)]| < 4+o00. Clearly, (M, p) is a metric space. For any 7 = (f,0) €
M, Proposition 3.5 implies problem (SIVP) must have at least one weakly efficient solution.
Denote by I'(7) the weak efficient solution set of problem (SIVP) respect to =, i.e., I'(7) :=
{r e F(o): f(y) — f(z) ¢ —intC, Vy € F(o)}. Then I" defines a set-valued map from M
to A and T'(w) # () for each m € M.

We first prove the following lemma.

Lemma 4.1. (M, p) is a complete metric space.

Proof. Let {m,} be any Cauchy sequence in M, where 7, = (fn,0n) = (fn, (gn,bn)), n =
1,2,---. Then, for any € > 0, there exists a positive integer N such that

P(Tp, ) < &, ¥V n,m > N.
This implies that for any z € A and t € T,
[fn(@) = fm(@)l| <& llgn(z,t) = gm(z, )| <& and |[|bp(t) = b (t)] <e.  (41)

Thus, for any fixed x € Aand ¢t € T, {f,(z)} is a Cauchy sequence in (Y, ||-||) and {gn(x,t)}
and {b,,(t)} are Cauchy sequences in (Z, ||-||). Since Y and Z are Banach spaces, there exist
f(x) €Y, g(z,t) € Z and b(t) € Z such that

Fo@) M r@), gt t) s gz 6) and b)) L pe).

It follows that f: A —>Y,g: AxT — Zand b: T — Z. Since || - || is continuous, by (4.1),
for any fixed n > N and any x € A and t € T, let m — 400, we have

[fn(x) = f(2)] <e, (4.2)
llgn(2,t) — g(z, 1) <€ (4.3)

and
[bn(t) —0()|| < e. (4.4)

We now prove 7 := (f,0) € M, where (f,0) = (f,(g9,b)). We divide the proof into four
steps.

(i) b is continuous on T'. In fact, for any fixed ¢y € T, since b, is continuous on 7', for
any ¢ > 0, there exists a neighborhood N (¢g) of tg in T such that

bn(£) — bu(to)]| < &, ¥t € N(to). (4.5)
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From (4.4) and (4.5), we have that, for any ¢t € N(¢o),

[6(2) = bto)ll < [16(t) = bu ()] + [1bn () — b (o) [l + [[bn(to) — b(to) ||
<e4e+e =3¢,

which implies that b is continuous on tg € T. By the arbitrariness of ¢y, b is continuous on
T.

(ii) g(+,t) is naturally quasi K-convex on A for any t € T. Indeed, for any ¢t € T, for any
n, x1,x2 € A and A € [0, 1], by the naturally quasi K-convexity of g, (-,t) on A, there exists
A € [0, 1] such that

gn(Az1 + (1 = Nz, t) — Ngn(x1,t) — (1 — XN)gn(z2,t) € —K.

Since g, M> g and K is closed,

g Az1 + (1 = N)za,t) — Ng(x1,t) — (1 — XN)g(xa,t) € — K.

It follows that g(-,¢) is naturally quasi K-convex on A for any t € T'.
(iii) f is C-lower semicontinuous on A. Since f,, is C-lower semicontinuous on A, for any
fixed zg € A, there exists an open neighborhood U of xg such that

fa() € fu(zo) + B°(e)+ C, Ve e UNA. (4.6)
Combining (4.2) and (4.6) yields

f(z) € fu(z) + B(e)
C fulzo) + B°(e) + C' + B(e)
C f(zo) + B°(e) + B(e) + C + B(e)
C f(xo) + B°(3¢) + C.

This implies that f is C-lower semicontinuous on A. Similarly, we can prove that f is
C-upper semicontinuous on A and g(-,t) is K-lower semicontinuous on A for any ¢ € T.
(iv) F(o) # 0. Since F(o,) # 0 for all n, there exists x,, € F(o,) for all n. Without
loss of generality, we can assume that z,, - xg € A as A is compact. By Lemma 3.2, F' is
closed at 0. Note that 0,, — ¢ and z,, — x¢. This implies 2y € F(o) and so F (o) # 0.
Hence, 7 = (f,0) € M and lim,_, e p(mn, ) = 0. Therefore, (M, p) is a complete
metric space. The proof is complete. O

Theorem 4.2. The weakly efficient solution mapping I' : M — 24 is upper semicontinuous
with compact values on M.

Proof. Let m = (f,0) € M. First we show that I is closed at . Let m, = (fy,0n) € M and

x, € I'(m,) be sequences such that m, L 7 and T, — o as n — +0o. We shall prove that
o € F(ﬂ')

Suppose by contradiction that o ¢ I'(w). Then there exists yo € F(o) such that
f(zo) — f(yo) € intC. Tt follows that there exists €9 > 0 such that

f(xo) = f(yo) + B°(go) C intC. (4.7)

For ¢,, — o and yo € F(0), by the lower semicontinuity of F at o, there exists y, € F(o,)
such that vy, — yo. Since f is C-lower semicontinuous, for x,, — x¢ and for above gg, there
exists positive integer N7 such that

f(zn) € f(xo) + BO(iao) +C, Vn> Ny, (4.8)
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Also by the C-upper semicontinuity of f, for v, — yo and for above gq, there exists positive
integer N5 such that

Flum) € Flyo) + BO(%EO) O ¥n > N, (4.9)

Note that f,, — f. Then there exists a positive integer N3 such that

Fulz) € f(2) + B(iso) (or f(z) € fulz) + iB(so)), WreA VYn>Ny,  (4.10)
Let N = max{N, Na, N3}. From (4.7)-(4.10), for all n > N, we have
fal@n) = fr(yn) = f(z0) — f(yo) + fr(2n) — fzn)
+ f(yn) = falyn) + f(wn) - f(xo) + f(yo) — f(yn)
C Jlwo) — f(w0) + B(320) + B(Geo) + B*(3e0) +C + B (e

C f(zo) — f(yo) + B° (50)+C
C C+intC C intC,

0)+C

4 4 1°

which contradicts the fact that x,, € T'(m,). It follows that o € T'(7) and so T is closed at
.

Since A is compact and I is closed at 7, by Lemma 2.2 (i), I is upper semicontinuous
at w. Moreover, I' is closed at 7 implies that I'(7) is a closed set. By the compactness of
A, T'(m) is compact. Therefore, by the arbitrariness of 7, I' is upper semicontinuous with
compact values on M. This completes the proof. O

Definition 4.3. Let m € M. The weakly efficient solution set I'(7) is called stable if the
set-valued mapping I' is continuous at 7.

Remark 4.4. The following example shows that there exists m# € M such that I'(7) is not
stable.

Example 4.5 ([10]). Let A = [-1,2] x [-1,2] C R?*, K = R = {(z1,22) € R? : 21 >
0,22 >0} and T'=[1,2] U [3,4] U [5,6] U[7,8]. Let f(z) ==,
twg —t, ifte[l,2); toy —t,  iftell,2);
) —ta,  ifte[3,4]; _ txy, if t € [3,4];
glx,t) = two —t, ift e [5,6]; gk (@, 1) = tra —t,  ift€[5,6];
—tao,  ift e |[7,8]; 1 tyg, ift € [7,8]

for every x = (x1,22) € A and b(t) = 0 for any t € T. Let m = (f,0) and 7, = (f, ok),
where 0 = (g,b) and o, = (gg, b). It follows that 7 — i, F'(0) = {(z1,22) : 0 <z <1,0 <
xy < 1}, F(og) = {(z1,22) : B <21 <1,0 <29 <1}, T(7) = {(21,22) 1 21 = 0,0 < 29 <
1Y U{(z1,22) : 22 = 0,0 < 2y < 1} and ['(mg) = {(z1,22) : 21 = 0,0 < x5 < 1}. Tt is easy
to see that I' is not lower semicontinuous at o.

Definition 4.6. Let m € M. A point x € I'(m) is said to be essential if, for any open
neighborhood U of = in A, there exists an open neighborhood V of 7 in M such that
I(7")NU # () for all 7/ € V. & is said to be essential if every x € I'(r) is essential.

Remark 4.7. From Definition 4.6, it is easy to see that the set-valued mapping I is lower
semicontinuous at m € M if and only if 7 is essential.



602 X.-J. LONG, Z.-Y. PENG, X.-K. SUN AND X.-B. LI

The following theorem is devoted to the generic stability for semi-infinite vector opti-
mization problems.

Theorem 4.8. There exists a dense Gs subset of M such that w is essential for every
e Gs.

Proof. By Lemmas 4.1 and 2.10, M is a Baire space. By Theorem 4.2, I' : M — 24 is
upper semicontinuous with compact values on M. From Lemma 2.11, there exists a dense
G subset of M such that T' is lower semicontinuous at each m € Gs. By the Definition 4.3,
the result follows. O

From Lemma 2.11 and the proof of Theorem 4.8, we obtain the density of the set of all
problems whose weakly efficient solution set mapping is continuous.

Corollary 4.9. Let My :={m € M : T is continuous at 7}. Then My contains a dense Gs
subset of M.

Remark 4.10. Corollary 4.9 generalizes and improves Theorem 3.6 of Fan et al. [10], one
of main results of [10], from the following five aspects:

(1) the setting of the finite dimensional Euclidean spaces is generalized to Banach spaces;
(2) the convexity of f has been removed,;

(3) the continuity of f is relaxed to the C-lower semicontinuity and the C-upper semi-
continuity;

(4) the C-convexity of g with respect to the first argument is extended to the natural
quasi-C-convexity;

(5) the continuity of g is relaxed to the K-lower semicontinuity.

Remark 4.11. It is noted that Corollary 4.9 shows that M; not only is a dense subset but
also contains a dense G subset of M. Moreover, every semi-infinite vector optimization
problem can be approximated by stable semi-infinite vector optimization problem (at which
the solution set mapping is continuous).

Remark 4.12. Example 4.5 shows that there exists m € M such that 7 is not essential.
The following theorem gives a sufficient condition that m € M is essential.
Theorem 4.13. If 7 € M and T'(w) is a singleton set, then m is essential.

Proof. Assume that I'(r) = {zo}. Let U be any open set in X such that T'(7) N U # 0. Tt
follows that xo € U and T'(r) C U. By Theorem 4.2, T is upper semicontinuous at = € M.
Then there exists an open neighborhood V of 7 in M such that I'(x") C U for each 7’ € V.
This implies that I'(7") N U # 0 for each 7’ € V. Therefore, I' is lower semicontinuous at .
By Remark 4.7, 7 is essential. O
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