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lished for generalize contractive conditions.

2010 MATHEMATICS SUBJECT CLASSIFICATION: 46E; 03E72; 03B52; 28E10; 62A86

© 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Mathematical Society.

Contents

W= o

Introduction . . .. ... ... ... ..
Some preliminary results .. ......................
Common fixed point theorems . . ..................
Conclusion . . .. ...
Acknowledgements . . ............... ... ... .. ...
References . .. ....... .. ... ... .. . . . ..

*

Tel.: +91 9474311483; fax: +91 3463261029.
E-mail address: tarapadavb(@gmail.com
* The present work is partially supported by Special Assistance
Programme (SAP) of UGC, New Delhi, India [Grant No. F. 510/4/
DRS/2009 (SAP-I)].
Peer review under responsibility of Egyptian Mathematical Society.

ELSEVIER Production and hosting by Elsevier

http://dx.doi.org/10.1016/j.joems.2014.06.010

0. Introduction

The idea of cone metric space and cone normed linear space
are recent development in functional analysis. The idea of cone
metric space was introduced by Long-Guang and Xian [1]. The
definition of cone normed linear space is introduced by
Samanta et al. [2] and Eshaghi Gordji et al. [3]. Although
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the concept of cone normed linear space in [2,3] are almost
similar. In earlier papers [4,5], the author introduced the idea
of fuzzy cone metric space as well as fuzzy cone normed linear
space and studied some basic results.

The study of common fixed points of mappings satisfying
certain contractive conditions is now a vigorous research activ-
ity. In 1976, Jungck [6], proved a common fixed point theorem
for commuting mappings, generalizing the Banach contraction
principle. After that, different authors developed more results
regarding common fixed point theorem by using different types
of contractive conditions for noncommuting mappings in met-
ric spaces (for references please see [7-10]. On the other hand
Abbas and Jungck [11] developed common fixed point results
for noncommuting mappings in cone metric spaces.

In this paper, the existence of coincidence points and
common fixed point for noncommuting mappings satisfying
some contractive conditions in fuzzy cone metric spaces are
established and the results are justified by an example.

The organization of the paper is as follows:

Section 1, comprises some preliminary results which are
used in this paper.

Some common fixed point results are established in
Section 2.

1. Some preliminary results

A fuzzy number is a mapping x : R — [0, 1] over the set R of
all reals.

A fuzzy number x is convex if x(7) = min(x(s), x(r)) where
s<t<r.

If there exists fp € R such that x(zy) = 1, then x is called
normal. For 0 < « < 1, a-level set of an upper semi continuous
convex normal fuzzy number (denoted by [y],) is a closed
interval [a,, b,], where a, = —oc and b, = +oo are admissible.
When a, = —co, for instance, then [a,,b,] means the interval
(—o0, by]. Similar is the case when b, = +cc.

A fuzzy number x is called non-negative if x(7) = 0, V¢ < 0.

Kaleva (Felbin) denoted the set of all convex, normal,
upper semicontinuous fuzzy real numbers by E(R(I)) and the
set of all non-negative, convex, normal, upper semicontinuous
fuzzy real numbers by G(R*(1)).

A partial ordering “<” in E is defined by n < ¢ if and only
if ! < a2 and b, < b forallo € (0, 1] where [], = [a!,b}] and
[0], = [ai,bi], The strict inequality in E is defined by 5 < ¢ if
and only if a! < @ and b} < b_ for each « € (0, 1].

! b

1
o) o]

Proposition 1.1 [12]. Let n, 6 € E(R(I)) and [y], = [a
0], = [a2,b2], 00 € (0,1).Then

@0l = [a,+a, b, + b]]

e o), = [a,—b,,b,—a

(1©9], = [a, B8]

Definition 1.1 [13]. A sequence {#,} in E is said to be conver-
gent and converges to n denoted by lim, .7, =17 if
lim,_..a! = a, and lim,_..b} = b, where [n,], = [a!,b]] and
[, = [as, bs]Ve € (0, 1].

Note 1.1 [13]. If , 6 € G(R*(I)) then @ 6 € G(R*(])).

Note 1.2 [13]. For any scalar ¢, the fuzzy real number 1 is
defined as m(s) = 0 if # = 0 otherwise in(s) = n(%).

Definition of fuzzy norm on a linear space as introduced by
Felbin is given below:
Definition 1.3 [14]. Let X be a vector space over R.

Let || || : X — R*(1) and let the mappings

L,U:[0,1] x [0,1] — [0, 1] be symmetric, nondecreasing in
both arguments and satisfy

L(0,0) =0 and U(1,1) =1.

Write

lx1, = [||>cHi7 ||x||i] for x € X, 0 <« <1 and suppose

for all x € X, x#0, there exists oy € (0, 1] independent of x
such that for all o < ap,

(A) |Inl]; < oe.
(B) inf][x||} > 0.

The quadruple (X, || ||, L, U) is called a fuzzy normed linear
space and || || is a fuzzy norm if

@) |jx|]| = 0 if and only if x = 0;
@) ||rx|| = |7|||x]|,x € X,r € R;
(iii) for all x,y € X,

(@)  whenever s<||x||;, t<|yll} and s+7<
1
e+l b+ 21l (s +2) > L(1l]I(s), [1(2)),
(b) whenever s = |[x||;, t=]]y||, and s+1>=

e+ ¥l (ke + 211G + 0 < U(RdIGs), vl1()

Remark 1.2 [14]. Felbin proved that,

If L = A(Min) and U = \/(Max) then the triangle inequal-
ity (iii) in Definition 1.3 is equivalent to
[l + 11 = {Ix[[ @ [1y]]-

Further || ||; i = 1,2 are crisp norms on X for each « € (0, 1].
In that case we simply denote (X, || ||).

Definition 1.6 [4]. Let (E,|| ||) be a fuzzy real Banach space
(Felbin sense) where || || : E — R*(1).

Denote the range of || || by E*(). Thus E*(I) C R*(1).
Definition 1.7 [4]. A member n € R*(]) is said to be an interior
point if 3r > 0 such that

S(n,r)={0e R(I):n6d <7} C R().

Set of all interior points of R*([) is called interior of R*([).
Definition 1.8 [4]. A subset of F of E*(]) is said to be fuzzy

closed if for any sequence {5, } such that lim, .7, = n implies
ner.

Definition 1.9 [4]. A subset P of E*([) is called a fuzzy cone if
(i) P is fuzzy closed, nonempty and P # {0};

(i) a, beR, a, b>0,n 6€P=ansdbé € P,
(i) ne Pand —n € P=1n=0.
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Given a fuzzy cone P C E*([), define a partial ordering <
with respect to P by n < 0 iff 6 ©#n € P and 5 < ¢ indicates
that # < 0 but n#6 while y < 6 will stand for 6 ©#n € Int P
where Int P denotes the interior of P.

The fuzzy cone P is called normal if there is a number K > 0
such that for all , é € E*(I), with 0 < 5 < & implies n < KJ.
The least positive number satisfying above is called the normal
constant of P.

The fuzzy cone P is called regular if every increasing
sequence which is bounded from above is convergent. That
is if {n,} is a sequence such that n, <, <...... <n, <.
< n for some n € E*(I), then there is 6 € E*(I) such that
N, — 0 as n— oo.

Equivalently, the fuzzy cone P is regular if every decreasing
sequence which is bounded below is convergent. It is clear that
a regular fuzzy cone is a normal fuzzy cone.

In the following we always assume that E is a fuzzy real
Banach (Felbin sense) space, P is a fuzzy cone in E with Int
P # ¢ and < is a partial ordering with respect to P.

Definition 1.10 [4]. Let X be a nonempty set. Suppose the
mapping d : X x X — E*(I) satisfies

(Fd1) 0 < d(x,y)Vx,y € X and d(x,y) =0 iff x = y;
(Fd2) d(x,y) = d(y,x)¥x,y € X;
(Fd3) d(x,y) < d(x,z) ©d(z,y)Vx,y,z € X.

Then d is called a fuzzy cone metric and (X, d) is called a
fuzzy cone metric space.

Definition 1.11 [4]. Let (X,d) be a fuzzy cone metric space.
Let{x,} be a sequence in X and x € X. If for every ¢ € E with
0 < ||c|| there is a positive integer N such that for all
n> N, d(x,,x) < ||c||, then {x,} is said to be convergent
and converges to x and x is called the limit of {x,}. We denote
it by lim,,_ X, = x.

Lemma 1.2 [4]. Let (X,d) be a fuzzy cone metric space and P
be a normal fuzzy cone with normal constant K. Let {x,} be a
sequence in X. If {x,} is convergent then its limit is unique.

Definition 1.12 [4]. Let (X, d) be a fuzzy cone metric space and
{x,} be a sequence in X. If for any ¢ € E with 0 < ||c||, there
exists a natural number N such that Vm,n > N, d(x,,x,)
< ||e]], then {x,} is called a Cauchy sequence in X.

Definition 1.13 [4]. Let (X, d) be a fuzzy cone metric space. If
every Cauchy sequence is convergent in X, then X is called a
complete fuzzy cone metric space.

Definition 1.14 [11]. Let f'and g be self mappings defined on a
set X. If w=f(x) = g(x) for some x € X, then x is called a
coincidence point of fand g and w is called a point of coinci-
dence of fand g.

Proposition 1.2 [11]. Let f and g be weakly compatible self-
mappings of a set X. If f and g have a unique point of coincidence

w = f(x) = g(x), then w is the unique common fixed point of [

and g.

2. Common fixed point theorems

In this section, some common fixed point results for noncom-
muting and weakly compatible mappings in fuzzy cone metric
spaces are established.

Theorem 2.1. Let (X, d) be a fuzzy cone metric space and P be a
fuzzy normal cone with normal constant K. Suppose mappings
f,g: X — X satisfy

d(fx,fy) < kd(gx,gy)Vx,y € X
constant.

where ke0,1) is a

If the range of g contains the range of f and g(X) is a
complete subspace of X, then f and g have unique point of
coincidence in X.

Moreover if f and g are weakly compatible, f and g have a
unique common fixed point.

Proof. Let xy be an arbitrary point in X. Choose a point x; in
X such that f{x,) = g(x;). This can be done, since the range of
g contains the range of f. Continuing this process, having cho-
sen x, in X, we obtain x,,, in X such that f(x,) = g(x,.1)-

Then, d(gxn+17 gxn) = d(fx,,,fxn,l) < kd(gxmgxnil) <
kzd(gxn—hgxn,z) < e
ie. d(gx,,,8%,) < K'd(gx,, gx).

Then for n > m,

d(gxmgxl11) < d(gxmgxn—l) D d(gxn—l ’ gxn—l) Do D
d(gxm+1 7gxm)
ie. d(gx, gx,) < (K" "+ K4+ + K™)d((gx,, gx)-

m

md(gx],gxo). (1)

ie. d(gx,,gx,) <

Since P is a normal fuzzy cone with normal constant K we
have,

m

1% de(gxl,ng).

d(gxﬂ ) gxm) j

Let d(gxmg'xm) = ||yn.m|| and d(gxhg'xO) = HyIOH where
yn.rm ylA,O €L

Then from above we get,

m

[l 27 K10l
1 (" 1 2 m 2
= ||yn.mHoc <11»f1»1<||y10||a¢ a’nd ||yn.m||gc < ﬁKHleHx Vo € (07 1]

. 1 . 2
= Tim ||y, /[ =0and lim |l |}=0vx& (©,1]
mmn—oo mmn—oo
= Tim [|y,,,/|=0

= lim d(gx,,gx,)=0.

m,n—oo

This implies that {gx,} is a Cauchy sequence. Since g(X) is
complete, there exists a ¢ € g(X) such that gx, — ¢ as n — oco.
Consequently, we can find p € X such that g(p) = ¢.

Further, d(gx,,fp) = d(fx,_,,/p) < kd(gx,_,, gp).
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Again since P is a fuzzy normal cone with normal constant
K, we get,

d(g-xmfp) j de(gxn—l 7gp)

Since d(gx,_,,gp) — 0 as n — oo, by the same argument as
above, it follows that

d(gx,,fp) — 0 as n — co.

On the other hand, d(gx,,gp) — 0 as n — oo.
Since the limit of a convergent sequence in fuzzy cone
metric space is unique, we get f(p) = g(p).

Now we show that, fand g has a unique point of coincidence.

For, assume that there exists another point ¢ in X such that
Na) = 2(q).
Now, d(gq, gp) = d(/q./p)

Since P is normal cone with normal constant K we get

< kd(gq, gp)-

d(gq,gp) = Kkd(gq,gp).
= d(gq,8p) =0
= 849 = &p-
Hence f and g have a unique point of coincidence. Thus from

Proposition 1.2 (Abas et al.) it follows that f and g have a
unique common fixed point. [

The above theorem is justified by the following example.

Example 2.1. Let (E,|||) be a Banach space. Define

Il E— R(1) by

if £ > ||x]||'

1
x||(7) =
B0 {0 e ol

Then [||x[[], = [||x]I",]}x]I] Ve € (0, 1].

It is easy to verify that,

(@) el =0 iff x=0 (i) [l = [Alllxl] GGiD) [l + o] =<
/| & 1]l

Thus (E, || ||) is a fuzzy normed linear space (Felbin sense).
Let {x,} be a Cauchy sequence in (E, || ||)

So, lim ||x, — x,|| =0
m,n—oc

= lim ||x, — x|/ = 0.
m,n—o

= {x,} be a Cauchy sequence in (E, || ||).

Since (E,||||') is complete, Ix € E such that lim,,, .
[l — x| = 0.

ie. lim||x, — x|| = 0.
n—o0

Thus (E,|| ||) is a real fuzzy Banach space.

Define P = {n € E*(I) : n = 0}.

(1) P is fuzzy closed.

For, consider a sequence {J,} in P such that lim,_.,d, — 0.

ie. hmé = 9. where

n—

(6., = [5' 5 ] and [9], = [3,82]¥a € (0,1].

no Y no ) Yo

1 S
=4, and 11%?5,”(

Now &, = 0 Va.
So, ,, > 0 and &, , > 0V € (0, 1].
= limd} , > 0 and lims,, > 0 Vo € (0,1]

=0l > 0and &
=0>0.

> 0 Vo e (0,1].

So é € P. Hence P is fuzzy closed.

(ii) It is obvious that, a,b € R, a,b =
bé € P.

(iii) Let n € P. If —n € P, then for all t <0 we have
(=m)(1) = n(=1) = n(s) = 0 for s(= —1) > 0.

If n(s)=0V¥s>0 then #=0. Otherwise for
s(=—1)>0, n(s) >0.

i.e. for some 1 < 0, (—
belong to P.

Hence n € P and — € P implies y = 0. Thus P is a fuzzy
cone in E.

Define || || : X x X — R*({) by (X=R)

On, 6 € P= and

some

7)(¢) > 0. In that case —n does not

@ ift>|x—y|
0 if 1 <|x—y
Then [d(x, )], = [Ix = y|,*Z1]va € (0,1].

It can be verified that d is a fuzzy cone metric (if we chose
the ordering < as <) and thus (X,d) is a fuzzy cone metric

d(x,y)(1) = {

space.
Define two functions f,g : X — X by
——x ifx#0
f) = {gﬂ ifx=0
and
x ifx#0
gx) = {«; if x =0
where f > 1 and y # 0.
Now we show that d(fx,fv) < kd(gx,gy)Vx,y € X where
k=14¢€(0,1].
For, d(fx.fy) = d(z\x, 1y).
Then [d(fx, /)], = [F7 X = ¥l gy Ix = y[] Ve € (0,1].
Thus
Al f) = 5o & fx =] and
&(fx.fy) = ﬁ+ 7 ¥ =yl Ya e (0,1]. 2

Again d(gx, gy) = d(x, ).

So, [d(gx; gy)l, = [d(x,y)l, = | x =y, Ve € (0, 1].

Thus d.(gx,gy) = a|x — y| and d>(gx,gy) =
€ (0, 1. A3)
From (2) and (3) Vo € (0, 1] we have,

|x — y| Va

dy(fx.fy) = [fi [d,(gx,8y) < ﬁ d,(gx,gy)

and

1

E(fx, fr) = ——d (g%, 8) < 7 d(gx, g2v) < 5 (gx,gv).

=
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This implies that d(fx, fv) < kd(gx,gy)Vx,y € X where k = %
Moreover f and g have a coincidence point (x = 0) in X.
We also observe that fand g do not commute at the coin-

cidence point 0.

For, fg(0) = f{y) = 77 and gf(0) = g(y) = .
Thus fand g are not weakly compatible. Also f'and g have
no common fixed point.

Theorem 2.2. Let (X,d) be a fuzzy cone metric space and P be a
fuzzy normal cone with normal constant K. Suppose mappings
f,g: X — X satisfy the contractive condition

1
d(fxvfy) < k(d(fxygx) @d(fy,g}’)) Vx,y € X where k € [035)

is a constant. If the range of g contains the range of f
and g(X) is a complete subspace of X, then fand g
have a unique coincidence point in X.

Moreover if f and g are weakly compatible, f and g have a
unique common fixed point.

Proof. Let x, be an arbitrary point in X. Choose a point
x1 € X such that f(xo) = g(x;). This can be done since the
range of g contains the range of f. Continuing this process,
having chosen x, in X, we obtain x,,; in X such that

f(xn) = g(xn+l)-
Then’ d(gxn+17 gxn) = d(fxnmfxn—l) < k(d(fxm gxn) D d

(ﬁxn—lugxnfl)) = k(d(ganrh gxn) D d(gxnvgxnfl)) = d(gxn+17
gx,) < hd(gx,,gx,_,) where h = £

For n > m, we have,

d(gxmgxn1) g d(gxmgxn—l) D d(gxn—hgxn—Z) Sz @
d(gxm+l ’ gxm)

m

1—h
1—h
is a fuzzy normal cone)

i'e' d(gxmgxm) < d(gxlagxo) from (1)

i'e' d(gxmgxm) j K d(gxlvg'x()) (since P

= lim d(gx,,gx,) — 0 (from Theorem 2.1).

So {gx,} is a Cauchy sequence.

Since g(X) is a complete subspace of X, there exists ¢ in
g(X) such that gx, — g as n — oo.

Consequently we can find p in X such that g(p) = ¢.

Thus d(gxnvfp) = d(fxnfl 7fp) < kd(gxn—hgp)

= d(gx,,fp) = Kkd(gx,_,,gp)
= dl(g-xmfp) g deolz(gxn—lvgp)

and

& (gx,./p) < Kkd(gx,_1,gp) Vo€ (0,1].
= d(gx,,fp) — 0 as n — oo.

Also d(gx,,gp) — 0 as n — oco.

The uniqueness of a limit in a fuzzy cone metric space
implies that f(p) = g(p).

Now we show that f and g have a unique point of
coincidence.

For, assume that there exists another point ¢ in X such that
Ja4=2gq.

Now, d(gq,gp) = d(fq,/p) < k(d(fq.2q) ® d(fp,gp))
= d(gq,gp) = Kk(d(fq.89) © d(/p,gp))
= d(gq,gp) = 0 (since fq = gq and fp = gp)
= gq=gp.
Thus f and g have unique point of coincidence. Hence by

Proposition 1.2, it follows that f and g have unique common
fixed point. [J

Theorem 2.3. Let (X, d) be a fuzzy cone metric space and P be a
fuzzy normal cone with normal constant K < 1. Suppose map-
pings f,g : X — X satisfy the contractive condition

d(fx.fy) < k(d(fx,gy) & d(fy,gx)) Vx,y € X
ke [O,%) is a constant. If the range of g contains the range of
fand g(X) is a complete subspace of X, then f and g have a
unique coincidence point in X.

where

Moreover if f and g are weakly compatible, f and g have a
unique common fixed point.

Proof. Let x( be an arbitrary point in X. Choose a point x; in
X such that f{x,) = g(x;). This can be done, since the range of
g contains the range of f. Continuing this process, having cho-
sen x, € X, we obtain x,,; € X, such that f(x,) = g(x,11)-

Then,

d(gxn+l 7gxn) = d(fxnxﬁxn—l) < k(d(f:xmgxnfl) D d(f}cn—l 7gxn))
ie.

d(gxrl+17gxn) < k(d(gxn-H ’ gxn) D d(gxm gxn—l)) D d(gxm gxﬂ))

ie. d(gx,. |, gx,) < hd(gx,,gx,_,) where h = L.

Now for n > m we get,

d(gxnvgxm) < d(gxmgxn—l) EBd(gxn—l >gxn—2) D... 69d(gxrwrl 7gxm)
e d(gx,.8x,) < (F'™ 4+ W2 ") (g, xo)

m

1—h

ie. d(gx,,gx,) < d(gx,,gx,)

Now by same argument as Theorem 2.2, we obtain a point
of coincidence of f and g. Now we show that f and g have a
unique point of coincidence. For this, assume that there exists
p and ¢ in X such that fp = gp and fq = gq.

Now d(gq,gp) = d(fq./fp) < k(d(fq,gp) © d(fp,gq))

i.e. d(gq,gp) < 2kd(gq,gp)
= d(gq,gp) < 2Kkd(gq,gp) (since P is normal)

= d,(2q9,8p) < 2Kkd,(gq,2p)

and
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d; (g9, 8p) < 2Kkd(gq, gp) Ve € (0,1]
=d.(gq,gp) =0and (gq, gp =0 Vo € (0,1] (since K < 1)

=d(gq, gp) =0
=gq=gp.

So point of coincidence is unique. Again from Proposition
1.2, it follows that f 'and g have unique common fixed point if
they are compatible. [

3. Conclusion

In this paper, the existence of coincidence points and common
fixed points for noncommuting mappings satisfying some con-
tractive conditions are established in fuzzy cone metric spaces
and the results are verified by an example. It is an attempt to
develop fixed point theorems for noncommuting mappings
using different types of contractive conditions. I think that
there is a wide scope of research to develop fixed point results
in fuzzy cone metric spaces.

Acknowledgements

The author is grateful to the reviewers for their valuable sug-
gestions in rewriting the paper in the present form. The author
is also grateful to the Editor-in-Chief of the journal (JOEMS)
for valuable comments which helped me to revise the paper.

References

[1] H. Long-Guang, Z. Xian, Cone metric spaces and fixed point
theorems of contractive mappings, J. Math. Anal. Appl. 332
(2007) 1468-1476.

[2] T.K.Samanta, Sanjoy Roy, Bivas Dinda, Cone Normed Linear
Spaces, [math GM] 11 September 2010. arxiv: 1009.2172v1.

[3] M. Eshaghi Gordji, M. Ramezani, H. Khodaei, H. Baghani,
Cone normed spaces, [math.FA] 4 December 2009. arXiv:
0912.0960v1.

[4] T. Bag, Some results on fuzzy cone metric spaces, Ann. Fuzzy
Math. Inform. 3 (2003) 687-705.

[5] T. Bag, Finite dimensional fuzzy cone normed linear spaces, Int.
J. Math. Sci. Comput. 2 (1) (2012) 29-33.

[6] G. Jungck, Commuting maps and fixed points, Am. Math. Mon.
83 (1976) 261-263.

[711. Beg, M. Abbas, Coincidence point and invariant
approximation for mappings satisfying generalized weak
contractive condition, Fixed Point Theory Appl. 2006 (2006)
1-7. Article ID 74503.

[8] B.C. Dhage, Generalized metric spaces and mappings with fixed
point, Bull. Cal. Math. Soc. 84 (1992) 329-336.

[9] A. George, P. Veeramani, On some results in fuzzy metric
spaces, Fuzzy Sets Syst. 64 (1994) 395-399.

[10] G. Jungck, Compatible mappings and common fixed points, Int.
J. Math. Math. Sci. 9 (4) (1986) 771-779.

[11] M. Abbas, G. Jungck, Common fixed point results for
noncommuting mappings without continuity in cone metric
spaces, J. Math. Anal. Appl. 341 (2008) 416-420.

[12] M. Mizumoto, J. Tanaka, Some properties of fuzzy numbers, in:
M.M. Gupta et al. (Eds.), Advances in Fuzzy Set Theory and
Applications, North-Holland, New-York, 1979, pp. 153-164.

[13] O. Kaleva, S. Seikkala, On fuzzy metric spaces, Fuzzy Sets Syst.
12 (1984) 215-229.

[14] C. Felbin, Finite dimensional fuzzy normed linear spaces, Fuzzy
Sets Syst. 48 (1992) 239-248.


http://refhub.elsevier.com/S1110-256X(14)00080-7/h0015
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0015
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0015
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0020
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0020
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0025
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0025
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0030
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0030
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0035
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0035
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0035
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0035
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0040
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0040
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0045
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0045
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0050
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0050
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0055
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0055
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0055
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0060
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0060
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0060
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0060
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0065
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0065
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0070
http://refhub.elsevier.com/S1110-256X(14)00080-7/h0070

	Some common fixed point results for noncommuting
	0 Introduction
	1 Some preliminary results
	2 Common fixed point theorems
	3 Conclusion
	Acknowledgements
	References


