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ABSTRACT

In this paper we prove a common fixed point theorem in fuzzy metric space for compatible maps Mathematics subject
classification 47A62, 47A63
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1. INTRODUCTION

The concept of Fuzzy sets was initially investigated by Zadeh [51] as a new way to represent vagueness in everyday
life. Subsequently, it was developed by many authors and used in various fields. To use this concept in Topology and
Analysis, several researchers have defined Fuzzy metric space in various ways. In this paper we deal with the Fuzzy
metric space defined by Kramosil and Michalek [58] and modified by George and Veeramani [29]. Recently, Grebiec
[30] has proved fixed point results for Fuzzy metric space. In the sequel, Singh and Chauhan introduced the concept of
compatible mappings of Fuzzy metric space and proved the common fixed point theorem. Jungck et al. [48] introduced
the concept of compatible maps of type (A) in metric space and proved fixed point theorems. Cho [15, 16] introduced
the concept of compatible maps of type (o) and compatible maps of type (B) in fuzzy metric space. Using the concept of
compatible maps of type (A), Jain et al. [46] proved a fixed point theorem for six self maps in a fuzzy metric space.
Using the concept of compatible maps of type (B), Jain et al. [47] proved a fixed point theorem in fuzzy metric space.
In this paper, a fixed point theorem for six self maps has been established using the concept of compatible maps of type
(B) and weak compatible maps, which generalizes the result of Cho [14].

For the sake of completeness, we recall some definition and known results in Fuzzy metric space, which are used in this
chapter.

Definition 1.1: Let X be any set. A fuzzy setin X is a function with domain X and values in [0,1].

Definition 1.2: A binary operation = : [0,1] x [0,1] — [0,1] is continuous t —norm if  is satisfying the following
conditions:

1.1 (a) * is commutative and associative,

1.2 (b) * is continuous,

1.2(c) ax1=a forall a€[0,1]

12(d)axb < cxd whenevera<candb < d,foralla,b,c,d € [0,1]

Examples of t—norm are a*b = min {a,b}anda b = ab.

Definition 1.3: A triplet (X, M,*) is a fuzzy metric space whenever X is an arbitrary set, * is continuous t—norm
and M is fuzzy set on X X X x [0,0") satisfying, for every x,y,z € X and s,t > 0, the following condition:
1.3 (@) M(x,y,t) >0

1.3 (b) M(x,y,0) = 0

1.3(c) M y,t) =1 iffx=y

1.3 (d) M(x,y,t) = M(y,x,t)

1.3 () M(x,y,t) * M(y,z,s) < M(X,z,t+s)

1.3 (f) M(x,y,") : (0,00%) > [0,1] is continuous.
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We note that, M(x,y,t) can be realized as the measure of nearness between x and y with respect to t. It is known
that M(x, y,) is non decreasing for all x,y € X. Let M(x,y,*) be a fuzzy metric space for t > 0, the open ball
Bx,r,t) = {yeX: M(x,y,t) >1—r}.

Now, the collection {B(x,r,t):x € X,0 < r < 1,t > 0} is a neighborhood system for a topology t on X induced by
the fuzzy metric M. This topology is Housdroff and first countable.

Example 1.4: Let (X, d) be a metric space. Define a * b = minf{a, b} and M(x,y,t) = t+dEX 3

t > 0. Then (X, M,*) is a fuzzy metric space. It is called the fuzzy metric space induced by d.

for all x,y € X and all

Definition 1.5: A sequence {x,} in a fuzzy metric space (X, M,x) is said to
1. a converges to x iff for each ¢ >0andeach t>0, ny, € N such that M(x,, x, t) > 1—¢ forall n > n,.
2. a Cauchy sequence converges to x iff for each ¢ >0 and each t> 0, ny € N such that
M(Xp,X,,t) > 1 —¢ forall m,n > n,.
3. A fuzzy metric space (X, M,*) is said to be complete if every Cauchy sequence in it converges to a point in it.

Definition 1.6: Self mapping A and S of a fuzzy metric space (X, M,x) are said to be compatible if and only if
M(ASx,, SAx,,t) — 1 forall t > 0, where {x,} is a sequence in X such that Sx,,, Ax, — p forsomep € Xasn — o.

Definition 3.1.8: Self map A and S of a fuzzy metric space (X, M,*) are said

1. to be compatible of type (B) if and only if M(AAx,,SSx,,t) — 1 for all t > 0, where {x,} is a sequence in X such
that Sx,, Ax, — pforsomep € Xasn — o.

2. Aand S is said to be a weakly commuting if M(ASx,,, SAx,,t) < M(Sx,, Ax,,t) forall x\in X.
It can be seen that commuting maps (ASx = SAx V x € X) are weakly compatible but converse is not true.

3. Two maps A and B from a fuzzy metric space (X, M,*) into itself are said to be weakly compatible if they commute
at their coincidence points i.e., Ax = Bx implies ABx = BAx for some x € X.

Remark 1.7: The concept of compatible map of type (B) is more general then the concept of compatible map in fuzzy
metric space.

Definition 1.8: Let A and S be two self maps of a fuzzy metric space (X, M,*) then
Lemma 1.9: In a fuzzy metric space (X, M,x) limit of a sequence is unique.
Lemma 1.10: Let (X, M,*) be a fuzzy metric space. Then for all x,y € X M(x,y, .) is a non decreasing function.

Lemma 1.11: Let (X, M,*) be a fuzzy metric space. If there exists k € (0,1) such that for all x,y € X, M(x,y, kt) =
M(x,y,t) Vt > O,thenx = y.

Lemma 1.12: Let {x,} be a sequence in a fuzzy metric space (X, M,x). If there exists a number k € (0,1) such that
M(Xp42, Xn4+1, K = M(Xp41,%,,8) V t> 0 and n € N
Then {x,} is a Cauchy sequence in X.

Lemma 1.13: The only t — norm = satisfying r x r = r for all r € [0,1] is the minimum t — norm that is
a*b = min{a, b} forall a,b € [0,1].

2. MAIN THEOREM
Common Fixed Point Theorem for Compatible Maps of Type () and Type (o)

In this paper we prove a common fixed point theorem for compatible map of type (B) and type (a) in fuzzy metric
space. In fact we prove the following theorem.

Theorem 2.1: Let (X, M,x) be a complete fuzzy metric space and let A, B, S, T, P and Q be mappings from X into itself
such that the following conditions are satisfied:

2.1(a) P(X) c ST(X) and Q(X) c AB(X),

2.1(b) AB =BA,ST = TS, PB = BP, QT = TQ,

2.1(c) either P or AB is continuous,

2.1(d) (P,AB) iscompatible of type (B) and (Q,ST) is weak compatible

2.1(e) there exists k € (0,1) such that for every x,y € Xand t > 0
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M?(ABx, STy, t), M?(Px, ABx, t)}
M?(Qy, STy, t) , M2 (Px, STy, t)
Then A, B,S,T, P and Q have a uniqgue common fixed point in X.

M?(Px, Qy, kt) > min{

Proof: Let x, € X, then from 2.1(a) we have x;,x, € X such that
PXO = STXl and QXl = ABX2

Inductively, we construct sequences {x,} and {y,} in X such that for n € N
PXon—2 = STXzn-1 = Y2n-1 and Qxzp—1 = ABXy, =y2u

Step-1: Put x = x,, and y = x,,,1 in 2.1(e) then we have
M?(ABX;,, STX2p41, ),
MZ(PXZH,ABXZH, t),
MZ(QX2n+1rSTX2n+1rt):
MZ(PXZn'STX2n+1't) J
MZ%(y2p, , ), M? \Yan, t
MZ(Y2n+1,yZn+2,kt) > min{ 5 (YZn Yon+1 ) 2(yZn+1 Y2n ) }
, _ Mz (YZn+2'YZn+1:t)éM (Y2n+1Y2n+1, D
M*(Y2n+1, Yan+2, Kt) = min{M*(y2p, Yan+1, ), M*(Yan+2, Yan+1, D}

Mz (PXZn' QX2n+1' kt) = min J

From lemma 1.13 and 1.14 we have

) M%(Yan 41, Yan+2, KO) = M2 (¥on, Yons1, )
That is

M(V2n+1,Y2n+2, Kt) = M(Y2n, Yont1, £

Similarly we have
M(V2n+2: Y2n+3, Kt) = M(Yan+1, Yont2, £

Thus we have
M(Yn+1' Yn+2rkt) = M(Yn' Yn+1rt)

t
M(Yn+1' YI'H-Z't) =M (YI'I' Yn+1, K)

t
MY, Y+, ) =M (yO,Y1,k—n) - lasn— o
and hance M(y,,V,41,t) = 1 asn— ooforall t > 0.

Foreache > 0 and t > 0, we can choose n, € N such that
M(Yn;Yn+1,t) > 1 — € fOI‘ all n > no.

Forany m,n € N we suppose that m > n . Then we have
t t
MY, Y, ) 2 M(Yn'Yn+1'm) * M(Yn+1,}’n+2,m> *

* M (15

MYy, Vmt) = (I1—€e)*x (1 —€) * ... * (1 —¢e)(m — n)times

M(Yn' Ym't) = (1 - €)
And hance {y,} is a Cauchy sequence in X.

Since (X, M,*x) is complete, {y,} converges to some point z € X. Also its subsequences converges to the same point
z €X.
That is
{Px2n42} = z and {STxp41} — 2z 2.1(i)
{Qx2n41} > z and {ABx;,} >z 2.1(ii)

Case-1: Suppose AB is continuous

Since AB is continuous, we have
(AB)?x,, » ABz and ABPx,, » ABz

As (P, AB) is compatible pair of type (), we have
M(PPx,,, (AB)(AB)x,,,t) = 1,  forallt >0
Or
M(PPx,,,ABz,t) = 1
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Therefore, PPx,, - ABz.

Step-2: Putx = (AB)x,, and y = X,,41 in 3.2.1(e) we have
( M2(AB(AB)xz,, STXpp41, 1), )
M?(P(AB)x,,, AB(AB)x,,, 1), }
M?(QXzn41, STXz2n11, 1),
| MZ(P(AB)xy,, STxzp41,1) )

M?(P(AB)x,,, Qy, kt) = min

Taking n — oo we get
. (M2((AB)z,zt),M?((AB)z, (AB)z,t),
2
MA((aB)z 2 k) = mm{ M?((AB)z7,t),M?((AB)z,7,t) }
M?((AB)z,z kt) = min{M?((AB)z,z,t) ,M?((AB)z,z,t) }

That is M((AB)Z, Z, kt) > M((AB)Z, Z, t)

Therefore by lemma 1.14 we have
ABz =z.

Step-3: Put x =z and y = Xy,4¢ in 3.2.1(e) we have

MZ2(ABz, ST ,t), M2(Pz, ABz, 1),
MZ(PZ,Qx2n+1,kt)2min{ 5 (ABz, ST Xzn11,0) 2( z, ABz, 0 }
M?(Q X2n41, ST Xzn41,8) , M*(Pz, ST X341, )

Taking n = oo and using equation 2.1 (i) we have
M?(ABz, z,t), M?(Pz, ABz,t)
MZ P , ’kt 2 . { ) ) ) ) ) P}
(Pz,7,kt) = min M?(z,z,t) ,M?(Pz,z,t)
That is M?(Pz,z kt) = M?(Pz,z,t)

And hence M(Pz,z kt) = M(Pzzt)

Therefore by using lemmal.14, we get
Pz =z

So we have ABz =Pz =z

Step-4: Putting x = Bz and y = X,,4¢ in 2.1(e), we get

MZ2(ABBz, STXz,41, 1),
M?(PBz, ABBz, 1),

M?(Q%zn+1, STXzn41, ),
M?(PBz, STX;p 41, 1) J

M?(PBz, QX 41, kt) = min I

As BP = PB and AB = BA, 50 we have
P(Bz) = B(Pz) = Bz and (AB)(Bz) = (BA)(Bz) = B(ABz) = Bz.

Taking n — oo and using 2.1(i) we get
M?(Bz,z,t), M?(Bz, Bz, t),}

2 > 37
M*(Bz2,kt) 2 min { M?(z,z,t) ,M?(Bz,z,t)
M?(Bz,z, kt) = M?(Bz, z,t)

That is M(Bz, z,kt) = M(Bz,z,t)
Therefore by Lemma 1.14 we have Bz =z
And also we have ABz = z implies Az =z
Therefore Az =Bz =Pz=12.2.1(iv)

Step-5: As P(X) c ST(X) there exists u € X such that
z = Pz = STu
Putting x = x,, and y = u in 2.1(e) we get
2 2
MZ(Px,., Qu,kt) > min {M (ABx;,,,STu, t),M (PXZn,ABXZn,t),}

M?(Qu, STu,t) , M?(Px,,, STu, t)
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Taking n — o and using 2.1(i) and 2.1(ii) we get

. M2 (z,STu, t), M?(z,z,t) }
2 > 4 4 ’ ) £ ’
M*(z Qu kt) 2 min {MZ (Qu, STu, t), M2(z, STy, t)

M2(z, Qu, kt) > M?(z,Qu, t)
That is M(z, Qu, kt) = M(z, Qu,t)

Therefore by using Lemma 1.13 we have Qu =z
Hence STu = z = Qu.

Hence (Q,ST) is weak compatible, therefore, we have
QSTu = STQu

Thus Qz = STz

Step-6: Putting x = x,, and y = z in 2.1(e) we get
M?(ABx,,, STz t), M?(Px,,, ABx,,, t)
MZ P , ,kt 2 . { n’ 4 ’ n’ n’ ;}
(Pan, Q2 KO Z min 1™ V1o (0 ST2 1) M2 Py, ST2, 1)

Taking n = o and using 2.1(ii) and step 5 we get

. ( M?(z,STz1t),M?(z,7,t) }
) S ) y ) y Ly 1]
M?(z, Qz, kt) = min {MZ (Qz, STz t) ,M?(z, STz 1)

M2(z,Qz, kt) = M?(z, Qz,t)
And hence M(z, Qz, kt) = M(z, Qz,t)

Therefore by using Lemma 1.13 we get Qz = z.

Step-7: Putting x = x,, andy = Tz in 2.1(e) we get
M?(ABx,,, STTz,t), M?(Px,,, ABx,,, t)
MZ P , T 'kt 2 . { n’ ) ) n’ n’ I}
(Pan, QT2, kO 2 min o 01 STT4 1), M2 (P, STT2 1)
As QT =TQand ST = TS we have

QTz =TQz =Tz
And ST(Tz) = T(STz) = TQz = Tz

Taking n - o we get , ,
M T 0 2 minfye e )
M2(z, Tz, kt) = M?(z, Tz, t)

Therefore M(z, Tz, kt) = M(z, Tz, t)

Therefore by Lemma 1.13 we have Tz =z

Now STz =Tz =z implies Sz = z.

Hence
Sz=Tz=Qz =z 2.1(v)

Combining 2.1(iv) and 2.1(v) we have
Az=Bz=Pz=Sz2=Tz=Qz =z

Hence z is the common fixed point of A, B, S, T, P and Q.
Case — I1: suppose P is continuous
As P is continuous P?x,, - Pz and P(AB)x,, - Pz
As (P,AB) is compatible pair of type (B),

M(PPx,,, (AB)(AB)x,,,t) =1 forall t > 0
Or M(Pz, (AB)(AB)x,,,t) = 1

Therefore (AB)?x,, — Pz

© 2016, IJMA. All Rights Reserved 116



M. Vijaya Kumar*, Pawer Ajay Singh /
Common Fixed Point Theorem in Fuzzy Metric Spaces for Compatible Maps / IIMA- 7(12), Dec.-2016.

Step-8: Putting x = Px,, and y = x,,,4 in 3.2.1(e) then we get
M?(ABPxy,, STX2,11, 1),
M?(PPx,,, ABPx;,, t)
M2 (PPxX,,, QXp,41, Kt) = min n e
aman M?(QXzn+1, STXzn41, 1),
L MZ(PPXZn'STX2n+1't) J

Taking n — o, we get
. (M?(Pz,z,t), M?(Pz, Pz t)}
2 > ) £y ’ ) ) ’
M*(Pz,2,k0) = mln{ M?2(z,z,t) ,M?(Pz,z,t)
M?(Pz,z kt) = M?(Pz,z,t)

Hence M(Pz, z, kt) = M(Pz,z,t)
Therefore by Lemma 1.13 we get Pz =z

Step-9: Put x = ABx,, and y = x;,,4 in 2.1(e) then we get
M?(AB ABx;,, STX;541, 1),
M2(P ABx,,, AB ABx,,, t),

Mz (QX2n+1' STX2n+1' t):
M?(P ABX,,, STX;041, 1) J

M?(P ABXj,, QX5,41, kt) = min I

Taking n - oo we get

2 2
M?(ABz, 2 kt) = min {M (AB z,z,t), M“(ABz,z, t),}

M?2(z,z,t),M?( ABz,z,t)

Therefore M?(ABz,z kt) > M?(ABz,zt)
And hence
M(ABz, z, kt) = M(ABz, z, t)

By Lemma 1.13 we get ABz =z

By applying step 4, 5, 6, 7, 8 we get
Az =Bz=Sz=Tz =Pz=Qz =1z

That is z is a common fixed pointof A, B, S, T, P, Q in X.

Uniqueness: Let u be another common fixed point of A, B, S, T, P and Q. Then
Au=Bu=Su=Tu=Pu=Qu =u

Putting x =u and y = z in 2.1(e) then we get
. (M?(ABu, STz t), M?(Pu, ABu t)}
2 > 4 y ’ ) ) ’
M*(Pu, Qz,k0) = mm{ M2(Qz, STz t) , M2 (Pu, STz, t)

Taking limit both side then we get
M?(u,z,t), M%(u,u, t),}

M (w2, k0 = mm{MZ(Z, z,t) ,M2(u,zt)

M?(u,z kt) = M?(u,z,t)
And hence M(u, z, kt) = M(u, zt)

By lemma 1.13 we get z = u.
Thatis z is a uniqgue common fixed point of A,B, S, T, P and Q in X.

Remark 2.2: If we take B = T = I identity map on X in Theorem .2.1 then condition 2.2.1(b) is satisfy trivially and
we get following Corollary

Corollary 2.3: Let (X, M,*) be a complete fuzzy metric space and let A, S, P and Q be mappings from X into itself such
that the following conditions are satisfied:

2.3(a) P(X) € S(X) and Q(X) c A(X),

2.3(b) either P or A is continuous,

2.3(c) (P,A) is compatible of type (B) and (Q,S) is weak compatible,

2.3(d) there exists k € (0,1) such that for every x,y € Xand t > 0
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M?(Ax, Sy, t), M?(Px, Ax, t) }

MZ2(Qy, Sy, t) , M?(Px, Sy, t)
Then A, S, P and Q have a unique common fixed point in X.

M?(Px, Qy, kt) > min{

Remark 2.4: If we take the pair (P, AB) is weakly compatible in place of compatible type of () in Theorem 2.1 then
we get the following result.

Corollary 2.5: Let (X, M,*x) be a complete fuzzy metric space and let A, B, S, T, P and Q be mappings from X into itself
such that the following conditions are satisfied:
2.5(a) P(X) € ST(X) and Q(X) < AB(X),
2.5(b) AB =BA,ST = TS, PB=BP, QT =TQ,
2.5(c) either P or AB is continuous,
2.5(d) (P, AB) and (Q,ST) is weak compatible,
2.5(e) there exists k € (0,1) such that for every x,y € Xand t > 0
M?(ABx, STy, t), M?(Px, ABx, t)}
M2(Qy, STy, t) , M?(Px, STy, t)
Then A, B, S, T, P and Q have a unique common fixed point in X.

M?2(Px, Qy, kt) = min{

REFERENCES

1. M. Aamri and D. El Moutawakil, Some new common fixed point theorems under strict contractive conditions,
J. Math. Anal. Appl., 270(2002), 181-188.

2. M. Aamri, D. El Moutawakil, Some new common fixed point theorems under strict contractive conditions, J.
Math. Anal. Appl., 270, No. 1 (2002), 181-188, doi: 10.1016/S0022-247X (02)00059-8.

3. M. Aamri, D. EI Moutawakil, Some new common fixed point theorems under strict contractive conditions, J.
Math. Anal. Appl. 270 (2002) 181-188.

4. M. Abbas, B. Ali, A.A. Harandi, Common fixed point theorem for hybrid pair of mappings in Housdorff fuzzy
metric spaces, Fixed Point Theory Appl. 2012 (2012) 225.

5. M.A. Ahmed, Common fixed points of hybrid maps and an application, Comput. Math. Appl. 60 (2010) 1888—
1894.

6. A. Aliouche and V. Popa Common fixed point theorems for occasionally weakly compatible mappings via
implicit relations, Filomat, 22(2) (2008), 99-107.

7. 1. Altun and D. Turkoglu, Some fixed point theorems on fuzzy metric spaces with implicit relations, Commun.
Korean Math. Soc., 23(1) (2008), 111-124.

8. N.A. Assad, W.A. Kirk, Fixed point theorems for set valued mappings of contractive type, Pacific J. Math. 43
(1972) 533-562.

9. D.F. Bailey, Some theorems on contractive mappings, J. London Math. Soc. 41 (1966) 101-106.

10. I. Beg, A. Azam, Fixed points of multivalued locally contractive mappings, Boll. Unione Mat. Ital. (4A) 7
(1990) 227-233.

11. A. Branciari: A fixed point theorem for mappings satisfying a general contractive condition of integral type.
Int. J. Math. Math. Sci. 29(9) (2002), 531-536. MR1900344 (2003c:54075)

12. S. Chauhan, W. Sintunavarat, P. Kumam, Common fixed point theorems for weakly compatible mappings in
fuzzy metric spaces using (JCLR) property, Appl. Math. 3 (2012) 976-982.

13. S. Chauhan, M.A. Khan, S. Kumar, Unified fixed point theorems in fuzzy metric spaces via common limit
range property, J. Ineg. Appl. 2013 (2013) 182.

14. S.H., Cho, On common fixed point theorems in fuzzy metric spaces, J. Appl. Math. & Computing Vol. 20
(2006), No. 1 -2, 523-533.

15. Y.J. Cho, Fixed point in Fuzzy metric space, J. Fuzzy Math. 5(1997), 949-962.

16. Y.J. Cho, H.K. Pathak, S.M. Kang and J.S. Jung, Common fixed points of compatible mappings of type () on
fuzzy metric spaces, Fuzzy sets and systems, 93 (1998), 99-111.

17. Cho Y.J, Fixed points for compatible mappings of type (A), Math. Japonica, 1993, 38(3), 497-508.

18. Cho Y.J, Khan M.S. and Singh S.L., Common fixed points of weakly commutating Mappings, univ. Novom
Sadu, Sh.Rd. Prirod-mat. Fak.Ser.Mat., 1988, 18(1), 129-142.

19. Z. Deng, Fuzzy pseudo-metric space, J. Math. Anal. Appl., 86, No. 1 (1982), 74-95, doi: 10.1016/0022-247X
(82)90255-4.

20. M.A. Erceg, Metric space in fuzzy set theory, J. Math. Anal. Appl., 69, No. 1 (1979), 205-230, doi:
10.1016/0022-247X (79)90189-6.

21. M. Edelstein, An extension of Banach's contraction principle, Proc. Amer. Math. Soc. 12 (1961) 7-10.

22. Gahler S, 2-metrische Raume und iher topologische structur, Math.Nachr, 1963, 26, 115-148.

23. Gahler S, Uber die uniforisierbarket 2-metrisches Raume, Math.Nachr, 1965, 28, 235-244.

24. Gahler S, Zur geometric 2-metrischer Raume, Revue Roumaine, Math. Pures, 1966, Appl.11, 665-667.

© 2016, IJMA. All Rights Reserved 118



25

26.

217.

28.
29.

30.
31.

32.
33.
34.
35.
36.
37.
38.
39.
40.
41,
42,
43.

44,
45,

46.

47.

48.

49.

50.

51.

M. Vijaya Kumar*, Pawer Ajay Singh /
Common Fixed Point Theorem in Fuzzy Metric Spaces for Compatible Maps / IIMA- 7(12), Dec.-2016.

A. George and P. Veeramani, On some results in fuzzy metric spaces, Fuzzy Sets and Systems, 64, No. 3
(1994), 395-399, doi: 10.1016/0165-0114(94)90162-7.

M. Grabiec, Fixed points in fuzzy metric space, Fuzzy Sets Syestes, 27,No. 3 (1988), 385-389, doi: 10.1016/
0165-0114(88)90064-4.

A. George and P. Veeramani, On some results in fuzzy metric spaces, Fuzzy Sets and Systems, 64(1994), 395-
399.

M. Grabiec, Fixed points in fuzzy metric space, Fuzzy Sets and Systems, 27(1988), 385-389.

A. George and P. Veeramani, On some results in Fuzzy metric spaces, Fuzzy Sets and Systems 64 (1994),
395-399.

M. Grebiec, Fixed points in Fuzzy metric space, Fuzzy sets and systems, 27(1998), 385-389.

Gupta Vishal, Kour Ramandeep, Some fixed point theorem for a class of A-contractions on 2-metric space.
International Journal of pure and applied mathematics, 2012, 79(1)

O. Hadzic, A fixed point theorem in Menger spaces, Publ. Inst. Math. (Beograd) (N.S.), 26(40) (1979), 107-
112.

O. Hadzic and E. Pap, Fixed Point Theory in Probabilistic Metric Spaces, Kluwer Academic Publishers,
Dordrechi (2001)

R.D. Holmes, On fixed and periodic points under certain set of mappings, Canad. Math. Bull. 12 (1969),
813-822.

T. Hu, Fixed point theorems for multi-valued mappings, Canad. Math. Bull. 23 (1980) 193-197.

T. Hu, H. Rosen, Locally contractive and expansive mappings, Proc. Amer. Math. Soc. 86 (1982) 656-662.

T. Hu, W.A. Kirk, Local contractions in metric spaces, Proc. Amer. Math. Soc. 68 (1978) 121-124.

Imdad M, Kumar M.S. and Khan M.D., A Common fixed point theorem in 2-Metric spaces. Math., Japonica,
1991, 36(5), 907-914.

M. Imdad and J. Ali, Some common fixed point theorems in fuzzy metric spaces, Math. Commun., 11, No. 2
(2006), 153-163.

M. Imdad and J. Ali, Jungcks common fixed point theorem and E.A. property, Acta Math. Sin. (Engl. Ser.),
24, No. 1 (2008), 87-94, doi: 10.1007/s10114-007-0990-0.

M. Imdad, M.A. Ahmed, Some common fixed point theorems for hybrid pairs of maps without the
completeness assumption, Math. Slovaca 62 (2012) 301-314.

M. Imdad, Javid Ali, M. Hasan, Common fixed points theorems in Fuzzy metric spaces employing common
property (E.A), Math. Compos. Mod. 55 (2012) 770-778.

M. Imdad, M.A. Ahmed, H.A. Nafadi, Common fixed point theorems for hybrid pairs of maps in fuzzy metric
spaces, Thai. J. Math., in press (2013).

Iseki K, Fixed point theorem in 2-metric spaces, Math. Sem. Notes, Kobeuni, 1975, 3(1) 133-136.

Iseki K, Sharma P.L., Sharma B.K., Contraction type mapping on 2-metric Space, Math. Japonica, 1976, 21,
67-70.

A. Jain and B. Singh, A fixed point theorem for compatible mappings of type (A) in fuzzy metric space, Acta
Ciencia Indica, Vol. XXXIII M, No. 2 (2007), 339-346.

A. Jain, M. Sharma and B. Singh, Fixed point theorem using compatibility of type (B) in Fuzzy metric space,
Chh. J. Sci. & Tech., Vol. 3 & 4, (2006-2007), 53-62.

G. Jungck, P.P. Murthy and Y.J. Cho, Compatible mappings of type (A) and common fixed points, Math.
Japonica, 38 (1993), 381-390.

R. Vasuki, Common fixed points for weakly commuting maps in fuzzy metric spaces, Indian J. Pure Appl.
Math., 30, No. 4 (1999), 419-423.

Volker Kratschmer. “A unfied approach to fuzzy-random-variables” Fuzzy sets and systems Vol.123 (2001),
1-9.

L. A. Zadeh, Fuzzy sets, Inform and control 89 (1965), 338-353.

Source of support: Nil, Conflict of interest: None Declared

[Copy right © 2016. This is an Open Access article distributed under the terms of the International Journal
of Mathematical Archive (IJMA), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.]

© 2016, IJMA. All Rights Reserved 119



