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1. INTRODUCTION AND PRELIMINARIES

Fixed point theory is an important issue that is used in many areas. So many authors
have worked on this topic. Altun and et al. [2] investigated a new approach for the
approximations of solutions to a common fixed point problem in metric spaces. They
were interested on the following problem:

Find x € X such that
x=Tux, (1.1)
= Sx.

They provided sufficient conditions for the existence of one and only one solution to
the problem (1.1). Also they presented a numerical algorithm in order to approximate
such solution. Before the solvability of the problem (1.1) are based on a compatibility
condition. Some authors have give relevant examples in different areas [1, 3, 4, 6, 7, 9].
However, there are some major difficulties arise. So, Altun and et al. get a new useful
solution to the problem (1.1) without the compatibility condition in [2].
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In this paper, we use this new approach for the solution to problem (1.1) in fuzzy
metric spaces. We proved new some common fixed point theorems in fuzzy metric spaces
with this new approach.

Definition 1.1 ([10]). A binary operation * : [0,1] x [0,1] — [0, 1] is called a continuous
triangular norm (in short, continuous t—norm) if it satisfies the following conditions:

(TN-1) = is commutative and associative;

(TN-2) x is continuous;

(TN-3) *(a,1) = a for every a € [0, 1];

(TN-4) x(a,b) < x(c,d) whenever a < ¢, b < d and a,b,c,d € [0,1].

An arbitrary t—norm * can be extended (by associativity) in a unique way to an nary
operator taking for (z1,za,...,z,) € [0,1]", n € N, the value *(z1, 23, ..., x,,) is defined,
n [0], by

0

n n—1
*i=1

xp =1, #7_ xi = x(*]_ @i, n) = *(21, T2, ..., Tp).

Definition 1.2 ([5]). A fuzzy metric space is an ordered triple (X, M, %) such that X is

a nonempty set, * is a cotinuous t-norm and M is a fuzzy set on X2 x (0, 00), satisfying
the following conditions, for all z,y,z € X, s, > 0:

(FM-1) M(z,y,t) > 0;

(FM-2) M(z,y,t) =1iff z = y;

(FM 3) (13 Y, ) - M(y7x7t)7

(FM-4) «( M(z,y,t), M(y, 2,s)) < M(z, 2, + s);
(FM-5) M(z,y,-) : (0,00) — (0,1] is continuous.

Definition 1.3 ([8]). Let (X, M, *) be a fuzzy metric space. Then

(i) A sequence {x,} in X is said to converge to z in X, denoted by x,, — z, if and
only if lim M(z,,z,t) =1 for all ¢t > 0, i.e. for each r € (0,1) and ¢ > 0, there
n—oo

exists ng € N such that M(z,,z,t) > 1 —r for all n > ng.
(ii) A sequence {z,} is a G-Cauchy sequence if and only if lim M (z,, Xp4p,t) =1

n—oo
for any p > 0 and ¢t > 0.
(iii) The fuzzy metric space (X, M, «) is called G-complete if every G-Cauchy se-
quence is convergent.

Definition 1.4 ([11]). Let (X, M, *) be a fuzzy metric space and let {f,,} be a sequence
of self mapping on X. fp : X — X is a given mapping. The sequence {f,} is said to
converge uniformly to fy if for each € € (0,1) and ¢ > 0, there exists ny € N such that

M(fu(z), fo(z),t) > 1 —¢,
for all n > ng and x € X.

In this paper, problem (1.1) is investigated under the following assumptions.

(A1) We suppose that X equipped with a partial order <.
(A2) The operator S : X — X is level closed from the left; that is, the set

levS< ={zx € X :x <X Sz}, (1.2)

is nonempty and closed.
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(A3) For every z € X, we have

X Sx =Tz > STz,

x> St —Tx < STx. (1.3)
In order to fix our next assumption, we need to give the following class of mappings.

Definition 1.5 ([12]). Let ¥ be the class of all mappings ¢ : [0,1] — [0, 1] such that

(i) ¢ is continuous and nondecreasing,
(ii) ¥(t) >t for all t € (0,1).

Lemma 1.6 ([12]). If¢y € ¥, then (1) = 1.
Lemma 1.7 ([12]). If+¢ € U, then Erf P"™(t) =1 for all t € (0,1).

(A4) There exists a function ¢ € ¥ such that for every (z,y) € X x X, we have

< Sz

y = Sy } = M(Tz,Ty,t) 2 (M(z,y,t)). (1.4)

2. MAIN RESULTS

Theorem 2.1. Let (X, M, ) be a complete fuzzy metric space. Suppose that the condi-
tions (A1)-(A4) are satisfied. Then x* € X is a unique solution to (1.1) such that for
any xo € levS<, the Picard sequence {T"xo} converges to x*.

Proof. Let xy be an arbitrary element of levS<; that is,

To € X
o j Sxo.

Such an element exists from (A2). From (A3), we have
x1 = Sy,
where x; = T'zg. From (A3), we have
Ty 2 Swa,
where 29 = T'z1. Now, let us consider the Picard sequence {z,} C X defined by
Tpt1 =12,, n=0,1,2,..
By induction we get

ZTon =X ST,

ZTont1 = STopt1, n=0,1,2, ... (2.1)
Therefore, by (A4), we have
M(Txzopn, Txopt1,t) > (M (22n, Tant1,t)), n=0,1,2, ...
By (A4), we have
M(Tzopt+1, Txonta,t) > O(M(xont1, Tanto, t)), n=0,1,2,...
As a consequence, we have
M(zpi1, Tnyt) > (M (20, 2p_1,t)), n=0,1,2,.. (2.2)
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From (2.2), since 1 is a nondecreasing function, for every n = 1,2, ..., we have
M(l‘n+1,$n,t) Z ’(/)(M(xnaxn—ht))
> P (M (Tp_1,Tp_2,t)) > ... > " (M (21, 20,1)). (2.3)

Suppose that
M(!El, Zo, t) =1.
In this case, from (2.1), we have

To =21 = TZL’(),
zo = Swo, (2.4)
o = I t S.’L‘1 = SLU().

Since =< partial order, this proves that xyp € X is a solution to (1.1). Now, we may
suppose that M (z1,zg,t) # 0. Let

M(l‘hxo,t) > 0.

From (2.3), we have

M(xpi1,Zn,t) > V" (M(x1,20,t)), n=0,1,2,... (2.5)
Using the (FM-4) and (2.5), for all m = 1,2,3, ..., we get
t t t
M(xnvanrm,t) > *(M(l'naxn+17 E)vM(xnleaanr% %)7 ooy M(anrmflaanrmy %))
t t t
> (M —)), " (M —)), N —
= *(’l/) ( (anx17m>)7’l/) ( (xo’th))’ 71/) ( (moﬂmhm)))

Y

1 omei t
*zri()ld) * (M(moﬁxlva))' (26)
From Lemma 2, for all i € {0,1,2,...,m — 1} we have

; 4
lim 4"+ (M —) =1
im 4 (M (a0, 21, )

n—oo

That is,

lim M (z,, Tpim,t) = 1
n—oo

which implies that {z,} = {T™z0} is a Cauchy sequence in (X; M;*). Then there is some
z* € X such that

li_}rn M(zp,x*,t) =1 (2.7)
On the other hand, from (2.1), we have
Ton € levS<, n=0,1,2,.. (2.8)

Since S : X — X is level closed from the left (from (A2)), passing to the limit as
n — oo and using (2.7), we obtain

z* € levSx,
that is
x* = Sz*. (2.9)
From (2.1), (2.9) and (A4), we get
M(Txopy1, Tx*,t) > W(M(x2p41,2%,t)), n=0,1,2, ..
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that is,
M (Zons, Ta* 1) > O(M(zonsq, 2%, 1), n=0,1,2,... (2.10)
Passing to the limit as n — oo, using , the property of ¥, we get
M(z*,Tz",t) =1
that is,
o =Tx". (2.11)
Using (2.9), (2.11) and (A3), we have
¥ =Tx* = STx* = Sx*,
that is,
x* = Sat. (2.12)
Since < partial order, inequalities (2.9) and (2.12) yield
x* = Sa*. (2.13)

Further, from (2.11), (2.13) we get that 2* € X is a solution to problem (1.1).
Now, suppose that y* € X is another solution to problem (1.1) with z* # y*. Using
(A4) and Definition 6, we get

M(z*,y*,t) = M(Tz",Ty",t) > p(M(z*,y", 1))
> M(z*,y", 1), (2.14)
which is a contradiction. Therefore z* € X is a unique solution to (1.1). ]

Observe that Theorem 1 holds true if we replace condition (A2) by the following.
(A2)" The operator S : X — X is level closed from the right; that is; the set
levS- ={x € X : x = Sz} (2.15)
is nonempty and closed.

Then, we get the following result.

Theorem 2.2. Let (X, M, x) be a complete fuzzy metric space. Suppose that Assumptions
(A1),(A2) -(A4) are satisfied. Then z* € X is a unique solution to 1.1 such that for any
xo € levSx, the Picard sequence {T™xq} converges to x*.

Taking S = I, (the identity operator), we get from Theorem 1 (or from Theorem 2)
the following fixed point result.

Corollary 2.3. Let (X, M, *) be a complete fuzzy metric space and T : X — X be a
given mapping. Suppose that there exists v € ¥ such that

M(Tz,Ty,t) > ¢(M(z,y,t)), (z,y) € X x X.

Then x* € X is a unique fixed point of T such that for any xo € X, the Picard sequence
{T"zo} converges to x*.
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