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Abstract. The aim of this paper is to develop a new common fixed point theorem of L-fuzzy
mappings under generalized ©-contraction in the context of complete metric space. We also

provide an example to show the significance of the investigation of this paper.

1. INTRODUCTION AND PRELIMINARIES

Solving real-world problems becomes apparently easier with the introduc-
tion of fuzzy set theory in 1965 by Zadeh [32], as it helps in making the
description of vagueness and imprecision clear and more precise. Later in
1967, Goguen [16] extended this idea to L-fuzzy set theory by replacing the
interval [0,1]. There are basically two understandings of the meaning of L,
one is when L is a complete lattice equipped with a multiplication % operator
satisfying certain conditions as shown in the initial paper [16] and the sec-
ond understanding of the meaning of L is that L is a completely distributive
complete lattice with an order-reversing involution.

In 2014, Rashid et al. [25] introduced the notion of r, -admissible for a pair
of L-fuzzy mappings and utilized it to proved a common L-fuzzy fixed point
theorem. For more details on this direction, we refer the reader to [1, 9, 26].
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Let (X, d) be a metric space and C'B(X) be the family of nonempty, closed
and bounded subsets of X. For A, B € CB(X), define

H(A, B) = max {Sup d(a, B),sup d(b, A)} ,
acA beB

where
d(z,A) = inf d .
(z,A) yle (z,y)

Definition 1.1. ([16]) A partially ordered set (L, 3;) is called

(i) a lattice,if avVb € L,aAb e L for any a,b € L.
(ii) a complete lattice, if VA € L, NA € L for any A C L.
(iii) distributiveif aV (bAc) = (aVb)A(aVec), aN(bVe) = (aANb)V (aAc)
for any a,b,c € L.

Definition 1.2. ([16]) Let L be a lattice with top element 17 and bottom
element Oy, and let a,b € L. Then b is called a complement of a, if a Vb= 1p,
and a Ab=0y,.

If a € L has a complement element, then it is unique. It is denoted by a.

Definition 1.3. ([16]) A L—fuzzy set A on a nonempty set X is a function
A: X — L, where L is complete distributive lattice with 1; and 0y,

Remark 1.4. The class of L—fuzzy sets is larger than the class of fuzzy sets
as an L—fuzzy set is a fuzzy set if L = [0, 1].

The ap-level set of L—fuzzy set A, is denoted by A,,, and is defined as
follows

AaL = {x : CKL:jLA({B)} if ay, € L\{OL},
Ao, = To: 03,400,
Here cl(B) and S7(Y) denote the closure of the set B and L-fuzzy set on Y,

respectively.
We denote and define the characteristic function xr, of a L-fuzzy set A as

follows:
{ 0, if x¢ A
XLy =

1; if xe A~

Definition 1.5. Let X be an arbitrary set and Y be a metric space. A
mapping 7' is called L—fuzzy mapping if T" is a mapping from X into S(Y).
A L—fuzzy mapping T is a L—fuzzy subset on X xY with membership function
T(z)(y). The function T'(x)(y) is the grade of membership of y in T'(z).

Definition 1.6. Let (X, d) be a metric space and S,T be L—fuzzy mappings
from X into S7(X). A point z € X is called a L—fuzzy fixed point of T if
z € [T7],, , where a, € L\{0r}. The point z € X is called a common L—fuzzy
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fixed point of S and T'if 2z € [Sz],, N[T%],, . When af = 1p, it is called a
common fixed point of L—fuzzy mappings.

Very recently, Jleli and Samet [20] introduced a new type of contraction
called ©-contraction and established some new fixed point theorems for such
contraction in the context of generalized metric spaces.

Definition 1.7. Let © : (0,00) — (1,00) be a function satisfying:

(©1) © is nondecreasing;

(©3) for each sequence {a,} C RT, lim, o O(a,) = 1 if and only if
limy, o0 ap = 0;

(B3) there exists 0 < h < 1 and [ € (0, 00] such that lim,_,o+ e(z,)fl =1.

A mapping S : X — X is said to be ©-contraction if there exist the function
O satisfying (01)-(03) and a constant k € (0,1) such that for all z,y € X,

d(Sz, Sy) > 0 = O(d(Sz, Sy)) < [0(d(z,y))]". (1.1)

Theorem 1.8. ([20]) Let (X,d) be a complete metric space and S : X — X
be a ©-contraction, Then S has a unique fixed point.

They showed that any Banach contraction is a particular case of ©-contraction
while there are ©-contractions which are not Banach contractions. To be
consistent with Samet et al. [20], we denote by the ¥ set of all functions
© : (0,00) — (1, 00) satisfying the above conditions (01)-(©3).

Later on Altune et al. [17] modified the above definitions by adding a
general condition (©4) which is given in this way:
(04) O(inf A) = inf O(A) for all A C (0,00) with inf A > 0.

Following Altune et al. [17], we represent the set of all continuous functions
O : R — R satisfying (©1) — (04) conditions by .
For more details on ©-contraction, we refer the reader to [3, 4, 19, 21, 23, 30].

In this paper, we use a generalized ©-contraction to obtain common fixed
points for L- fuzzy mappings in the setting of metric spaces.

For the sake of convenience, we first state some known results for subsequent
use in the next section.

Lemma 1.9. Let (X,d) be a metric space and A, B € CB(X). Then for each
a € A, we have

d(a, B) < H(A, B).
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2. MAIN RESULTS

In this way, we state and prove a common fixed point theorem for L-fuzzy
mappings.

Theorem 2.1. Let (X,d) be a complete metric space, S, T be L-fuzzy map-
pings from X into S(X), and for each oy € I\{0OL}, [Sz]y, (1) [TYa, ()
be nonempty closed bounded subsets of X. If there exist some © € € and
k € (0,1) such that

6 (H ([S2]a,0)+ [T¥la,()) ) < O ()" (2.1)

for all z,y € X with H ([Sx]aL(x) , [Ty]aL(y)) > 0, where

M(z,y) = max {d(@,y), (2, [S]a, @) dW: [[Ylay):

(2.2)
% [ [Ty ) + (9, (S]] }-

Then S and T have a common L-fuzzy fized point.

Proof. Let zg be an arbitrary point in X, then by hypotheses there exists
ar(zo) € L\{0p} such that [Szo],, (,,) is @ nonempty closed bounded subset
of X and let z1 € [Sxol,, (,,) - For this 21, there exists ar(z1) € L\{0p} such
that [Tz1] ar(z;) 18 & nonempty, closed and bounded subset of X. By Lemma
1.9, (©1) and (2.1), we have

o(d (xl, [Txl]aL(xﬂ)
<0 (H ([Swo]aL(xo) ) [T“]w(m)»
< O(M(zg,21))"

d(zo,21),d (350, [Sxo]aL(zo)> ,d (xb [Tml]aL(x1)> )
ld <{L‘0, [Ta1],, ) +d (xlv [Sizo]

1k

= |© | max

1) ar(zo) ]

(C] (max { d@o,z1),d <$07 LS:CO]OCL(mo)) d (xlv [Txl]aL(acl)) ’ }) _ k.

14 (azm [T:m]aL(m))

(2.3)
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By triangle inequality and (©1), we get

o(d (:cl, [T:vﬂam))

) (max { d@o,1),d (xo’ [Smo]aL(xo)) d <$17 [Txl]aL(m)) ’ })] k

<
< 1 (d(wo,:m) + d(x1, [Txl]aL(m))>

< [@ (max {d(xo,xl)v d (551, [Txl]aL(wl)) })]k '

If max {d(xg, x1),d <x1, [Txl]aL(x1)>} =d (xl, [T$1]aL(x1)> . Then from (2.3),
we get

IN

[0 (41 Fatlesi))]
0 (4 (on Py o))

which is a contradiction. So, max {d(xo, z1),d <x1, [Tﬂ;l]%(xl))} = d(zo,x1).
Then

o (d (ml, [Tivl]aL(m)»

IN

O (d (21, [T1lo ) ) < [Od(wo,21)]", (2.4)

From (©4), we know that

@(d (:cl,[Txl]aT(m))) = pint Ody)).

TII]O‘L(CH)
Thus, from (2.4), we get

inf O(d(x1,y)) < [O(d(xq, z1)]". (2.5)

yelTz1lo, (2y)

Then, from (2.5), there exists zo € [T21] such that

ar(z1)

@(d(l‘l,wg)) < [@(d(%’o,xl)]k (2.6)
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For this x5, there exists ar(z2) € L\{0L} such that [Szs], , (,,) is a nonempty
closed bounded subset of X. By Lemma 1.9, (0;) and (2.1), we have

S} (d (ma [SfUQ]aL(m)))

<oe(H ([Txl]aL(xl) [5532]%(@)) =6(H ([51‘2]%(@) : [Tﬁfl]aL(m))
< @ M($2,$1

= _@ (max { (22,21),d <x2’ [sz]%(m)) ,d <a:17 [Txl]aL(Il)> ’ })] k

(azg, [Txl]aL(m)> +d (901, [SHUQ]QL(xQ))]

k
I’Q,.’L’l d (1.27 Sl’Q aL(w2 ) 7d<x17x2) ’
= |© | max . .
id( [5902]aL(z2)>

By trlangle inequality and (©1), we get

0 (457

k
< [0 |maxq | A1, 22) 4 <$2’ [SmQ]O‘L(“)) ’ ;
5 (d (x1,22) +d (962, [5962]%(@))) ,
which further implies that

) (d (xg, [SxQ]CYL($2))> < {@ (max {d(a:l,xg), d (xg, [SxQ]aL(m)) })} ’ . (2.7)

If max {d(ml, x2),d (xg, [ng]%(m))} =d ($2, [SJ:Q]QL(_,EZ)) . Then from (2.7),
we get

) {d (372, [SxQ]QL(xz))} <0 {d (xg, [SxQ}aL(mQ)ﬂk <0 [d (372, [Sm]a);(:vz)”

which is a contradiction. So, max {d(ml, x2),d (372, [ng]aL(I2)>} = d(z1,x2).
Then

o [d (@, [sz]%(m))} < O[d(z1,z2)]*. (2.8)
From (©4), we know that
Thus
inf  O(d(za, 1)) < O[d(x1,22)]". (2.9)
y1€[Sz2]

arp (z2)
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Then, from (2.9), there exists 3 € [Sz2],, (,,) such that

@(d(xg, 333)) § [@(d(xl, xg)]k (2.10)
So, continuing recursively, we obtain a sequence {z,} in X such that zg,11 €
[ST2n]a, (5s,) 204 T2nt2 € [TT2n11]4, (45, ) » a0d
O(d(w2n 41, Tany2)) < [O(d(w2n, Tons1)]” (2.11)
and
O(d(want2, T2n+3)) < [O(d(w2n i1, Dant2)]" (2.12)
for all n € N. From (2.11) and (2.12), we have
O(d(wn, Ts1)) < [O(d(wnmr,z0)]F, (2.13)

which further implies that
O(d(wn, Tni1)) < [@(d(xn—lwrn)]k
[@(d(xnf% xnfl)]k

2

IA

(2.14)

< [O(d(zq, z1)]*".

for all n € N. Since © € Q, so by taking limit as n — oo in (2.14) we have,

li_)m O(d(zn, Tnt1)) =1 (2.15)
which implies that
ILm d(zp, Xnt1) =0 (2.16)

by (O2). From the condition (©3), there exist 0 < r < 1 and [ € (0, co] such
that

lim 2 Tr)) =1, (2.17)
n—00 d(xm wn-l—l)r

Suppose that | < oco. In this case, let B = % > (. From the definition of the
limit, there exists ng € N such that

—1
|@(d(xn,xn+1))r I <B
d(xnv xn-i-l)
for all n > ng. This implies that
O(d(zp, Tps1)) — 1 ~l_pB- L B
d(xp, Tpt1)" - 2

for all n > ng. Then
nd(Zp, Tpt1)" < An[O(d(zp, Tni1)) — 1] (2.18)
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for all n > ng, where A = %. Now we suppose that [ = co. Let B > 0 be
an arbitrary positive number. From the definition of the limit, there exists
nog € N such that

O(d(xn, xnt1)) — 1

B <
d<xnaxn+1)r

for all n > ng. This implies that
nd(Tn, Tpi1)" < An[O(d(zn, Tny1)) — 1]

for all n > ng, where A = %. Thus, in all cases, there exist A > 0 and ng € N
such that

nd(Zp, Tpt1)" < An[O(d(zp, Tni1)) — 1] (2.19)
for all n > ng. Thus by (2.14) and (2.19), we get

nd(xp, Tny1)" < An([(Od(zg,z1))]" —1). (2.20)
Letting n — oo in the above inequality, we obtain

nh_)rglo nd(zy, Tpe1)" = 0.

Thus, there exists n; € N such that

1
nl/r

d(Tp, Tni1) < (2.21)

for all n > n;.
Now we prove that {x,} is a Cauchy sequence. For m > n > n; we have,

m—1 m—1 00
1 1
i=n i=n =1

Since, 0 < r < 1, Y22, Z’ll/r is convergent. Therefore, d(zy,x,) — 0 as
m,n — oo. Thus we proved that {z,} is a Cauchy sequence in (X,d). The
completeness of (X, d) ensures that there exists u € X such that, lim,,_,~ 2, =
u. Now, we prove that u € [Tu] ar(u) - We suppose on the contrary that u ¢
[Ty, () then there exist a ng € N and a subsequence {2y, } of {zn} such

that d(xon,+1, [Tu]aL(u)) > 0 for all ny > ng. Since d(z2n,+1, [Tu]aL(u)) >0
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for all ng > ng, by (01), we have

O |d(wan, +1, [Tl )]

< O [H([S720) 0y (ry,, ) (TWlay )|
< [O(M (w2, w))]*

_@ (max { @z, ), d (x%’“’ [SIQ"k]aL(xgnkD ,d (u, [TU]aL(u)> ’ })] k

%[d ($2nka [TU]QL(U)) +d (U, [SCUan]aL(mnk))]
r k
d<$2nka U), d (xan ) x?nk-i-l) ) d (u7 [Tu]aL(u)) )
< |©O | max . .
L §[d (xanv [TU]QL(U)) +d (ua $2nk+1)]
Letting n — oo, in above inequality and using the continuity of ©, we have
k
o [d(u, [Tu]%(u))} < [@(d(u, [Tu]%(u)))}

which is a conradiction because k € (0,1). Hence u € [Tu],, ()
can easily prove that u € [Sul,, (- Thus u € [Su],, ) N [Tu]

ar,(u)

. Similarly, we

0

o (u)
The following result is a direct consequence of Theorem 2.1.

Theorem 2.2. Let (X,d) be a complete metric space, S be an L-fuzzy map-

ping from X into S1(X), and for each oy € IN{OL}, [S%],, (1) [SYla, ()

are nonempty closed bounded subsets of X. If there exist some © € Q and
k € (0,1) such that

O (H (1871, [¥ay)) ) < O(M(a,9))"

forall z,y € X with H( [S7], (2) > [Sy]%(y)> > 0, where

M (x,7) = max {d(yc, Y), d(z, [S2]a, ), (s [SYlan)
1
5[4 19las) + Ay, [S2lay)] }-
Then S has an L-fuzzy fived point.

Corollary 2.3. Let (X,d) be a complete metric space, S, T be fuzzy mappings
from X into 3(X), and for each a(x) € (0, 1], [S2] () 1Yo, are nonempty
closed bounded subsets of X. If there exist some © € Q and k € (0,1) such
that

6 (H (187]aw)  [Tlay)) ) < OM (2, )"
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for all x,y € X with H ([Sw]a(x) , [Ty]a(y)> > 0, where

M($, y) = max {d(l" y)? d(l’, [Sx]a(z)) ) d(y7 [Ty]a(y))
5 [, Tolag) + dly, [571a)] }

Then S and T have a common fuzzy fixed point.

Proof. Consider an L-fuzzy mapping A : X — (X)) defined by
Ax = XLg(a)-

Then for ay, € L\{0L} , we have

[Ax] = Sz.

ar(z)

Hence, by Theorem 2.1 we follow the result. O

Example 2.4. Let X = [0,1], d(z,y) = | — y|, for 2,y € X. Then (X,d)
is a complete metric space. Let L = {n,w,7,k} with n <p w =<y Kk and
n =<1 T 2L K, where w and 7 are not comparable. Then (L, <) is a complete
distributive lattice. Define a pair of mappings S, 7 : X — (X)) as follows:

kIFO0<t<
wif Z <t <
@t =9 73822

| nif§<t<1

NERS I

K,ifOStS%
nit 5 <t<g
wif § <t <7

TifL<t<1

Let O(t) = eVt € Q for t > 0. And for all = € X, there exists ay (z) = &, such
that

[52] 00 = |0 %] L [Talayw = |0, 1%} .

and all conditions of Theorem 2.1 are satisfied. And 0 is a common fixed point
of S and T.
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