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A Fixed Point Theorem for Weakly Contractive Mappings

Morteza Saheli'* and Seyed Ali Mohammad Mohsenialhosseini?

ABSTRACT. In this paper, we generalize the concepts of weakly
Kannan, weakly Chatterjea and weakly Zamfirescu for fuzzy metric
spaces. Also, we investigate Banach’s fixed point theorem for the
mentioned classes of functions in these spaces. Moreover, we show
that the class of weakly Kannan and weakly Chatterjea maps are
subclasses of the class of weakly Zamfirescu maps.

1. INTRODUCTION

Banach'’s fixed point theorem is one of the most well-known analytical
theorems. The theorem shows that every contractive map on complete
metric space has a unique fixed point, where the contractive map is
defined as follows:

Definition 1.1. Let (X, d) be a metric space, D C X, and f : D — X.
the function f is said to be contractive, if there exists a € [0,1) such
that

(1.1) d(f(z), f(y)) < ad(z,y),
for all x,y € D.

Banach’s fixed point theorem has been also proved under different
contraction conditions. For instance, Kannan [11], Chatterjea [4], Ciri¢
[6] and Zamfirescu [Z1] established the theorem by replacing the condi-
tion (D) with the following conditions, respectively,

o d(f(x), [(y)) < (/2)[d(z, [(2)) +d(y, [(y))],
o d(f(2), [(y)) < (/2)[d(z, f(y)) + d(y, f(x))],
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d(f(x), f(y)) < amax{d(z,y),d(z, f(z)),d(y, f(y)),

(1/2) [d(x, f(y)) +d(y, f(2))]}-
d(f(z), f(y)) < amax{d(z,y),(1/2)[d(z, f(z)) +d(y, [ ()],
(1/2)[ (z, f(y)) + d(y, f())]}-

We comment that the scalar «, in each of the above considered con-
traction conditions, can be replaced by a function. More precisely, given
a nonincreasing function «(t), Rakotch [12] developed an extension of
Banach’s fixed point theorem. In addition, Banach’s fixed point theo-
rem extended for the weakly contractive maps, weakly Kannan, weakly
Chatterjea and weakly Zamfirescu, for more details see [2, B, B].

Moreover, some fixed point theorems were studied in fuzzy metric
spaces, L-fuzzy metric spaces, intuitionistic fuzzy metric spaces and
Menger probabilistic metric space [, 8, I3-20].

In this paper, we first introduce the concept of weakly Zamfirescu in
fuzzy metric space. Then we show that every weakly Zamfirescu map
has a unique fixed point and it is continuous at the point. Finally, we
define the concepts of weakly Kannan and weakly Chatterjea in fuzzy
metric spaces. Also, it is shown that these classes of maps are subclasses
of the class of weakly Zamfirescu maps which implies the existence of
fixed point for each of maps.

w—'\_/wa\-’

2. PRELIMINARIES
In this section, we give some basic necessary preliminaries for this
paper.

Definition 2.1 ([7]). A fuzzy metric space is a triple (X, M, %), where X
is a nonempty set, * is a continuous t-norm and M : X x X x (0, 00) —
[0,1] is a mapping satisfying the following axioms:

o (FM1) M (x,y,t) >0, for all z,y € X

o (FM2) M (z,v, )—1 forallt > 0iff v = y;

o (FM3) M (x,y,t) = M (y,x,t), for all z,y € X and ¢t > 0;

o (FM4) M (x,y,.) : (0,00) — [0, 1] is continuous, for all z,y €
X

o (FM5) M (x,z,t +s) > M (z,y,t) * M (y, z,s), for all z,y,z €
X, and t,s > 0.

We assume that
(FM6) tli)m M (z,y,t) =1, for all x,y € X.

Lemma 2.2 ([7]). Let (X, M, ) be a fuzzy metric space. Then M (z,y, .)
is nondecreasing for all x,y € X.

Definition 2.3 ([10]). Let (X, M, ) be a fuzzy metric space.
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(i) A sequence {z,} in X is said to be Cauchy if for each € € (0, 1)
and ¢t > 0 there exists N € N such that M (z,, T, t) > 1 for all
m>mn > N.

(ii) The sequence {z,} in X is convergent if there exists z € X such
that limnli_g)loM (xpn,x,t) =1, for all t > 0.

Lemma 2.4 ([4]). Let (X, M, *) be a fuzzy metric space and {xy}, {yn}
be sequences in X. If lim x, = x and lim y, =y. Then
n—oo n—oo

lim M (2, yn,t) = M (x,y,t),  for allt > 0.
n—oo

3. FIXED POINT THEORMS

In this section, we first introduce weakly Zamfirescu maps on fuzzy
metric spaces.

Definition 3.1. Let (X, M, min) be a fuzzy metric space, D C X, and
f: D — X. The function f is said to be a weakly Zamfirescu map, if
for every a € (0,1), there exists (, : D x D — (0, 1] such that

sup{(a(m,y):ag inf tﬁb}<1, forall 0 < a <b.
M(zy,t)>a

Moreover, if

M(CE,y, tl) > «, M(l’,f(l’),tQ) > «, M(yaf(y)7t3) > «,
M(yaf(x)vtll) > «, M(x,f(y),t5) > «,
then

M (f(x), f(y); Ca (@, y) max (t1, (1/2) (f2 + t3) , (1/2) (ta + 15))) = a,
for all z,y € D and all t1,...,t5 > 0.

Example 3.2. Let (X, d) be a metric space, D C X and
¢ :D x D — (0,1] be a function such that

sup{C(z,y) :a <d(x,y) <b} <1, forevery 0<a<h.
Moreover, let f: D — X be a function such that, for all z,y € D,
d(f(z), f(y)) < ¢ (x,y) max{s1, s2, s3},

where
§1 = d(l’,y) ’
se = (1/2)[d (z, f(z)) + d(y, ()],
s3 = (1/2)[d(z, f(y)) +d(y, f(2))].

Define a fuzzy metric M as follows:

f tfd(xy), 0<t<d(xy),
M@’y’”—{ 1, d(z,y) <1,

for all z,y € X and all ¢t > 0.
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Let 0 < a<band a € (0,1). We have

ra<  inf t<bp = ca < ad <b
swp{Cep)ias int t<bh—sup{Cle):a<ad(ng) <1}

<1
Suppose that z,y € X, t1,...,t5 > 0,

M(‘T’y’tl) 2> a, M(x’f(x)vt2) > a, M(yvf(y)’t?)) > a,
M(y, f(z),ta) > M (z, f(y),t5) > a.
Hence
ti/d(z,y) > a, to/d(f(x),x) >,  t3/d(f(y),y) >,
ta/d(f(x),y) > a  t5/d(f(y),z) > a.
Therefore
t1 Zad(a:,y), t2 Zad(f(x)7$)v t32ad(f(y)vy)v
ta 2 ad(f(z),y) b5 =ad(f(y),z).
Thus
ad (f(z), (y)) < ¢ (z,y) max {ri,rz, 73}
< ¢ (@, y) max{t1,1/2 [t + t3], (1/2) [ta + t5]} ,
where
r1 = ad(z,y),

rog = (1/2)[ad (z, f(x)) + ad (
rs = (1/2) [ad (z, f(y)) + ad (y, f(2))].
This implies that
M (f(z), f(y), ¢ (x,y) max (t1, (1/2) (t2 + 3) , (1/2) (ta + 15))) = o

Then f: X — X is a weakly Zamfirescu map.

Example 3.3. We define f : [0,1] — [0, 1], fuzzy metric M and
¢ :0,1] x [0,1] — (0, 1] as follows:

f(x):{ 62/3)95, 0<z<l1,

; x =1,
dx/ (3 + ), x#0and y =1,
C(z,y) = 1/2, r=0and y=1,
YT G- /@y, 0<@By<z<y<l,
4/5, 0<z<(2/3)y,
— t/|x_y‘7 O<t§‘x_y‘7
M(l‘,y,t)—{ 17 |$—y‘ <t,

for all z,y € [0,1] and all £ > 0.
In [B], it is shown that

[f (@) = fW) < (C(2,9) /2) [lx = FW) + [y = f(@)],
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for all x,y € X. Hence, for all x,y € X,
‘f(x) - f(y)’ < (('ray) max {51752,83}7

where
= |z —yl,
= 1/2)[lz = f(2)| + |y = fW)I],
=(1/2)[lz = fI + ly — f(@)I].

By Example B2, the function f : [0,1] — [0, 1] is a weakly Zamfirescu
map.
Example 3.4. Let (X, d) be a metric space, D C X and
¢ :D x D — (0,1] be a function such that
sup{C(z,y) :a <d(x,y) <b} <1, forevery0<a<b
Moreover, let f: D — X be a function such that, for all z,y € D,
d(f(z), f(y)) < ¢ (z,y) max {s1, s2,s3},
where
s1=d (Jj’ y) )
s2 = (1/2)[d (z, f(2)) + d (y, f(y))],
s3 = (1/2) [d (z, f(y)) + d (y, f(2))].
Define a fuzzy metric M as follows:
M (z,y,t) =t/ (t+d(z,y)), forallz,y€ X and allt > 0.

Let 0 < a <band a € (0,1). We have

1> sup ¢ (2,9) : (1 - a) /a)a < d (2,y) < (1 - a) /a) b}
— sup {C(2,y) 0 < (a/ (1 - a)) d(z,) < b}
= sup {C (z,y) :a M(;ng) t < b} .
Suppose that z,y € X, t1,...,t5 > 0,
M (z,y,t1) > a, M (z, f(x),t2) 2, My, f(y),t3) > a,
M (yv f($),t4) > a, M (xvf(y)at5) > .
Hence
ti/(t1+d(z,y) = a, ta/ (ta+d(f(2),y) > a,
ta/ (t2d (f (2), %)) = ts/ (ts +d(f(y),z)) = a.
t3/ (ts +d(f(y),y)) = o,
Therefore
t1=(a/(1-a))d(z,y), 4= (a/(1—a))d(f(z),y),
t2 = (a/(1—a))d(f(z),2), t5=(a/(1-0a))d(f(y) ),
ts = (a/ (1 —a))d(f(y),y)-
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Thus

(a/ (1 =a))d(f(z),(y) < ¢ (2, y) max {s1, s2, 53}

< ((x,y)max{ry,ra,r3},

where

=(a/(1-a)d(z,y),

= (1/2)[(a/ (1 = @) d(z, f(z)) + (o/ (1 — ) d (y, [ (y))],

= (1/2)[(a/ (1 — @) d (z, f(y)) + (a/ (1 — @) d (y, f())],

=1y,

(1/2) [to + 3],

r3 = (1/2) [t4 +t5] .
This implies that
M (f(x), f(y), ¢ (z,y) max (t1, (1/2) (t2 + 3) , (1/2) (ta + 15))) =
Then f: X — X is a weakly Zamfirescu map.

In the next Theorem, we show that if a weakly Zamfirescu map has
a fixed point then it is unique.

Theorem 3.5. Let (X, M,min) be a fuzzy metric space such that M
satisfies (FM6), D C X and f: D — X be a weakly Zamfirescu map.
Then f has at most one fixed point in D.

Proof. Let u,v € D be fixed points of f, with u # v. Then there exists
t > 0 such that M (u,v,t) < 1. Since M (u,v,.) : (0,00) — [0,1] is
continuous and lim M (u,v,t) = 1, there exists « € (0,1) such that

t—o00
inf {t >0: M (u,v,t) > a} =ty
> 0.

Since M (u,v,.) : (0,00) — [0,1] is continuous, M (u,v,tg) > «a. We
have

and
M (u, f(u),to) = M (v, f(v), to)
=1
> Q.
Since f is a weakly Zamfirescu map, M (f(u), f(v), (s (u,v) t9) > o



A FIXED POINT THEOREM FOR WEAKLY CONTRACTIVE MAPPINGS 113

Suppose that

F:sup{g“a(m,y):tog inf) t§t0+1}

< 1.
By lemma B2, we have
M (u,v,T'ty) > (u, v, Ca (u,v) to)

M
M (f (w), f(v), Ca (u, v) to)

v

which is impossible. O

Theorem 3.6. Let (X, M,min) be a fuzzy metric space such that M
satisfies (FM6) and f : X — X is a weakly Zamfirescu map. Then
lim M (f™(zo), "™ (20),t) =1, for all t > 0 and all z¢ € X.
n—oo
Proof. Let xg € X, and z,, = f(zy—1) for n =1,2,.... We define
dam =1nf{t > 0: M (zp,z5—1,t) >}, foralln>0andae(0,1).
We show that
dan+1 < Co (Tn, Tn—1)dan, forallm>0and ac (0,1).

Let n > 0, a € (0,1) and € > 0. Then there exist 0 < t; < do,n + €
and 0 <t < dqpnt1 + € such that

M (xp, xp_1,t1) > «a, M (xp, Tpi1,t2) > a.
By (FM5), we have
M (xp—1,%ns1,t1 + t2) > min{M (xp, zp_1,t1), M (T, Tnt1,t2)}
> .
Since f is a weakly Zamfirescu map,
M (xn, Tpt1, Ca (T, Tn—1) max (t1, (1/2) (t1 + t2))) > .
Thus
dan+1 < Co (Tn, Tn—1) max (t1, (1/2) (t1 + t2)) .
If max (t1,(1/2) (t1 + t2)) = t1, then
dant1 < Ca (Tn, Tn-1)t1
< (o (@n, Tn-1) (dan +€).
As € — 0, we obtain that dont1 < (o (T, Tn—1) dan. If
max (t1, (1/2) (t1 + t2)) = (1/2) (t1 + t2),
then
dant1 < (Ca (%, Tn—1) /2) (t1 + t2)
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< (Ca (l‘n, xnfl) /2) (da,n + e+ da,nJrl + 6) .
As € — 0, we obtain that dopnt1 < (Co (Zn, Tn—1) /2) (dan + dant1)-
So
dan+1 < Co (Tn, Tn—1)dan, forallm>0and € (0,1).

This implies that the sequence {d, } is nonincreasing, for all a € (0, 1).
Let do = inf {dqn : n > 0}, for all @ € (0,1). Now we show that d, = 0,
for all @ € (0,1). Suppose that a € (0,1) and d, > 0. Assume that

', = sup {Ca (r,y) 1 do < inf t< da,l}
M(z,y,t)>a
< 1.
We have dont1 < Co (Tn, Tn—1) dan < I'adap, for all n > 0. Therefore
do < dapnt+1 < T'da,1, which is impossible. Hence
lim dg, = inf do
n— o0 n>0
—d,
= O’

for all o € (0,1).
Let o € (0,1) and ¢t > 0. Since lim d,, = 0, there exists N > 0 such

n—o0

that don, < t, for all n > N. Hence M (zp, Tny1,t) > o, for all n > N.
This implies that lim M (z,,Zn+1,t) = 1. Therefore
n—o0

lim M (zp, f(zn),t) = 1.

n—oo

g

Theorem 3.7. Let (X, M,min) be a fuzzy metric space such that M
satisfies (FM6) and f : X — X a weakly Zamfirescu map. If f has a
fized point w € X. Then f is continuous at u.

Proof. Let {x,} be a sequence converging to u = f(u). We define
dagpu =nf{t >0: M (x,,u,t)>a}, foralln>0andac(0,1).
Now we show that
Ao, f(@n),f(u) < daznus,  forallm >0and a € (0,1).

Let n >0, a € (0,1) and € > 0. Then there exist t; < dq 4, + € and
ta < dq, f(an),f(u) T € Such that M (Tn,u,t1) > « and

M (f(xn)a u7t2) =M (f($n)7 f(u)th)

> .
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By (FM5), we obtain that
M (zn, f(zn), t1 +t2) 2 min{M (zn, u, t1), M (f(2n),u, t2)}
> .
Since f is a weakly Zamfirescu map,
M (f(zn), f(u), Ca (Tn, Tn_1) max (t1, (1/2) (t1 + 12))) = o
Thus
Ao flan) () < Ca (Tny Tn—1) max (t1, (1/2) (t1 + t2))
< max (t1,(1/2) (t1 + t2)) .
If max (t1, (1/2) (t1 +t2)) = t1, then dy ¢(z,),r) < 11 < daz,u + €
As € — 0, we obtain that dy t(z,.).7(u) < da,zn,u-
If max (¢1,(1/2) (t1 +t2)) = (1/2) (t1 + t2), then
o, f(wn),f(w) < (1/2) (t1 4 £2)
< (1/2) (dasen,u + €+ do fla).fu) +€) -

As ¢ — 0, we obtain that da,f(xn),f(u) < (1/2) (da,xn,u + da,f(xn),f(u))'
Therefore
Ao f(zn),f(w) < dayenu,  foralln>0and o € (0,1).
Since lim x, = u, it follows that li_}rn M (zy,u,t) =1, for all £ > 0.

. n—oo .
So lim da,e,u = 0. Hence lim d sz, ) = 0.

n—oo
Let a € (0,1) and ¢ > 0. Since lim d, Flen),f(u) = 0, there exists
n—oo ANTIND
N > 0 such that dg f(z,),ru) <, for all n > N. Hence
M (f(zy), f(u),t) > «, forall n > N.
This implies that lim M (f(x,), f(u),t) = 1. Thus the sequence { f(z,)}
n—oo
converges to f(u). Therefore, f is continuous at wu. O

Now we show that every weakly Zamfirescu map on a fuzzy metric
space has a fixed point.

Theorem 3.8. Let (X, M,min) be a fuzzy metric space such that M
satisfies (FM6) and f : X — X a weakly Zamfirescu map. Then f has
a fized point w € X. Moreover, for each xo € X, the sequence {f"(xo)}
converges to u.

Proof. Let x9 € X, and x,, = f(x,—1) for n = 1,2,.... We define
dopnm =1nf{t > 0: M (x,,zm,t) > a},

for all m,n >0 and a € (0,1).
We show that

da,n+1,n+k+1 < Coa (xnv xn—l—k) (da,n,n+k + da,n,n—H) s
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for all k,n >0 and a € (0,1).
Let k,n >0, a € (0,1) and € > 0. Then there exist
0 <t <dannt1 +¢ 0 <ty <dann+k +e€
such that
M (zy, Tpi1,t1) > «, M (xy, Tpak, to) > a.

By proof of Theorem B®, the sequence {dunn+1} is nonincreasing.
Hence do nikpntkt1 < dapnt1 < t1. Thus M (pqp, Tngprg1,t1) > o
By (FM5), we obtain that

M (x’fﬂ Tn4k+1, t1 + t2) > min {M (LUn, Tntk, t2) ) M (x'fl-i-kv Ln+k+1, tl)}

> a,
and
M (xn—i-l, Tn+ks t + t2) > min {M ($na Tn+1, tl) M (xn—l—k:a Tn, t2)}
> Q.

Since f is a weakly Zamfirescu map,
a < M (Tpt1, Tnaki1s Co (Tn, Tnak) max (t1, ta, t1 + t2))

= M (Zn+1; Tntkt1, Ca (Tn, Tntr) (1 +12)) -

Thus do ptk+1n+1 < Co (Tns Tntk) (t1 + t2). Therefore
dontktintl < Ca (Tn, Tpyr) (1 +t2)
< Ca (Tn, Tnik) (da,n,n+k + €+ dannt1 +€).

As e — 0, we obtain that

dant1ntk+1 < Ca (Tn, Tpyk) (da,n,n+k + da,n,n+1) )

for all k,n > 0 and « € (0,1).
Now we show that

donntk+1 < dantintk+1 + dannt1, forall k,n>0and a € (0,1).
Let k,n >0, a € (0,1) and € > 0. Then there exist
0<t1 < da,n,n—l—l + €, 0<ty < da,n—i—l,n—i—k—i—l + €

such that M (x,,zp4+1,t1) > o« and M (zp41, Tpiks1,t2) > a. By
(FM5), we obtain that

M (zy, Tpakr1,t1 +t2) > min{M (zp, nt1,t1) , M (Tpaks1, Tnti,t2)}
> Q.
Thus
onn+k+1 < t1+ 12
< dapnt1,n4k+1 + danns1 + 26
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As e — 0, we get
da7n7n+k+1 < da7n+17n+k+1 + da7n’n+1 for all k, n>0and a € (0, 1) .
This implies that

donmntk+1 < doant1ntk+1 + dannt1
< Ca (Tns Tntk) dannsk + (Ca (Tns Tngk) + 1) dannti,
for all k,n >0 and a € (0,1). Let tp > 0, « € (0,1) and
Iy = sup {ca @)sof2s | il b to}
< 1.
By proof of Theorem B8, nh_>n;0 dann+1 = 0. Hence there exists N > 0

such that do 1 < (1 —T4)to/4, for all n > N. Assume that n > N.
We will prove inductively that dg ;41 < to, for all &£ > 1. It is obvious
for k =1, and assuming dg  ntk < to-
If do vk < to/2. Therefore
da,n,n+k+1 S Coc (xn7 xn—l—k) da,n,n—l—k: + (Coc (377’“ mn+k) + 1) da,n,n+1
< tp.
If dam’nJrk > t0/2. Then

da,n,n+k+1 < Ca (xTH $n+k) da,n,n+k + (Ca <$n7 xn+k) + 1) da,n,n+1
< Fada,n,nJ’,k + (Fa + 1) (1 — Fa) t0/4
< Tato + (1 —Fa>t0/2
< to.
Hence donm < to, for all m,n > N. Thus M (x,,zm,to) > «, for
all m,n > N. This implies that {x,} is a Cauchy sequence. Since
(X, M,min) is complete, {z,} is convergent, say to u € X.
Now we define
dazpy =inf{t >0: M (x,y,t) > a},
foralln > 0,2,y € X and a € (0,1).
Let a € (0,1). Now we show that there exists N > 0 such that
da,f(mn),f(u) < (3/4)da,u,f(u)7 for all n > N.
Let € > 0. Then there exists 0 < ¢1 < dg f(4),u + € such that
M (f(u),u,t1) > a.

Since lim =z, = u, it follows that
n—oo

lim M (xn, Tpy1,t1/4) = M (u,u,tq1/4)

n—oo

=1,
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and ILm M (zp,u,t1/4) = 1. Therefore there exists N > 0 such that
n—oo

M (xy, xpi1,t1/4) > o« and M (z,u,t1/4) > «, for all n > N. By
(FM5), we have

M (xnv f(’LL), t1 + t1/4) > min {M ($n7 u, t1/4) ) M (U, f(’LL), tl)}
2 a?
for all n > N. Since f is a weakly Zamfirescu map, for all n > N,
M (f(xn)a f(u)v (3/4)t1) =M (f(xn)v f(u)v S)
= M (f(zn), f(u), Ca (Tn, u) s)

> «,

where s = max (£1/4, (1/2) (t1/4+ t1/4),(1/2) (t1/4 + t1 + t1/4)). Thus
da,f(:]cn),f(u < (3/4)t1 < (3/4)d, u,f(u) T6 foralln > N. Ase — 0, we
obtain that

d o, f(zn),f (1) (3/4) o, f(u) for all n > N.
Therefore M ($n+1 f(u),(3/4) a,u,f(u)) > a, for alln > N. So
( f(u), (3/4)dou Sflu )) = nlggo M (xn—i-l: f(u), (3/4)da,u,f(u))
> .
Hence dq 4, f(u) < (3/4)dg,u, f(u)- Therefore
doufwy =0, foralla e (0,1).

This implies that M (u, f(u),t) > «, for all ¢ > 0 and all @ € (0,1). So
u= f(u). O

Now we introduce weakly Kannan and weakly Chatterjea maps on
fuzzy metric spaces and show that these class of functions are a subclass
of the class of weakly Zamfirescu maps. Therefore, the classes of maps
have a fixed point.

Definition 3.9. Let (X, M, %) be a fuzzy metric space, D C X, and
f: D — X. The function f is said to be a weakly Kannan map, if for
every a € (0,1), there exists ¥, : D x D — (0, 1] such that

sup{ﬁa (x,y) :a < inf t§b} <1, forall0<a<h.
M(z,y,t)>a

Moreover, if M (z, f(x),t) > a and M (y, f(y),s) > «, then

M (f(z), f(y), (Va (z,y) /2) (t+5)) = o,
for all z,y € D and all ¢,s > 0.
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Theorem 3.10. Let (X, M, min) be a fuzzy metric space, D C X and
f: D — X be a weakly Kannan map. Then f: D — X is a weakly
Zamfirescu map.

Proof. Since f: D — X is a weakly Kannan map, for every a € (0, 1),
there exists ¥, : D x D — (0, 1] such that

sup{ﬁa (x,y) :a < inf tgb} <1, forall0<ac<hb,
M(z,y,t)>

moreover, if M (z, f(x),t) > a, M (y, f(y),s) > «, then

M (f(x), f(y), Wa (2,y) /2) (t+5)) = a,

for all x,y € D and all s,t > 0.
Let a € (0,1), z,y € D and t1,...,t5 > 0. Assume that

M(xvyatl) >, M(Ji,f(w),tg) 2>, M(y,f(y),tg) 2>,

M (y, f(z),t4) 2, Mz, f(y),t5) > o
Since f is a weakly Kannan map,

M (f(l’), f(y)7 Va (xa y) (1/2) (t2 + t3)) > .

Hence

a < M (f(2), f(y),Va (z,y) (1/2) (t2 + t3))
< M (f(), f(y), Yo (z,y) max (1, (1/2) (t2 + t3) , (1/2) (t4 +15))) -
This implies that f: D — X is a weakly Zamfirescu map. (|
Corollary 3.11. Let (X, M, min) be a complete fuzzy metric space such
that M satisfies (FM6) and f : X — X be a weakly Kannan map. Then

f has a unique fixed point u € X and f is continuous at u. Moreover,
for each xg € X, the sequence {f™(xo)} converges to u.

Definition 3.12. Let (X, M, *) be a fuzzy metric space, D C X, and
f: D — X. The function f is said to be a weakly Chatterjea map, if
for every a € (0,1), there exists &, : D x D — (0, 1] such that

W(@y):a< inf  t<bb<1, forall0<a<b.
sup {5 (z,y) :a M(zl,Iyl,t)za } or a a
Moreover, if M (z, f(y),t) > o and M (y, f(z),s) > «, then

M (f(z), f(y), (€a (z,y) /2) (t+5)) = o,
for all x,y € D and all s,t > 0.
Theorem 3.13. Let (X, M, min) be a fuzzy metric space D C X and

f:D — X be a weakly Chatterjea map. Then f: D — X is a weakly
Zamfirescu map.
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Proof. Since f : D — X is a weakly Chatterjea map, for every a €
(0,1), there exists &, : D x D — (0, 1] such that

sup{ﬁa(m,y):ag inf tgb}<1, for all 0 < a < 0.
M(z,y,t)>a

Moreover, if M (z, f(x),t) > o, M (y, f(y),s) > «, then

M (f(x), f(y), (§a (2,y) /2) (t+5)) 2 o,

for all x,y € D and all s,t > 0.
Let a € (0,1), z,y € D and t1,...,t5 > 0. Suppose that

M<m7yvt1) > a, M(x7f(x)vt2) > a, M(y,f(y),tg) > a,

M (y, f(z),ts) > «, M (z, f(y),t5) > a.

Since f is a weakly Chatterjea map,

M (f(x), f(y), §a (x,y) (1/2) (ta + 15)) = a.

Hence

a < M(f(x), f(y),&a (z,y) (1/2) (ts + t5))
< M (f(2), f(y), €a (z,y) max (t1, (1/2) (t2 + t3) , (1/2) (ts + t5))) -

This implies that f : D — X is a weakly Zamfirescu map. 0

Corollary 3.14. Let (X, M, min) be a complete fuzzy metric space such
that M satisfies (FM6) and f : X — X be a weakly Chatterjea map.
Then f has a unique fized point uw € X and f is continuous at u. More-
over, for each xo € X, the sequence { f™(xo)} converges to u.

4. CONCLUSIONS

Nowadays, fixed point and operator theory play an important role
in different areas of mathematics and its applications, particularly in
mathematics, physics, differential equation, game theory, and dynamic
programming. Since fuzzy mathematics and fuzzy physics along with the
classical ones are constantly developing, the fuzzy type of the fixed point
and operator theory can also play an important role in the new fuzzy area
and fuzzy mathematical physics. We think that this paper could be of
interest to the researchers working in the field of fuzzy functional analysis
in particular, fuzzy approximate fixed point theory. We proved results
about Banach’s fixed point theorem for classes of functions on fuzzy
metric space such as weakly Kannan, weakly Chatterjee, and weakly
Zamfirescu.
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