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In this paper, we present some common fixed point theorems for a pair of self-mappings in fuzzy cone metric spaces under the
generalized fuzzy cone contraction conditions. We extend and improve some recent results given in the literature.

1. Introduction

In 1965, Zadeh [1] came up with a fabulous idea. He intro-
duced the theory of fuzzy set, which is the generalization of
crisp sets. A mapping & is from & to [0, 1]; then & is known
as a fuzzy set. Later on, the fuzzy metric space concept was
given by Kramosil and Michalek [2], which is performing the
probabilistic metric space and would approach the fuzzy set.
In [3], George and Veeramani were given the stronger form
of the fuzz metric. Some more set-valued mapping results for
fixed point on fuzzy metric spaces can be seen, for example,
in [4-6] and the references therein.

In 2007, Som [7] proved some continuous self-mapping
results for common fixed point in fuzzy metric spaces. He
generalized the results of Pant [8], Som [9], and Vasuki [10].
Some other common fixed point results in the fuzzy metric
space can be found in [11-16] and the references therein.

Huang and Zhang [17] introduced the concept of cone
metric space. They proved the convergent sequences, Cauchy
sequences, and some fixed point theorems for contractive-
type mappings in cone metric spaces. Later on, Abbas and
Jungck [18] proved some noncommuting mapping results in
cone metric spaces. After that, a series of authors proved
some fixed point and common fixed point results for different
contractive-type mappings in cone metric spaces (see, e.g.,
[19-25]).

Recently, the concept of fuzzy cone metric space was
introduced by Oner et al. [26]. They proved some basic
properties and a Banach contraction theorem for fixed point
with the assumption of Cauchy sequences. Rehman and Li
[27] generalized the result of Oner et. al. [26] and proved
some fixed point theorems in fuzzy cone metric spaces
without the assumption of Cauchy sequences. Some more
fixed point and common fixed point results in fuzzy cone
metric spaces can be found in [27-31].

In the demonstration of this research work, we generalize
the results of Oner [26] and Rehman [27] for a pair of self-
mappings in fuzzy cone metric spaces and prove some unique
common fixed theorems with illustrative examples.

2. Preliminaries
Definition 1 ([32]). An operation * [0,1]* — [0,1] is
known as a continuous t-norm if it holds the following:
(1) = is commutative, associative, and continuous.
2)c*1=cVcel0,1].
(3) ¢ # ¢y < ¢ * ¢, whenever ¢ < ¢; and ¢, < ¢, for every

€, ¢y 616 € [0, 1].

Meanwhile, the basic t-norm continuous conditions are
as follows.
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The minimum, product, and Lukasiewicz t-norms are
defined, respectively, as (see [32])

c*¢ =min{cq},

c* e =cq (1)

and ¢ * ¢, = max{c+¢ — 1,0}.
Definition 2 ([17]). A subset & of a real Banach space E is
called a cone if

(1) & + 0, closed and & # {9}, where O represents the
zero element of E,

(2) ex+qw e P,if0<c, ¢ <ooandw,x € P,
(3) x = 9, if both —x, x € L.

All the cones have nonempty interior and the natural
numbers set is denoted by N.

Definition 3 ([26]). A 3-tuple (X, M, *) is known as a fuzzy
cone metric space, if * is a continuous t-norm, 2 is an

arbitrary set, & is a cone of E, and I is a fuzzy set on
X x I x int(9P) if the following hold:

(i) M(w, x,s) > 0and M(w, x,s) = 1ifw = x,
(ii) M(w, x, s) = M(x, w, s),
(iil) M(w, y,s +t) = M(w, x, ss)* M (x, y, 1),

(iv) M(w, x,.) : int(P) — [0, 1] is continuous,

forallw,x, y € & and s, t € int(P).

Remark 4 ([27]). 1f we suppose that E = R, & = [0, 00), and
¢ * ¢ = ccy, then every fuzzy metric space becomes a fuzzy
cone metric space.

Definition 5 ([26]). Let (Z,9M,*) be a fuzzy cone metric
space, x € <, and a sequence (xj) in 2 is

(i) converging to x if c € (0,1) and s > 9 3 j, € N such
that M (x;,x,s) > 1 —¢, Vj > j;. We can write this as

hmj_,ooxj =X or xj — Xas ] — 9.

(ii) Cauchy sequence if ¢ € (0,1) and s > 93j, € N
such that EUZ(xj,xk,s) >1-¢Vjk=j.

(iil) (2, 9M,*) is complete if every Cauchy sequence is
convergent in .

(iv) fuzzy cone contractive if 3¢ € (0, 1), satistying
;_1“(;_1) o
M (x),%:155) M ()1, %))
foralls > 9, j> 1.

Definition 6 ([27]). Let (2,9, ) be a fuzzy cone metric
space. A fuzzy cone metric I is triangular if

o 1< (g -1)
M (w, y,s) M (w, x, )

e )

(3)

Yw,x,y € X and s > 9.
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Lemma 7 ([26]). Let x € X and let (xj) be a sequence in
X. Then x; — x in a fuzzy cone metric space (X, M, ) if
M(x;,x,5) — las j — oo, for each s > 9.

For more properties of fuzzy cone metric spaces, see [26].

Definition 8 ([26]). A mapping & : & — X is known as
fuzzy cone contractive in a fuzzy cone metric space (X', M, *),
if 3¢ € (0, 1) such that

1
R C(zvz(w,x,s) B 1)’ )

for all w,x € X, s > 9, and c is known as a contraction
constant of &.

Theorem 9 ([26]). A self-mapping in a complete fuzzy cone
metric space, in which the fuzzy cone contractive sequences are
Cauchy, has a unique fixed point.

Further, in this paper, we shall study some common fixed
point results in (2, I, *). Let F,& : L — X be two self-
mappings satisfying the following more generalized fuzzy
cone contraction condition:

1 1
- ge<e|—
M (Fx Cw,s) Cl(im(x,w,S) )

+Cz<im(x Fx,5) -1

-1

)
+4mmmgl>
+C4<9Jt(w Fx,9) )

1
- 1],
TG (m (x, Cw, s) )

where s > 9 and the constants ¢, ¢,, ¢, ¢4, ¢ € [0, +00). It is
noted that (5) isthesameas (4)if F = &, ¢, = =¢, =¢ =
0, and ¢; € (0,1). On the other hand, the mappings # and
& may not hold the fuzzy cone contraction condition if (5) is
satisfied, which is shown in Example 14. Thus, in this research
work, we generalize some recent results given in the literature
(see Remark 13 and Example 14).

3. Main Result

Theorem 10. Let &, & : & — X be two self mappings
and I is triangular in a complete fuzzy cone metric space
(X, M, *) which satisfies (5) with (¢, + ¢, + ¢; + 2 max{c,, ;}) <
1. Then & and G have a unique common fixed point in .

Proof. Fix x, € 2 and we define the iterative sequences in 2’
as

Xpjr1 = F Xy
and Xy}, = Gx, 41, (6)

j=o0.
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By view of (5), for s > 9, Similarly,
1 1 1 1
-1= -1 -1= -1
m (x21'+1’x2j+2’$) m (‘c}ij’ gxz;‘+1>5) m (x2j+2’ X2j+3> 5) m (gxzjw EX3j41> 5)
1 .. < 1 1)
<o ——mM—1 <q -
\m (x2j’x2j+1’5) M (x2j+1’ X2j+20 5)

?)2 x2]+2’ 9x2]+2, )

1
_1 +6
m (x2j+1’ Gxpji1> 5) ) m x21+1’ gxzﬁl’ )

( o
( (
( {5
(m(z) ) 7 <”” ]
( s
( (
( o
( ra{

(10)

< ! 1) - 1)
<¢g| —F/—"—+<-

m (x2j1x2j+1>s) EUZ x2]+1’x21+2’s)
(g o 1)

m (xzj, x2j+1’5) x21+2’x21+3’ )
+c ! 1) - 1)

\ _

m (x2j+1a X2j+2> S) m x21+1’ X2j+2> S )

+c ! 1+ ! =1
-
m (xzp x2j+1’5) m (x2j+1axzj+2a$) Em x21+1’x21+2’ )
1
-1 + - 1) .
m (x2j+2>x2j+3’s)
Then Then
1
1 1 -1
“1<a <— - 1), ) M (%3125 %3j03-5)
m (x2j+1’x2j+2’5) m (ij’x2j+1’S) (11)

< ﬁ( ! - 1>
B . - m(x2j+1’x2j+2’s)
wherea = (¢; + ¢, +¢5)/(1 =5 —¢5) < 1,since (¢; + ¢, + ¢ +
2max{¢,c}) < L.

Letus denote (1/9M(x, x,1,5)—1) by # ;s then, from (8),  yhere B=(c+c+¢)/(1-c —c) < lsince (¢, +¢, +c +
we have 2 max{¢,, cs}) < 1. Then (11) can be written as

Myjiy < &M yj. ©)) Mrjsy < Py, (12)



Now, from (9) and (12), we can get the following inequalities:

My < Blly;y < Patlyyy <o < ()’ L,

IN

Mojiy < allyy < oy < “Zﬁ-ﬂzjfz
< “(“ﬁ)j My

Myjiy < Py < Padly; < ﬁz‘x‘%zjfl

IN

(13)
< ("‘ﬁ)jJrl Mo,

2
Myjiz < aMyiy < OPllyjy <8Pl < -

N

<a(ap)™ .
Thus, we have

My + My < (“ﬁ)j (1+a) My,
Myjiy + Mojis < a(ap) (1+B) .y, (14)
14
My + Myjys < (@p)™ (1 + o)

Mijiz+ Myjg < & ("‘/5)]+1 (1+B) .

Hence, from the above, we conclude that a sequence (x;) is
fuzzy cone contractive in 2; that is,

lim M (xj,xjﬂ,s) =1, fors> 9. (15)

j—00

Let j,k € N and let (xj) be the above sequence; we assume
that k > j. Then, two cases arise.

Case (i). If j is an even number,

1
m (xj, Xjo> 5)

()
Em(xj,xjﬂ,s)

-1

1
S —
m (xj+1’xj+2’5) >

1
-1 + ...

(
(
(
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=Mit Mipy+ My + Mz + -+ My + My,
< ((ocﬁ)j/2 + (oc/})j/zJrl Foeet ((xﬁ)k/zfl) (1+a) M,

_(@p)”

=B (1+a)M,.

(16)

Case (ii). If j is an odd number,

—
~—
|
—
SN~—

_—— 1< N
W?(xj,xk,s) <2m(xj,xj+1,s
. (; ; 1)
M ()10 %5120 )
1
+| ———mmmmm8 = -1
<m(xj+2>xj+3>s) )

1
+| ——— -1+ 17)
(m(xj+3’xj+4’s) )

1
+ <m(xk1’xk’5) - 1) =Mit Mg+ M,

A Mzt My + My

< ((“ﬁ)(jfl)/Z + ((xﬁ)(jﬂ)/Z et (a/j)(k—S)/z)
(@p) " a(1+B)

ca(1+B),y < T

My,

Thus, the right-hand sides of (16) and (17) converge to zero as
j — 00, which yields that (x;) is a Cauchy sequence. Since
X is complete, 3z € & such that

lim 9N (z, X

j—00

j,s) =1, fors> 9. 18)

Since IN is triangular,

1 1
_ 1< — -1
M (z,Fz,s) <2m(z,x2j+2,s) )

( 1 ) (19)
| ——m8m -1,
Em(xzﬁz,?z,s)

for s > 9.
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By using (5), (15), and (18), for s > 9, (6 +¢) < 1,since (¢ + ¢, + ¢ + 2max{¢,c}) < 1; then
M (z, Fz,s) = 1; that is, Fz = z. Similarly, by IN triangular,
1 1
~1= -1
m(x2j+2,%z,s) W(?x2j+l,?z,s) 1 1< 1 _1
M (z,%z,5) M (z, xzjﬂ,s)
1
<g| —F——m—-1
1 (9)2 (Z>x2j+1>5) > + N R 1, (23)

m (xzjﬂ,?z, s)

1
— 1
M (z, Fz,s) ) for s > 9.

M 1 >
-1 Acain. by usi -
' _ gain, by using (5), (15), and (18), similar to the above, after
(xZJ“’ Gxajer S) simplification, we can get

lim sup
Xyji1> G2, (24)

(
(
(m( | (st )

1 e
M (2, -
(Z, x2j+1>s) (20) < (C3 + CS) (W — 1> N for s > 9.
VAR AR

The above (24) together with (18) and (23) implies that

1
+ —
Q(%uagz@ > 1 1
— 1<(g+&) | 1),
.. ( 1 1) Mgz =1 ( M (z. %2 5) > (25)
, _
m (x2j+1’x2j+2’s) for s > 9.
+c ! v
“\m (x2j+1,z, s) M (z, Fz,5) (¢ +¢5) < 1,since (¢ + ¢, + ¢; + 2max{c,cs}) < 1; then
M(z, €z,s) = 1; that is, ¥z = z. Hence, the fact that z is the
1 common fixed point of # and & in X is proven.
to| —————~ 1 Uniqueness: let z* € I be the other common fixed point
m (z, Xpjr2s s)

of ¥ and € in 2. Then, again by view of (5), for s > 9,

1 .
_)(6+C4)<m(z,9z,s)_l>’ s oo ) )
—-1= -1
M (z*, z, ) M (Fz*,Gz,s)
Then 1
B
Sq(wufﬂd) >
1
limsup<——1> < 1 _1>
j—00 m(xzj_'_zagz)s) (21) Ta EIR(Z*,g"'Z*,S)
1 1
—— -1, f 9. - -
SG&+@<WN49z9 ) ors> +%(wuz349 1) (26)
—1 1
The above (21) together with (18) and (19) implies that ! M (z, Fz*,s) B
+C ( ! 1)
S5 N9 (o* €0 o
;—1S(cz+c4)<;—l>, M (z*, €z, s)
M (z,Fz,5) M (z, Fz,s) (22)

1
for s > 9. :(C1+C4+C5)<§m(z*,z,s)_1>'



We note that (¢, +¢,+¢5) < 1, where (¢, +¢,+¢+2 max{c,, ¢;}) <
1. Therefore M(z*, z,s) = 1, implying that z = z*. Hence the
fact that the common fixed point of # and & is unique is
proven. O

Corollary 11. Let #, & : & — X be two self-mappings
and IN is triangular in the complete fuzzy cone metric space
(X, M, *) which satisfies

1 1
— — 1
M (Fx, Ew, s) =a (9)2 (%, w,s) >
+ <;—1> (27)
@ M (x, Fx,s)

1
- 1],
TG (im(w, Zw,s) >

forallw,x € X, s > 9, and ¢, ¢,,¢; € [0,00) such that (¢, +
6 +6) < 1. Then F and & have a unique common fixed point
inZ.

Corollary 12. Let &, & : &' — X be two self-mappings
and I is triangular in the complete fuzzy cone metric space
(X, M, *) which satisfies

i< (% _ 1)
M (Fx, Gw, s) M (x, w, s)

+c4(;—1) (28)
M (w, Fx, s)

1
. ———.
TG (zm (x, Cw,s) )

forallw,x € I, s > 9, and ¢, ¢;, ¢5 € [0,00) such that (¢, +
2max{¢y, cs}) < 1. Then F and € have a unique common fixed
pointin .

Remark 13. (i) In special case, Theorem 10, Corollaries 11 and
12, and [26, Theorem 3.3] (i.e., Theorem 9) all have the same
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results. In fact, if & = F,¢, € (0,1)andc, = ¢ =¢, =¢; =0
in (5).

(ii) Theorem 10 and [27, Theorem 3.1] both have similar
proof. If & = F, ¢, 6, 6,¢, € [0,00) and ¢ = 0 in (5).

Example 14. Let £ = [0, 00); * is a continuous t-norm and
M L x T x(0,00) — [0,1] is defined as

M (x,w,5) = ———— (29)
s+ |x —w|

Vw,x € X and s > 0. Then, one can easily prove that I
is triangular and (2, M, *) is a complete fuzzy cone metric
space. Now we define 7,9 : & — X as

7

-x+3, f0<x<l,
Fx=40 (30)
5 3 .
-x+ =, if 1<x<oo0.
And
7 .
gw+3, if0<wc<,
Yw=13 9 (31
—w+Z, if 1 <w < oo0.
Then & and & are not fuzzy cone contractive, since
1 7 1
——1:—(——1). (32)
M (Fx, Gw, s) 6 \ M (x,w,s)

In special case, if & = #, then Theorem 9 does not hold. But
it can be easily proven that all the conditions of Theorem 10
hold with ¢, = 1/6,¢, = ¢ = 1/4,and ¢, = ¢; = 1/8. Thus, F
and € have a unique common fixed point in [0, 00), that is,
9.

Theorem 15. Let #, & : &' — X be two self-mappings

and IN is triangular in the complete fuzzy cone metric space
(X, M, *) which satisfies

! 1) , (33)

1
1< —
M (Fx, Gw,s) =« ( min {IN (x, Fx,s), M (w, Ew, s), M (w, Fx,s), M (x, Ew, s)}

forallw,x € X, s> 9, and « € (0,1). Then F and G have a
unique common fixed point in .

Proof. Fix x, € & and a point x; € & such that Fx, = x;
and Jx, € I such that ¥x, = x,. If a = 0, then we have that

1 1

- 1= 1=,
M (x;, x5, 5) M (F x4, Tx1,5) (34)

which implies that #x,, = &x, ifand only if x, = x,. Then the
proof is complete. Otherwise, we assume that « > 0 and let

us take 3 = 1/+/a > 1. Now we define the iterative sequence
in X such as

— O
Xpjy1 = F Xy
and x,,, = Gxy415 (35)

j=o0.

By view of (33),
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s\/&<

7
! -1 sﬁ( ! - 1)
m (x2j+1’x2j+2’s) m (97962]" ?x2j+1>5)
1 - 1) 36)
min {932 (xzj,gxzj,s),im (x2j+1, ?xzjﬂ,s) , M (xzjﬂ,gxzj,s) , M (xzj, ?xzjﬂ,s)}

1

- Va

Now there are three possibilities.

) If  M(xyjx55,,8) is  minimum,  then
(1/21)2(x2]~, X3j41> s) — 1) will be the maximum in the
above (36). Then, we have

1

-1
m (x2j+1’x2j+2’5)

. va(;_ 1).
Em(xszzﬁps)

(i) I IM(xyj415%5j42,8) is  minimum, then
(1/21)?(x2j+1,x2j+2,s) — 1) will be the maximum in the
above (36). Then, we have

1

-1
m (x2j+1’x2j+2’5)

(38)

< x/&( ! - 1>,
m(x2j+l’x2j+2>5)

which is not possible.

(i) It M(x, P X2j42> s) is minimum, then
(1/M(xyj,%3/,2>8) — 1) will be the maximum in the
above (36). Then, we have

1 1

m (x2j+1’x2j+2’5) m (x2j>x2j+2>5)

—1)3\/&(;—1 (39)

M (x,j, X31415

—13\/&<

1
+ - 1) ,
m (x2j+1>x2j+2>5)
which implies that

1

m (x2j+1’ X2j+2> 5)

1
(),
m (xszzj'u’s)

-1

(40)

min {im (xzj,xzjﬂ,s) ,IM (x2j+1,x2j+2,s

). (x5 507,005} 1>'

where \/y = a/(1 — +/a) < 1, since & € (0,1). Thus, V6 =
max{+/y, Va} < 1. Now, from (i), (ii), and (iii), for all j > 0
and s > 9,

1

-1
m (x2j+1’x2j+2’s)

1
< Vo[ ———mM 1] <-- (41)
(m(xzj:xzjws) >

2j+1 1
S(\/S) (EUZ(xO,xl,s)_l)’

which shows that a sequence (x;) is fuzzy cone contractive.
Thus,

lim M (x2j+1,x2]-+2,s) =1, fors> 9. (42)

J/

Since M is triangular, for all k > j > j,, we have

1
im(xj,xk,s) s (Wl(xj,xj+1,s) - 1)
M (xj+1’xj+2’5)
1
' (m(xkl’xk’s) B 1)

<((va) + (Vo)™ +

(weems )

< (v8) 1 Do
_1_\/(_S<§m(x0,x1,s)_ )_) ’

as j — oo,

. (\/5)1«1) (43)

which shows that (xj) is a Cauchy sequence. Since & is
complete and 3z € &, we have



lim M (z, X s) =1, fors> 9. (44)

j—e0

Now we shall show that #z = z. By the triangular property
of M, we have

1 1
M (z, Fz,s)

1 1
— 1< -1
Wl(xzﬁz,?z,s) ﬁ(im(f}"”z, ?xzjﬂ,s) )
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1
I
m (x2j+2,9z, s)

for s > O.
(45)

Now, by using (33), (42), and (44), for s > 9, we have

1

sva<

-1
min {932 (z,Fz,s), M (x2j+1, ?xzjﬂ,s) I (xzjﬂ,gz,s) M (z, ?xzjﬂ,s)} )

(46)
1

s\/&<

1
- a(im(z,f%”z,s) -

lim sup <; - 1)
j—00 m(x2j+2,%z, s)

1

= va(fm(z,?z,s) B

1), for s > 9.

(47)

IN
=

1 1
) [——
M (z,z%,5) (m(%z,?z*,s) >

R

-1
min {EDZ (z,Fz,5), M (x2j+1,x2]-+2,s) , M (xzjﬂ, P/Tz,s) , M (z, Xyjr2s s)} )

1), as j — oo.

The above (47) together with (44) and (45) implies that

1

(1_\/a)<§m(z,9z,s) N

1> <0, fors> 9, (48)
and (1 - &) < 1, since « € (0,1). This implies that
M(z,Fz,s) = 1; thatis, Fz = z. Similarly, we can prove
that €z = z. Thus, ¥z = €z = z.

Uniqueness: letz* € X suchthat Fz* = £z* = z*. Then,
by using (33), for every s > 9, we have

<min{§m(z, Fz,8), M (z*,8z*,5), M (z*, Fz,5), M (2, Gz*,s5)} N

1) (49)

R

This implies that

(1—\/&)( ! 1)30. (50)

M(z,z%,s)

1—+/a # 0, since « € (0, 1). This implies that M(z,z",s) = 1;
that is, z* = z. Hence the fact that & and & have a unique

common fixed point is proven. That is, ¥z = ¥z = z € X
O

1
<min {m (Z,Z,S),ﬂn(Z*,Z*,S),Em(Z*,Z,S)>m(z>2*>5)} -

)= e (sgag )

Corollary 16. Let &, G : &' — X be two self-mappings
and M is triangular in the complete fuzzy cone metric space
(X, M, *) which satisfies

1

— 1
M (Fx, Gw, s)

(51)

Soc( - ! —1>,
min {IM (x, Fx,s), M (w, Gw, s)}

forallw,x € X, s> 9, and o € (0,1). Then F and & have a
unique common fixed point in .
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Example 17. From Example 14, we define #,9 : & — X as
3

Fx=6x = (52)

1
zx+2, if 1 <x<o0.

1 3 1
R S N (S —
M (Fx, Cw, s) 7 <2m(x, w,s) >

3
<=

Then, # and & are fuzzy cone contractive, since

(53)

for all x, w € X. Then, all the conditions of Theorem 15 easily
hold with & = 3/7 € (0, 1), as well as Theorem 9, if &€ = .
Thus, & and € have a unique common fixed point in [0, c0),
that is, 4.

4. Conclusion

We gave the concept of common fixed point for a pair of
self-mappings in fuzzy cone metric spaces and proved some
unique common fixed point results in fuzzy cone metric
spaces. We also proved that a pair of self-mappings may
not be a fuzzy cone contraction if it satisfies (5), which is
shown in Example 14. According to this concept, one can
study some more common fixed point results for two or
more self-mappings in fuzzy cone metric spaces for different
contractive-type mappings.

Data Availability

No data were used to support this study.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

All the authors share equal contributions to the final
manuscript.

References

[1] L. A. Zadeh, “Fuzzy sets,” Information and Control, vol. 8, pp.
338-353, 1965.

[2] 1. Kramosil and J. Michalek, “Fuzzy metrics and statistical
metric spaces,” Kybernetika, vol. 11, no. 5, pp. 326-334, 1975.

[3] A. George and P. Veeramani, “On some results in fuzzy metric
spaces,” Fuzzy Sets and Systems, vol. 64, no. 3, pp. 395-399,1994.

[4] O. Hadzic and E. Pap, “A fixed point theorem for multivalued
mappings in probabilistic metric spaces and an application in
fuzzy metric spaces,” Fuzzy Sets and Systems, vol. 127, no. 3, pp.
333-344, 2002.

1
-1,
7 \min {I (x, Fx,s), M (w, Tw, s), M (w, Fx,s), M (x, Tw, s)} )

[5] E Kiany and A. Amini-Harandi, “Fixed point and endpoint
theorems for set-valued fuzzy contraction maps in fuzzy metric
spaces,” Fixed Point Theory and Applications, vol. 94, 2011.

[6] Z. Sadeghi, S. M. Vaezpour, C. Park, R. Saadati, and C. Vetro,
“Set-valued mappings in partially ordered fuzzy metric spaces;”
Journal of Inequalities and Applications, vol. 2014, article 157, 17
pages, 2014.

[7] T. Som, “Some results on common fixed point in fuzzy metric
spaces,” Soochow Journal of Mathematics, vol. 33, no. 4, pp. 553-
561, 2007.

[8] R.P. Pant, “Common fixed points of noncommuting mappings,”
Journal of Mathematical Analysis and Applications, vol. 188, no.
2, pp. 436-440, 1994.

[9] T. Som, “Some fixed point theorems on metric and Banach
spaces,” Indian Journal of Pure and Applied Mathematics, vol.
16, no. 6, pp. 575-585, 1985.

[10] R. Vasuki, “Common fixed points for R-weakly commuting
maps in fuzzy metric spaces,” Indian Journal of Pure and Applied
Mathematics, vol. 30, no. 4, pp. 419-423,1999.

[11] M. Imdad and J. Ali, “Some common fixed point theorems in
fuzzy metric spaces,” Mathematical Communications, vol. 11, no.
2, pp. 153-163, 2006.

[12] S. Kutukcu, D. Turkoglu, and C. Yildiz, “Common fixed points
of compatible maps of type (3) on fuzzy metric spaces, Commu-
nications of the Korean Society;” Communications of the Korean
Mathematical Society, vol. 21, no. 1, pp. 89-100, 2006.

P. P. Murthy, S. Kumar, and K. Tas, “Common fixed points of self
maps satisfying an integral type contractive condition in fuzzy
metric spaces,” Mathematical Communications, vol. 15, no. 2, pp.
521-537, 2010.

[14] B. D. Pant and S. Chauhan, “Common fixed point theorems
for two pairs of weakly compatible mappings in Menger spaces
and fuzzy metric spaces,” Scientific Studies and Research. Series
Mathematics and Informatics, vol. 21, no. 2, pp. 81-96, 2011.

[15] S. Sedghi, D. Turkoglu, and N. Shobe, “Common fixed point of
compatible maps of type (y) on complete fuzzy metric spaces;’
Communications of the Korean Mathematical Society, vol. 24, no.
4, pp. 581-594, 2009.

[16] P. V. Subrahmanyam, “A common fixed point theorem in fuzzy
metric spaces,” Information Sciences, vol. 83, no. 3-4, pp. 109-112,
1995.

[17] L. Huang and X. Zhang, “Cone metric spaces and fixed point
theorems of contractive mappings,” Journal of Mathematical
Analysis and Applications, vol. 332, no. 2, pp. 1468-1476, 2007.

(13



10

[18] M. Abbas and G. Jungck, “Common fixed point results for
noncommuting mappings without continuity in cone metric
spaces,” Journal of Mathematical Analysis and Applications, vol.
341, no. 1, pp. 416-420, 2008.

[19] M. Abbas, B. E. Rhoades, and T. Nazir, “Common fixed points
for four maps in cone metric spaces,” Applied Mathematics and
Computation, vol. 216, no. 1, pp. 80-86, 2010.

[20] I. Altun, B. Damjanovic, and D. Djoric, “Fixed point and
common fixed point theorems on ordered cone metric spaces,’
Applied Mathematics Letters, vol. 23, no. 3, pp. 310-316, 2010.

[21] I. Altun and G. Durmaz, “Some fixed point theorems on
ordered cone metric spaces,” Rendiconti del Circolo Matematico
di Palermo , vol. 58, no. 2, pp. 319-325, 2009.

[22] D. Ili¢ and V. Rako¢evi¢, “Common fixed points for maps
on cone metric space,” Journal of Mathematical Analysis and
Applications, vol. 341, no. 2, pp. 876-882, 2008.

[23] D. Ilic and V. Rakocevic, “Quasi-contraction on a cone metric
space,” Applied Mathematics Letters, vol. 22, no. 5, pp. 728-731,
2009.

[24] S. Radenovi¢ and B. E. Rhoades, “Fixed point theorem for
two non-self mappings in cone metric spaces,” Computers ¢
Mathematics with Applications, vol. 57, no. 10, pp. 1701-1707,
20009.

[25] P. Vetro, “Common fixed points in cone metric spaces,” Rendi-
conti del Circolo Matematico di Palermo, Serie II, vol. 56, no. 3,
pp. 464-468, 2007,

[26] T. Oner, M. B. Kandemir, and B. Tanay, “Fuzzy cone metric
spaces,” Journal of Nonlinear Sciences and Applications, vol. 8,
no. 5, pp. 610-616, 2015.

[27] S.U.Rehman and H.-X. Li, “Fixed point theorems in fuzzy cone
metric spaces,” Journal of Nonlinear Sciences and Applications.
JNSA, vol. 10, no. 11, pp. 5763-5769, 2017.

[28] A. M. Ali and G. R. Kanna, “Intuitionistic fuzzy cone metric
spaces and fixed point theorems,” International Journal of
Applied Mathematics, vol. 5, pp. 25-36, 2017.

[29] T. Oner, “On some results in fuzzy cone metric spaces,
International Journal of Computer Science and Network, vol. 4,
pp. 37-39, 2016.

[30] T. Oner, “On the metrizability of fuzzy cone metric spaces,’
International Journal of Management and Applied Science, vol.
2, pp. 133-135, 2016.

[31] T. Oner, “Some topological properties of fuzzy cone metric
spaces,” Journal of Nonlinear Sciences and Applications, vol. 9,
no. 3, pp. 799-805, 2016.

[32] B. Schweizer and A. Sklar, “Statistical metric spaces,” Pacific
Journal of Mathematics, vol. 10, pp. 313-334, 1960.

Abstract and Applied Analysis



