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Abstract

Some Stampacchia type of generalized weak vector, quasivariational-like inequalities for fuzzy mappings was intro-
duced and the existence of solutions to them under non-compact assumption was considered using the particular form
of the generalized Ky Fan’s section theorem due to Park [15]. As a corollary, Stampacchia type of generalized vec-
tor quasivariational-like inequalities for fuzzy mappings was studied under compact assumption using Ky Fan’s section

theorem [7].
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1. Introduction

Since Chang and Zhu [5] firstly introduced a variational
inequality problem for fuzzy mappings, many authors [2,
3, 8, 10-13] considered vector variational inequality prob-
lems for fuzzy mappings. In particular, Chang et al. stud-
ied vector quasivariational inequalities [2, 3] and vector
variational-like inequalities [1] for fuzzy mappings and Lee
et al. [10] obtained a fuzzy extension of Siddigqi et al.’s re-
sults [16] for vector variational-like inequalities. In [8], the
authors considered the existence of solutions to generalized
fuzzy vector quasivariational-like inequalities (F-VQVLI)
under the compact assumption. And then, in [9], the au-
thor condisered the weak case of the results in [8] under
the non-compact assumption.

In this paper, we recall a Stampacchia type of gen-
eralized weak vector quasivariational-like inequalities for
fuzzy mappings (F-WVQVLI) and re-consider the exis-
tence of solutions to them under the non-compact assump-
tion and to (F-VQVLI) under the compact assumption con-
sidered in [8, 9].

Throughout this paper, X denotes a Hausdorff topo-
logical vector space, Y is a topological vector space, Z is
an ordered topological vector space, (V') is the collection
of all fuzzy sets in ¥ and L(X, Z) is the set of all linear
continuous mappings from X to Z. Let K be a nonempty
convex subset of X, D be a nonempty subset of ¥ and
{C(z) : z € K} be a family of solid convex cones in Z,
that is, for any ¢ € K, int C(z) # (0 and C(x) # Z. Let
F: K — (D) and G : K — S(K) be fuzzy map-
pings, M : K x D — 2LX2) and H : K x K — 27

Manuscript received Feb. 28, 2006; revised Mar. 13, 2006.

70

be multivalued mappings, 7 : X x X — X be a mapping,
B : X — (0,1] be a function and +y be a constant in (0, 1].
(Fz)p@) = {d € D : Fy(d) > B(x)} is a cut set and
(Felpz)y :={d € D : F;(d) > B(x)} is a strong cut set.

An ordering < with respect to the cone C in Z is de-
fined as y Ly xifand only if x — y € —int C for z,
yEZ.

We consider the existence of solutions to the fol-
lowing Stampacchia type of generalized weak vector
quasivariational-like inequalities for fuzzy mappings:

(F-WVQVLI) Find Z € K such that there exists § €
(Fz)p(z) satisfying the following inequality:

max(M(z, 3),n(z, 2)) + u & —int C(Z)
forany = € K, 2 € (Gz)y and u € H(z,Z), where

max{M(Z,3),n{x,z)) = max {s,n(z,z))

sEM(&,5)

and (s, n(x, 2)) denotes the evaluation of continuous linear
operator s from X into Z at n(z, z).

In addition, we obtain the existence of solutions to
the following Stampacchia type of generalized vector
quasivariational-like inequalities for fuzzy mappings:

(F-VQVLI) Find Z € K such that, for any z € K, there
exists 5 € (F3)p(z) satisfying the following inequality:

max(M(Z,3),n(z, z)) + v & —int C(%)

forany z € (Gz)y and u € H(z, ).
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Replacing S(K) and 3(D) with 2% and 2P, re-
spectively, in (F-WVQVLI) and (F-VQVLI), we ob-
tain the following Stampacchia type of generalized
weak vector quasivariational-like inequalities and vec-
tor quasivariational-like inequalities for multivalued map-

pings:

(WVQVLD) Find Z € K and 5§ € F(Z) such that
max{M(Z,3),n(z, 2)} + u & —int C(%)

forany x € K, z € G(Z) and u € H{(x, Z).

(VQVLI) Find Z € K such that, for any z € K, that exists
§ € F(Z) satisfying the following inequality:

max{M(z, 3),n(x, 2)) + u & —int C(T)

forany z € G(Z) and u € H(z, Z).

Deleting a topological vector space Y and a fuzzy map-
ping F', and then replacing Z with an ordered topological
vectorspace Y, H : K x K —» 22 with H : K x K — Y,
and M : K x D — 2L(52) with § 1 K — 2MXY) i
(F-WVQVLI) or (F-VQVLI), respectively, we obtain the
following vector variational-like inequality for fuzzy map-
pings:

(F-VVLI) Find Z € K satisfying the following inequality:

forany x € K and any y € (Gz)a(z), Where {C(z) : z €
K} is a family of closed convex conesin Y.

Replacing a fuzzy mapping G : K — $(K) with a
multivalued mapping G : K — 2K defined by G(z) = K
for z € K and putting H = 0 in (F-VVLI), we obtain the
following vector variational-like inequalities for multival-
ued mappings:

(VVLI) Find z € K such that

max(S(z), n(z,y)) & —int C(Z),

which is a generalized form of the following vector
variational-like inequalities for multivalued mappings in-
troduced and studied by Chang, Thompson and Yuan [4]:

T,y € K,

Find z € K satisfying the following inequality:

max(S(z),n(z,z)) & —imt C(Z) =€ K.

2. Preliminaries

Definition 2.1. ([6]) Let X, Y be topological spaces and
T : X — 2Y be a multivalued mapping. Let T~ : Y —
2% be a multivalued mapping defined by

z €T (y) ifandonlyif ye T(z).

(1) T is said to be upper semicontinuous (in short, u.s.c.)
at x € X if, for every open set V in ¥ containing
T{x), there is an open set U containing x such that
T(u) CVforallu € U,

(2) T issaidtobeu.s.c. on X if T'is u.s.c. at every point
of X.

(3) T is said to be lower semicontinuous (in short, 1.s.c.)
at x € X if, for every open set V in Y with
T(xz) NV # {, there is an open set U containing
zsuchthat T(u) NV # Qforallu € U,

(4) T issaidtobels.c. on X if T is 1.s.c. at every point
of X.

(5) T is said to be continuous at x if T is both u.s.c. and
Ls.c. atz.

{(6) T is said to be compact if T'( X} is contained in some
compact subset of Y,

(7) T is said to be closed if the graph of T, G, T =
{(z,y) e X xY:yeT(z)}isclosedin X x Y.

(8) T is said to have open lower sections if for any
ye€Y, T (y)isopenin X.

Lemma 2.1. T is ls.c. at x € X if, and only if, for any
y € T'(z) and for any net {z,} in X converging to z, there
is a net {y,} such that y, € T(z,) for each «, and y,
converging to y.

Definition 2.2. ([1,2,3,5)Let X, Y besetsand F' : X —
3(Y) be a fuzzy mapping. We denote a fuzzy set F(z) by
F,inY forz € X.

(1) F is said to be convex on a set X if Y is a con-
vex subset of a topological vector space and for any
r€X,yz€Yand A € [0,1],

Fo(My + (1= A)z) 2 min{Fo(y), Fz(2)}.

(2) F is said to be closed fuzzy set-valued if for each
y €Y, F.(y)isus.c. on X XY as areal ordinary
function.
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(3) F is said to be topologically open fuzzy set-valued
if, for each zo € X and for each open subset V of Y
with Fy (y) > 7 forsome y € V (v € (0, 1)), there
is a neighborhood U of z¢ in X such thatif z € U,
then F,(y) > v forsomey € V.

(4) F is said to be weakly open fuzzy set-valued if for
eachy € Y, F,(y) isLs.c. on X x Y as areal ordi-
nary function.

Lemma 2.2. ([1]) Let K be a nonempty closed convex
subset of a real Hausdorff topological vector space X, D
a nonempty closed convex subset of a real Hausdorff topo-
logical vector space Y and § : K — (0, 1] a Ls.c. function.
Let F : K — (D) be a fuzzy mapping with nonempty
cut set (Fy)p(z) forany z € K. Let F : K — 2P be a
multivalued mapping defined by F(z) = (Fy)g(z). I F is
a convex fuzzy mapping with closed fuzzy set-values, then
F is a closed mapping with nonempty convex-values.

Lemma 2.3. ([2]) Let X and Y be topological spaces, and
F : X — S(Y) be a fuzzy mapping such that for any
z € X, the cut set (F), is nonempty for v € (0,1].
Let F : X — 2Y be a multivalued mapping defined by
F(z) = (F.),. If F is convex and topologically open
fuzzy set-valued, then F'is a 1.s.c. mapping with nonempty
convex-values.

Lemma 2.4. ([3]) Let K be a nonempty closed convex
subset of a real Hausdorff topological vector space X, D
a nonempty closed convex subset of a Hausdorff topolog-
ical vector space Y and 8 : X — (0,1] an us.c. func-
tion. Let F : K — (D) be a fuzzy mapping such that
for any x € K, the strong cut set [F]g(s) is nonempty.
Let F : K — 2P be a multivalued mapping defined by
F(z) = [Felg(a)-

(1) If F is convex, then F has nonempty convex-values.

(2) If F is weakly open fuzzy set-valued, then F has
open lower sections.

Definition 2.3. Let X, Z be two vector spaces, K C X
be a nonempty convex set and P C Z a pointed, closed
convex cone with apex at the origin and nonempty interior
int P. A multivalued mapping H : K x K — 2% is said
to be P-convex with respect to the first variable if, for x4,
To,y € K, uy € H(x1,), u2 € H(zz,y) and A € [0,1],
there exists u € H(Az1 + (1 — A\)z2,y) such that

)\u1+(1—)\)U2€u+P.

72

Definition 2.4. Let X, Z be vector spaces. A mapping
7: X x X — Z is said to be linear if

(A1, 1) + (x2,52)) = An(z1,¥1) + 122, 32)

forall (z1,22), (Y1,%2) € X x X and A € R.

Definition 2.5. ([18]) A point z; in a nonempty subset
C of Z is called a vector maximal point of C if the set
{2€C: 2 <p 2,z # 2} = 0, which is equivalent to

C’ﬁ(Zo +P):{Z()}.

Lemma 2.5. ([14]) Let C be a nonempty compact subset
of an ordered Banach space Z. Then maxC # 0, where
max C denotes the set of all vector maximal points of C.

The following particular form of the generalized Ky
Fan’s section theorem which is due to Park [15] will be
used in dealing with (F-WVQVLI) for the noncompact set
case.

Theorem 2.1. ([15]) Let K be a nonempty convex subset
of X and A C K x K satisfy the following conditions:

() (z,2) e A,z € K;
() Ar = {y € K : (z,y) € A}, z € K, is closed;

() AY = {z € K : (z,y) ¢ A}, y € K, is convex or
empty;

(iv) there exists a nonempty compact subset B of K such
that for each finite subset N of K there exists a
nonempty compact convex subset Ly of K contain-
ing N such that

Lyn{y€K :(z,y) € Aforanyx € Ly} C B.
Then there exists a yg € B such that K x {yo} C A.

In particular, if K = B, thatis, K is a compact convex
subset of X, then the condition (iv) is obviously true and
thus we obtain Ky Fan’s section theorem [7], which will be
used in considering (F-VQVLI) under compact assump-
tion.
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3. Main results

Now, we consider the existence of solutions to the
Stampacchia type of (F-WVQVLI) for non-compact set
case studied in [9]. The following Proposition 3.1 is an
existence theorem to a kind of vector variational-like in-
equalities for multi-valued mappings. With Lemma 3.1, it
is an important tool for the following main results Theorem
3.1 and Theorem 3.2.

Lemma 3.1. ([17]) Let X be a paracompact Hausdorff
topological space and Y be a topological vector space. Let
F : X — 2" be a multivalued mapping with nonempty
convex-values. If F' has open lower sections, then there ex-
ists a continuous function f : X — Y such that f(z) €
F(z) forany z € X.

Proposition 3.1. Let K be a nonempty convex subset of
X and D be a nonempty subset of Y. Let f : K — D be
a continuous function and G : K — 2K be a 1s.c. multi-
valued mapping with convex-values. Let M : K x D —
2L(X,Z) pe a multivalued mapping, and a multivalued map-
ping W : K — 27 defined by W(z) = Z\{~int C(z)},
z € K, beclosed. Letnp : X x X — X be linear,
y — n(-,y) be continuous and H : K x K — 27 be
P-convex with respect to the first variable and 1.s.c. with
respect to the second, where P = (] C(z). Suppose fur-

z€EK
ther that

(8) maxX(M (Ya, 5a), (¥, 7)) converges to max(M(y, s),

n(z, z)) provided that yo, — ¥y, S — s and zo — 2;

r €K,

,)) = 0 and H(z,z) = {0} for all

(i) there is a nonempty compact subset B of K such that
for each nonempty finite subset N of K, there is a
nonempty compact convex subset Ly of K contain-
ing N such that, for y € Ly \B, there exist x € Ly,
z € G(y) and v € H(z,y) such that

M(ya f(y))a 77(55» Z)) +u € —int C(y)

max{

Then there exists T € K such that
max(M (&, f(&)),n(z, 2)) + u & —int C(7)

foranyz € K,z € G(Z) andu € H(z,Z).

Proof. Let A = {(r,y) € K x K
max(M (y, f(v)),n(z,2)} + u & —int C(y) for any z €
G(y) and u € H(z,y)}. Itis easily shown that (z,z) €
A for x € K from the condition (i). And A; =
{y € K : (z,y) € A}, z € K, is closed. In

fact, for any net {y,} in A, converging to y, we have
k(M (Y, F (), 1 20)) + 1t & —int C(ya) for any
2o € G(yn) and uy, € H(z,yo). From Lemma 2.1 and the
condition (i), max(M (y, f(v)), n(z, 2)) + u & —int C(y)
for any z € G(y) and u € H(z,y), so that we have
y € Az, which shows that A, is closed for x € K. And
AY = {z € K : (z,y) € A}, y € K, is convex. Indeed,
let 1, 2 € AY and A € [0,1]. Then, from the fact that
(z1,y) & A for any s € F(y), there exist 21 € G(y) and
u; € H(z1,y) such that

max{M (y, s),n(z1,21)) + u1 € —int C(y)

and from the fact that (z2, y) & Aforany s € F(y), there
exist z2 € G(y) and upz € H(z2,y) such that

ma‘X<M(y7 3), 77(-'1:2, Z2)> + ug € —int C(y)

On the other hand, from the convexity of G, G is
convex-valued due to Lemma 2.4(1). Hence, for any
s € F(y), there exist u € H(Az1 + (1 — A)z2,y) and
z:=Az1 + (1 — A)2z2 € G(y) for A € [0, 1] such that

max(M (y, s), n{Az1 + (1 — N)z2, 2)) +u
= max(M(y, s),n(Az1 + (1 — Nz, Az1 + (1 — A)22))
+u

= max(M(y, s), (An(z1, 21) + (1 = An(z2, 22))) +u

S Amax(M(y, 3)7 77(»’”1, Zl)) + (1 - ’\) maX<M(y7 S), Tl(ﬂ% z2)>

+u
& Amax(M(y,5), (w1, 21)) + (1 ~ \) max(M(y, ),
+Adur + (1 - ANuz — P
= Mmax(M(y, s),n(z1, z1)) + u1)
+ (1 — X)(max(M(y, s), n(x2, 22)) + u2) — P
C —intCly) —int Cy) — C(y)
= —int C(y).

Thus Az; + (1 — Az € AY, which shows that AY is
convex. Further, note that the condition (&) implies that, for
y € Ln\B, there exists z € Ly such that y ¢ A;. Hence
the condition () of Theorem 2.1 is satisfied. Thus there
exists T € K such that

max(

M("E: f(j))an(xa Z)) +u ¢ —int C(j)

forany z € K, z € G(z) and v € H(z,Z). This com-
pletes the proof.

Now, we show the existence of solution for the problem
(F-WVQVLI).
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Theorem 3.1. Let K be a nonempty paracompact convex
subset of X and D be a nonempty closed convex subset
of Y. Let F : K — (D) be a convex fuzzy mapping
with weakly open fuzzy set-values and nonempty strong
cut set (Fy]g(y) for an us.c. function § : X — (0,1},
G : K — $(K) be a convex fuzzy mapping with topolog-
ically open fuzzy set-values and nonempty cut set (G;),
for v € (0,1], a multivalued mapping W : K — 2%
defined by W(z) = Z\{—int C(x)}, z € K, be closed,
and M : K x D — 24(%.2) be a multivalued mapping.
Letn : X x X — X be linear, y — n(-,y) continuous
and H : K x K — 2% be P-convex with respect to the
first variable and l.s.c. with respect to the second, where
P= 1 C(z).
z€EK
Suppose further that

() max(M (Ya, $a), 7(%, 24)) — max(M(y, s),n(, 2))
provided that y, — ¥, s — sand z, — z,

@) (M(z,-),n(z,-)) = 0 and H(z,z) = {0} for all
z € K,

(i) there is a nonempty compact subset B of K such
that for any nonempty finite subset N of K, there is
a nonempty compact convex subset Ly of K con-
taining N such that for any y € Ly \B, there exist
z € Ly, z € (Gy)y and u € H(z,y) such that

max(M(y, s), (2, 2)) +u € —int C(y)
forany s € (Fy)a(y)-

Then the problem (F-WVQVLI) is solvable, i.e., there ex-
istz € K and 5 € (F3)g(z) such that

max(M(z, 5),n(z, 2)) + u & —int C(z)
forany z € K, z € (Gz)y and u € H(z, Z).

Proof. Define two multivalued mappings F : K — 2P
and G : K — 25 by F(z) = [F,)p(x) and G(2) = (Gz),
for z € K, respectively. It follows from Lemma 2.3 that G
is Ls.c. and has nonempty convex-values and, from Lemma
2.4, that F' has nonempty convex-values such that F~ (y)
isopenin X fory € D. Thus, by Lemma 3.1, there exists
a continuous function f : K — D such that f(z) € F(z)
forxz € K. So, by Propdsition 3.1, there exists £ € K such
that

max{M(Z, f(z)),n(z,2)) +u & —int C(T)

forany 2 € K, z € (Gz)y and v € H(z,%). Letting
5 = f(z), we obtain the desired conclusion of Theorem
3.1

From Theorem 3.1, we obtain the following theo-
rem for Stampacchia type of the generalized weak vector
quasivariational-like inequalities (WVQVLI) for multival-
ued mappings. ’
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Theorem 3.2. Let K be a nonempty paracompact con-
vex subset of X and D be a nonempty closed convex sub-
setof Y. Let F : K — 2P be a multivalued mapping
with nonempty convex-values and open lower sections, G :
K — 2% be a multivalued Ls.c. mapping with nonempty
convex-values, a multivalued mapping W : K — 2% de-
fined by W(z) = Z\{—intC(z)}, z € K, closed, and
M : K x D — 22%.2) be a multivalued mapping. Let
n: X xX — X be linear, y — n(-,y) be continuous
and H : K x K — 2% be P-convex with respect to the
first variable and l.s.c. with respect to the second, where
P= ) C(z).
€K
Suppose further that

(i) max(M(ya, sa), 7z, 2a)) — max(M(y, s), n(z, z))
provided that y, — vy, s — sand z, — z,

@ (M(z,),n(z,-)) = 0and H(z,z) = {0} for all
z €K,

(i) there is a nonempty compact subset B of K such
that, for any nonempty finite subset N of K, there
is a nonempty compact convex subset L of K con-
taining N such that, for any y € Ly\B, there exist
x € Ly, z € G(y) and u € H(z,y) such that

max(M(y, s),n(z, 2))+u € —int C(y), se€ F(y).

Then the problem (WVQVLI) is solvable.

For the compact set case, by using Ky Fan’s section the-
orem [7], we obtain the following existence of solutions for
the vector variational inequalities (F-VQVLI), (F-VVI),
(VQVLI) as special cases of (WVQVLI).

Theorem 3.3. ([8]) Let K be a nonempty compact con-
vex subset of X and D be a nonempty closed convex sub-
setof Y. Let FF : K — (D) be a convex fuzzy map-
ping with closed fuzzy set-values, G : K — $(K) be a
convex fuzzy mapping with topologically open fuzzy set-
values, M : K x D — 2L(X.2) be a multivalued map-
ping and a multivalued mapping W : K — 2% defined
by W(zx) = Z\{—int C(z)}, z € K, be closed. Let
n:X xX — X be linear, y — n(-,y) be continuous,
and H : K x K — 2% be P-convex with respect to the
first variable and lL.s.c. with respect to the second, where
P:= N C(x).
z€eK
Suppose further that

(1) there exist a l.s.c. function 3 : X — (0,1] and a
constant y € (0, 1] such that for any x € K, the cut
sets (Fiz)g(z) and (G) are nonempty;
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(@) U (Fz)a(z) is contained in some compact subset of
zEK

D;

(@) max{(M (Ya, $a ), 1(z, 24)) converges to max{M (y, s),

n(z, z)) provided that y, — Y, 8o — s and z, — z;

(W) (M(z,-),n(x,-)) = 0 and H(z,z) = {0} for all
z € K.

Then the problem (F-VQVLI) is solvable from Theorem
2.1.

Corollary 3.4. ([13]) Let K be a nonempty compact con-
vex subset of X. Let F : K — S(L(X,Y)) be a fuzzy
mapping with closed fuzzy set-values, G : K — $(K) be
a convex fuzzy mapping with topologically open fuzzy set-
values and a multivalued mapping W : K — 2V defined
by W(z) = Y\[-int C(z)], = € K, be closed, where
{C(z) : z € K} is a family of solid convex cones in Y.

Let P= () C(z)and h : K — Y be a continuous P-
€K
convex function. Suppose further that

(i) there exist a l.s.c. function 8 : X — (0,1] and a
constant v € (0, 1] such that for any z € K the cut
sets (F;)g(e) and (G )~ are nonempty;

@) U (Fz)a(e) is contained in some compact subset of
zE€EK
L(X,Y);

(i) for any x € K, there exists s € (F})g(y) such that
(s, — 2z) & —int C(z) for any z € (Gz),.

Then the following variational inequality:
(F-VVI) Find £ € K such that, for any x € K, there exists
5 € (Fz)p(z) such that

(3,x —2z) + h(z) — h(Z) € —int C(z), 2z € (Gz)y,

is solvable.

The following theorem for the existence of solutions for
(VQVLI) is a special case of Theorem 3.3.

Corollary 3.5. ([8]) Let K be a nonempty compact con-
vex subset of X and D be a nonempty subsetof Y. Let F' :
K — 2P be closed, G : K — 2% be 1s.c. and nonempty
convex-valued, M : K x D — 2L(X:Z) be nonempty
compact-valued and a multivalued mapping W : K — 2%
defined by W(z) = Z\{-int C(z)}, z € K, be closed.
Letn: X xX — Xbelinearand H : K x K — 2% be
P-convex with respect to the first variable and Ls.c. with

respect to the second, where P := () C(z).
reK
Suppose further that

(i) (M(z,-),n(z,-)) = 0 and H(z,z) = {0} for all
T € K,

(i) F is compact;

() max(M (Ya, Sa), (2, 20)) converges to max{M (y, s)
7(z, z)) provided that y, — vy, so — s and z, — 2.

Then the problem (VQVLI) is solvable.

Remark 3.1. Corollary 3.5 is a generalization of many out-
comes in [1-5, 8, 10, 11, 14} and theirin.

References

{13 S. S. Chang, Coincidence theorems and variational
inequalities for fuzzy mappings, Fuzzy Sets and Sys-
tems 61 (1994), 359-368.

[2]-S. S. Chang, G. M. Lee and B. S. Lee, Vector quasi-
variational inequalities for fuzzy mappings (I) , Fuzzy
Sets and Systems 87 (1997), 307-315.

[3] S. S. Chang, G. M. Lee and B. S. Lee, Vector quasi-
variational inequalities for fuzzy mappings (II) , Fuzzy
Sets and Systems 102 (1999), 333-344.

[4] S. S. Chang, H. B. Thompson and G. X. Z. Yuan,
The existence theorems of solutions for generalized

vector-valued variational-like inequalities, Comput.
Math. Appl. 37 (1999), 1-9.

[5] S. S. Chang and Y. G. Zhu, On variational inequal-
ities for fuzzy mappings, Fuzzy Sets and Systems 32
(1989), 359-367.

[6] G. Y. Chen and G. M. Cheng, Vector Variational
Inequalities and Vector Optimization, Lecture Notes

in Econ. and Math. Systems 285, Springer Verlag,
Berlin, 1987.

[7]1 Ky Fan, A generalization of Tychonoff’s fixed-point
theorem, Mathematische Annalen 142 (1961), 305—
310.

[8] M. K. Kang and B. S. Lee, Generalized fuzzy vec-
tor quasivariational-like inequalities , Honam Math.
J. Vol. 27(2) (2005), 251-265.

[9] B. S. Lee,
quasivariational-like inequalities ,
J. Vol. 27(3) (2005), 445-463.

[10] B. S. Lee and D. Y. Jung, A fuzzy extension of Siddigi
et al’s results for vector variational-like inequalities ,
IndianJ. pure appl. Math. 34 (10) (2003), 1495-1502.

Generalized fuzzy weak vector
Honam Math.

75



International Journal of Fuzzy Logic and Intelligent Systems, vol. 6, no. 1, March 2006

[11] B. S. Lee, G. M. Lee and D. S. Kim, Generalized
vector-valued variational inequalities and fuzzy ex-
tensions, J. Korean Math. Soc. 33 (1996), 609-624.

[12] G. M. Lee, D. S. Kim and B. S. Lee, Strongly qua-
sivariational inequalities for fuzzy mappings, Fuzzy
Sets and Systems 78 (1996), 381-386.

[13] G. M. Lee, D. S. Kim and B. S. Lee, Vector vari-
ational inequalities for fuzzy mappings, Nonlinear
_Analysis Forum 4 (1999), 119-129.

[14] D. C. Luc, Theory of Vector Optimization, Lectures
Notes in Econ. and Math. Systems, Vol. 319, Springer
Verlag, Berlin, 1989.

[15] S. Park, A unified approach to generalizations of the
KKM-type theorems related to acyclic maps, Numer.
Funct. Anal. & Optimiz. 15 (1994), 105-119.

[16] A. H. Siddiqi, Q. H. Ansari and R. Ahmad, On vec-
tor variational-like inequalities , Indian J. pure appl.
Math. 28(8) (1997), 1009-1016.

[17] N. C. Yannelis and N. D. Prabhakar, Existence of
maximal elements and equilibria in linear topologi-
cal spaces, J. Math. Econ. 12 (1983), 233-245.

76

[18]1 P. L. Yu, Cone convexity, cone extreme points and
nondominated solutions in decision problems with
multiobjectives, J. Opti. Th. Appl. 14 (1974), 319-
3717.

Byung-Soo Lee

He received the M. S. and Ph. D. degrees in Department
of Mathematics from Busan National University and Korea
University, in 1982 and 1987, respectively. From 1983 to
present, he is Professor of Kyungsung University and his
research area is Nonlinear Analysis, (Fuzzy) Variational
Inequality and (Fuzzy) Mathematics Education.

Hyun-Duk Cho

He received the M. S. degree from Kyungsung University
in 2002. Now he is a Ph. D. student in the same university.
His major is (Fuzzy) Variational Inequality and Fixed Point
Theorem.



