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I.  Introduction

The study of fixed point theorems in
probabilistic metric spaces is an active area of
research. The theory of probabilistic metric spaces
was introduced by Menger [1,2] introduced the
notion of Probabilistic Metric spaces (in short PM
spaces) as a generalization of metric spaces. In fact
the study of such spaces received an impetus with the
pioneering work of Schweizer and Sklar [3]. The
theory of Probabilistic Metric spaces is of
fundamental importance in Probabilistic Functional
Analysis especially due to its extensive applications
in random differential as well as random integral
equations. Fixed point theory is one of the most
fruitful and effective tools in mathematics which has
enormous applications within as well as outside
mathematics. By now, several authors have already
established numerous fixed point and common fixed
point theorems in PM spaces. For an idea of this kind
of the literature, one can consult the results contained
in [3-14].

In 1986, Jungck [13] introduced the notion of
compatible mappings and utilized the same (as a tool)
to improve commutativity conditions in common
fixed point theorems. This concept has been
frequently employed to prove existence theorems on
common fixed points. However, the study of
common fixed points of non-compatible mappings is
also equally interesting which was initiated by Pant
[14]. Recently, Aamri and Moutawakil [15] and Liu
et al. [16] respectively, defined the property (E.A)
and the common property (E.A) and proved some
common fixed point theorems in metric spaces.
Imdad et al. [17] extended the results of Aamri and
Moutawakil [15] to semi metric spaces. And,
Kubiaczyk and Sharma [18] defined the property
(E.A) in PM spaces and used it to prove results on
common fixed points wherein authors claim to prove
their results for strict contractions which are merely
valid up to contractions. Most recently Rajesh

Shrivastav, Vivek Patel and Vanita Ben Dhagat[23]
have given the definition of fuzzy probabilistic metric
space and proved theorems for Fuzzy Menger Space.
In this paper, we prove the fixed point theorems for
weakly compatible mappings via an implicit relation
in Fuzzy Menger spaces satisfying the common
property (E.A). Our results substantially improve the
corresponding theorems contained in [20,21,22]
along with some other relevant results in Fuzzy
Menger as well as metric spaces.

1. Preliminaries and Definitions:
Let us define and recall some definitions:

Definition 2.1 A fuzzy probabilistic metric space
(FPM space) is an ordered pair (X, F,) consisting of a
nonempty set X and a mapping F, from XxX into the
collections of all fuzzy distribution functions
F,eRforalla. € [0,1] . Forx,y € X we denote the
fuzzy distribution function Fe. (x,y)
by Foxyy and Fyyy (0) is the value ofF,y atuin
R.

The functions F ) for all a. € [0,1] assumed to
satisfy the following conditions:

(@) Foyxyy W) = 1Vu > 0iffx =y,
(b) Foxy) (0) = 0V x,yinX,
(C) Fa(x,y) = Fa(y,x) V x )y in X,

(d) IfFyxp(w) = land Fyy,y (V) = 1=
Foxn (u+v) = 1Vx,y,zeX and u,v > 0.

Definition 2.2 A commutative, associative and non-
decreasing mapping t:[0,1] x[0,1]—[0,1] is a t-
norm if and only if t(a,1) = a Vae[0,1], t(0,0) =
0 and t(c,d) > t(a,b) forc>a, d>b .

Definition 2.3 A Fuzzy Menger space is a triplet
(X,F,, 1), where (X, F,) is a FPM-space, tisat-norm
and the generalized triangle inequality
Fu(x,z) (u + V) 2t (Fa(x,z) (u): Fa(y,z) (V))
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holds for all x,y,zin Xu,v > 0 and o. € [0,1].
The concept of neigh borhoods in Fuzzy Menger
space is introduced as

Definition2.4 Let (X, F,, t) be a Fuzzy Menger space.
If xeXe>0 and Ae(01), then(g)) —
neighborhood of x, called U, (g, 1), is defined by
U, (&,A) = {yeX: FQ(X‘y)(a) >(1-M)}

An (g,\) — topology in X is  the topology induced
by the family
{Us (e,A): xe X, e > 0,a€[0,1]and Ae(0,1)} of
neighborhood.

Remark: If tis continuous, then Fuzzy Menger space
(X, F,, t) is a Housdroff space in (g, 1) — topology.
Let (X,F,, t) be a complete Fuzzy Menger space and
AcX . Then A is called a bounded set if
lim,_,,, infX,yeA Fu(x,y) w=1

Definition 2.5 A sequence {x,}in (X, F,, t) is said to
be convergent to a point xin X iffor every¢ >
Oand A > 0, there exists an integer N = N(g, A) such
that x, €eU,(g,A)Vn=N or  equivalently
F, (X,,%x;€) > 1—2Aforalln>N and ae[0,1].

Definition 2.6 A sequence {x,}in (X,F,t) is said
to be cauchy sequence if foreverye > 0and A >
0, there exists an integer N = N(g,A) such that

forall ae[0,1] Fa(Xy,Xm; €) > 1 —A ¥V n,m>N.

Definition 2.7 A Fuzzy Menger space (X, F,, t) with
the continuous t-norm is said to be complete if every
Cauchy sequence in X converges to a point in X
forall ae[0,1].

Definition 2.8 Let (X,F,t) be a Fuzzy Menger
space. Two mappings f,g:X—>X are said to be
weakly comptable if they commute at coincidence
point for all ae[0,1].

Lemma 1 Let {x,} be a sequence in a Fuzzy Menger

space (X,F,t) , where t is continuous
and t(p,p)>pforallpe[0,1], if there exists a
constant ke (0,1 )

such that forallp >
0 and neN F, (x,,Xn41; kp) 2 Fa(X,_1,Xy; P),
for all ae[0,1] then {x,} is cauchy sequence.

Lemma 2 If (X, d) is a metric space, then the metric
d induces, a mapping F,:XxX—>L defined
by Fo(p,q) =
H,(x — d(p,q)),p,q € Rforall ae[0,1]. Further if
t:[0,1] x[0,1]— [0,1] is defined by t(a,b) =
min{a, b}, then (X, F, t) is a Fuzzy Menger space. It
is complete if (X, d) is complete.

Definition 2.9: Let (X,F,t) be a Fuzzy Menger
space. Two self-mappings f,g: X - X are said to be
compatible if and only if Fiey erx,) (O =
1forallt > 0 whenever {x,} in X such that
fx,, gx, — zfor some z € X.

Definition 2.10: Let (X,F,t) be a Fuzzy Menger
space. Two self-mappings f,g: X - X are said to
satisfy the property (E.A) if there exist a sequence
{x,} in X such that
lim fx, = limgx, =z
n—oo n—-oo
Definition 2.11: Two pairs {f, g} and {p, q} of self-
mappings of a Fuzzy Menger space(X, F,, t) are said
to satisfy the common property (E.A) if there exist
two sequences {x,}and{y,} in Xand some
z in X such that
lim fx, = lim gx, = lim py, = limqy, =z
n—oo n-—oo n-—-o n-—-oo
Example 2.12. Let (X, F,t) be a Fuzzy Menger
space with X = [—-1,1] and

® {—_'Xt_y' £t 0

F X, t) =<¢€ 1

o) 0 ift="0

for all x,yeX . Define self-mappingsf, g,

pxand g onX asfx = 78X = pX =,

_T for all xeX . Then with sequences {x,}
%and {y.} = _Tl in X such that

lim fx, = lim gx, = lim py, = limqy, =0
n—oo n-—-oo n—oo n—oo

This shows that the pairs {f,g} and {p, q} share the
common property (E.A).

andgx =

Definition 2.13: Two self mappings f and g of a
Fuzzy Menger space (X, F,, t) are said to be weakly
compatible if the mappings commute at their
coincidence points i.e fx = gx for some x € X
implies fgx = gfx We shall call w = fx = gx a
point of coincidence of fand g.

I11.  Definition 2.14: Implicit Relation
Let & be the set of all real continuous
functions ®(R>):[0,1] - R, non-decreasing in the
argument satisfying the following conditions:
€)) For u,v = 0,¢(u,v,u,v,1) = 0 implies that
uz=v.

(b) ¢(u,1,1,u,1) = 0or ¢(u,u,1,1,u) =
Oor ¢(u,1,u,1,u) = 0 impliesthatu > 1

Example2.15: Let’s consider ¢(ty,ty, t3,t,,t5) =
40t, — 18t, + 12t; — 14t, — to + 1, then ¢ € .
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IV.  Main Result
We begin with the following observation.

Lemma 3.1. Let p, g, f and g be self-mappings of a Fuzzy Menger space (X, F,, t) satisfying the following:

(i) the pair (p,f) (or (q, g) satisfies the property (E.A);

(i) forany p,q €eX,¢ e dforallt> 0,

¢(Fa(px,qy) (t)' Fa(fx,gy) (t)' F(x(fx,px) (t)' Fa(gy,qy) (t)' Fa(gy,px) (t)) =0.... (31)
(iii) p(X) © g(X) (or q(X) < (X)),

Then the pair (p, f) and (g, g)share the common property (E. A).

Proof. First we assume that the pair (p,f) owns the property (E.A), and we show that the
pair (p, ) (or (q, g) share common property (E.A). Let {x,} be a sequence in X such that
lim, ., px, = lim,_ fx, = x for some x € X.
Since p(X) c g(X), hence for each {x,} there exists {y,} in X such that px,, = fy,.
Therefore, lim, _,,, px, = lim,_, gy, =X
Thus in all, we have px, = x, fx, = xand gy, — x. Now we prove that qy, — x.
On contrary let qy, + x as n — oo, then from equation (3.1), we obtain
¢(Fa(pxn.qyn)(t)' Fo(txngyn) (O Fotxn,pxn) () Fotgyn.ayn) () Fa(gyn,pxn)(t)) 20

letting n — oo, we have

¢(Fa(x,qyn) (t)' Fu(x,x) (t)' Fu(x,x) (t), F(x(x,qyn) (t)' Fa(x,x) (t)) =0
This is, &(Fycxqy,) (0,11 Fugqy,)(©,1) =0
Using implicit function definition, we have F

Foxay,)(® = 1, thus qy, — x.

Hence the pairs (p, f) and (q, g) share the common property (E.A).

atx,qy,) (£ = 0 forall £ > 0.

Remark 3.2. The converse of Lemma 3.1 is not true in general. For a counter example, one can see Example 3.9
(presented in the end).

Theorem 3.3. Let p, g, f and g be self-mappings on a Menger PM space (X, F,, t) satisfying the following :
(i) the pair (p,f) (or (q,g)) satisfies the property (E.A);
(if) forany p,q € X,¢ € ® forall t > 0,
¢(Fu(px.qy)(t)' Facx,gy) (1)) Facex,px) (D) Fagy,ay) (O Fu(gy,pX)(t)) 20......3D)
(iii) p(X) c g(X) (or q(X) < (X)),
(iv) f(X) (or g(X)) is a closed subset of X.
(v) the pairs (p,f) and (q, g) are weakly compatible.
Then the pairs (p,f) and (q,g) have a point of coincidence each. Moreover, p, g, f and g have a unique
common fixed point.
Proof. In the view of lemma 3.1 pairs (p,f) and (q, g) shares the common property (E.A), that is, there exist
two sequences {x,} and {y,} in X such that
lim,_, px, = lim,_, fx, =lim,_, qy, = lim,_, gy, = x for some x € X.
Suppose that f(X) is a closed subset of X, then x = fu for some u € X. If x # pu, then from given inequality, we
obtain

O(Fapu,ayn) (D: Fatu gyn) (O Factupu) (0, Faggyp ayn) (O Faggyy puy (1) =0
taking n — oo, we get

¢(Fa(pu,x) (t)' Fu(x,x) (t)' l:‘oz(x,pu) (t)' Fa(x,x) (t)' Fu(x,pu) (t)) =0

or, ¢(Fa(pu,x)(t)'1t Fa(x,pu)(t)'l' Fu(x,pu)(t)) =0
Using implicit function definition, we get
Fopuy(®) = 1 forall t > 0.
This gives Fypy () = 1.
Thus, pu = x.
Hence fu = pu = x.
Since p(X) c g(X), there exists v € X such that x = pu = gv.
If x # qv, then using inequality (3.1),we have ¢(Fu(pu,qv)(t), Fou,gv) () Foctupu) () Faay,qv) (O, Fa(gv,pu)(t)) >
0

Or ¢(Fa(x,qv) (t)' Fa(x,x) (t)' Fa(x,x) (t)' Fa(x,qv) (t)' Fa(x,x) (t)) =0
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Or ¢(Fapeqr)®, 1,1, Fypeqny(©,1) =0
Using implicit function definition, we get
Foqu(t) = 1 forall t > 0.
This gives Fy gy (D) = 1.
Thus, x = qv.
Hencegv=qv=x.Thusfu=pu=gv=qv=x
Since the pairs(p, f) and (q, g) are weakly compatible and fu = pu, gv = qv,
Therefore fx = fpu = pfu = px, and gx = gqv = qgv = gx.
If px # x, then using inequality (3.1), we have
(I)(Fa(px,qv) (t)' Fa(fx,gv) (t)' Fa(fx,px)(t)t Fa(gv,qv) (t), Fa(gv,px) (t)) =0
Or’ ¢(Fa(px,x) (t)' Fa(x,x) (t)v Fa(x,px)(t)v Fa(x,x) (t): Fa(x,px)(t)) =0
Or’ ¢(Fa(px,x) (t)'lv Fa(x,px)(t)vl' Fa(x,px)(t)) =0
Using implicit function definition, we get
Fopxx)(©) = 1 forallt > 0.
This gives Fypy () = 1.
Hence px = x. Therefore px = fx = x.
Similarly, If gx # x, then using inequality (3.1), we have
¢(Fa(pu,qx)(t)' Fa(fu,gx)(t)' Fa(fu,pu) (t), Fa(gx,qx)(t)t Fa(gx,pu)(t)) =0
Or1 ¢(Fa(x,qx)(t)' Fu(x,x) (t)' Fu(x,x) (t), Fa(x,qx)(t)t Fu(x,x) (t)) =0
Or, ¢(Fa(x,qx)(t)i 1,1, Fa(x,qx)(t)' 1) >0
Using implicit function definition, we get
Foq(® = 1 forallt> 0.
This gives Fy g0 () = 1.
Hence x = gx. Therefore gx = gx = x.
Hence x = px = fx = gqx = gx, and x is a common fixed point of p, g, fand g.

Uniqueness: Let w and z be two common fixed points of maps p, q, f and g. Put x =zandy = w in the
inequality (3.1), we get
¢(Fu(pz,qw) (t), Fa(fz,gw) (t)' Fu(fz,pz) (t)' F(x(gw,qw) (t)' F(x(gw,pz) (t)) =0
Or
¢(Fa(z,w) (t)' F(X(Z,W) (t)' Fa(z,z) (t)' 1:‘oc(w,w) (t)' Fa(w,z)(t)) =0
Or
¢(Fa(z,w) (t)' Fu(z,w) (t),l,l, Fu(w,z) (t)) =0
Using implicit function definition, we get
Fyewy(® = 0forallt> 0
This gives Fy, () = 0. Thus z = w.
So, z is the unique common fixed point of p, q, fand g.

Corollary 3.4. Let p and f be self-mappings on a Fuzzy Menger space (X, F,, t) such that

(i) the pair (p, f) satisfies the common property (E.A),

(”) for any p,q € X, ¢ € @ forallt >0 ¢(Fu(px,py) (t), Fu(fx,fy) (t)' F(x(fx,px)(t)' Fa(fy,py)(t)' Fa(fy,px)(t)) =0
(iii) f(X) isa closed subset of X.

(iv) the pairs (p,f) are weakly compatible

Then p and f have a coincidence point. Moreover, if the pair (p,f) is weakly compatible, then p and f have a
unigue common fixed point.

Theorem 3.5. Letp, g, fand g be self-mappings on a Menger PM space (X, F,,t) satisfying the following :
(i) the pair (p,f) and (q,g) shares the common property (E.A);
(ii) forany p,q €eX,¢ e dforallt> 0,
¢(Fa(px,qy) (t)' Fa(fx,gy) (t)' Fa(fx,px)(t)l F(x(gy,qy) (t), Fa(gy,px)(t)) Z0...... (31)
(iii) f(X) and g(X) are closed subsets of X.
(iv) the pairs (p, f) and (q, g) are weakly compatible.
Then p, g, fand g have a uniqgue common fixed point in X.
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Proof. Let the pairs (p,f) and (q, g) shares the common property (E.A), then there exist two sequences {x,} and
{y.} in X such that
lim, ., px, = lim,_ fx, = lim,_, qy, = lim,_, gy, = x for some x € X.
Since p(X)and f(X) is a closed subset of X, then x = fu = gv for some u,v € X. If x # pu, then from given
inequality, we obtain
O(Fapu,ayn) (D: Fatu gyn) (O Factupu) (0, Faggyp ayn) (O Faggyy puy (1) =0
Now taking n — oo, we get
¢(Fa(pu,x) (t)v Fa(x,x) (t)' l:ot(x,pu) (t): Fa(x,x) (t): Fa(x,pu) (t)) =0

or, ¢(Fa(pu,x)(t)ill Fa(x,pu)(t)'lv Fa(x,pu)(t)) =0
Using implicit function definition, we get
Fopu) () = 1forall t > 0.
This gives Fypy () = 1.
Thus, pu = x.
Hence fu = gv = pu = x.

Since the pair(p, f) and (q, g)are weakly compatible and both the pair have point of coincidence u and v
respectively. Following the lines of proof of Theorem 3.3, one can easily prove the existence of unique
common fixed point of mappings p, g, fand g.

Theorem 3.7. Let p, g, f and g be self-mappings on a Menger PM space (X, F,, t) satisfying the following :
(i) the pair (p,f) and (q, g) shares the common property (E.A);
(it) forany p,q €X,¢ € ® forall t > 0,

(I)(Fa(px,qy) (t)' Fa(fx,gy) (t)' Fa(fx,px)(t)t Fa(gy,qy) (t), Fa(gy,px)(t)) =0...... (31)

(iil) pX) € g(X) and q(X) c f(X).
(iv) the pairs (p, f) and (q, g) are weakly compatible.
Then p, g, f and g have a unique common fixed point in X.

Corollary 3.8. Let p, g, f and g be self-mappings on a Menger PM space (X, F,, t) satisfying the following :
(i) the pair (p,f) and (q, g) shares the common property (E.A);
(ii) forany p,q €eX,¢p e dforallt> 0,
¢(Fu(px,qy) (t)' Fu(fx,gy) (t)' Fu(fx,px)(t)' Fu(gy,qy) (t), Fu(gy,px)(t)) =0...... (31)
(iii) p(X) and gq(X)are closed subsets of X whereas p(X) c g(X) and q(X) c f(X).
(iv) the pairs (p, f) and (q, g) are weakly compatible.
Then p, g, f and g have a unique common fixed point in X.

Example 3.9. Consider X = [—1,1] and define F, ) = H(t — |x — y|) for allx,y € X. Then (X, F,, t) is the fuzzy
menger space with A(a, b) = minifh, b}. Define self mappings p, g, fand g on X as

3
z, ifxe{—1,1} = ifxe{—1,1}
p(X) = {3 . qX) =15, .
w ifxe(—=1,1) e ifxe(—1,1)
(3, ifx=-1 (- ifx=-1
f(X) = { g, ifxe(=1,1) g(X) = { ‘TX, ifx e (=1,1)
(—1, ifx =1 \1' ifx=1
2 2

Then with the sequences {x, = %} and {y, = _Tl} in X, we have

lim, _, px, = lim,_ fx, = lim,_, qy, = lim,_, gy, = 0 which shows that pair (p,f) and (q,g) share the
common property(E. A).
Also p(X) = a(¥) = {F}u (-1.7) ¢ [-3.3] = 00 = &0
Thus all the conditions of Theorem 3.1 are satisfied and 0 is the unique common fixed point of the pair (p, f)
and (q, g)which is their coincidence point as well.

United States of America. 28, 535-537

References (1942).
[1] Menger, K: Statistical metrics. Proceedings [2] Menger, K: Probabilistic geometry.
of the National Academy of Sciences of the Proceedings of the National Academy of

WWW.ijera.com 66|Page



Ruchi Singh et al. Int. Journal of Engineering Research and Applications

WWWw.ijera.com

ISSN: 2248-9622, Vol. 5, Issue 8, (Part - 1) August 2015, pp.62-67

(3]

(4]

(5]

[6.]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Sciences of the United States of
America. 37, 226-229 (1951).

Schweizer, B, Sklar, A: Probabilistic Metric
Spaces, North-Holland Series in Probability
and Applied Mathematics,p. xvi+275.
North-Holland, New York, NY, USA (1983)
Chugh, R, Rathi, S: Weakly compatible
maps in probabilistic metric spaces. The
Journal of the Indian Mathematical
Society. 72(1-4), 131-140 (2005)

Hadzi¢, O, Pap, E: Fixed Point Theory in
Probabilistic Metric Spaces, Mathematics
and Its Applications,p. x+273. Kluwer

Academic  Publishers, Dordrecht, The
Netherlands (2001)
Hicks, TL: Fixed point theory in

probabilistic metric spaces. Univerzitet u
Novom Sadu. Zbornik Radova Prirodno-
Matematickog  Fakulteta.  Serija  za
Matemati. 13, 63-72 (1983)

Imdad, M, Ali, J, Tanveer, M: Coincidence
and common fixed point theorems for
nonlinear contractions in  Menger PM
spaces. Chaos, Solitons and Fractals. 42(5),
3121-3129 (2009).

Kohli, JK, Vashistha, S: Common fixed
point theorems in probabilistic metric
spaces. Acta Mathematica
Hungarica. 115(1-2), 37-47 (2007).

Mishra, SN: Common fixed points of

compatible  mappings in  PM-spaces.
Mathematica  Japonica. 36(2), 283-289
(1991)

Rashwan, RA, Hedar, A: On common fixed
point theorems of compatible mappings in
Menger spaces. Demonstratio
Mathematica. 31(3), 537-546 (1998)
Razani, A, Shirdaryazdi, M: A common
fixed point theorem of compatible maps in
Menger space. Chaos, Solitons and
Fractals. 32(1), 26-34 (2007).

Singh, B, Jain, S: A fixed point theorem in
Menger space through weak compatibility.
Journal of Mathematical Analysis and
Applications. 301(2), 439-448 (2005).
Jungck, G: Compatible mappings and
common fixed points. International Journal
of  Mathematics and  Mathematical
Sciences. 9(4), 771-779 (1986).

Pant, RP: Common fixed points of
noncommuting  mappings. Journal  of
Mathematical Analysis and
Applications. 188(2), 436-440 (1994).
Aamri, M, El Moutawakil, D: Some new
common fixed point theorems under strict
contractive  conditions. Journal of
Mathematical Analysis and
Applications. 270(1), 181-188 (2002).

[16.]

[17]

[18]

[19]

[20.]

[21]

[22]

[23]

Liu, Y, Wu, J, Li, Z: Common fixed points
of single-valued and multivalued maps.
International Journal of Mathematics and
Mathematical ~Sciences. 2005(19), 3045-
3055 (2005).

Imdad, M, Ali, J, Khan, L: Coincidence and
fixed points in symmetric spaces under strict
contractions. Journal of Mathematical
Analysis and Applications. 320(1), 352-360
(2006).

Kubiaczyk, I, Sharma, S: Some common
fixed point theorems in Menger space under
strict contractive conditions.  Southeast
Asian Bulletin of Mathematics. 32(1), 117-
124 (2008)

Branciari, A: A fixed point theorem for
mappings satisfying a general contractive
condition of integral type. International
Journal of Mathematics and Mathematical
Sciences. 29(9), 531-536 (2002).

Ali, J, Imdad, M: An implicit function
implies several contraction conditions.
Sarajevo Journal of Mathematics. 4(17)(2),
269-285 (2008)

Jungck, G: Common fixed points for
noncontinuous nonself maps on nonmetric
spaces. Far East Journal of Mathematical
Sciences. 4(2), 199-215 (1996)

Imdad, M, Ali, J: Jungck's common fixed
point theorem and E.A property. Acta
Mathematica Sinica. 24(1), 87-94 (2008).

R. Shrivastav,S. Nath , V. Patel and V.
Dhagat,weak and semi compatible maps in
Fuzzy  Probabilistic metric space using
implicit relation, IIMA 2(6), 2011, 958-963.

WWW.ijera.com 67|Page


http://www.fixedpointtheoryandapplications.com/sfx_links?ui=1687-1812-2010-819269&bibl=B8
http://www.fixedpointtheoryandapplications.com/sfx_links?ui=1687-1812-2010-819269&bibl=B12
http://www.fixedpointtheoryandapplications.com/sfx_links?ui=1687-1812-2010-819269&bibl=B14
http://www.fixedpointtheoryandapplications.com/sfx_links?ui=1687-1812-2010-819269&bibl=B15
http://www.fixedpointtheoryandapplications.com/sfx_links?ui=1687-1812-2010-819269&bibl=B16
http://www.fixedpointtheoryandapplications.com/sfx_links?ui=1687-1812-2010-819269&bibl=B18
http://www.fixedpointtheoryandapplications.com/sfx_links?ui=1687-1812-2010-819269&bibl=B19
http://www.fixedpointtheoryandapplications.com/sfx_links?ui=1687-1812-2010-819269&bibl=B21

