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COMPATIBILITY OF TYPE (P) IN MODIFIED INTUITIONISTIC
FUZZY METRIC SPACE

SHOBHA JAIN!, SHISHIR JAIN? LAL BAHADUR JAIN?

ABSTRACT. The object of this paper is to establish unique common fixed point theorems
for four self maps satisfying a new contractive condition in a modified intuitionistic fuzzy
metric space through compatibility of type (P). A generalization of a result of D Turkoglu
et al [J. Apply. Math. Computing (2006)] in the setting of a modified intuitionistic fuzzy
metric space follows from them. Modified intuitionistic fuzzy version of Grabiec contraction
Principle has also been established. All the results presented in this paper are new. Examples
have been constructed in support of the main results of this paper.

1. INTRODUCTION

In [4] Atanassov generalized fuzzy sets by introducing intuitionistic fuzzy sets. Park [15]

introduced the concept of intutionstic fuzzy metric space with the help of a continuous t-
norm and a continuous t-conorm as a generalization of fuzzy metric space due to George
and Veeramani [8] and Kramosil and Michalec [13], which is a milestone in developing fixed
point theory in intuitionistic fuzzy metric space.
Recently, Saadati et. al [17] introduced the modified intuitionistic fuzzy metric space and
proved some fixed point theorems through compatibility and weak compatibility in it. In
[20] D. Turkoglu, C. Alaca, Y. J. Cho and C. Yildiz (2006) introduced the concept of k-
contraction in an intuitionistic fuzzy metric space and established some results on it. Also
Adibi et al. [I] introduce the notion of compatibility of type (P) in L-fuzzy metric spaces.
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The purpose of this paper is to establish some unique common fixed point theorems for four
self maps in a modified intuitionistic fuzzy metric space satisfying a new contractive condition
through compatibility of type (P), which turns out to be a generalization of the result of
Turkoglu et. al [19] in the setting of modified intuitionistic fuzzy metric space. Modified
intuitionistic fuzzy version of Grabiec contraction Principle [9] has also been established in
this paper.

2. PRELIMINARIES

Definition 2.1. A binary operation x : [0, 1] x [0,1] — [0,1] is called a continuous t-norm
if ([0,1],*) is an abelian topological monoid with unit 1 such that a x b < ¢ % d whenever
a<cand b<d,forall a,b,c and d € [0, 1].

Definition 2.2. A binary operation ¢ : [0, 1] x [0, 1] — [0, 1] is called a continuous t-conorm
if ([0, 1],¢) is an abelian topological monoid with unit 0 such that a ¢ b < ¢ d whenever
a<cand b<d,forall a,b,cand d € [0, 1].

Proposition 2.3. [7] Consider the set L* and relation <p- defined by:
L* = {(x1,22) : (x1,22) € [0,1] and z; + x5 < 1},

(z1,22) <p (y1,92) & x1 < y1 and x9 > Yo, for (z1,2), (Y1, y2) € L*.
Then (L*,<p«) is a complete lattice.

We denote O = (0,1) and 1, = (1,0).

Definition 2.4. [6] A triangular norm on L* is a mapping 7 : (L*)? — L* satisfying:
(i) T (z,1p+) =z, for all x € L*;

(ii) 7(x,y) =7 (y,x), for all z,y € L*,

(i) 7(x,7(y,2)) =T (T (z,y),2), for all z,y,z € L*;

(iv) If for z, 2" y,y € L*, o <p+ o',y <p« ¢ then T (z,y) <p+ T (2", /).

Definition 2.5. [7]A continuous t-norm 7 on L* is called continuous t-representable if and
only if there exists a continuous t-norm * and a continuous t-conorm ¢ on [0, 1] such that
for all x = (21, 22),y = (y1,y2) € L*;

T (x,y) = (21 % Y1, T2 0 Y2)-

Definition 2.6. [17] The 3-tuple (X, My, T) is called a modified intuitionistic fuzzy met-
ric space if X is an arbitrary non-empty set, M and N are fuzzy sets from X2 x (0, o) to [0, 1]
such that M (z,y,t) + N(z,y,t) <1, for all z,y € X,7 is a continuous t-representable and
My is a mapping from X?x (0, 00) to L* defined by My y(z,y,t) = (M(z,y,t), N(z,y,t))
satisfying the following conditions for all x,y, 2 € X and for all s and t,

(a) MM’N(I',y,t) > OL*,

(b) Muyn(z,y,t) =1 iff z =y;

(C) MM,N(xa Y, t) = MMJV(:% €, t);

(d) Mun(x,z,t+8) > T(Murn(x,y,t) * Mun(y, 2,9));

(e) Mun(z,y,.):(0,00) — L* is continuous,

My called an intuitionistic fuzzy metric.
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Note: In the sequel we will call (X, My n,7) to be just an intuitionistic fuzzy metric
space.

Remark 2.7. [20] In an intuitionistic fuzzy metric space (X, My n,7) , M(x, y, .) is non
- decreasing and N(x, y, .) is non - increasing for all x,y inX. Hence (X, My y7) is non -
decreasing function for all z,y in X.

Definition 2.8. [17] Let (X, My, 7) be an intuitionistic metric space.

(a) A sequence {x,} in X is said to Cauchy sequence in X if for each 0 < € < 1 there exists
ng € N such that

MorN(Tn, T,y t) > (1 —€,€) , for each m,n > ngy and for all ¢.

(b) A sequence {z,,} in X is said to converge to a point x € X denoted by, z,, — x or
limy— ooy, = x , if limy oo Mpr N (2T, x,t) — 11+, for all ¢, whenever n — oo .

Definition 2.9. [17]An intuitionistic fuzzy metric space (X, My, 7) is said to be complete
if and only if every Cauchy sequence in X converges to a point of it.

Definition 2.10. A pair (A, S) of self mappings of an intuitionistic fuzzy metric space is
said to be compatible of type (P) if

limy— oM N (A%, S2ap, t) = 1,

when ever {z,} is a sequence in X such that lim,,_.. Az, = lim, .Sz, =z € X.

Definition 2.11. [2, [I7] A pair (A,S) of self mappings of an intuitionistic fuzzy metric
space X is said to be weak compatible or coincidentally commuting if A and S commute at
their coincidence points i.e. if for some z € X, Ax = Sz then ASz = SAx.

Proposition 2.12. [1]Let (X, My n,7T) be a modified intuitionistic fuzzy metric space .
For each X € (0,1), define map Ey : X* — RT U {0} by

Ex(z,y) = Inf{t > 0: Muyn(v,y,t) >1- (1 =X A)}, then

(a) For each \ € (0,1), we have a u € (0,1) such that

E)\(xla xn) < Ep,(xla 33'2) + E,u<x27 iL’g) +. E,u(xnfb xn>?

for any x1, x5, 73, ... 7, € X.

(b) The sequence {x,}nen in Xis convergent to x if and only if Ex(x,,x) — 0.

Also the sequence {x,}nen 18 a Cauchy sequence in X if and only if it is a Cauchy sequence
with respect to E)y.

Proposition 2.13. Let (X, My n,7) be an intuitionistic fuzzy metric space. If for a se-
quence {x,} in X, there exists k € (0,1) such that

Moy (T, Tpsr, kt) >0 M n(Tn—1, Tn, t), for all n and for all t,

then {x,} is a Cauchy sequence in X.

Proof.Let (X, My n,7) be an intuitionistic fuzzy metric space. Let for a sequence {z,}
in X | there exists k € (0, 1) such that
Mo N (T, Tpsr, k) >0 My n(@n—1, Ty, t), for all n and ¢,
then
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My N (T, Tpgr,t) >0 Myn(Toe1, Tn, %)
> M (p—2, Tp—1, k%)

> Mun (20, 21, 75 ), foralin.
Now
Ex(Tpi1,Tn) =Inf{t >0: Myn(Tni1, Tn,t) > (1 =X N)
< Inf{t >0: MM7N(I'1,ZL‘O, kin) > (]_ - A )\)}
= I?’Lf{k’nt >0: MMJV(I‘l,ZUO,t) > (1
= k:"[nf{t >0: MM7N(£E1,ZL‘0,t) > (1
= k"E)\(xg, x1).
Ex(Tnt1,2n) < K"Ex(x0,21) ... (A)
Again from Proposition 2.12, for A € (0,1), there exists p € (0, 1) such that
Ek(xn; xn—o—p) S E,u(xn; xn+1) + E,LL(In—H; xn+2) + ...+ Eu(xn+p—17 xn—i—p)
< k"B, (o, x1) + K" E (o, 21) + ... + K"TPTLE, (20, 1), using(A)
= (k" + k" 4+ .+ EPYE (2, 1),
= lli—nkEu(xo,xl),aSO <k<l,
which tends to 0, as n — oo. Hence {z,} is a Cauchy sequence in X.

—
A

99

Proposition 2.14. In an intuitionistic fuzzy metric space (X, My n,T), if for some x,y

in X there exists k € (0,1) such that
My n(z,y, kt) > Myn(x,y,t), for allt,
then x =y.

Proof.Let for A € (0,1)

Ex(z,y) =Inf{t>0: Myn(z,y,t) 21 (1 =X\ N)}
< Inf{t > 0: MMN(.CE y,t/k) > (1 — A, )\)}
=Inf{kt >0: Myn(z,y,t) >r- (1 =X N}
=kinf{t > 0: Myn(z,y,t) >0 (1 =X\ A)}
= /{ZE)\(JJ,y)

Therefore E\(z,y) = 0.

Hence x = y.

)

Proposition 2.15. : For x = (21, 22),y = (y1,42) € L*, 2Ty <p- .

Proof.For
ZETy = (I’l *y17$2<>y2)
<p+ (w1, 29), asm1 % y1 < 1,220 Yy > T,
=z.
Thus
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2Ty <p« . O

Proposition 2.16. In an intuitionistic fuzzy metric space (X, Muyn,T), if a pair of self
maps is compatible of type (P) then it is weak compatible.

Proof.Let (A, S) be a compatible pair of type (P) in an intuitionistic fuzzy metric space
(X, Muyn,T). Let for some z € X, Ar = Sx. Taking z, = z, then A%z = S%z. Also
A%r = A(Az) = A(Sz) and S%z = S(Sx) = S(Az). Therefore ASx = SAxz. Hence (A, S) is
weak compatible. 0]

Lemma 2.17. Let A, B, S and T be self mappings of a modified intuitionistic fuzzy metric
space (X, M .n,T). satisfying

(i) AT(X)U BS(X) C ST(X);

(ii) ST =TS;

(iii) For some k € (0,1) there ezists continuous real functions p(t), q(t) and a(t) from (0, c0)

to [0, 1] with p(t) < 1 and p(t) + q(t) — a(t) = 1, for all t, such that for all x,y € X

M n(Az, By, kt) + a(t) My n(By, Ty, kt) >1+ p(t) My n(Az, Sz, t) + q(t) M n(Sz, Ty, t).
For some xy € X, we define sequence {y,} by ATxo, = STxopny1 = Yoni1, BSTont1 =
STxoni2 = Yonio. Then {y,} is a Cauchy sequence in X.

Proof.We prove that {y,} is a Cauchy sequence in X. Putting x = Txs, and y = Sx9,.1
in (iii) and as ST = T'S we have,

My N(AT x2,, BSTopy1, kt) + a(t) My n(BSTont1, TSTony1, kt)
> p(O)Mun (AT 2y, ST o, t) + q(t) Marn (ST 29y, T'STon 41, t).
Thus

Mousn (Yont1s Yont2, kt) + a(t) Mar v (Yant1, Yanto, kt)
>+ POMuyN(Yan, Yans1, 1) + Q) Mas N (Yant1; Yans t)-
WI‘itiIlg dn (t) = MM,N(yrm Yn+1, t)a we get
don+1(kt) + a(t)daps1(kt)  >p- [p(t) + q(t)]d2n(2),
i. e.
(14 a(t))dont1(kt) > [p(t) + q(t)]dan(t).
As p(t) + q(t) — a(t) = 1, we have
don+1(kt) > 1+ doy(2).
Similarly, if we take © = Txo, 1o and y = Sxg,,1 in (i7i) we have,
(1 = p(t))dont2(kt) > [q(t) — a(t)|dans1(t).
As p(t) + q(t) —a(t) =1 and p(t) < 1, we have
dania(kt) >p+ dopy(t), for all t and for all n.
Thus for all n we have
dpi1(kt) > dp(t).
Hence by Proposition 2.13, {y,} is a Cauchy sequence in X. O
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3. MAIN RESULTS

Theorem 3.1. Let A, B, S and T be self mappings of a complete intuitionistic fuzzy metric
space (X, M n,T) satisfying (i), (ii) and :

(1v) pairs (A, S) and (B,T) are compatible of type (P);

(v)  Fork € (0,1) there exist continuous functions p(t), q(t),a(t) from (0,00) to [0,1] with
p(t) < 1,q(t) < 1 or else q(t) = 1(constant), for all t with p(t) + q(t) — a(t) = 1, for all t,
such that for all z,y € X,

My n(Ax, By, kt) + a(t) My n(By, Ty, kt)

> p(O)Muyn(Azx, Sz, t) + q(t) My v (Sx, Ty, t).
(vi) either self maps S and T are continuous or else B and S are continuous or else A and
T are continuous.
Then the maps A, B, S and T have a unique common fixed point in X.

Proof.: Let zy € X be any arbitrary point in X.Construct sequences {x,} and {y,, } in X
such that yo,11 = AT 2o, = STxo,41,Yonie = BSTopi1 = STx9,0, for n =0,1,2.... Then
by Lemma 2.17, {y,} in a Cauchy sequence in X, which is complete. Hence {y,} — z € X.
Also
ATx5, — z and STxq, — z.

BSxy,11 — z and STxg,11 — 2.
Putting T'xs, = v,, STopi1 = w,y1 and as ST =TS we get

Av, — 2z and Sv, — z. (3.1)

Bwyy1 — 2z and  Sw,.1} — 2.

Case I: Self maps S and T are continuous:
As S is continuous, we have

SAv, — Sz, and S*v, — Sz. (3.3)
And as (A, S) is compatible of type (P) we have,

A?v, — Sz. (3.4)
Step I: Putting x = Av,, and y = w,41 in (v) we have,

M N (A0, Bwy i, kt) + a(t) My (Bwig1, Twy i, kt)
>+ p(O)Marn(A%v,, SAv,, t) + () M v (SAv,, Twi i1, t).
Taking limit as n — oo, using (3.2), (3.3) and (3.4)we get,
Mun(Sz, 2, kt) + a(t) My (2, 2, kt) >0 p(t) Marn(Sz, Sz, t) + q() My n(Sz, 2, 1),
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MM,N(SZ, Z, k‘t) + a(t)lL* ZL* p(t)lL* + q(t)MMN(Sz, Z, fJ). (35)
As 0 < k <1 we have
Mun(Sz, 2, t) + a(t)lpe > p(t)1 + q(t) Mu,n(Sz, 2, 1),
which gives
(1 —q(t))Mun(Sz,2,) > [p(t) —a(t)]1-.
If ¢(t) < 1 and as p(t) + ¢(t) — a(t) = 1, we get,
My n(Sz, z,t) > 1ps;
which gives Sz = z. If ¢(t) = 1, then as p(t) + ¢(t) — a(t) = 1 we have p(t) = a(t). Hence
from (3.5)we have
MMJV(SZ, Z, k‘t) ZL* MMJV(SZ, Z, Zf).
Therefore by Proposition 2.14, we have Sz = 2. Thus in both the cases Sz = z.
Step II: Putting = z and y = w,,41in (v) we have,

Moy n(Az, Bwyyy, kt) + a(t) My n(Bwpi1, Twaq, kt)
> p(O)Mun(Az, Sz, t) + q(O) My N (Sz, Twpy1,t).
Taking limit as n — oo, using (3.2) and Sz = z we get,
My n(Az, 2, kt) + a(t)Mun(z, 2, kt) >0 p(O)Mun(Az, 2,t) + () My n(z, 2, 1),
i e.
My n(Az, 2, kt) + a(t) - > p(H) My n(Az, 2,t) + q(t) 1~
As 0 <k <1,p(t) <1 we have
Moy (Az, 2, ) >0 Gl
As p(t) + q(t) — a(t) = 1, we get
Muyn(Az, z,t) > 1+, for all t.
Thus Az = 2. Therefore Az = Sz = 2.
Step III: As T is continuous, we have

TBw,,1 — Tz and T?w,1 — T=z. (3.6)
And as (B, T) is compatible of type (P) we have,

B*wp4 — T2, (3.7)
Putting = v,, and y = Bw,4; in (v) we have,

My (Avy, B2w, 11, kt) + a(t) My n(B*wy i1, T Bw, 1, kt)
> ()M v (Avp, Svp, t) + () Marn (Svn, T Bwp 1, t).
Taking limit as n — oo , using (3.1), (3.0) and (3.7) we get,
My n(z, Tz, kt) + a(t) My n(Tz, Tz, kt) >« p(t)Mun(2, 2, t) + () Mun(z, Tz, 1),

1. e.

Mun(z, Tz, kt) + a(t) e >pe p(t)1p + q(t) Masrn (2, T2, t) (3.8)
As 0 < k <1, we get,
Mun(z, Tz, t) + a(t)lpe >0 p(t)1p + q() My (2, Tz, ).
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If ¢(t) < 1, then

Moy (2, Tz, t) > 20l

and p(t) + q(t) - a(t) = 1 implies

My (2, T2 t) > 1ps,

which gives Tz = z.

On the other hand if ¢(t) = 1, for all t , then as p(t) + q(t) — a(t) = 1, we have p(t) = a(t).
Hence from (3.8)we have

MM’N(Z, TZ, kt) ZL* MMJv(Z, TZ, t).

Therefore by Proposition 2.14) we have Tz = z. Thus in both the cases Tz = 2. Hence
Az=82=Tz=z.

Step IV :Putting x = v, and y = z in (v) we have,

My n(Avy, Bz, kt) + a(t) My n(Bz, Tz, kt)

> p(O)Marn(Avy, Svp, t) + () Marn(Svn, Tz, t).

Letting n — oo, using (3.1) and Bz = Tz = z we get

Muyn(z, Bz, kt) + a(t) My n(Bz, 2, kt) >0 p(O)Mun (2, 2,t) + q) Mun(z, 2, 1),
SO

(1+a(t))Muyn(Bz,z, kt) > (p(t) + q(t)) 1.

As p(t) +q(t) —a(t) = 1,a(t) > 0 we get,

MMJV(BZ,Z,kt) ZL* 1L*~

Therefore

My n(Bz, z, kt) = 1, for all t,

and so Bz = z. Thus

Tz= Bz =z. (3.9)

Hence Az = Bz = Sz =Tz = z in this case.

Case II: Self maps S and B are continuous:

By case I (step I and step II), as S is continuous and (A, S) is compatible of type (P)we get
Az = Sz = 2. As B is continuous we have

B*w, ., — Bz and BTw,, — Bz.

And as (B, T) is compatible of type (P) we have,

T?w,.1 — Bz.

Step V: Putting x = v,, and y = Tw, 41 in (v) we have,

Main (Avy, BTwp i1, kt) + a(t) My n (BT wy i1, T? w41, kt)
>+ p()Marn(Avy, Svn, t) + q(6) Mag, v (Svy, T*wp 41, t).
By similar reasoning as given in step III, we get Bz = 2. Thus Az = Sz = Bz = z. Therefore
Az = Bz = Sz = z. Also BSz = z. As BS(X) C ST(X), there exists v € X such that
z2=DBSz=STv. As ST =TS we have z = BSz = STv = TSv.
Step VI: Putting z = z and y = Sv in (v) we have,
My n(Az, BSv, kt) + a(t) My n(BSv, T'Sv, kt)
> p(O)Murn(Az, Sz, t) + q(t) Murn(Sz, TSv, t),
i e.

My n(z, BSv, kt) + a(t) My n(BSv, z, kt)
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>Ls p(t)MM7N(z7 Z, t) + Q(t)MM,N(Z7 Z, t)7

1. e.

[1+ a()] M (2, BSv, kt) >+ [p(t) + q(t)]1L-,
so as a(t) > 0 we have

Moy (z, BSv, kt) > BOE0T

and p(t) + q(t) — a(t) = 1 gives

MM’N(Z, BSU, ]{Zt) ZL* 1L*'

Thus BSv = z. Therefore BSv = T'Sv = z. As (B, T) is compatible of type (P) so is weak
compatible and so we have Bz = T'z. Therefore in this case also Az = Bz=5z=Tz = z.
Case III: Self maps A and T are continuous:

As T is continuous, by case I (step III and IV), we get Bz = Tz = z. As A is continuous,

we have

A%y, — Az and ASv,, — Az. (3.10)
And as (A, S) is compatible of type (P) we have,

S, — Az. (3.11)

Step VII: Putting z = Sv,, and y = w,1; in (v) we have,

M n(ASv,, Bwyya, kt) + a(t) My ny(Bwns1, Twpiq, kt)

> p(O)MarnASvn, S?un, t) + () Mar n(S?vn, Twpy 1, t).

Taking limit as n — oo, using (3.2)), (3.10), (3.11)) we get,

M n(Az, z, kt) + a(t) My n(z, 2, kt)

zL* p(t)MMVN(AZ, AZ, t) + q(t)/\/lM,N(Az, Z, t)

By similar reasoning as given in step I, we get Az = 2. Thus A2 = Bz = Tz = 2. Also
ATz = z. As AT(X) C ST(X), there exists w € X such that z = ATz = STw.

Step VIII: Putting x = Tw and y = z in (v) we have,

MM’N(ATU), BZ, kt) + CL(t)MMJv(BZ, TZ, kt)

> p(t)MMJv(ATw, STw, t) + q(t)MM,N(STw, Tz, t).

Using Bz =Tz = STw = z we get,

My n(ATw, z, kt) + a(t) 1 > p() My n(ATw, z,t) + q(t)1-.

By similar reasoning as given in step II we have ATw = z. Thus ATw = STw = z. As
(A, S) is compatible of type (P) so is weak compatible and so we have Az = Sz. Therefore
in this case also Az = Bz = Sz =Tz = z. Thus z is a common fixed point of four self maps
A, B,S and T, in all the three cases.

Uniqueness: Let u be another common fixed point of A, B, S and T i.e. Au = Bu = Su =
Tu = u. Putting = z and y = w in (v) we get,

MM’N(AZ, Bu, k‘t) + CL(T,)MM’N(BU, Tu, /{Zt)

> p(O)Murn(Az, Sz, t) + () Murn(Sz, Tu, t),

i. e.

Mo (z,u, kt) + a(t) M (u, u, kt)

> p(O)Maurn (2, 2,t) + q() M (2, u, t).

By similar reasoning as given in step I, we get z = u. Therefore v is the unique common
fixed point of four self maps A, B, S and T. OJ
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Theorem 3.2. Let A, B, S and T be self mappings of a complete intuitionistic fuzzy metric
space (X, M .n,T) satisfying (i), (i) (iv), (v) and :

(vii) either S is onto or else T is onto;

(viit)  self maps A and B are continuous.

Then the maps A, B, S and T have a unique common fixed point in X.

Proof.Proceeding as in Theorem 3.1 we have ( 3.1) and (3.2). As A is continuous, from
step VII of Theorem 3.1, Az = z. As B is continuous, from step V of Theorem 3.1 we have
Bz =z. Thus Az = Bz = z.

If T is onto then z = Az € AT(X) C ST(X). If S is onto then z = Bz € BS(X) C ST(X).
Thus in both the cases z € ST(X). Therefore there exists w € X such that z = STw. As
ST =TS we have z = STw = T Sw.

Step IX: Putting = v, and y = Sw in (v) we have,

Mo n(Avy,, BSw, kt) + a(t) My n(BSw, T'Sw, kt)

> ()M N (Avy, Svp, t) + q(t) M v (Svn, TSw, t).

Letting n — oo and using T'Sw = z we get

My n(z, BSw, kt) + a(t) My n(BSw, z, kt)

>L p(t)MM,N(Za Zs t) + Q(t)MM,N<z7 Z, t)a

ie.

1+ a(t) My n(BSw, z, kt) > [p(t) + q(t)] 1=

By similar reasoning as given in step VI of Theorem [3.1, we have BSw = z. Therefore
TSw = BSw = z. As (B,T) is compatible of type (P) so is weak compatible and thus we
have Tz = Bz = z. Hence Az = Bz =Tz = 2.

Step X: Putting + = Tw and y = w,4; in (v) we have,

M N (ATw, Bwnya, kt) + a(t) Moy v (Bwn gy, Twngr, kt)

> p(O) My n(ATw, STw, t) + q(t) My n(STw, Twyiq, t).

Letting n — oo and using STw = z we get

My n(ATw, z, kt) + a(t) M N (2, 2, kt)

> p(t)MMJv(ATw, z, t) + q(t)MMJv(Z, z, t).

By similar reasoning as given in step V of Theorem 3.1 we get ATw = 2. Therefore
z = ATw = STw. As (A,S) is compatible of type (P) so is weak compatible and thus
we have Az = Sz = z. Hence Az = Bz = Sz = Tz = z. Thus in both the cases z is a
common fixed point of four self maps A, B, S and T. Uniqueness of the fixed point follows

from Theorem 13.1.
OJ

Example 3.3. (Theorem [3.2) Let (X, My n, 7T ) be the complete intuitionistic fuzzy metric
space, where X = [0, 1] and for a = (a1, a2),b = (b1, be) in L* define

7 (a,b) = (a1by, min{as + b, 1})
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and

t _
MM,N(xayat) = ( ’ ‘x y‘ ) )

for all z,y € X and for all t. Define self maps A, B,S and T on X as follows:
A(z)=B(z)=1,T(z) =z forall z in X

x, if x is rational
S(r) =1 i, if x is irrational.
Then the maps A and B are continuous and 7' is surjective. Also pairs (A, S) and (B,T) are
compatible of type (P).Clearly the containment condition (i) of the Theorem 3.2 is satisfied.
Further the contractive condition (v) holds for k = 3. Thus all the conditions of Theorem

1'is the unique common fixed point of four self maps A, B, S and

3.2 are satisfied and z = i

T.

Theorem 3.4. Let A, B,S and T be self mappings of a complete intuitionistic fuzzy metric
space (X, My .n,T) satisfying (i), (i) (i), (viii) and :

(iz) For some k € (0,1) there exists continuous real functions p(t),q(t),a(t) from (0,00) to
[0, 1] with p(t) < 1,q(t) <1 or else q(t) = 1, for all t with p(t) + q(t) — a(t) = 1, such that
for all x,y € X and for all t

Mo n(Az, By, kt)T My n(Sz, Ty, kt) + a(t) My n(By, Ty, kt)

> p(O)Muyrn(Azx, Sz, t) + () Murn(Sx, Ty, t).

Then the maps A, B, S and T have a unique common fixed point in X.

Proof.As
MM’N(AI’, By, kt)TMM,N(Sx, Ty, kt) <« MM,N(AI’, By, kt),
by Proposition 2.14] it follows that condition (xi) implies condition (v). Hence by step V
and VII we have Az = Bz = 2.
Step XI: Putting x = v,,y = z in (ix) we have,
My n(Avy, Bz, kt)T My n(Svn, Tz, kt) + a(t) My n(Bz, Tz, kt)
> e ()M v (Avy, Svn, t) + q() My (Svn, Tz, t).
Letting n — oo and using Bz = z we get
Mun(z, 2, k) TMyn (2, Tz, kt)+a(t) My n (2, Tz, kt) >0 p(O) My (2, 2, t)+q() My n (2, T2, 1),
ie.
1T My n(z, Tz, kt) + a(t) My n (2, Tz, kt) > p(t)1p + () Muyn(z, Tz, ).
Therefore
14+ a(t)IMuyn(z, Tz, kt) >0 [p(t) + q(t)]Mun(z, Tz, ).
As p(t) + q(t) — a(t) = 1 and a(t) > 0 we have
MM’N(Z, TZ, k}t) ZL* MMJV(Z, TZ, t).
Hence by Proposition 2.13, we have Tz = z. Thus Az = Bz = Tz = z. By step VIII, in
Theorem 3.1l we get Sz = z. Therefore Az = Bz = Sz =Tz = z1i. e. zis a common fixed

point of four self maps A, B,S and T. Uniqueness of the fixed point follows from Theorem
3.1 [
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Following is a more complete result:

Theorem 3.5. Let A, B, S and T be self mappings of a complete intuitionistic fuzzy metric
space (X, M n,T) satisfying (i), (i), (iz) and :

o pairs (A,S) and (B,T) are compatible of type (P);

e one map from each of the two compatible pairs of type (P) is continuous.

Then the maps A, B, S and T have a unique common fixed point in X.

Proof. Result follows from Theorem 3.4/ and cases I, IT and III of Theorem 3.1 as the
contractive condition (ix) implies contractive condition (v). U

Taking B = A,T = S and p(t) = a(t) = 0,¢(t) = 1 Theorem 3.1 we get,

Corollary 3.6. : Let A and S be self mappings of a complete intuitionistic fuzzy metric
space (X, M n,T) satisfying:

(r)AS(X) C S?*(X);
(xi) the pair (A, S) is compatible of type (P);
(xii) Self map S is continuous;
(xiii) there exist k € (0,1) such that for all x,y € X and for all t,
MM’N(AZ', Ay, kt) > ./\/lMJV(Sx, Sy, Zf).
Then the self maps A and S have a unique common fized point in X.

In [20] D. Turkoglu et. al (2006) proved the following:
Theorem 2 [20]: Let (X, M, N,*,0) be a complete intuitionistic fuzzy metric space and
A, S 1 X — X be mappings satisfying the following conditions:

e A(X) C S(X);
e S is continuous;
e there exists 0 < k < 1 such that for all z,y € X, and for all t > 0
M(S(x), S(y), kt) = M(A(x), A(y), 1), N(S(x), S(y), kt) < N(A(x), A(y),1).

Then A and S have a unique common fixed point in X provided A and S commute on X.

Remark 3.7. :Above result follows from Corollary 3.6 as AS = SA gives AS(X) =
SA(X) C SS(X). Also as S is continuous and Az, — x, Sz, — x give ASz,, = SAz, —
Sx, S?%x, — Sx. Taking x = Ax,,y = Sz, in (xii) we get

MM,N(Azxm ASz,, /Ct) > MMJV(SAITL, 521’”, t).

Letting n — oo we get

limy— oM N (A%, ASxp, kt) > 10 My n(Sz, Sz,t) = 1ps,

i e.

limy, oM N (A%, Sz, kt) = 17,

implies A%z, — Sx. Hence

limy, oM n (A%, S22, t) = 1.
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Thus (A, .S) is compatible of type (P). Hence A and S have a unique common fixed point in
X.

Example 3.8. (of Corollary 3.6): Let X = {1},en U {0} . Define My and T as in
Example 3.3. Then (X, My n,7) is a complete intuitionistic fuzzy metric space. Define self
maps A and S on X as follows:

A(0) = 0,A(;) = 55 and S(0) = 0,5(;) = n+r1, for all n. Then AS(1) = A(3) = 2
and SA(1) = S(3) = ¢ . Therefore AS # SA. Hence (4, S) is non-commuting. Clearly
pair (A, S) is compatible of type (P), as every sequence in X converges to 0. Hence the pair
(A, S) is non-commuting yet it is compatible of type (P). Moreover AS(X) C S?*(X). Also
the contractive condition (xiii) holds for k = % . Thus all the conditions of corollary 3.6/ are
satisfied and x = 0 is the unique common fixed point of the self maps A and S.

Taking S = I, the identity map in Corollary [3.60 we get the following intuitionistic fuzzy
metric space version of Grabiec’s result [J]:

Corollary 3.9. : Let A be a self mapping of a complete intuitionistic fuzzy metric space
(X, My, T) satisfying :

Mun(Ax, Ay, kt) > Myn(z,y,t), for all t and for some k € (0,1).

Then A has a unique fized point in X.

Proof.Result follows from Corollary 3.6l as AI(X) = A(X) C X = [*(X) and Al =
TA. U
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