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Abstract

In this paper, we give some new definitions and properties of compatible mappings
of type (&) in intuitionistic M-fuzzy metric spaces and prove some common fixed
point theorems for four mappings under the condition of compatible mappings of
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1. Introduction

In 1992, Dhage [2] introduced the notion of generalized metric or D-metric spaces
and proved several fixed point theorems in it. Since D-metric space not possess some
topological properties (see [7, 8, 9]), recently Sedghi and Shobe [12] introduced D*-
metric space as a probable modification of D-metric space and studied some topological
properties which are not valid in D-metric spaces. Based on D*- metric concepts, they
[11, 13] defined M-fuzzy metric space and proved a common fixed point theorem in it.
Soleimani [14] introduced intuitionistic M-fuzzy metric space proved some properties
and theorems in it. Mishra et al. [6] obtained some common fixed point theorems for
compatible mappings in fuzzy metric spaces. Recently, Jungek et al. [5] introduced the
concept of compatible mappings of type (A) in metric spaces, which is equivalent to the
concept of compatible mappings under some conditions and proved common fixed point
theorems in metric spaces. Cho [1] introduced the concept of compatible mappings of
type («) in fuzzy metric spaces.

In this paper, we give some definitions of compatible mappings of types («) in
intuitionistic M-fuzzy metric spaces and prove some common fixed point theorems for
four mappings under the condition of compatible mappings of types («) in complete
intuitionistic M-fuzzy metric spaces.
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2. Preliminaries
Now, we give basic definitions and their properties as follows:

Definition 2.1. [10] A binary operation *x : [0, 1] x [0,1] — [0, 1] is continuous
t-norm if * is satisfying the following conditions:

(1) = is commutative and associative,
(2) * is continuous,
(3) ax1=aforalla € [0,1],

(4) axb <cxdwhenevera <candb <d foralla,b,c,d € [0,1].

Example 2.2. Two typical examples of continuous f-norm are a x b = ab and a x b =
min{a, b}.

Definition 2.3. [10] A binary operation ¢ : [0,1] x [0,1] — [0, 1] is continuous
t-conorm if ¢ is satisfying the following conditions:

(1) ¢ is commutative and associative,
(2) ¢ is continuous,
3)aol=aforalla € [0,1],

4) aob <codwhenevera <candb <d foralla,b,c,d € [0, 1].

Example 2.4. Two typical examples of continuous ¢#-conorm are a ¢ b = max{a, b} and
a ¢ b =min{l,a + b}.

Definition 2.5. [14] A 5-tuple (X, M, N, %, ¢)is called an intuitionistic M-fuzzy metric
space if X is an arbitrary set, *x is a continuous 7-norm, ¢ is a continuous #-conorm
and M, N are fuzzy sets on X 3 % (0,00) satisfying the following conditions for each
x,y,z,a € Xandt,s > 0,

() M(x,y,z,t) + N(x,y,2,1) < 1,

(2) M(x,y,z,t) >0,

(3) M(x,y,z,t)=1ifandonlyif x =y =z,

4) M(x,y,z,t) = M(p{x,y,z},t), (symmetry) where p is a permutation function,
5) M(x,y,a,t)* M(a,z,z,5) < M(x,y,z,t + ),

(6) M(x,y,z,.):(0,00) —> [0, 1] is continuous.
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(7) N(x,y,z,t) > 0,

(8) N(x,y,z,t) =0ifand only if x =y =z,

(9) N(x,v,z,t) = N(p{x,y,z},t), (symmetry) where p is a permutation function,
(10) N(x,y,a,t) o N(a,z,z,8) > N(x,y,z,1 + ),
(11) N(x,v,z,.): (0,00) —> [0, 1] is continuous.

Then (M, N)is called an intuitionistic M-fuzzy metric on X. The functions M(x, y, z, )
and N (x, y, z, ) denote the degree of nearness and the degree of non-nearness between
x and y with respect to ¢, respectively.

Lemma 2.6. [14] Let (X, M, N, %, ) be an intuitionistic M-fuzzy metric space. For
any x,y € X and t > 0, we have

(1) Mx,x,y,t) = M(x,y,y,t).

(2) N(x,x,y,1) = N(x,y,y,1).
Definition 2.7. [14] Let (X, M, N, %, ¢) be an intuitionistic M-fuzzy metric space and
{x,} be a sequence in X.

(1) {x,} is said to be convergent to a point x € X (denoted by lim x, = x) if
n—-:uo90
lim M(x,x,x,,t) =1and lim AN(x,x,x,,t)=0forallz > 0.
n—-o0

n—-0o0

(2) {x,} is called a Cauchy sequence if for all# > O and p > O,

lim M(Xn—l-pa xn—f-p’xn’t) =1 and lim N(xn-f-p,xn—{—paxnat) =0.
n—-:uo0 n—-:uo0

(3) An intuitionistic M-fuzzy metric in which every Cauchy sequence is convergent
is said to be complete.

Lemma 2.8. [14] Let (X, M, N, %, ¢) be an intuitionistic M-fuzzy metric space. Then
M(x,y,z,t) is non-decreasing and N (x, y, z, ) is non-increasing with respect to ¢, for
all x,y,z € X.

Lemma 2.9. [15] Let (X, M, N, , ¢) be an intuitionistic M-fuzzy metric space. If we
define Ej aq : X3 > RTU {0} by
Exm(x,y,2) =inf{t > 0: M(x,y,z,t) > 1 — A}
and E; v : X> — RT U {0} by
E,AN(x,y,2) =sup{t > 0: N(x,y,z,1) < A}
forall A € (0,1) and x, y,z € X, then
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(1) For all i € (0, 1) there exists A € (0, 1), such that
Epm(x1, X1, xn) < Ej m(x1, X1, X2) + Ej m(x2,%2,X3) + - -
+ EA,M(Xn—l,xn—l’xn)
and
Eyn(x1,x1,X0) > Ej Ar(x1, X1, X2) + Ex Ar(x2, X2,x3) + -« -
+ EA,N(xn—l9xn—l,xn)
for all x1,x2,--- ,x, € X.

(2) The sequence {x,},eN 1s convergent in intuitionistic M-fuzzy metric space
(X, M, N, x,0) if and only if Ej a((xy,xn,x) — 0 and Ej n(x,, X, x) — O.
Also the sequence {x,},eN 1s @ Cauchy sequence if and only if it is a Cauchy
sequence with Ej a and Ej y/.

Theorem 2.10. [15] Let (X, M, N, x, ¢) be an intuitionistic M-fuzzy metric space. If
M(xn’xn’xn—f—l’ l) Z M(x()’x()’x]’knt) and N(xn,xn’xn—i—l, t) E N(-x()’-xO’xl’knt)

for some k > 1 and for every n € N. Then sequence {x,} is a Cauchy sequence.

3. Main Results

In this section, we present the main result in this paper. And we prove a fixed point
theorem for four mappings under the condition of compatible mappings of type («) in
intuitionistic M-fuzzy metric space.

Definition 3.1. Let A and B be mappings from an intuitionistic M-fuzzy metric space
(X, M, N, *,0) in to it self. The mappings are said to be compatible of type (c) if

lim M(ABx,, BBx,, BBx,,t) =1 and N(ABx,, BBx,, BBx,,t) =0,

n—>- 00
lim M(BAx,, AAx,, AAx,,t) =1 and lim N(BAx,, AAx,, AAx,,t) =0,
n— 00 n—ao0

for all + > 0, whenever {x,} is a sequence in X, such that

Iim Ax, = lim Bx, =z
n—-oQ n—-oQ

for some 7z € X.

Proposition 3.2. Let (X, M, N, *,¢) be an intuitionistic M-fuzzy metric space A and
B be continuous mappings from X in to itself. Then A and B are compatible of type (o)
and Az = Bz forsome z € X, then ABz = BBz = BAz = AAz.
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Proof. Let {x,} be a sequence in X defined by x = z forsomez € X andn =1,2,---
and Az = Bz. Then, we have

lim Ax, = lim Bx, = Az.
n—-oQ0 n—--ouoQ0

Since A and B are compatible of type («), we have

lim M(ABx,, BBx,, BBx,,t) =1 and lim N(ABx,, BBx,, BBx,,t) =0.
n—-o0

n—-:oQ

Thus, we have
M(ABz, BBz, BBz,t) =1 and N(ABz, BBz, BBz, t) =0.

Hence ABz = BBz. Similarly, we have BAz = AAz. But, Az = Bz implies BBz =
BAz. Therefore, we obtain ABz = BBz = BAz = AAz. [ |

Proposition 3.3. Let (X, M, N, %, 0) be an intuitionistic M-fuzzy metric space and A
and B be continuous mappings from X in to itself. Then A and B are compatible if and
only if they are compatible of type (o).

Proof. Let {x,} be a sequence in X such that

lim Ax, = lim Bx, =z
n—-oo n—-oo

for some z € X. Since A is continuous, we have

lim AAx, = lim ABx, = Az.

n—-~uao0 n—-:~ao0

Suppose that A and B are compatible. Then

t t
lim M (Aan,BAxn,BAxn,E) = 1land lim N(Aan,BAxn,BAxn,E) =0,

n—-~ua0 n—-~uo0

for all # > 0. From the inequality where, we have

M(AAx,, BAx,, BAx,,t) > M (AAxn, ABx,,ABx,, %) * M (Aan, BAx,, BAx,, %)
and

N(AAx,, BAx,, BAx,,t) <N (AAxn, ABx,, ABx,, %) o N (Aan, BAx,, BAx,, %) ,

forall t > 0.
Taking limit as n — oo, we get

lim M(AAx,, BAx,, BAx,,t) = 1and lim N(AAx,, BAx,, BAx,,t) = 0.
n—s-oo

n—-~a0
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Similarly, we also obtain

lim M(BBx,, ABx,, ABx,,t) = 1and lim N(BBx,, ABx,, ABx,,t) = 0.

n—-a~ua0 n—~o0

Hence, A and B are compatible of type (o).
Conversely, suppose that {x,} be a sequence in X such that

lim Ax, = lim Bx, =z
n—-oQo n—-oo

for some z € X. Since B is continuous, we have

lim BAx, = lim BBx, = Bz.

n—:~o0 n—-~uo0

Further, since A and B are compatible of type («), we have

) t . t
lim M (Aan’Ban’Ban’E) = land lim N(Aan,Ban,Ban,E) =0

n—~o0 n—:~o0

t t
lim M (BAxn, AAx,, AAx,, 5) =1land lim N <BAxn, AAx,, AAx,, 5) =0,

n—-~a0 n—-~ua0

forall ¢+ > 0.
From the inequality, we have

t t
M(ABx,, BAx,, BAx,,t) > M <Aan, BBx,,, BBx,, 5) * M <BAxn, AAx,, AAx,, 5)

and
t t
N(ABx,, BAx,, BAx,,t) <N (ABx,,, BBx,, BBx,, 5) o N (BAx,,, AAx,, AAx,, E)

Taking limit as n — o0, we get

lim M(ABx,, BAx,, BAx,,t) = 1and lim N(ABx,, BAx,, BAx,,t) =0.
n—-oo

n—-~o0

Hence, the A and B are compatible. This completes the proof. [

Proposition 3.4. Let (X, M, N, %, ) be an intuitionistic M-fuzzy metric space and A
and B be continuous mappings from X in to itself. Then A and B are compatible of type
() and Az = Bz forsome z € X,then ABz = BBz = BAz = AAz.

Proof. Let {x,} be a sequence in X defined by x = zforsomez € X andn =1,2,---
and Az = Bz.Then, we have

lim Ax, = lim Bx, = Az
n—-auoQ0 n—-auoQ0
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Since A and B are compatible of type («), we have

lim M(ABx,, BBx,, BBx,,t) =1and lim N(ABx,, BBx,, BBx,,t) =0.

n—-~o0 n—-uo0

Thus, we have
M(ABz, BBz, BBz,t) = 1 and N(ABz, BBz, BBz,t) = 0.

Hence ABz = BBz. Similarly, we have BAz = AAz. But, Az = Bz implies BBz =
B Az. Therefore, we obtain ABz = BBz = BAz = AAz. This completes the proof. B

Now, For the remainder of the Paper Let ® and v are sets of all continuous increasing
functions. Let ¢ : [0, 1]4 — [0, 1] is continuous and increasing in each co-ordinate
variable. Also ¢(s,s,...,s) > s for every s € [0,1) and ¢ : [O,l]4 —> [0, 1] is
continuous and decreasing in each co-ordinate variable. Also ¥ (s,s,...,s) < s for
every s € [0, 1).

Example 3.5. Let ¢ : [0, 1]4 — [0, 1] is define by
P(x1,%2,X3,x4) = (min{x;})",

for some 2 € [0, 1). and
Let ¢ : [0, 1]4 — [0, 1] is define by

Y(x1, X2, %3, X4) = (max{x;})",
for some 2 € [0, 1).

Theorem 3.6. Let (X, M, NN, %, 0) be a complete intuitionistic M-fuzzy metric space.
Let A, B, S and T be mappings from X in to itself such that:

(@) A(X) € T(X), B(X) € S(X),

(b AB=BA,ST=TS,SA=AS,TB=BT,SB =BS,
(c) A, B, Sand T are continuous,

(d) The pairs (A, S) and (B, T') are compatible of type («),
(e

M(Ax, By, Bz,1) = cp(M(Sx’Ty’TZ’k”’ M(Sx’Ty’BZ’k”’>,

M(Ty, By, By, kt), M(By,Tz, Tz, kt),
and

N(Ax. By, Bo.t) < w(N(Sx,Ty,Tz,kt), N(Sx,Ty,Bz,kt),),

N(Ty, By, By,kt), N(By,Tz, Tz, kt),

forall x,y,z € X,t > 0. Then A, S, B and T have a unique common fixed point
in X.
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Proof. Let xo be an arbitrary point of X. Since A(X) C T(X), B(X) € S(X), there exist
x1;x2 € X such that Axg = Tx, Bx; = Sx;. Inductively, construct the sequences {y, }
and {x,} in X such that

Yon = Ax2p = TX2n41, Y2n+1 = Bx2pt1 = Sxypins

forn=0,1,2,---.

If we set d,(t) = M(xpm, Xm, Xm+1,1) for all £ > 0, then we prove that {d,,(¢)} is
increasing with respect to m. and

we set d (1) = N pr, Xty X1, 1) for all ¢+ > 0, then we prove that {d,,(7)} is
decreasing with respect to m’.

Setting m = 2n, then by putting x = x3, and y = z = x2,+1 in (e), we have

don(t) = M2, Yan+1, Yan+1,1)
= M(Axon, Bxopt1, Bxont1,1)
¢< M(Sx2n, Tx2n+1, T X2n+1, kt), M(Sx2n, Tx2n+1, BXon+1, kt), )
M(T x2n41, Bxony1, Bxons1,kt), M(Bxapy1, Txon11, TXong1, kt)
¢< M2n—1, Y2n, Yan, kt), M(yZn—DyZnayZn-l—lakt)’)
M(yZn’yZn-f-layZn—Hakt)a M(yZn-H,yZnayZnakt

¢ ( dan—1(kt), M(y2u—1, Y2n, Yont1, k), don(kt), don(kt) ),

(Y

v

that is,

don(t) = ¢ (don—1(kt), don—1(kt) x don(kt), don(kt), drp(k1)).

We claim that, foralln = 1,2, .- -, do,(t) > do,_1(kt). Infact, if dp,,(t) < dp,,_1(kt),
then, we have

don(t) = ¢ (don(t), d2n(1) * don (1), don (1), d2n (1)) > dan(t),

which is a contradiction. Hence d»,(t) > dp,_1(kt) foralln = 1,2,--- and ¢t > O.
Similarly, for m = 2n + 1, we have dy;,11(t) > da,(kt) and so {d,(t)} is increasing
sequence, that is

M()’n, Yn, yn+151) 2 M(Yn—l, )’n—l, yn,kt) Z LI Z M()’O, )’0, yl, knt)

and
Setting m’ = 2n, then by putting x = x,,, and y = z = x2,,41 in (e), we have

don(t) = NO2n, Yont1, Yon+1,1)
= N(Ax2, Bxops1, Bxopy1,1)
y ( N(Sx2n, Txons1, TxXong1, k1), N(Sx2n, Tx2p41, Bx2ut1, kt), )
N(Tx2n41, BXops1, Bxopg1,kt), N(Bxopy1, Txony1, TXopy1, kt)
1//( N2n—15 Yan> Yan, k1), N(yzn—l,yzn,y2n+1,kl),)
NO2ns Yont1s Yant 1, kt), N(V2ut1s Yans Yan, kt

¥ ( dan—1(kt), N(y2u—1, Yans Yont1, ki), don(kt), don(kt) ) ,

A

A
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that is,
don(t) < ¥ (don—1(kt), dopn—1(kt) * dop(kt), don(kt), dop(kt)).

We claim that, foralln = 1,2, .- -, db,(¢t) < do,_1(kt). Infact, if dp,,(t) > dp,,_1(kt),
then, we have

dZn(t) = Iﬁ (dZn(t)’ dZn(t) * dZn(t), dZn(t)a dZn(t)) < dZn(t),

which is a contradiction. Hence d»,(t) < dp,,_1(kt) foralln = 1,2,--- and ¢ > O.
Similarly, for m" = 2n + 1, we have ds,,+1(t) < db,(kt) and so {d,(¢)} is decreasing
sequence, that is

N(yl’l’ yl’l’ yn—f-l,t) S N(yn—l, yn—l, yn,kt) S o S N(yO, )’O, yl’knt)'

Hence by (2.10), {y,} is Cauchy sequence and the completeness of X, {y, } converges
to a point u in X. Let lim y, = u. Hence we have

n—-oo
lim Yon = lim A)Qn = lim T)C2,H_|
n— 00 n— 00 n— 00

= lim yy,41 = lim Bxp,41
n—oo n— oo
= lim SXZ,H_Q =Uu.
n—oo
Let the pairs (A, S), (B, T) be compatible of type («) and by (c), we have

ASx2420 — Su BTx2y41 — Tu
S2x2n+2 — Su T2x2n+1 — Tu
SAxy, = Au T Bxy,+1 — Bu
AZ)CQn — Au BZX2n+1 — Bu.

By putting x = Axy, and y = 7 = x2,+1, if Au # u, we have

2
M(A%x,, Bx2p41, Bxopt1,1)

> ¢ M(SAx2,, Txop41, Tx2n41,kt),  M(SAx2,, TXx2p41, Bx2y41, kt),
- M(T x2n41, Bxopy1, Bxopy1, kt), M(Bxopq1, Tx2p41, T X2n41,kt) )~

On making n — oo, we have

M(Au,u,u, kt), M(Au,u,u,kt),
M(AM, u, M,l) = (b ( M(Lt, u, l/l,kl), M(M, u, Ixt,kt) )
> M(Au,u,u,kt),

and

2
N(A X2n, BX2py1, Bxop41,1)

<y N(SAxon, Txont1, Txons1,kt),  N(SAx2,, Txop41, Bxogs1, kt),
B N(TXZn—Ha BxZn—H’ Bx2n+1’ kt)7 N(Bx2n+1, Tx2n+1’ Tx2n+la kt) '
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On making n — oo, we have

N(Au,u,u, kt), N(Au,u,u,kt),
NAwuut) < ¢ < N, u,u,kt),  N(u,u,u,kt) )
< N(Au,u,u, kt),

which is a contradiction. Hence Au = u.
By putting x = x2,42, ¥y = Bx2,+1 and 7 = X241, if Bu # u, we have

M(Ax2p12, B*X2n 41, BX2ny1,1)
- d)( M(Sx2n42, T Bxops1, Txons1.kt),  M(Sx2p+42, T Bxop+1, Bxopt1, kt), )
- M(T Bxaps1, B> xons1, B> xon 1, kt), M(B*x2p11, Txons1, TXony1,kt) )

On making n — o0, we have

M(u, Bu, u, kt), M(u, Bu,u, kt),
M, Buu,1) = ¢ < M(Bu, Bu, Bu,kt), M(Bu,u,u,kt) )
> M(Bu,u,u,kt),

and

2
N(Axop42, B X041, BXon+1,1)

<y ( N(Sxan+2, T Bxons1, Txont1,kt),  N(Sxoap42, T Bxoys1, Bxon1,kt), )
- N(T Bxopi 1, B2 xon 11, B*xons 1, kt), N (B*x2,41, Txon 41, Txops 1, kt)

On making n — oo, we have

N(u, Bu,u, kt), N(u, Bu,u, kt),
N, Buu,t) = ¥ ( N(Bu, Bu, Bu, kt), N (Bu,u,u,kt) )
< N(Bu,u,u,kt),

which is a contradiction. Hence Bu = u.
By putting x = Sxzp42 and y = z = xop41, if Su # u, we have

M(ASx2,42, BXont1, BXop41,1)
- ¢( M(S*x2m12, Txons 1, Txons1, k), M(S*x2n42, Tx2p11, Bxop i1, kt), )
- M(T x2n41, Bxony1, Bxops1,kt), M(Bxaps1, Txops1, TX2n41, kt)

On making n — oo, we have

M(Su,u,u,kt), M(Su,u,u,kt),
M(Su,u,u, 1) = ¢<M(u,u,u,kt), M(u, u, u, kt) )
> M(Su,u,u,kt),
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and

N(ASx2n42, Bxont1, BXont1,1)
<y ( N(S*x2n12, Txoni1, Txony1,kt), N(S?x2,42, Txops1, Bxopy 1, kt), )
- N(T xon41, Bxons1, Bxopy1,kt),  N(Bxant1, Txons1, Txopg1,kt) )
On making n — oo, we have
N(Su,u,u, kt), N(Su,u,u,kt),
N(Su,uu1) < ( N, u,u,kt), N(u,u,u,kt)
< N(Su,u,u,kt),

which is a contradiction. Hence Su = u.
By putting x = x2,,42, ¥y = Tx2,41 and z = x2,41, if Tu # u, we have

M(Ax2p42, BT X2n41, Bxop+1,1)

- ¢< M(Sx2p12, T* X204 1, TX2p 11, kt), M(Sx2012, T*X2p 41, Bxopy 1, kt), )
- M(T?x2041, BT X2n11, BT x2511,kt),  M(BT x2541, TX2n 41, TX2n 41, kt)

On making n — oo, we have

M(u, Tu,u,kt), M(u, Tu,u,kt),
MwTwut) 2 ¢<M(Tu,Tu,Tu,kt), .M(Tu,u,u,kt))
> M(Tu,u,u,kt),

and

N(Axop42, BT X241, Bxont1,1)

<y ( N (Sx2p12, T*xom 11, Txopy 1, k1), N (Sx2p12, T*X2n 41, Bxany1, kt), )
- N(T*x2041, BT Xon+1, BT x2041,kt), N (BT X2ps1, TX2nt1, TX2n11, kt)

On making n — oo, we have

N, Tu,u,kt), N, Tu,u,kt),
NaTuwn = ¥ ( N(Tu, Tu, T, kt), N(Tu, u,u, k) )
< N(Tu,u,u,kt),

which is a contradiction. Hence Tu = u.

By combining the above results, we have Au = Bu = Su = Tu = u; thatisu is a
common fixed point of A, B, S and 7. For uniqueness, let w # u be another common
fixed point of A, B, S and T then, By putting x = w and y = z = u, we write

M(Aw. Bu Bu.t) > d)(/\/l(Sw,Tu,Tu,kt), /\/l(Sw,Tu,Bu,kt),)’

M(Tu, Bu, Bu,kt), M(Bu,Tu,Tu,kt)
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On making n — oo, we have

Mw,u,u, kt), Mw,u,u,kt),
Mw,u,u.t) = ¢ ( M@, u,u, kt), M(u,u,u,kt) )
> Mw,u,u,kt),

and

N(Aw, Bu, Bu,t) < ( N(Sw, Tu, Tu,kt), N(Sw,Tu, Bu,kt), ) ’

N(Tu, Bu, Bu,kt), N(Bu,Tu,Tu,kt)
On making n — oo, we have

Nw,u,u,kt), Nw,u,u,kt),
Nowuut) < ¢ ( N, u,ukt), Nu,u,u,kt) )
< NWw,u,u,kt),

which is a contradiction. Therefore, we have u = w. This completes the proof of the
theorem. u

If we put § = A = I, (the identity map on X) in Theorem (3.6), we have the
following:

Corollary 3.7. Let (X, M, N, %, ¢) be a complete intuitionistic M-fuzzy metric space
and the condition in theorem (3.6). Let B and 7' be mappings from X into itself. such
that, we have

M(x, By, Bz,t) > ¢(M(X’Ty’TZ’kl)’ M(x, Ty, Bz, k1), )

M(Ty, By, By, kt), M(By, Tz, Tz, kt),
and

N(x,By,Bz,1) < w(N(X’Ty’TZ”“% N(x,Ty, Bz, kt), )

N(Ty, By, By,kt), N(By,Tz, Tz kt),

forall x,y,z € X,t > 0. Then B and T have a unique common fixed point in X.

Acknowledgment

The first author thanks to the Research Center of Algebraic Hyperstructures and Fuzzy
Mathematics for its partly supports.

References

[1] Cho, Y.J., Fixed points in fuzzy metric spaces, J. Fuzzy Math., 5:949-62, 1997.



Common Fixed Points in Intuitionistic M-fuzzy Metric Spaces 23

[2] Dhage, B.C., Generalised metric spaces and mappings with fixed point, Bulletin of
the Calcutta Mathematical Society, 84(4):329-336, 1992.

[3] Jungck, G., Commuting maps and fixed points, Amer. Math. Monthly, 83:261-3,
1976.

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

[5] Jungek, G., Murthy, P.P., Cho, Y.J., Compatible mappings of type (A) and common
fixed points, Math. Jpn., 38:381-90,1993.

[6] Mishra, S.N., Sharma, S.N., Singh, S.L., Common fixed points of maps in fuzzy
metric spaces, Int. J. Math. Math. Sci., 17:253-8, 1994.

[7] Naidu, S.V.R., Rao, K.P.R., and Srinivasa Rao, N., On the topology of D-metric
spaces and the generation of D-metric spaces from metric spaces,Internat. J. Math.
Math. Sci., 51:2719-2740, 2004.

[8] Naidu, S.V.R., Rao, K.P.R., and Srinivasa Rao, N., On the concepts of balls in a D-
metric space, Internat. J. Math. Math. Sci., 1:133-141, 2005.

[9] Naidu, S.V.R., Rao, K.P.R., and Srinivasa Rao, N., On convergent sequences and
fixed point theorems in D-Metric spaces, Internat. J. Math. Math. Sci., 12: 1969—
1988, 2005.

[10] Schweizer, B., and Sklar, A., 1960, Statistical metric spaces. Pacific J. Math.,
10:314-34, 1960.

[11] Sedghi, S., and Shobe, N., 2006, Fixed point theorem in M-fuzzy metric spaces
with property(E). Advances in Fuzzy Mathematics, 1(1):55-65, 2006.

[12] Sedghi, S., Shobe, N., and Zhou, H., 2007, A common fixed point theorems in
D*-metric spaces. Fixed point Theory and Applications, Volume 2007, Artical ID
27906, 13 pages.

[13] Sedghi, S., Shobe, N., A common fixed point theorem in two M-fuzzy metric
spaces, Common Korean Math., 22: 513-526, 2007.

[14] Soleimani, N., Intuitionistic M-fuzzy metric space, Advances in Fuzzy Mathemat-
ics., 5(3):367—377, 2010.

[15] Soleimani, N., A fixed point theorem in intuitionistic M-fuzzy metric spaces, Global
Journal of Pure and Applied Mathematics., 7(2):159--170, 2011.



