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We introduce and study extended f-vector equilibrium problem. By using KKM-Fan Theorem as basic tool, we prove existence
theorem in the setting of Hausdorff topological vector space and reflexive Banach space. Some examples are also given.

1. Introduction

Equilibrium problems have been extensively studied in recent
years; the origin of this can be traced back to Blum and Oettli
[1] and Noor and Oettli [2]. The equilibrium problem is a gen-
eralization of classical variational inequalities and provides us
with a systematic framework to study a wide class of problems
arising in finance, economics, operations research, and so
forth. General equilibrium problems have been extended
to the case of vector-valued bifunctions, known as vector
equilibrium problems. Vector equilibrium problems have
attracted increasing interest of many researchers and provide
a unified model for several classes of problems, for example,
vector variational inequality problems, vector complemen-
tarity problems, vector optimization problems, and vector
saddle point problems; see [1-4] and references therein. Many
existence results for vector equilibrium problems have been
established by several eminent researchers; see, for example,
[5-13].

The generalized monotonicity plays an important role
in the literature of equilibrium problems and variational
inequalities. There are a substantial number of papers on exis-
tence results for solving equilibrium problems and variational
inequalities based on different monotonicity notions such as
monotonicity, pseudomonotonicity, and quasimonotonicity.

Let X and Y be two Hausdorft topological vector spaces,
let K be a nonempty, closed, and convex subset of X, and
let C be a pointed, closed, convex cone in Y with intC # 0.

Given a vector-valued mapping f : K x K — Y, the vector
equilibrium problem consists of finding x € K such that

f(x,y) ¢ —intC, VyeK. (1)

Inspired by the concept of monotonicity, KKM-Fan
Theorem, and the other work done in the direction of gen-
eralization of vector equilibrium problems (see [14-16]) we
introduce and study extended f-vector equilibrium problem
and prove some existence results in the setting of Hausdorft
topological vector spaces and reflexive Banach spaces.

2. Preliminaries

The following definitions and concepts are needed to prove
the results of this paper.

Definition 1. The Hausdorft topological vector space Y is said
to be an ordered space denoted by (Y, C) if ordering relations

are defined in Y by a pointed, closed, convex cone C of Y as
follows:

Vx,yeY, y<xe=x-yecC,
Vx,yeY, y<xe=x-yeC\{0}, (2)

Vx,yeY, ytxe=x-y¢C\{0}.



If the interior of C is intC # @, then the weak ordering
relations in Y are also defined as follows:

Vx,y€Y, y<xé& x-yeintC,

(3)

Vx,y€Y, y¢txex-y¢intC.

Throughout this paper, unless otherwise specified, we assume
that (Y, C) is an ordered Hausdorff topological vector space
with int C # 0.

Definition 2. Let K be a nonempty convex subset of a
topological vector space X. A set-valued mapping A : K —
2% is said to be KKM-mapping, if, for each finite subset
{x1, X3, w0 X} Of K, Cofxy, %y, . x,} € Ui, Alx;), where
Co{x;, x,, ..., x,,} denotes the convex hull of {x}, x,, ..., x,}.

The following KKM-Fan Theorem is important for us to
prove the existence results of this paper.

Theorem 3 (KKM-Fan Theorem). Let K be a nonempty
convex subset of a Hausdorff topological vector space X and
let A: K — 2% be a KKM-mapping such that A(x) is closed
for all x € K and A(x) is compact for at least one x € K; then

(A ) #0. (4)
x€K
Lemma 4. Let (Y,C) be an ordered topological vector space
with a pointed, closed, and convex cone C. Then forallx, y € Y,
one has the following:

(i) y—x eintCand y ¢ intC imply x ¢ intC;

(ii) y—x € Cand y ¢ intC imply x ¢ int C;

(iii) y—x € —intCand y ¢ —intC imply x ¢ —intC;

(iv) y—x e —Cand y ¢ —intC imply x ¢ —int C.
Let X and Y be the Hausdorff topological vector spaces and
let K be a nonempty, closed, convex subset of X. Let C be a
pointed, closed, convex cone in' Y with intC # 0. Let g :
K x X — Y be a vector-valued mapping and let f : K — X
be another mapping. We introduce the following extended f-

vector equilibrium problem.
Find x, € K such that for all z € K and A € (0, 1]

g(Axy+(1-A)z f(y)) ¢ —intC, VyeK. (5)

IfA=1and f(y) = y € K, the problem (5) reduces to the
vector equilibrium problem of finding x, € K such that

g(xp,y) ¢ —intC, VyeK. (6)

Problem (6) was introduced and studied by Xuan and Nhat
[13].

In addition, if Y = R and C = R,, then problem (5)
reduces to the equilibrium problem of finding x,, € K such that

g(xpy) 20, VyeK. (7)

Problem (7) was introduced and studied by Blum and Oettli [1].

The fact that problem (5) is much more general than many
existing equilibria, vector equilibrium problems, and so forth
motivated us to study extended f-vector equilibrium problem
given by (5).
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Definition 5. Let X and Y be the Hausdorff topological vector
spaces and let K be a nonempty, closed, convex subset of X
and let C be a pointed, closed, convex cone in Y with int C #
f.Letg: KxX — Yand f: K — X bemappings. Then, g
is said to be

(i) f-monotone with respect to C, if and only if, for all
x,y,z€ K, 1 €(0,1],

gAx+(1-VNzf(y)+ gly+ (1 -z f(x)) € —((?;)
8

(ii) f-hemicontinuous, if and only if, for all x,y € K,
t € [0,1], the mapping t — g(ty + (1 — t)x, f(x))
is continuous at 0*;

(iii) f-pseudomonotone, if and only if, for all x, y,z € K,
A€ (0,1],

gAx+(1-MNz f(y)) ¢ —intC
implies g (Ay + (1 - 1) z, f (x)) ¢ intC;

€

(iv) f-generally convex, if and only if, for all x, y,z, € K,
A€ (0,1],

9(z f (x)) ¢ —intC,
g(z f(y)) ¢ —intC, (10)
imply g (z, f (Ax+ (1= 1) y)) ¢ —intC.

In support of Definition 5, we have the following exam-
ples.

Example 6. Let X = R,K = R,,Y = R}, and C = {(x, y) :
x<0,y<0}

Letg: KxX — Yand f: K — X be mappings such
that

9(xy)=(nx"), Vxyek,
[ =x,

(11)
Vx € K.

Then,
gAx+1-Vz f(y)+gy+ 1 -1z f (x))
=(f(»),Ax+(1-1)2))
+(f@,y+1-12)) (12)
= (¥ Ax+(1-1)2)°)
+ (% Ay +(1-12)") € =C;

thatis, g(Ax + (1 - M)z, f(¥)) + g(Ay + (1 = V)z, f(x)) € -C.
Hence, g is f-monotone with respect to C.

Example 7 Let X = R, K = R,,Y = R? and C = {(x, ) :
x <0,y <0} Let F:[0,1] — Y be a mapping such that

Fit)=g(ty+(1-t)x, f(x)), Vtel[0,1]. (13)
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Letg: KxX — Yand f: K — X be mappings such that
9(xy)=(»x"), ¥xyek,
ORES

(14)
Vx € K.

Then,
Fit)=g(ty+(1-t)x, f (x))

= (f@).(ty+1-x)") (15)

= (xz, (ty+(1-1t) x)z)

which implies that t — g(ty + (1 — £)x, f(x)) is continuous
at 0". Hence, g is f-hemicontinuous.

Example 8. Let X = R, K = R,,Y = R? and C = {(x,9) :
x>0,y >0}

Letg: KxX — Yand f: K — X be mappings such
that

9(xy)=(n-x"), Vxyek,
f (x) = mx,

(16)
Vx € K, m is constant.

Then,
gAx+(1-Vz f ()
=(f()-Ax+(1-2)2)°) 17)
= (my,-(Ax+(1-1)2)*) ¢ —intC
implies m > 0, so it follows that
gy + (1 -V z f(x)
= (f@,-(y+a-12)) (18)
= (mx,—(Ax + (1-1)2)°) ¢ int C.
Hence, g is f-pseudomonotone with respect to C.

Example 9. Let X = R, K = R,,Y = R? and C = {(x, 9) :
x>0,y <0}

Letg: KxX — Yand f: K — X be mappings such
that

9(xy)=(nx"), Vxyek,

19)
f(x)=mx, VxeK, mis constant.
Then,
9z f®)=(fx),7")
(20)
= (mx, z2) ¢ —intC
implies m > 0, and
9z =(f).7)
(21)

= (my, z2) ¢ —intC

3
again implies m > 0, so it follows that
9(z f(Ax+(1-1)y))
=(f(x+(1-21)y),2%)
(22)

=(m(x+(1-2)y).2°)
= ()me +(1-7) my,zz) ¢ —intC.
Hence, g is f-generally convex.

Definition 10. A mapping# : K x K — X is said to be affine
in the first argument if and only if, for all x, y,z € K and
t e [0,1],

ntx+(1-t)y2)=tn(x2)+1-0n(y2). (23)

Similarly, one can define the affine property of 7 with respect
to the second argument.

Definition 11. Let (Y,C) be an ordered topological vector
space. A mapping T : X — Y is called C-convex if and only
if, for each pair x, y € Kand A € (0,1],

TAx+(1=1)y)<AT (x)+ (1= T (y). (24)

3. Existence Results

We prove the following equivalence lemma which we need
for the proof of our main results.

Lemma 12. Let X be a Hausdorff topological vector space,
let K be a closed, convex subset of X, and let (Y,C) be an
ordered Hausdor{f topological vector space with int C # 0. Let
g: KxX — Y be a vector-valued mapping which is C-convex
in the second argument, f-monotone with respect to C, positive
homogeneous in the second argument, and f -hemicontinuous
andlet f: K — X be a continuous, affine mapping such that,
forz e K, A €(0,1], glAx + (1 - A)z, f(x)) =0 forall x € K.
Then for all z € K and A € (0, 1], the following statements are
equivalent. Find x, € K such that

(i) g(Axy + (1 =Nz, f(y)) ¢ —intC, Vy € K;
(i) gy + (1 = D)z, f(x,)) ¢ intC, Vy € K.

Proof. (i)=(ii). For all z € K and A € (0,1], let x, be a
solution of (i); then we have

g(Axg+(1-A)z f(y)) ¢ —intC. (25)
Since g is f-monotone with respect to C, we have
g(Axg+(1-Vz f ()
+g(y+(1-Vz, f(x)) e -C
= g(Axg+ (1 -V z f (y))
e-C-gly+(1-1)z f(xp))-

(26)



Suppose to the contrary that (ii) is false. Then, there exists
y € K such that

gy +(1 -1z f(xp)) € intC. (27)
By (26), we obtain
g(Axg+(1-A)z f(y)) e -C-intC c —intC  (28)

which contradicts (i). Thus, (i) =(ii).

(ii)=(i). Conversely, suppose that (ii) holds. Let y € K be
arbitrary and taking y, = ay+ (1 —a)xy a € (0,1)so y, € K
as K is convex.

Therefore,

gy, + 1=V z f(x,)) ¢ intC

(29)
= (1-a)g(Ay, +(1-MNz f(x,)) ¢ intC.
As g(Ax + (1 - L)z, f(x)) = 0, we have
IAye+ 1=z, f (1)) =0
(30)

= gAy,+1-Vz flay+(1-a)xy)) =0.
Since f is affine, we have
9(Wa+(1=Dzaf (y)+(1-a) f(x))=0. (1)

Since g is C-convex in the second argument, therefore we
have

0=g Wy, +(1-Vzaf (y)+1-a)f(x))
<cag (M + 1=z f ()
+(1-a)g (W, + (1= 2, f (x)) (32)
= (1-a)g(Ay, + (1 =Nz f (x,))

+ag(Ay, +(1-Vz f(y)) eC.

By (29), as (1 - a)g(Ay, + (1 = Nz, f(x,)) ¢ int C and using
Lemma 4, we have from (32)

—ag(Ay, +(1-1)z f(y)) ¢intC
= g(My,+(1-N)z f(y)) ¢ —intC.
Since g is f-hemicontinuous, therefore, fora — 0%, we have

gAxg+(1-A)z f(y) ¢ —intC, VyeK.  (34)

(33)

Thus, (ii)=(i). This completes the proof. O

Theorem 13. Let X be a Hausdor{f topological vector space
and let K be a compact and convex subset of X and let (Y, C) be
an ordered Hausdorff topological vector space with int C # 0.
Let g: K x X — Y be a vector-valued, affine mapping which
is f-monotone with respect to C, positive homogeneous in the
second argument, and f-hemicontinuous and let f : K — X
be a continuous, affine mapping such that, forz € K, A € (0, 1],
gAx + (1 - Nz, f(x)) = 0 for all x € K and let the mapping
x = gAy + (1 - V)x, f(x)) be continuous. Then problem (5)
admits a solution; that is, for all z € K and A € (0, 1], there
exists x, € K such that

g(Axg+(1-N)z f(y)) ¢ —intC, VyeK. (35
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Proof. For y € K, we define
M(y)={xeK:g(Ax+(1 -1z f(y)) ¢ —intC},

S(y)={xeK:g(Ay+(1 -1z f(x) ¢ intC}.
(36)

Clearly M(y) # 0, as y € M(y). We divide the proof into
three steps.

Step 1. We claim that M : K — 25 isa KKM-mapping. If M is
not a KKM-mapping, then there exists u € Co{y,, ¥, ..., ¥,.}
such that, forall t; € [0,1],i = 1,2,...,nwith Y ¢, = 1, we

1

have
u= Ztiyi ¢ UM (i) (37)
i=1 i=1
Thus, we have
gAu+(1-2A)z f(y;)) € —intC. (38)

Since g is affine in the second argument and g(Au + (1 —
Mz, f(u)) = 0, we have

itig Au+1 =Nz f(y;)) e —intC

i=1
=glAu+1-ANz f Ztiyi € —-intC

i=1
= g(M+(1-2A)z f(u) e -intC.

It follows that 0 € —int C which contradicts to the pointed-
ness of C(x) and hence M is a KKM-mapping.

Step 2.Onehas () cx M(y) = [,k S(y) and Sis also a KKM-

mapping.
If x € M(y), then g(Ax+(1-A)z, f(y)) ¢ —intC. By the
f-monotonicity of g with respect to C, we have

g(Ax+(1-N)z f ()
+g(Ay+(1-2z, f(x) € -C

= gAx+(1-N)z f(y)e-C (40
gy +1-Nz f(x).
Suppose that x ¢ S(y). Then, we have
gAy+(1-21)z f(x)) €intC. (41)

It follows from (40) that
gAx+(1 -1z f(y)) e C-intCc—intC  (42)

which contradicts the fact that x € M(y). Therefore, x € S(y);
that is, M(y) C S(y). Then,

ﬂM()’) c ﬂS(y). (43)

yek yeK
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On the other hand, suppose that x € [ yex S(¥). We have
gy+(1 -z f(x) ¢intC, VyeK. (44)
By Lemma 12, we have

gAx+(1-MNz f(y)) ¢-intC, VyeK. (45)

That is, x € (),ex M(y). Hence,
ﬂM(J’) > ﬂS(y). (46)
yek yeK

So,

ﬂM () = ﬂS(y). (47)
yek yeK
Also ﬂyeK S(y) # 0,since y € S(y). From above, we know
that M(y) c S(y) and, by Step 1, we know that M is a KKM-
mapping. Thus, S is also a KKM-mapping.

Step 3. For all y € K, S(y) is closed.
Let {x,} be a sequence in S(y) such that {x, } converges to
x € K. Then,

gly+(1 -1z f(x,) ¢intC Vn. (48)

Since the mapping x — g(Ay+(1-2A)z, f(x)) is continuous,
we have

gy +1-Nz f(x,))
— gy +1-MVz f(x) ¢ intC.

We conclude that x € S(y); that is, S(y) is a closed subset of a
compact set K and hence compact.
By KKM-Theorem3, [1,xS(y) # 0 and also

(Nyex M(y) # 0. Hence, there exists x, € [, M(y) =
(yex S(»); that is, there exists x, € K such that

(49)

g(Axg+(1-A)z, f(y))¢ —intC Vy,ze K, 1€(0,1].
(50)

Thus, x,, is a solution of problem (5). O
In support of Theorem 13, we give the following example.
Example14. Let=Y =R, K=R,,andC = {x : x > 0}.

Letg: KxX — Yand f: K — X be mappings such

that
g(x.y)=xy, V¥x,y€Kk,
(51)
f(x)=-mx VxeK, m>0.

Then,
(i) forany x, y,z € K,
gAx+1-Vz, f(¥)+gAy+ (1 -1z f(x))
=(Ax+(1-1)z) (-my)
+(Ay+ (1 =1) 2) (-mx)
= —2Amxy — (1 - A) (myz + mzx)

=-m(Q2Axy+(1-M1) (yz +zx)) € -C for m > 0;
(52)

that is, g is f-monotone with respect to C;

(ii) for any r > 0,
glx,ry)=xry=r(xy)=rg(x,y); (53)

that is, g is positive homogeneous in the second
argument;

(iii) let F : [0,1] — Y be a mapping such that F(t) =
gty + (1 —t)x, f(x)), Vt € [0, 1]; then,

Ft)=g(ty+(1-t)x, f(x))=(ty+ (1 -t)x) (-mx)
(54)

which is a continuous mapping; thatis,t — g(ty +
(1 - t)x, f(x)) is continuous at 0. Hence, g is f-
hemicontinuous.

(iv) Let G : K — Y be a mapping such that

Gx)=gly+(1-Mx, f(x), VxeK; (55)
then,
Gx)=gMy+1-VNx, f(x)=Ay+(1-1)x)(-mx)
(56)

which implies that x — g(Ay + (1 — A)x, f(x)) is
continuous mapping.

Hence, all the conditions of Theorem 13 are satisfied.
In addition,

gAx+(1-Nz f(y))
=(Ax+(1-1)2) (-my) (57)
=-m(Ax+(1-1)z)y ¢ intC for m > 0.

Thus, it follows that x is a solution of problem (5) forallz € K
and A € (0,1].

Corollary 15. Let K be a compact and convex subset of X and
let (Y, C) be an ordered topological vector space with int C # 0.
Let g : Kx X — Y be a vector-valued mapping which is f-
pseudomonotone with respect to C and let f : K — X be a
continuous, affine mapping such that, for z € K, A € (0,1],
gAx + (1 — M)z, f(x)) = 0 for all x € K. Let the mapping
x = gAx+(1-N)z, f(y)) be continuous. Then, problem (5)
is solvable.

Proof. By Step 1 of Theorem 13, it follows that M is a KKM-
mapping. Also it follows from f-pseudomonotonicity of g
that M(y) ¢ S(y); thus S is also a KKM-mapping. By Step
3 of Theorem 13, the conclusion follows. O

Theorem 16. Let X be a reflexive Banach space; let (Y, C) be
an ordered topological vector space with intC # 0. Let K be
a nonempty, bounded, and convex subset of X. Let g : K x
X — Y beavector-valued mapping which is f-monotone with
respect to C, positive homogeneous in the second argument, f-
hemicontinuous, and f-generally convexonK. Let f: K — X



be a continuous, affine mapping such that, forz € K, A € (0, 1],
gAx + (1 - M)z, f(x)) = 0 for all x € K. Then, problem (5)
admits a solution, that is, for all z € K and A € (0,1], there
exists x, € K such that

g(Axg+(1-N)z f(y)) ¢ —intC, VyeK. (58)
Proof. For each y € K, let
M(y)={xeK:g(Ax+(1-MNz f(y)) ¢ —intC},

S(y)={xeK:g(Ay+(1 -1z, f(x)) ¢ intC}
(59)

forallz € Kand A € (0,1].
From the proof of Theorem 13, we know that S(y) is closed
and S is a KKM-mapping. We also know that

ﬂM(J’)Z ﬂS(y). (60)

yek yeK

Since K is a bounded, closed, and convex subset of a reflexive
Banach space X, therefore, K is weakly compact.
Now, we show that S(y) is convex. Suppose that y,, y, €
S(y)and t;,t, > 0Owitht;, +t, = 1.
en,

gAy+(1 =Nz f(y)) ¢intC, i=1,2. (6

Since g is f-generally convex, we have

gy + (1 =Nz f(t,y +1t,y,)) ¢ intC; (62)

thatis, t, y; + £, ¥, € S(y), which implies that S(y) is convex.
Since S(y) is closed and convex, S(y) is weakly closed.

As Sis a KKM-mapping, S(y) is weakly closed subset of K;;
therefore S(y) is weakly compact. By KKM-Theorem 3, there
exists xo € K such that x, € [, M(y) = [yex S(¥) # 0.
That is, there exists x,, € K such that

g(Axg+(1-A)z f(y)) ¢ —intC,
Vy,ze K, Ae(0,1].

(63)

Hence, problem (5) is solvable. ]

4. Conclusion

In this paper, some existence results for extended f-vector
equilibrium problem are proved in the setting of Hausdorft
topological vector spaces and reflexive Banach spaces. The
concept of monotonicity plays an important role in obtaining
existence results. The results of this paper can be viewed
as generalizations of some known equilibrium problems as
explained by (6) and (7).

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

International Journal of Computational Mathematics

References

[1] E. Blum and W. Oettli, “From optimization and variational
inequalities to equilibrium problems,” The Mathematics Student,
vol. 63, no. 1-4, pp- 123-145,1994.

[2] M. A. Noor and W. Oettli, “On general nonlinear complemen-
tarity problems and quasi-equilibria,” Le Matematiche, vol. 49,
no. 2, pp. 313-331,1994.

[3] G.-Y. Chen and B. D. Craven, “A vector variational inequality
and optimization over an efficient set,” Zeitschrift fiir Operations
Research, vol. 34, no. 1, pp. 1-12, 1990.

[4] G. Y. Chen and B. D. Craven, “Existence and continuity of
solutions for vector optimization,” Journal of Optimization
Theory and Applications, vol. 81, no. 3, pp. 459-468, 1994.

[5] Q. H. Ansari and J.-C. Yao, “An existence result for the
generalized vector equilibrium problem,” Applied Mathematics
Letters, vol. 12, no. 8, pp. 53-56, 1999.

[6] Q. H. Ansari, S. Schaible, and J. C. Yao, “System of vector equi-
librium problems and its applications,” Journal of Optimization
Theory and Applications, vol. 107, no. 3, pp. 547-557, 2000.

[7]1 Q. H. Ansari and J. C. Yao, “On vector quasi—equilibrium
problems,” in Equilibrium Problems and Variational Models, vol.
68 of Nonconvex Optimization and Its Applications, pp. 1-18,
2003.

[8] Q. H. Ansari and F. Flores-Bazan, “Generalized vector quasi-
equilibrium problems with applications,” Journal of Mathemat-
ical Analysis and Applications, vol. 277, no. 1, pp. 246-256, 2003.

[9] M. Bianchi, N. Hadjisavvas, and S. Schaible, “Vector equi-
librium problems with generalized monotone bifunctions,”
Journal of Optimization Theory and Applications, vol. 92, no. 3,
pp- 527-542,1997.

[10] A. P. Farajzadeh and B. S. Lee, “On dual vector equilibrium
problems,” Applied Mathematics Letters, vol. 25, no. 6, pp. 974—
979, 2012.

[11] A. Khalig, “Implicit vector quasi-equilibrium problems with
applications to variational inequalities,; Nonlinear Analysis:
Theory, Methods and Applications, vol. 63, no. 5-7, pp. e1823-
el831, 2005.

[12] J. Liand N.-J. Huang, “Implicit vector equilibrium problems via
nonlinear scalarisation,” Bulletin of the Australian Mathematical
Society, vol. 72, no. 1, pp. 161-172, 2005.

[13] N.Xuan and P. Nhat, “On the existence of equilibrium points of
vector functions,” Numerical Functional Analysis and Optimiza-
tion, vol. 19, no. 1-2, pp. 141-156, 1998.

[14] R. Ahmad and M. Akram, “Extended vector equilibrium prob-
lem,” British Journal of Mathematics & Computer Science, vol. 4,
Pp. 546-556, 2013.

[15] A.Farajzadeh, “On Vector Equilibrium Problems,” nsc10.canka-
ya.edu.tr.

[16] M. Rahaman, A. Kiligman, and R. Ahmad, “Extended mixed
vector equilibrium problems,” Abstract and Applied Analysis,
vol. 2014, Article ID 376759, 6 pages, 2014.



Advances in Advances in Journal of Journal of
Operations Research lied Mathematics ability and Statistics

il
PR
S Rt
£ 2 §

\ ‘

The Scientific
\{\(orld Journal

International Journal of
Differential Equations

Hindawi

Submit your manuscripts at
http://www.hindawi.com

International Journal of

Combinatorics

Advances in

Mathematical Physics

%

Journal of : Mathematical Problems Abstract and Discrete Dynamics in
Mathematics in Engineering Applied Analysis Nature and Society

Journal of

Complex Analysis

International
Journal of
Mathematics and
Mathematical
Sciences

Journal of
'

al of Journal of

Function Spaces Stochastic Analysis Optimization

Journal of International Jo




