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1. Introduction

In the recent years, equilibrium type problems have been well studied. They
are related to numerous important subjects of current mathematics, such as,
problems of Nash equilibria, optimization problems, variational inequali-
ties, complementarity problems, and fixed point problems, and have been
shown to be very useful in mathematical economics, mechanics, numerical
analysis and calculus of variations. For details, we refer to [1–32] and the
references therein.

Recently, some interesting and important problems related to equilibrium
problems and other related problems have been introduced and studied in
recent papers. In 1999, Ansari and Yao [1] introduced and studied a sys-
tem of variational inequalities. In [2], Ansari and Yao introduced and stud-
ied systems of generalized variational inequalities. Ansari et al. [3, 4] intro-
duced and studied systems of vector equilibrium problems and gave some
applications to vector optimization problems. Very recently, Ansari et al. [5]
further introduced and studied a system of vector quasi-equilibrium prob-
lems. In the papers [1–5], an important tool is a maximal element theorem
due to Deguire et al. [6]. On the other hand, Kassay and Kolumbán [7]
introduced a system of variational inequalities and established an existence

�This work was supported by the Kyungnam University Research Fund 2004.



72 Y. -P. FANG ET AL.

theorem by Ky Fan lemma. In [8], Kassay et al. further introduced and
studied Minty and Stampacchia variational inequality systems by Kakutani–
Fan–Glicksberg fixed point theorem. In [9], Fang and Huang studied sys-
tems of strong implicit vector variational inequalities and proved some
existence results by using Kakutani–Fan–Glicksberg fixed point theorem.
For other papers related to systems of variational inequalities and com-
plementarity problems, we refer to [10–17] and the references therein.
Motivated and inspired by these works, in this paper, we study a system
of vector equilibrium problems and prove some existence results by using
(S)+-conditions and Kakutani–Fan–Glicksberg fixed point theorem.

The rest of this paper is organized as follows: In Section 2, we give
some concepts and notations. In Section 3, we introduce some concepts of
(S)+-conditions. Section 4 is devoted to existence results for systems of vec-
tor equilibrium problems.

2. Preliminaries and Formulations

In this section, we recall some concepts and give some formulations of
problems which will be studied. Let D be a nonempty, closed and convex
subset of a real Banach space E and P be a pointed, closed, and convex
cone of a real Banach space F with int P �=∅, where int P denotes the inte-
rior of P .

DEFINITION 2.1. A mapping T :D →2F (the family of all the nonempty
subsets of F ) is said to be

(1) upper semi-continuous at x ∈ D if for any open set V containing
T (x), there exists a neighborhood U of x such that T (U)⊂V ;

(2) upper semi-continuous if T is upper semi-continuous at every x ∈D;
(3) closed if the graph Graph T = {(x, u) ∈ D × F : u ∈ T (x)} of T is

closed.

Remark 2.1. If the image of T is contained in a compact subset of F ,
then T :D →2F is upper semi-continuous if and only if T is closed.

DEFINITION 2.2. [18]. A mapping g:D →F is said to be P -upper semi-
continuous if for every y ∈F , the set g−1(y − intP) is open in D.

DEFINITION 2.3. [19]. A mapping g:D →F is said to be

(i) P -convex if

tg(x1)+ (1− t)g(x2)−g(tx1 + (1− t)x2)∈ int P ∪{0}, ∀x1, x2 ∈D,

t ∈ [0,1];
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(ii) P -quasiconcave if for any x1, x2 ∈D, t ∈ [0,1],

g(x1)∈g(tx1 + (1− t)x2)−P or g(x2)∈g(tx1 + (1− t)x2)−P.

DEFINITION 2.4. [19]. A mapping h:D ×D →F is said to be

(I) P -quasiconvex-like if for any x, y1, y2 ∈D, t ∈ [0,1],

h(x, ty1 + (1− t)y2)∈h(x, y1)−P or h(x, ty1 + (1− t)y2) ∈ h(x, y2)−P ;

(II) vector 0-diagonally convex if for any finite set {y1, y2, . . . , yn}⊂D,

n∑

j=1

tjh(x, yj ) /∈−int P

whenever x =∑n
j=1 tj yj with tj �0 and

∑n
j=1 tj =1.

EXAMPLE 2.1. Let E = R,D = R+,F = R2, P = R2
+, and h: D × D → F

defined by

h(x, y)=
(

x(y −x)3

x3(y −x)

)
∀x, y ∈D.

For any finite set {y1, y2, . . . , yn} ⊂ D and x = ∑n
j=1 tj yj with tj � 0 and∑n

j=1 tj =1, it follows that

n∑

j=1

tjh(x, yj )=
n∑

j=1

tj

(
x(yj −x)3

x3(yj −x)

)
=

(
x

∑n
j=1 tj (yj −x)3

x3
(∑n

j=1 tj yj −x
)
)

=
(

x
∑n

j=1 tj (yj −x)3

0

)
/∈−int P.

Hence h is vector 0-diagonally convex.

In what follows, unless other specified, we always suppose that I is an
index set, for each i ∈ I,Ki is a nonempty, closed and convex subset of a
real Banach space Xi , and Ci is a pointed, closed, and convex cone of a
real Banach space Yi with int Ci �= ∅. Let X = ∏

i∈I Xi,K = ∏
i∈I Ki,Xī =∏

j �=i Xj ,Kī = ∏
j �=i Kj , and for each i ∈ I,Fi : Kī × Ki × Ki → Yi be a
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mapping. The system of vector equilibrium problems is formulated by find-
ing x = (xi)i∈I ∈K such that for all i ∈ I ,

(SVEP) Fi(xī, xi, yi) /∈−int Ci, ∀yi ∈Ki,

where xī = (xj )j �=i ∈Kī .

Special Cases:

(1) If for each i ∈I, Yi =R,Ci =R+ and Fi =ϕi , where ϕi:Kī ×Ki ×Ki →
R is a function, then (SVEP) reduces to the system of equilibrium
problems: find x = (xi)i∈I ∈K such that for all i ∈ I ,

(SEP) ϕi(xī, xi, yi)�0, ∀yi ∈Ki.

(2) If for each i ∈ I,Fi(xī, xi, yi)=〈Ti(xī, xi), yi −xi〉, where Ti:Kī ×Ki →
L(Xi, Yi), and L(Xi, Yi) denotes the space of all the continuous lin-
ear mappings from Xi into Yi , then (SVEP) reduces the system of
vector variational inequality problems: find x = (xi)i∈I ∈K such that
for all i ∈ I ,

(SVVIP) 〈Ti(xī, xi), yi −xi〉 �∈−int Ci, ∀yi ∈Ki.

(3) If for each i ∈ I, Yi = R, and Ci = R+, then (SVVIP) reduces to the
system of variational inequality problems: find x = (xi)i∈I ∈ K such
that for all i ∈ I ,

(SVIP) 〈Ti(xī, xi), yi −xi〉�0, ∀yi ∈Ki.

(4) If I is a singleton, then (SVEP) reduces to the known vector equilib-
rium problem (VEP), which also includes as special cases the classi-
cal equilibrium problem and variational inequality problem.

Remark 2.2. In terms of maximal element theorems, some existence results
for (SVEP), (SEP), (SVVIP), (SVIP) were presented in [1–5], respectively. In
[7, 8], some existence results for (SVIP) were proved by Kakutani–Fan–Glicks-
berg fixed point theorem and Ky Fan lemma when I is a finite set.

3. (S)+-Conditions

In this section, we introduce (S)+-conditions for a family of mappings.
First recall some concepts and notations presented in [20–22].
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Let Z be a Hausdorff topological vector space, A be a nonempty subset
of Z and C ⊂Z be a cone with int C �= ∅. The superior of A with respect
to C is defined by

Sup A={z∈ Ā :A∩ (z+ int C)=∅}
and the inferior of A with respect to C is defined by

Inf A={z∈ Ā :A∩ (z− int C)=∅},
where Ā denotes the closure of A.

As pointed out in [22], the superior Sup A and inferior Inf A with
respect to C are extensions of the usual supremum and infimum of A. If
A is a nonempty compact subset of Z, then both Sup A and Inf A are
nonempty. Let {zα}α∈I be a net in Z. The limit superior and limit inferior
of {zα}α∈I (with respect to C) are defined by

Limsup zα = Inf
⋃

α∈I

Sup Sα Liminf zα =Sup
⋃

α∈I

Inf Sα,

where Sα ={zβ :β �α}. The limit superior and limit inferior of {zα}α∈I (with
respect to C) are also extensions of the usual limit superior and limit infe-
rior of {zα} (see [22]).

To obtain our main results, we need the following lemma due to Chiang
and Yao [22]:

LEMMA 3.1. (Theorem 2.1, [22]). Let {Zα}α∈I be a net in Z convergent to
z, and Sα ={zβ :β �α}. Then the following conclusions hold:

(i) If there is an α0 such that for every α �α0 there exists β �α with Inf
Sβ �=∅, then z∈Liminf zα.

(ii) If there is an α0 such that for every α�α0 there exists β �α with Sup
Sβ �=∅, then z∈Limsup zα.

Now we recall some known (S)+-conditions. Let E,F be two Banach
spaces, D ⊂F be a nonempty set and P be a pointed, closed and convex
cone in F . A mapping T : D → E∗ (the dual space of E) is said to be of
class (S)+ (see [22, 33, 34]) if for any net {xα}⊂D,

xα →x weakly and lim sup〈T xα, xα −x〉�0⇒xα →x strongly.

In [22], Chiang and Yao extended (S)+-conditions to vectorial map-
pings. A mapping T : D → L(E,F ) is said to be of class (S)+ if for any
net {xα}⊂K,

xα →x weakly and Limsup 〈T xα, xα −x〉⊂F\int P ⇒xα →x strongly.
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In [24], Chadli et al. extended (S)+-conditions to bifunctions. Very
recently, Fang and Huang [25] further extended (S)+-conditions to vecto-
rial bifunctions. A mapping ϕ:D ×D →F is said to be of class (S)+ if for
any net {xα}⊂D,

xα →x weakly and Liminf ϕ(xα, x)⊂F\(−int P)⇒xα →x strongly.

In terms of (S)+-conditions, some existence results for variational inequal-
ities and equilibrium problems were proved in [22–25]. Now we extend
(S)+-conditions to a family of mappings.

DEFINITION 3.1. Let �i:K ×Ki →Yi be a mapping for all i ∈ I . We say
{�i}i∈I is of class (S)+ if for any net {xα}= {(xi)

α
i∈I }⊂K with weak limit

x = (xi)i∈I ∈K,

Liminf �i(x
α, xi)⊂Yi\(−intCi), ∀i ∈ I �⇒xα →x strongly.

Remark 3.1.

(1) If for each i ∈ I, Yi =R,Ci =R+, then Definition 3.1 reduces to that
of a family of functions {ϕi}i∈I , i.e., {ϕi}i∈I is said to be of class (S)+
if for any net {xα}={(xi)

α
i∈I }⊂K with weak limit x = (xi)i∈I ∈K,

Liminf ϕi(x
α, xi)�0, ∀i ∈ I �⇒xα →x strongly,

where ϕi :K ×Ki →R is a function.
(2) If for each i ∈ I,�i(x, yi) = 〈Ti(x), yi − xi〉 for all x = (xi)i∈I ∈ K

and yi ∈ Ki , then Definition 3.1 reduces to: {T }i∈I is said to be of
class (S)+ if for any net {xα} = {(xi)

α
i∈I } ⊂ K with weak limit x =

(xi)i∈I ∈K,

Limsup〈Ti(x
α), xα

i −xi〉⊂Yi\int Ci, ∀i ∈ I �⇒xα →x strongly,

where Ti :K →L(Xi, Yi).
(3) If I is a singleton, then Definition 3.1 reduces to the definition of

(S)+-conditions for vectorial bifunctions in the sense of Fang and
Huang [25], which also includes those of other (S)+-conditions in
[22–24, 33, 34].

EXAMPLE 3.1. Let Ki be a nonempty, closed, and convex subset of a real
reflexive Banach space Xi, i = 1,2, and ϕ : K1 × K2 × K1 → R and φ : K1 ×
K2 ×K2 →R be two functions, and α,β: R+ →R+ be two continuous and
strictly increasing functions. Assume that
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(1) ϕ(a, b, x) + ϕ(x, b, a) + α(‖a − x‖) � 0 and φ(a, b, y) + φ(a, y, b) +
β(‖b−y‖)�0 hold for all a, x ∈K1 and b, y ∈K2;

(2) for any fixed (a, b) ∈ K1 × K2, ϕ(a, ·, ·) and φ(·, b, ·) are completely
continuous;

(3) ϕ(a, b, a)�0 and φ(a, b, b)�0 hold for all (a, b)∈K1 ×K2.

Then {ϕ,φ} is of class (S)+.

Proof. Let {(aλ, bλ)} ⊂ K1 × K2 such that (aλ, bλ) converges weakly to
(a, b) and

{
lim infλ ϕ(aλ, bλ, a)�0,

lim infλ φ(aλ, bλ, b)�0.

By condition (1),

{
ϕ(aλ, bλ, a)+ϕ(a, bλ, aλ)+α(‖aλ −a‖)�0,

φ(aλ, bλ, b)+φ(aλ, b, bλ)+β(‖bλ −b‖)�0.

It follows from condition (2) that

{
lim infλ ϕ(aλ, bλ, a)+ϕ(a, b, a)+ lim infλ α(‖aλ −a‖)�0,

lim infλ φ(aλ, bλ, b)+φ(a, b, b)+ lim infλ β(‖bλ −b‖)�0.

By condition (3),

{
lim infλ α(‖aλ −a‖)�0,

lim infλ β(‖bλ −b‖)�0.

Since α and β are continuous and strictly increasing, (aλ, bλ) converges
strongly to (a, b). Thus {ϕ,φ} is of class (S)+.

4. Existence Results

For our main results, we need the following lemma.

LEMMA 4.1. (Lemma 3.1, [25]). Let D be nonempty, compact, and convex
subset of a finite dimensional space E and P be a pointed, closed and convex
cone of a real Banach space F with int P �= ∅. Suppose that ϕ: D ×D →F

is a mapping satisfying the following conditions:
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(1) ϕ(x, x) �∈−intP for all x ∈D;
(2) For every y ∈D,ϕ(·, y) is P-upper semi-continuous;
(3) ϕ is vector 0-diagonally convex;
(4) For every y ∈D,ϕ(·, y) is P-quasiconcave.

Then the problem formulated by finding x ∈D such that

ϕ(x, y) �∈−int P, ∀y ∈D

admits a nonempty, bounded, closed and convex solution set.

THEOREM 4.1. For each i ∈ I , let Ki be a nonempty, bounded, closed and
convex subset of a real reflexive Banach space Xi and Ci be a pointed, closed,
and convex cone of a real Banach space Yi with int Ci �= ∅. For each i ∈ I ,
let Fi :Kī ×Ki ×Ki →Yi be a mapping satisfying the following conditions:

(1) For any given x = (xi)i∈I and each i ∈ I,Fi(xī, xi, xi) �∈−int Ci;
(2) For any given x = (xi)i∈I and each i ∈ I,Fi(xī, ·, xi) is Ci-quasiconcave;
(3) For any given x = (xi)i∈I and each i ∈ I,Fi(xī, ·, ·) is vector 0-diago-

nally convex and Ci-upper semicontinuous;
(4) For any given x = (xi)i∈I and each i ∈ I,Fi(·, ·, xi) is continuous;
(5) {�i(·, ·)}i∈I is of class (S)+, where �i(x, yi)=Fi(xī, xi, yi) for all x =

(xi)i∈I , yi ∈Ki and i ∈ I ;
(6) For any net {xα} = {(xi)

α
i∈I }, any x = (xi)i∈I ∈ K and each i ∈ I ,

there exists α0 such that for every α � α0 there exists β � α with
Inf �i(x

β, xi) �=∅.

Then (SVEP) is solvable.

Proof. Define M by

M=
{
M ⊂X :M =

∏

i∈I

Mi with Mi is a finite-dimension subspace of

Xi and KMi
=Ki ∩Mi �=∅ for all i ∈ I

}
.

For given M ∈M and z= (zi)i∈I ∈K, consider the following auxiliary prob-
lems:

(AP )iM find xi ∈KMi
, such that Fi(zī, xi, yi) �∈−int Ci,

∀yi ∈KMi
, i ∈ I.

It is easy to see that for each i ∈ I,Fi(zī, ·, ·) satisfies all the assump-
tions of Lemma 4.1 from conditions (1)–(4). By Lemma 4.1, for each i ∈
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I, (AP )iM has a nonempty, bounded, closed and convex solution set. For
each i ∈ I , define a multivalued mapping Ti :KMī

→2KMi by

Ti(zī)={xi ∈KMi
:Fi(zī, xi, yi) /∈−intCi,∀yi ∈KMi

}, ∀zī ∈KMī
.

The arguments above imply that for each i ∈ I and zī ∈ KMī
, Ti(zī)

is nonempty, bounded, closed and convex. Furthermore, for each i ∈ I ,
it is easy to verify that Ti has a closed graph from condition (4). So
Ti is upper semi-continuous by Remark 2.1. Now define T :KM → 2KM

by

T (z)= (Ti(zī))i∈I , ∀z= (zi)i∈I ∈KM.

From the above arguments, we know that T is upper semi-continuous
with nonempty, compact and convex values. By Kakutani–Fan–Glicksberg
fixed point theorem (see [35]), there exists u = (ui)i∈I ∈ KM such that u ∈
T (u), i.e.,

ui ∈KMi
and Fi(uī, ui, yi) /∈−intCi, ∀yi ∈KMi

, ∀i ∈ I.

Denote by SM the solution set of the following problem:

find u= (ui)i∈I ∈K such that Fi(uī, ui, yi) /∈−intCi, ∀yi ∈KMi
, ∀i ∈ I.

Obviously SM is nonempty and bounded. Then S
w

M is weak compact
since Xi is reflexive for all i ∈ I , where S

w

M is the weak closure of SM in
K. Let Mj = ∏

i∈I M
j

i ∈ M, j = 1,2, . . . , n and L = ∏
i∈I Li with Li is the

subspace of Xi spanned by
⋃n

j=1 M
j

i for all i ∈ I . It is easy to see that
SL ⊂ ⋂n

j=1 SMj . This implies that {Sw

M :M ∈ M} has the finite intersection
property. It follows that

⋂

M∈M
S

w

M �=∅.

Let u∗ = (u∗
i )i∈I ∈⋂

M∈M S
w

M . We assert that u∗ is a solution of (SVEP).
For any given y = (yi)i∈I ∈ K, choose M ∈ M such that u∗, y ∈ KM . Then
there exists a net {uα}= {(ui)

α
i∈I } ∈SM with weak limit u∗ since u∗ ∈S

W

M . It
follows that for each i ∈ I

Fi(u
α

ī
, uα

i , u
∗
i ) /∈−intCi, ∀α.

Hence

Liminf�i(u
α, u∗

i )⊂Yi \ (−intCi), ∀i ∈ I.
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Since {�i(·, ·)}i∈I is of class (S)+, uα converges strongly to u∗, i.e., for
each i ∈ I, uα

i converges strongly to u∗
i . For any given y = (yi)i∈I ∈K, from

condition (4), we know that for each i ∈ I,�i(u
α, yi) converges strongly to

�i(u
∗, yi). By Lemma 3.1 and condition (6),

for each i ∈ I, �i(u
∗, yi)∈Liminf�i(u

α, yi)⊂Yi \ (−intCi), ∀yi ∈Ki,

i.e.,

for each i ∈ I, Fi(u
∗
ī
, u∗

i , yi) /∈−intCi, ∀yi ∈Ki.

By Theorem 4.1, we obtain the following existence results.

COROLLARY 4.1. For each i ∈ I , let Ki be a nonempty, bounded, closed
and convex subset of a real reflexive Banach space Xi and ϕi :Kī ×Ki ×Ki →
R be a function satisfying the following conditions:

(1) For any given x = (xi)i∈I and each i ∈ I, ϕi(xī, xi, xi)�0;
(2) For any given x = (xi)i∈I and each i ∈ I, ϕi(xī, ·, xi) is quasiconcave;
(3) For any given x = (xi)i∈I and each i ∈ I, ϕi(xī, ·, ·) is 0-diagonally con-

vex and upper semi-continuous;
(4) For any given x = (xi)i∈I and each i ∈ I, ϕi(·, ·, xi) is continuous;
(5) {φi(·, ·)}i∈I is of class (S)+, where φi(x, yi) = ϕi(xī, xi, yi) for all x =

(xi)i∈I , yi ∈Ki , and i ∈ I .

Then (SEP) is solvable.

COROLLARY 4.2. For each i ∈ I , let Ki be a nonempty, bounded, closed and
convex subset of a real reflexive Banach space Xi and Ci is a pointed, closed,
and convex cone of a real Banach space Yi with int Ci �= ∅. For each i ∈ I , let
Ti :Kī ×Ki →L(Xi, Yi) be a mapping satisfying the following conditions:

(1) For any given x = (xi)i∈I and each i ∈ I, yi �→ 〈Ti(xī, yi), xi −yi〉 is Ci-
quasiconcave;

(2) For any given x = (xi)i∈I and each i ∈ I, (zi, yi) �→ 〈Ti(xī, zi), yi − zi〉 is
vector 0-diagonally convex and Ci-upper semi-continuous;

(3) For each i ∈ I, Ti is continuous;
(4) {T̄i}i∈I is of class (S)+, where T̄i(x) = Ti(xī, xi) for all x = (xi)i∈I for

all i ∈ I ;
(5) For any net {xα} = {(xi)

α
i∈I }, any x = (xi)i∈I ∈ K and each i ∈ I ,

there exists α0 such that for every α � α0 there exists, β � α with
Sup〈T̄i(x

β), xi −x
β

i ) �=∅.

Then (SVVIP) is solvable.
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COROLLARY 4.3. For each i ∈ I , let Ki be a nonempty, bounded, closed
and convex subset of a real reflexive Banach space Xi and let Ti :Kī ×Ki →
X∗

i be a mapping satisfying the following conditions:

(1) For any given x = (xi)i∈I and each i ∈ I, yi �→ 〈Ti(xī, yi), xi − yi〉 is
quasiconcave;

(2) For any given x = (xi)i∈I and each i ∈ I, (zi, yi) �→〈Ti(xī, zi), yi −zi〉 is
0-diagonally convex and upper semi-continuous;

(3) For each i ∈ I, Ti is continuous;
(4) {T̄i}i∈I is of class (S)+, where T̄i(x)= Ti(xī, xi) for all x = (xi)i∈I for

all i ∈ I .

Then (SVIP) is solvable.

Remark 4.1. The method used in the proof of Theorem 4.1 is quite
different from those in [1–5], where some existence results for (SVEP),
(SEP), (SVIP) were also obtained.
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13. Kassay, G., Kolumbán, J. and Páles, Z. (1999), On Nash stationary points, Publicationes
Mathematicae Debrecen, 54, 267–279.

14. Lai, Y.S., Zhu, Y.G. and Deng, Y.B. (2003), The existence of nonzero solutions for a
class of variational inequalities by index, Applied Mathematics Letters, 16(6), 839–845.

15. Verma, R.U. (2001), Projection methods, algorithms, and a new system of nonlinear var-
iational inequalities, Computers & Mathematics with Applications, 41(7–8), 1025–1031.

16. Verma, R.U. (2004), Generalized system for relaxed cocoercive variational inequalities
and projection methods, Journal of Optimization Theory and Applications, 121(1), 203–
210.

17. Zhu, Y.G. (1998), Positive solution to a system of variational inequalities, Applied Math-
ematics Letters, 11(4), 63–70.

18. Tanaka, T. (1997), Generalized semicontinuity and existence theorems for cone saddle
points, Applied Mathematics and Optimization, 36, 313–322.

19. Chiang, Y., Chadli, O. and Yao, J.C. (2003), Existence of solutions to implicit vector
variational inequalities, Journal of Optimization Theory and Applications, 116(2), 251–
264.

20. Ansari, Q.H., Yang, X.Q. and Yao, J.C. (2001), Existence and duality of implicit vector
variational problems, Numerical Functional Analysis & Optimizations, 22(7–8), 815–829.

21. Chadli, O., Chiang, Y. and Huang, S. (2002), Topological pseudomonotonicity and vec-
tor equilibrium problems, Journal of Mathematical Analysis and Applications, 270, 435–
450.

22. Chiang, Y. and Yao, J.C. (2004), Vector variational inequalities and (S)+-conditions,
Journal of Optimization Theory and Applications, 123(2), 271–290.

23. Guo, J.S. and Yao, J.C. (1994), Variational inequalities with nonmonotone operators,
Journal of Optimization Theory and Applications, 80, 63–74.

24. Chadli, O., Wong, N.C. and Yao, J.C. (2003), Equilibrium problems with applications to
eigenvalue problems, Journal of Optimization Theory and Applications, 117(2), 245–266.

25. Fang, Y.P. and Huang, N.J. (2004), Vector equilibrium type problems with (S)+-
condition, Optimization, 53(3), 269–279.

26. Bianchi, M. and Schaible, S. (1996), Generalized monotone bifunctions and equilibrium
problems, Journal of Optimization Theory and Applications, 90, 31–43.

27. Ding, X.P. (2000), Existence of solutions for quasi-equilibrium problems in noncompact
topological spaces, Computers & Mathematics with Applications, 39(3–4), 13–21.

28. Fang, Y.P. and Huang, N.J. (2003), The vector F -complementary problems with
demipseudomonotone mappings in Banach spaces, Applied Mathematics Letters, 16,
1019–1024.

29. Giannessi, F. (Ed.) (2000), Vector Variational Inequalities and Vector Equilibria, Kluwer
Academic Publishers, Dordiechet, Holland.

30. Hadjisavvas, N. and Schaible, S. (1998), From scalar to vector equilibrium problems in
the quasimonotone case, Journal of Optimization Theory and Applications, 96, 297–309.

31. Konnov, I.V. and Schaible, S. (2000), Duality for equilibrium problems under general-
ized monotonicity, Journal of Optimization Theory and Applications, 104, 395–408.



SYSTEMS OF VECTOR EQUILIBRIUM PROBLEMS 83

32. Lin, L.J., Yu, Z.T. and Kassay, G. (2002), Existence of equilibria for multivalued map-
pings and its application to vectorial equilibria, Journal of Optimization Theory and
Applications, 114, 189–208.

33. Browder, F.E. (1970), Pseudo-monotone operators and direct method of the calculus of
variations, Archive for Rational Mechanic and Analysis, 38, 268–277.

34. Browder, F.E. (1983), Fixed-point theory and nonlinear problems, Bulletin of the
American Mathematical Society, 9, 1–39.

35. Glicksberg, I. (1952), A further generalization of the Kakutani fixed point theorem
with application to Nash equilibrium points, Proceedings of the American Mathematical
Society, 3, 170–174.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


