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Abstract

In this paper, we establish common fixed point theorem for type(3) compatible four mappings
with implicit relations defined on an intuitionistic fuzzy metric space. Also, we present the
example of common fixed point satisfying the conditions of main theorem in an intuitionistic

fuzzy metric space.
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1. Introduction

Zadeh [1]] introduced the concept of fuzzy sets in 1965 and in the next decade, Grabiec [2]
obtained the Banach contraction principle in setting of fuzzy metric spaces, Also, Altun and
Turkoglu [3]] proved some fixed theorems using implicit relations in fuzzy metric spaces.
Furthermore, Park et al. [4] defined the intuitionistic fuzzy metric space, and Park et al. [5]]
proved a fixed point theorem of Banach for the contractive mapping of a complete intuitionistic
fuzzy metric space. Recently, Park [6, 7], Park et al. [8] obtained a unique common fixed
point theorem for type(c) and type(S3) compatible mappings defined on intuitionistic fuzzy
metric space. Also, authors proved the fixed point theorem using compatible properties in
many articles [9-H12].

In this paper, we will obtain a unique common fixed point theorem and example for
this theorem under the type() compatible four mappings with implicit relations defined on

intuitionistic fuzzy metric space.

2. Preliminaries

We will give some definitions, properties of the intuitionistic fuzzy metric space X as follow-
ing:

Let us recall (see [[13]) that a continuous t—norm is a binary operation * : [0, 1] x [0,1] —
[0, 1] which satisfies the following conditions:(a)* is commutative and associative; (b)x is
continuous; (c)a * 1 = a for all @ € [0,1]; (d)a *x b < ¢ * d whenever a < cand b < d
(a,b,c,d € [0,1]).

Similarly, a continuous t—conorm is a binary operation ¢ : [0, 1] x [0,1] — [0, 1] which

satisfies the following conditions:
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(a) ©is commutative and associative;
(b) ¢ is continuous;
() av0=aforalla € [0,1];

(d) aob > codwhenevera < cand b < d (a,b,c,d €
[0, 1]).

Definition 2.1. ([14]) The 5—tuple (X, M, N, *, ¢) is said to
be an intuitionistic fuzzy metric space (IFMS) if X is an arbi-
trary set, * is a continuous t—norm, ¢ is a continuous ¢—conorm
and M, N are fuzzy sets on X2 x (0, 0o) satisfying the follow-

ing conditions; for all z,y, z € X, such that
(@) M(z,y,t) >0,
(b) M(z,y,t) =1 =z =y,
(© M(z,y,t) = M(y,,1),
d) M(z,y,t)*« M(y,z,s) < M(z,z,t+s),
(e) M(z,y,-): (0,00) — (0,1] is continuous,
(f) N(z,y,t) >0,
(@ N(z,y,t) =0 =z =y,
(h) N(z,y,t) = N(y,z,1),
(i) N(z,y,t)oN(y,z,8) > N(z,2z,t+ s),
G) N(z,y,-):(0,00) — (0, 1] is continuous.

Note that (M, N) is called an IFM on X. The functions
M(z,y,t) and N(z,y,t) denote the degree of nearness and
the degree of non-nearness between = and y with respect to ¢,

respectively.
Definition 2.2. ([6]]) Let X be an IFMS.

(a) {x,} is said to be convergent to a point z € X if, for any
0 < e < landt > 0, there exists ng € N such that
M(xp,z,t) >1—€, N(zp,z,t) <e

for all n > ng.

(b) {x,} is called a Cauchy sequence if forany 0 < ¢ < 1
and t > 0, there exists ng € N such that

M(J?n,],‘m,t) >1-—g¢, N(J?n,l‘m,t) <€

for all m,n > ng.
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(c) X is complete if every Cauchy sequence converges in X .

Lemma 2.3. ([8]) Let X be an IFMS. If there exists a number
k € (0,1) such that forall 7,y € X and t > 0,

M(.T;, y7 kt) Z M(x’ y’ t)’ N(Z‘? y7 kt) S N(x7 y7 t))

then z = y.

Definition 2.4. ([[7]]) Let A, B be mappings from IFMS X into
itself. The mappings are said to be type() compatible if for all
t>0,

lim M(AAx,, BBx,,t) =1,

n—oo

lim N(AAz,, BBz,,t) =0,

n— oo

whenever {z,,} C X suchthatlim,,_,., Az, = lim,, o, Bz, =

x for some x € X.

Proposition 2.5. ([15]) Let X be an IFMS with ¢ xt > t and
tot < tforallt e [0,1]. A, B be type(3) compatible maps
from X into itself and let {x,,} be a sequence in X such that

Ax,,, Bx,, — x for some € X. Then we have the following
(a) BBx, — Az if A is continuous at x,
(b) AAx, — Bz if B is continuous at x,

(¢) ABx = BAz and Ax = Bx if A and B are continuous

at .

Implicit relations on fuzzy metric spaces have been used
in many articles (3} [16]). Let ¥ = {¢rr,¥n}, I = [0,1],
om,¥n : I8 — R be continuous functions and *,¢ be a
continuous t-norm, t-conorm. Now, we consider the following

conditions ([6]):

(D ¢as is decreasing and vy is increasing in sixth variables.
(W) If, for some k € (0, 1), we have

Ot (k). o(t), o(t),u(t), 1, u(5) 5 0(2)) > 1,

oy (@), (0, 9(0), 2(0),0,2(5) 0 y(5)) < 1
or  darlulkt), v(t), u(t), o(e),u(y) = v(3), 1) > 1,

P elt), y(2),(8),y(0), 2(5) 0 9(5),0) < 1

for any fixed ¢ > 0, any nondecreasing functions u, v :
(0,00) — I with0 < u(t),v(t) < 1, and any nonincreas-
ing functions z,y : (0,00) — I with 0 < z(t), y(¢t) < 1,
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then there exists h € (0, 1) with

u(ht) > v(t) xu(t), xz(ht) <y(t)ox(t).

(D) If, for some k € (0, 1), we have
dar(u(kt), ut), 1,1, u(t),u(t)) > 1
for any fixed ¢ > 0 and any nondecreasing function
w: (0,00) — I, then u(kt) > wu(t). Also, if, for some

k € (0,1), we have

YN (x(kt),z(t),0,0,2(t),z(t) <1

for any fixed ¢ > 0 and any nonincreasing function z :

(0,00) — I, then z(kt) < x(t).

Example 2.6. ([6]) Letaxb = min{a, b} and acb = max{a, b},

U1
¢M(u17 ,Uﬁ)— min{u2,~- 7u6},
¥ (@, ' 76) = max{zy, -+ ,x¢}

Also, let t > 0, 0 < u(t),v(t),z(t),y(t) < 1, k € (0,3)

where u,v : [0,00) — I are nondecreasing functions and
x,y : [0,00) — I are nonincreasing functions. Now, suppose
that t t

¢M(u(kt)7v(t)7v(t)7u(t)ﬂ 17”(5) * v(i)) >1,

Uy (@), (0. (0. 2(0),0.2(3) 0 () < 1.

then from Park [6], ¢ar, YN € V.

3. Main Results and Example

Now, we will prove some common fixed point theorem for four

mappings on complete IFMS as follows:

Theorem 3.1. Let X be a complete intuitionistic fuzzy metric
space with a*b = min{a, b}, acb = max{a, b} foralla,b € T
and A, B, S and T be mappings from X into itself satisfying
the conditions:

(@) S(X)C B(X)and T(X) C A(X),

(b) One of the mappings A, B, S, T is continuous,

(¢) Aand .S as well as B and T are type(3) compatible

www.ijfis.org

(d) There exist k € (0,1) and ¢ps, ¥y € ¥ such that

M(Sz, Ty, kt), M (Az, By, 1),

om | M(Sz, Az, t), M(Ty, By,t), >1,
M(Sz, By,t), M(Ty, Az, t)
N(Sxz,Ty, kt), N(Ax, By, t),

Yy | N(Sz,Ax,t), N(Ty, By,t), <1,
N(Sz,By,t), N(Ty, Az,t)

forallz,y € X and ¢t > 0.
Then A, B, S and T have a unique common fixed point in X.

Proof. Let z( be an arbitrary point of X. Then from Theorem
3.1 of ([6]), we can construct a Cauchy sequence {y,} C X.
Since X is complete, {y,, } converges to a point € X. Since

{Azont2}, {Bxanst1}, {Szon} and {Tz2p11} C {yn}, we

have

lim Ax2n+2 =

lim B$2n+1
n—00

n—o0

= lim Sxzq,
n— oo

= lim T$27L+1 =Xx.
n— 00

Now, let A is continuous. Then

lim ASxz,, = Ax.

n—oo

By Proposition 2.5,

lim SSzo, = Ax.

n—oo

Using condition (d), we have, for any ¢ > 0,

M(SSJ,‘Q”, T$2n+1, kit), M(ASargm Bl‘gn_;,_l, t),
¢M M(‘SSIQ’I’HAstnat)aM(Tx2n+l7B$2n+17t))

M(Sstnv B(E2n+17 t)a M(Tx2n+17 Astnv t)
L,

N<SS$21’L7 Tx2n+1a kt)a N(Asx2n7 Bm2n+17 t))
Yy | N(SSzon, ASzap,t), N(Txont1, Brant1,t),

N(SSI'QTU B$2n+17 t), N(Tx2n+17 ASI’Qn, t)

<1

v

and by letting n — o0, ¢pr, P n are continuous, we have
M(Az, x, kt), M(Az,z,t),1,
dum >1,
1, M(Ax,x,t), M(Ax, z,t)

N(Az,z, kt), N(Ax, z,t),0,
PN <1
0, N(Az,x,t), N(Az, z,t)
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Therefore, by (III), we have

M(Az,x, kt) > M(Az, z,t),
N(Az,z,kt) < N(Az,z,t).

Hence Ax = z from Lemma 2.3. Also, we have, by condition

(d),

M(SJJ, T$2n+1, k‘t), M(AZ‘, B$2n+1, t),
(A:Cvsxvt)7M(Tm2n+lyBx2n+17t)a Z 17
(S.’E, B$2n+1, t), M(T$2n+1, A(E, t)

bm

S =

(Sl', T‘T2n+l7 kt)u N(A:E7 B$2n+1, t>7
(ASL', SI’, t), N(T$2n+1, B$2n+1, t),
(SJZ, B$2n+1, t), N(T$2n+1, AJJ, t)

VN

2 =22

and, let n — oo, we have

N
o

On the other hand, since

M(Sz,x,kt), 1, M(Sz,z,t),
1,M(Sz,x,t),1
N(Sz,z,kt),0, N(Sx, z,t),
0, N(Sz,x,t),0

)=t
)<

M(Sz,x,t) > M(Sz,x, %) = M(Sz,z, %) * 1,

N(Sz,z,t) < N(Sz,z, %) = N(Sz,x, %) 00,

able, we have, for any ¢ > 0,

¥
o

which implies that Sz = z. Since S(X) C B(X), there exists
apoint y € X such that By = z. Using condition (d), we have

¢M< >>1a
'(/JN< <1

which implies that x = T'y. Since By = Ty = x and B, T
are type() compatible, we have 7Ty = BBy. Hence Tx =

¢ 1s nonincreasing and ¥ is nondecreasing in the fifth vari-
M(Sz,x,kt), 1, M(Sz,z,t),

> 1,
1L, M(Sz,x,§)«1,1

N(Sx,z,kt),0,N(Sx, x,t), )

<1
O,N(Sm,x,%)o0,0

Mz, Ty, kt), 1,1,
M(Ty7 x7 t), 17 M(Ty7 x? t)

N(z,Ty, kt),0,0,
N(Ty7 x’ t)? 07 N(Ty’ x? t)
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TTy = BBy = Bx. Therefore, from (d), we have, for any

t>0,
¢M< >>11

N(z,Tx,kt), N(z,Tx,t),0,
(N <
0, N(z,Tz,t),0, N(z,Tz,t)
From (III), we have

M(z, Tz, kt), M (z,Tx,t),1,
1, M(x,Tx,t),1, M(x,Tx,t)

M(x, Tz, kt) > M (z,Tx,t),
N(z,Txz,kt) < N(z,Tx,t).
Therefore, we have x = Tx = Bx from Lemma 2.3. Hence

x is a common fixed point of A, B, S and T'. The same result

holds if we assume that B is continuous instead of A.

Now, suppose that .S is continuous. Then

lim SAxs, = Sx.

n—oo

By Proposition 2.5,

lim AAxs, = Sx.

n— oo
Using (d), we have for any ¢t > 0,
SA.’L'QTH Tl’gn+1, k't), M(AAI’Qn, Bl‘gn+1, t),

M (
M(S Az, AAxo,,t), M(Tx2p41, Brongi,t),
M(SAzs,, Bropti,t), M(Txoni1, AAzo,,t)

Pm

>1

i )

N(SAZ‘th Tx2n+1a kt)v N(AAx2na Bx2n+1a t)7
N(SA‘TZTH AA:EQTL; t)a N(Tx2n+1; B:I:2n+17 t)7
N(SA(E27“ B$2n+1, t), N(T$2n+1, AA:L'Qn, t)

<1,

VN

and by n — oo, since ¢ps, ¥y € ¥ are continuous, we have

o )
o -

Thus, we have, from (III),

M(Sz,z, kt), M(Sx,x,t),1,
1, M(Sz,x,t), M(Sx,xz,t)

N(Sz,z, kt), N(Sz,x,t),0,
0, N(Sz,x,t), N(Sz,x,t)

M(Sz,x,kt) > M(Sx,x,t),
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N(Sz,z,kt) < N(Sz,z,t).

Hence Sz = x by Lemma 2.3. Since S(X) C B(X), there
exists a point z € X such that Bz = x. Using (d), we have

M(SAxy,, Tz, kt), M(AAxs,, Bz,t),
(SAza,, AAxoy,, t), M(Tz, Bz,t),
(SAzop, Bz, t), M(Tz, AAzap,t)

Y,

5=

(SAzo,, Tz, kt), N(AAxg,, Bz,t),
(SAza,, AAxo,,t), N(Tz,Bz,t),
(SAzxo,, Bz, t), N(Tz, AAxa,,t)

YN

2 2=

letting n — oo, we get

M(z, Tz, kt), 1,1,
¢M > 1,
M(z,Tz,t),1, M(z,Tz,t)

N(z,Tz,kt),0,0,
PN <1
N(x,Tz,t),0,N(x,Tz1)

which implies that z = T'z. Since Bz = Tz = x and B, T
are type(/3) compatible, we have TBz = BBz and so Tx =
TBz = BBz = Bxz. Thus, we have

M(Sxon, Tx, kt), M(Azay,, Bx,t),
(Sxon, Axon,t), M(Tx, Bx,t),
(Szopn, Bz, t), M(Tx, Axop,t)

dm >1

b

S =

(Sxon, Tz, kt), N(Azyy,, Bx,t),
(Sz2n, Axon,t), N(Tz, B, t),
(Szay, Bx,t), N(Tz, Az, t)

YN <1

)

2 =22

letting n — oo,
M(z, Tz, kt), M (z,Tx,t),1,
¢M Z 1;
1, M(x,Tx,t), M(x, Tx,t)

N(z,Tx, kt), N(z,Tx,t),0,
YN <1
0, N(z,Tx,t), N(x,Tx,t)

Thus, x = Tx = Bz. Since T(X) C A(X), there exists
w € X such that Aw = x. Thus, from (d),

p M(Sw,x, kt), 1, M(Sw, x,t), -
1, M(Sw,x,t),1 -

. N(Sw,z,kt),0, N(Sw,z,t), <1
0, N(Sw, z,t),0

Hence we have z = Sw = Aw. Also, since A, S are type(53)
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compatible,
z =Sz =SSw=AAw = Ax.

Hence x is a common fixed point of A, B, .S and T'. The same
result holds if we assume that T is continuous instead of S.

Finally, suppose that A, B, S and T" have another common
fixed point u. Then we have, for any £ > 0,

M(z,u, kt), M(x,u,t),1,

QSM Z ]-7
17 M(x7 u’ t)7 M(x7 u? t)

1/}1\/' N(:'E? u7 kt),N(xV u7 t),OV S 1
07 N(:I:7 u’ t)7 N(I7 u’ t)

Therefore, from (IIT), x = w. This completes the proof.

Example 3.2. Let X be a intuitionistic fuzzy metric space with
X = [0, 1], #, ¢ be t-norm and t-conorm defined by
a*b=min{a,b}, aob=max{a,b}

forall a,b € X. Also, let M, N be fuzzy sets on X2 x (0, 00)
defined by

|z —y[\,—
) .

N(a.y.1) = [exp( 22— 1ffesp(E 2,

M(z,y,t) = [exp(

Let ¢ar,9n : X% — R be defined as in Example 2.6 and
define the maps A, B,S,T : X — X by Ar = x, Bx = 3,

Sx = 7 and T'z = {. Then, for some k € [%, 1), we have

= M (Azx, By, t)
> min{M (Az, By, t), M(Sz, Az, t),
M(Ty, By,t), M(Sx, By,t), M(Ty, Az, t)},
N(Sz, Ty, kt)
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< max{N(Az, By,t), N(Sz, Az, 1),
N(Ty, By,t),N(Sz, By,t), N(Ty, Az, t)}.

Thus the condition (d) of Theorem 3.1 is satisfied. Also, it is
obvious that the other conditions of the theorem are satisfied.
Therefore 0 is the unique common fixed point of A, B, S and
T.

4. Conclusion

Park et al. [4] |5] defined an IFMS and proved uniquely exis-
tence fixed point for the mappings satisfying some properties
in an IFMS. Also, Park et al. [[8] studied the type(«) compati-
ble mapping, and Park [7] proved some properties of type(3)
compatibility in an IFMS.

In this paper, we obtain a unique common fixed point and
example for type(5) compatible mappings under implicit re-
lations in an IFMS. This paper attempted to develop a proof
method according to some conditions based on the fundamental
properties and results in this space. I think that this results
will be extended and applied to the other spaces, and further
research should be conducted to determine how to combine the
collaborative learning algorithm with our proof method in the

future.
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