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FIXED POINT THEOREMS IN FUZZY METRIC
SPACES FOR MAPPINGS WITH SOME CONTRACTIVE
TYPE CONDITIONS

Buoy PATIR, NILAKSHI GOSWAMI, AND LAKSHMI NARAYAN
MISHRA*

ABSTRACT. In this paper, we derive some fixed point theorems in
fuzzy metric spaces for self mappings satisfying different contractive
type conditions. Some of these theorems generalize some results
of Wairojjana et al. (Fized Point Theory and Applications (2015)
2015:69). Several examples in support of the theorems are also pre-
sented here.

1. Introduction and preliminaries

The concept of fuzzy metric spaces was introduced by Kramosil and
Michalek [23] in 1975. The results of Banach and Edelstein [3], [14]
plays an effective role in several fixed point theorems. The study of fixed
point theory in fuzzy metric spaces was started with the work of Grabiec
in 1988 [18], by extending the existing results to fuzzy metric spaces.
Further, a new notion of complete fuzzy metric space was introduced
by George and Veeramani [16], [17] by defining a Hausdorff and first
countable topology for some specific fuzzy metric space. In this paper,
we follow this definition of completeness.

The concept of altering distance was earlier introduced by M.S Khan
et al. [22] in 1984, with a view to enhance the metric fixed point theory.
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Recently many outstanding research workers have developed several in-
teresting results on fixed point theory in relation with different operators
(refer to [1]7 [2]7 [4]_ [10]7 [12]7 [15]7 [19]7 [20]7 [21]7 [24]7 [26]_ [33]7 [35]_ [38])
as well as fuzzy fixed point theory (refer to [11], [13], [25], [34], [39], [40],
[41],etc) with many applications in different branches of applied science.
In this paper, our aim is to derive some fixed point theorems in fuzzy
metric spaces using mappings with different contractive type conditions
defined by altering distance function. Some well known results are also
generalized here with suitable examples.

DEFINITION 1.1. [37] A mapping T : [0, 1] x [0,1] — [0, 1] is called
a triangular norm or t-norm if
(i) T(a,1) = a for all a € [0, 1],
(ii) T(a,b) =T(b,a) for all a,b € [0,1],
(111)a>bc>d:>T(a c) >T(b,d),Y a b,c,dE[O,l],
(iv) T(a,T(b,¢)) = T(T(a,b),¢),¥ a,b,c € [0, 1].

Tn(a,b) = min(a,b), T,(a,b) = a.b, T(a,b) = max(a + b — 1,0) are
some commonly used t-norms.

DEFINITION 1.2. [16] For an arbitrary set X, let 7" be a continuous
t-norm and M be a fuzzy set on X? x (0,00). The 3-tuple (X, M, T) is
called a fuzzy metric space if :

(i) M(a,b,s) > 0, for all a,b € X,s >0,
(ii)) M(a,b,s) =1, forall s >0 < a =0,
(iii) M(a,b,s) = M(b,a,s), for all a,b € X, s > 0,
(iv) T(M(a,b,s), M(b, ¢,p)) < M(a,c,s+p),
for all a,b,c € X,s,p >0,
(v) M(a,b,.): (0,00) — [0, 1] is continuous for all a,b € X.

ExAMPLE 1.3. For X = R, taking the usual metric d(z,y) = |z — y|

and the fuzzy t-norm M (z,y,t) = m,t € (0,00), we have, (X, M, T)

is a fuzzy metric space with respect to the t-norm 7),(z,y) = z.y, =,y €
X

LeEmMA 1.4. [18] With respect to t, M(x,y,t) is a non-decreasing
function for all x,y in X,

DEFINITION 1.5. [12] [16] [18] For a fuzzy metric space (X, M, T),
(i) A sequence {a,} in X is said to be a Cauchy sequence if for any
e € (0,1),t > 0, there exists a positive integer k satisfying M (a,, a4, t) >



Fixed Point Theorems in Fuzzy Metric Spaces 309

1—¢6,Vpqg>k
(ii) A sequence {a,} in X converges to a if for any € € (0,1), t > 0, there
exists a positive integer k satisfying M(a,,a,t) >1—¢€, V p > k.
(iii) X is said to be complete if and only if every Cauchy sequence
converges in X.
(iv) X is called compact if and only if every sequence in X has a
convergent subsequence.

DEFINITION 1.6. [38] Let ¢ : [0, 00— [0, 00[ be a mapping. If
(i) ¢ is strictly decreasing and left continuous,
(ii) () =0 if and only if A =1
ie, limy_,1— ¢(1) = 0.

then, the function ¢ is called an altering distance function.

In [38], Shen et.al, proved the following fixed point theorem in com-
plete fuzzy metric spaces.

THEOREM 1.7. [38] For a complete fuzzy metric space (X, M, T, let
f be a self map on X. Let ¢ be the altering distance function and k
be a function from (0,00) into (0,1). If for any t > 0, f satisfies the
following condition:

(1) P(M(f(x), f(y),1)) < k(t).0(M(z,y,1))
x,y € X and x # y, then there exists a unique fixed point for f in X.

The following theorem by Wairojjana et al. comes as a generalization
of the Theorem 1.7

THEOREM 1.8. [41] For a complete fuzzy metric space (X, M,T), let
f be a self map on X. If there exist functions ki, ks : (0,00) —
[0,1), k3 : (0,00) — (0,1),327  ki(t) < 1, and an altering distance
function ¢ such that the following condition is satisfied:
P(M(f(x), f(y),1)) < ka(t) - o(M(, f(x), 1)) + ka(t) - H(M(y, f(y),1))
) hs(t) - (M (2, 1))

x,y € X ,x #y,andt > 0, then there exists a unique fixed point for f.

Taking a minimum condition, Wairojjana et al.,also proved the fol-
lowing result.
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THEOREM 1.9. For a complete fuzzy metric space (X, M,T), let T
be a triangular norm and f be a self map on X. If there exist kq, ko :
(0,00) — (0,1), and an altering distance function ¢ such that the
following condition holds:

(M (f(x), f(y), 1))
<ki(t) - min{$(M (z, y, 1)), o(M (i, f(2), 1)), o(M (z, f(y), 21)),
) oMy, [(y), 1))} + k2()(M (f (), y, 2t))

x,y € X, x #y and t > 0, then there exists a unique point for f.

2. Results and discussion

Considering the function k : (0,00) — (0,1], in Theorem 1.8, we
take the case when k(t) = 1. Using a condition as in [38], we proved the
following:

THEOREM 2.1. Let (X, M, T) be a complete fuzzy metric space and
¢ be the altering distance function. Let f be a self-map on X satisfying

(4) QM (f(), f(y), 1)) < d(M(x,y,1)),V 2,y € X;t > 0.

For xy € X, let the sequence {x,} in X is constructed by: x,.1 =
f(zn),n=0,1,2...

Then xz,, — p in X, p being the unique fixed point of f if and only if
for any two sub sequences {z,, } and {x,,} with x, # x,V n, we have
that,

0, — ¢ (@), f(20,).)
n A(M(xp,, xq,,t))
(5) only if $(M(z,,, zq,, 1)) — 0 as n — 0o

— 1

Proof. First we assume that the sequence {x,,} converges to the unique
fixed point p of f. Let {z,, } and {z,, } be any two sub sequences of {z,,}.
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Then
i G(M (2, 5,,1)) = S(M(p,p. 1)) = 6(1) = 0
_ O(M(f(xp,), f(2q,), 1))
O M (1)
O(M(f(p), f(p),1) _ ¢(M(p,p,t))

T M) o) e /) =)

=lasn—

So, the condition (5) is satisfied.
Conversely, for xy € X, f(z,) = zp11, n=0,1,2...
Let ¢, = ¢(M(xp, xpi1,t)), n=0,1,2... . Then,

Gny1r = (M (f(zn), f(Tn11),1))
< (M (zn, Tps1,t))  (by(4))
= ¢n
Thus {¢,} is a decreasing sequence of non negative real numbers and

s0, is convergent to some real, say € > 0.
Assume that € > 0. Taking p, =n and g, =n + 1,

(M (zp,, 74,,1))
= ¢(M(xp, Tpi1,t)) = ¢ —> € > 0.
P(M(f (), f(Tnt1),t))
B = T M (@, D)
_ O(M (41, Tng2, 1))
O(M (T, Tpy1,t))
violating the given condition (5).
Hence e =0, i.e, ¢, — 0

— 1l asn — o0,

(6) i.e., M(xp, xpy1,t) — 1 as n — oo.

Now, to show that the sequence {z,} is Cauchy :
If not, 30 < € < 1 and two increasing sequences of integers {a,} and
{b,} such that for every n € NU {0}, we have a, >0b, >n

M(z,,,xp,,t) <1—¢€and
M(zxq, 1, p,,t) >1—¢€, t>0.
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Let S, (t) = M(x,,,xp,,t) for each n € NU{0}.

Then 1 — e > S, (t) > T(M(xq,, Tq,-1,t/2), M (24,1, Tp,,t/2))
> T(M(xq,, Ta,-1,t/2),1 —¢€)
— T(1,1—¢) (by(6))
=1l—-€easn— o0
Thus, S,(t) — 1 —€ asn — o0
Therefore, ¢(S,(t)) = ¢p(M(x,,, xp,,t)) — (1 —€) asn — 0o
(M (Ta,+1, To, 41, 1))
O(M(zq,,xp,,t))

which again violates the condition (5).

But @, =

— 1 as n — o0,

Therefore, {z,} is a Cauchy sequence in X. Since (X, M, T) is com-

plete, so, 4 p € X such that z,, — p.

I\IOVV7 0 S ¢(M(f<xn)v f(p)at))

(M (41, f(p), 1))

< ¢(M(zn,p,t))
Taking n — oo,
oM (p, f(p), 1)) < ¢(M(p,p,t)) = (1) = 0

= ¢(M(p, f(p),1)) =0
= M(p, f(p),t) =1
= f(p) =p,

showing that p is a fixed point for f.

To show the uniqueness :
If p; is another fixed point for f,

¢(M(p,p1,1)) = ¢(M(f(p), f(p1), 1)) < ¢(M(p,p1,1))

a contradiction. So, p is the unique fixed point for f.

]

EXAMPLE 2.2. Let X =[0,1] and d(z,y) = |z —y| ¥V 2,y € X. Then
(X, d) is a complete metric space. Let M be a fuzzy set on X? x [0, oo|

given by M(xz,y,t) = if t>0and M(z,y,0)=0.

t+d(z,y)’

Then (X, M, T) is a complete fuzzy metric space with respect to the
t-norm : 7T'(a,b) = min{a,b}, a,b € [0,1] . We take f : X — X given
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wf@yzgvxeXam¢uy:1—x

Now, M(f(x), f(y),t) =

t+1m—m
7
= M(z,y,7t), t >0
> M(z,y,1)
(as M(x,y,.) is non-decreasing)

So, ¢(M(f(x), f(y),1)) < d(M(x,y,1))

For xy € [0, 1], we consider the sequence {%} which is obtained by:

Tni1 = f(z,),n=0,1,2,3.... . Now, for any two sub sequences of {%},

the condition (5) is obviously satisfied.
Hence f has a unique fixed point which is clearly 0, here.

Omitting the completeness condition in Theorem 2.1, we get

THEOREM 2.3. Let (X, M, T) be a fuzzy metric space and ¢ be the
altering distance function. Let f be a self map on X satisfying
(i) S(M(f(2), F(y), 1)) < ki (2, , DM (, F(2),8))+halz, g, )M (g, £ (), )+
ks(x,y,t)p(M(z,y,t)), where ki, ko, k3 are functions from
X2 x (0,00) to (0,1) such that 0 < k1 + ko + k3 < 1, k; = ki(z,y,t).
(ii) f is continuous at some point p € X
(iii) 3 a point z € X such that the sequence of iterates { f"(z)} has a
subsequence {f"(z)} converging to p.
Then p is the unique fixed point for f.

Proof. Let xg = z € X. we define

Tpi1 = f(z,), n=0,1,2.....

If f*(zo) = f"(xo) for some n, then there exists y € X such that
y = f¥(xq) for all k > n. [In that case, y is the unique fixed point.]
So, we assume that f"(zq) # f"*(zy), for any n.
By (iii), limg— o0 f™(2) = p, i.€, im0 Tp,, = P-
Since, f is continuous at p, (by(ii)), so,

Fp) = Jim [rH(z) = Tim ()

= lim z,, 44
k—>o00
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By (1),
QM (f(@n1), f(2n),1)) <k1d(M (21, f(T0-1),1))
+had(M (20, f(2n),1)) + ksp(M (21, T, 1))
= O(M(2n, Tni1,t)) <kid(M (201, Tn, 1))
+hop(M(xp, Ty, t)) + ksp(M (-1, Tp, t))

ky +k
= (M (@ z41.1)) (TG (@,01.2,1)

(7) = ¢(M(In7mn+17t)) <¢(M(mn—1’xn7t))
So,  G(M(f(xne11), f(f(P)), 1)) < O(M(2n, 41, f(p), 1))
Since, ¢ is left continuous and M is continuous,
SO im0, F(),1) S6OM( iz, 1, £(0), )
=o(M(f(p), f(p),1))
=0

(8) = lim z,, 2 =f(p)
k—s o0

Again,
= lim (M (Tpyr1, Tnyr2, b))

(9) =o(M(f(p), f*(p),1)) (by(8))

If f(p) # p, then from (7),

S(M(f(p), f(p), 1)) < &(M(p, f(p),1)),
a contradiction to (9). Therefore, f(p) = p, showing that p is a fixed

point for f.
Uniqueness follows easily from (7). ]

EXAMPLE 2.4. Let X = [0,1] and d(z,y) = |e* — ¢Y| for every z,y €
X. Then (X,d) is an incomplete metric space. Let M be a fuzzy set on

X% x[0 i by M t)=—+——, t>0and M 0)=0.
X[ ,OO[glVGD Yy (ZE,y, ) +d(l’,y)7 an ('Tay7 )

Let, T(xz,y) = xy. Then (X, M,T) is an incomplete fuzzy metric
space. We take ¢p(A) =1— A, A€ [0,1] and f: X — X is defined by

2+x
fz) = :
Clearly, f is continuous at the point 1 € X.
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Let z = zy € X and we consider the sequence of iterates {f"(xo)}

having a subsequence {f"(xz¢)}, where ny =2k —1, k € N

Now,  lim f"™(zg) =1

k—o0

ifex >y

We take,  ki(7,y,t) =q 4 %
& 1f y > X

and  ko(z,y,t) = ks(x,y,t) =

24z 24y
e—F— —e—F7x— .
5 4 ifex>y

. 24z _ 24y
Again, ¢(M(f(x), f(y),1) =4 "5 51
t+(eg+—y—eg,j)’
3 3

2+
e3 — e

ify>x

Similarly,

o(M(y, f(y),t) =

e
t+es —ev

et —eY

and (M (x,y,t)) = {ti;fz;fy’

t+e¥—e®?

forz >y
fory >z

Now, ki(z,y,t)o(M(z, f(x),1)) + ka2, y,)p(M(y, f(y),1))
+k3(l', Y, t)¢(M($, Y, t))
> o(M(f(z), f(y):t))

So, all the conditions of Theorem 2.3 are satisfied and f has a unique
fixed point. Clearly, 1 is the unique fixed point for f here.
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REMARK 2.5. Introducing another function ky : X? x (0,00) —
(0,1), the condition (i) in the Theorem 2.3 can be replaced by:

QM (f(x), [(y), 1)) <k1o(M (z, f(x), 1) + k2 (M (y, f(y), 1))

oMy, f(y),t) (1 + o(M(z, f(x),1)))
L+ o(M(z,y,t))

+hsp(M(z,y,t)) + ka
With0§k1+k2+l€3+/€4< 1

In this case,
¢(M(f<$nfl>> f(xn)ﬁ t)) Skld)(M(xnflv f(wnfl)a t))

+k2¢(M(xm f(xn)7 t))+k73¢(M(In—1v Tn, t))

(M (wn, f(@n), 1)) (1 + ¢(M (201, f(2n-1),1)))
1+ (M (zp_1,xn,1))

= klgb(M(‘rn—la L,y t))—i—k?ng(M(l’n, Tn+1s t))
+ksp(M(Tp—1,Tn, 1)) + kg oM, gcln:—l gg])\;(lx—:f,(iiff;)h =
= (k1 + k3)p(M (@1, Tn, t)) + (k2 + ka) 9(M (20, Zi1, 1))

= G (2,20 1)) ST (M (1 200,1)

1= (ka + ka)
< Qs(M(ITLu Tn+1, t))

The other part is same as in Theorem 2.3.
Similar example as 2.4 can be constructed for this also.

+ky

In the following theorem, we use the condition lim; ., M (x,y,t) = 1.

THEOREM 2.6. Let (X, M,T) be a complete fuzzy metric space and
¢ be the altering distance function. Let f be a self map on X satisfying
the following: for every positive integer n and t > 0,

(10) PM(f™(2), f"(Y), knt)) < 6(M(2,y,1)),

for all x,y € X, k, > 0 being independent of v and y. If k, — 0 as
n — oo then f has a unique fixed point in X.

Proof. Let zp € X. We construct a sequence {x,} in X by z; =

f(xo),ma = fx1) = f2(x0), ...... T = f(xp_1) = f"(x0),....., n €N
From (10),

QM (f" (@), ["(y), knt)) < H(M (2, y,1))
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Since, ¢ is strictly decreasing, so,
(11) M(f"(x), f"(y), knt) = M(z,y,t)
Again, for p € N|

1 ZM(:B”’ Ln+ps t)

317

ZT(T(---T(M(JJTL’ LTn+1, t/p)7 M(anrla Tn+2, t/p)...), M($n+p717 Tn+p, t/p))

t
>T(T(.. T (M —), M _
= ( ( ( (xﬂmlapkn)u (xjxljpkh%}l

— T(T(..T(1,1),...),1) as n — 0
(Since k,, — 0 as n — o0 andtgan(x,y,t) =1)
=1

Thus, lim M(zy,Zpqp,t) =1V >0

n—-:o0

So, {z,} is a Cauchy sequence in X.

As X is complete, 4 p € X such that x, — p as n — oo.

Now,

0 < ¢(M(@ns1, f(p),1)) = S(M(f(2n), f(p), 1))
< QS(M(xnvp? t/k1>> (by (10)) vV i>0

Taking n — oo, we have,

d(M(p, f(p), 1)) < ¢(M(p,p,t/k1)) =0
=¢(M(p, f(p),1)) =0V ¢>0
=p = f(p),

showing that p is a fixed point for f.
To show uniqueness:
Let ¢ € X be such that f(q) = q. Now,

0 < ¢(M(p,q,t)) =p(M(f"(p), ["(q), 1))

g, M (2, 27, ———
) ) ( ! Pk?n+p—1

) (by (11))

<¢(M(p,q,t/k,)) — 0 asn — oo Vit>0

= ¢(M(p,q,t)) =0 V>0
= p=4q.
Thus, f has the unique fixed point p in X.

[
EXAMPLE 2.7. We take the same complete fuzzy metric space (X, M, T)
as in Example 2.2. Let f be a self map on X defined by : f(x)
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3+ x

, € Xand ¢(\) =1—-X, Xe[0,1]. Forn € N, let k, = +.
Then k, — 0 as n — oo.

For x # v,
SOM(F (), S (9). ko)) =T
sl b

[z — lz — 9
=1 < = o(M(z,y,t

For x =y, o(M(f"(x), ["(y), knt)) = &(M (2, y,1)).

Thus, the condition of Theorem 2.6 is satisfied and so, f has a unique
fixed point.

Clearly, 1 is the unique fixed point for f in X.

COROLLARY 2.8. Let (X, M, T) be a complete metric space, ¢ be the
altering distance function and f be a self map on X satisfying

QM (f(x), f(y), kt)) < ¢(M(z,y,1)) Vz,y € X, £ >0
and 0 < k < 1.
Then, f has a unique fixed point in X.

Now, instead of taking the constants k,(n € N) in Theorem 2.6, we
take k(t) as a function of ¢ and prove the following:

THEOREM 2.9. Let (X, M,T) be a complete fuzzy metric space, ¢
be the altering distance function and f be a self map on X. Let k :
(0,00) — (0,00) be a bijective function such that for each t € (0,00),
{k"(t)} is a decreasing sequence with lim,,__,., k™(t) = 0. If f satisfies:

(12) O(M(f" (), ["(y), k" (1)) < ¢(M(z,y,1))
for all x,y € X andt > 0, n € N, then f has a unique fixed point in X.
Proof. For zy € X, we construct the sequence {z,} in X as in Theo-

rem 2.6.
Now,

0 §¢<M(xn7 Tn4m, t))

<¢(M(x,x, k~"t)) (Replacing ¢t by k7" (¢)in (12))
for each m € N.
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Again, lim ¢(M(x,xm,, k" (t))) =0 (Since ¢ is left continuous) V ¢ > 0
n—-—o0
So, (M (xn, Tpim,t)) —> 0 as n — o0
= M(zp, Tpim,t) — 1 asn — 00 V>0

Thus {z,} is a Cauchy sequence in X and so, converges to some p € X.

Now,  0< 6(M(@nin, f(p)1) = S(M(f(xa), £(p). 1))
< G(M (2 p, k7 (1)) V>0

Taking n — o0,

(M (p, f(p), 1) < d(M(p,p, k™' () =0V t>0
=M(p, f(p),t) =1 ¥Yt>0

=f(p) =p.

showing that p is a fixed point for f.
Uniqueness can be shown in a similar manner. O

EXAMPLE 2.10. For the same fuzzy metric space (X, M, T) and the
same altering distance function as in Example 2.2, let &k : (0,00) —
(0,00) be defined by: k(t) =L, ¢ > 0. Then k(t) is bijective. Also, for

29
each t, {k"(t)} is a decreasing sequence and lim,,_,o, k™(¢) = lim,, 2% =
0.

_ 24z
We take f: X — X as f(x )— =L

So, ff(#) =2+ % 4.+ =+ &, and
M), ) 0) =g A
|z —y
t+ [z —yl
=¢p(M(x,y,t)) Vaz,yeX, te(0,00), neN

Thus, all the conditions of Theorem 2.9 are satisfied and so, f has a
unique fixed point which is clearly 1 here.

The following theorem can be taken as a generalization of Theorem
1.9 by Wairojjana et al. [41] :

THEOREM 2.11. Let (X, M,T) be a complete fuzzy metric space, f
be a self map on X, and ¢ be the altering distance function. If there
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exist ki, ko : (0,00) — (0,1) such that ki(t) + k2(t) < 1, and

(13) (M (f(z), f(y),t))
<k (t) - min{p(M(z,y,1)), p(M(z, f(2),1)), p(M(, f(y),21)),
¢(M(y, f(y), 1)} + ka(t) - max{p(M(z,y,t)), (M (z, f(z),t)),
P(M(f(x),y,2t), ¢(M(y, f(y), )}, z,y € X, x #y, t >0,

then f has a unique fixed point.

Proof. For zy € X, we consider the sequence {z,,} in X, where x,,,1 =
f(x,), n=0,1,2, ....
If there exists ng € NU {0} such that z,,41 = ,,, then x,, will be a
fixed point for f. So, we assume that x, # x,,1 for any n. Then
0 < M(xp,2pi1,t) <1, t >0, ne NU{0}.
Substituting © = z,_1,y = x, in (13), we have,
(14)
¢(M(xna Tni1, ))
§k1< ) mln{¢( (In 15 Ln, ))7 ( (xn 15 Ln, ))7¢<M(l‘n—laxn+l72t>>7
¢(M(xm Lr41; ))} + k2< ) max{d)( (xn—b L, t)), ¢(M(xn—17 L t))>
O(M (2, T, 2t)), (M (T, Tpgr, 1)) }
:kl (t) : m1n{¢( (xn 15 Ty ))7 (M(xn 15 T+, Zt)
+ k2<t> : max{¢(M(xn 1, Tn, ))v QS(M(Z‘H’ Tni1, )
§k1<t> : mll’l{(b( (xn 15 Ln, ))7 ( (M(xn 15 Ln, ))
¢(M($n,$n+1, ))} + kQ( ) max gb( (:En 15 Lny )
O(M (2, Tps1,t))}
Again,
¢(a) < ¢(T'(a,b)) and ¢(b) < #(T'(a,b))
(Since, a = T'(a,1) > T(a,b) and b = T'(b,1) > T(a,b))
So, min{¢(a), ¢(b), ¢(T'(a,b))} = min{¢(a), ¢(b)} Va,bel0,1].

)>¢( <$naxn+lat))}
)}
) (M(ilj'n, Ln+1s t)))?
),

Hence, (14) =¢(M (zn, Tpi1,t))
<ki () - min{@(M (21, T, 1)), §(M (2, Tns1, 1)) }
+ k2 (t> ’ max{qb(M(xn—l? T, t))v gb(M(xm Ln+1, t))}
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If min{op(M(xy_1,%n,t)),0(M(xy, Tpi1,t))} = (M (xy_1,xn,t)), then,
QM (2n, Tni1,t)) <k ()M (21, 2, 1)) + ko (£) (M (2, Tny1, 1))
= (M (5,71, ) <M (5, )
<P(M(xp_1,2,,t)), a contradiction.
SO? min{QS(M(xn—l’ Tns t))>¢(M($n> Ln41; t))} = ¢(M(xnv Lr41; t)'
<M a3, 1)
<O(M(2n-1, 7, 1))

Thus, (b(M(xm Tn+1, t)) < ¢(M<In—1= L t))

Since ¢ is strictly decreasing, so, it follows that {M(x,, xp41,1)}n is
strictly increasing for every ¢ > 0.

Now, proceeding as in Theorem 2.1 together with the given condi-
tion(13), it can be easily shown that f has a unique fixed point in X. [

Then, ¢(M(zp, Tpi1,t)

EXAMPLE 2.12. Let X = {P,Q, R, S} C R?, where P,Q and R are

the points (1,1), (2,1) and (2, 5) respectively and S is an arbitrary point
on the unit circle with centre at R. Let f : X — X be defined by:
F(P) = F(Q) = f(S) = P, f(I)=Q.
Let M (z,y,t) = T > 0, where d(z,y) is the Euclidean distance
in R%. The altering distance ¢ is given by ¢(A\) =1 — X, X € [0,1].
With T'(a,b) = min{a,b}, (X, M,T) becomes a complete fuzzy metric
space. Let ki, ks : (0,00) — (0,1) be defined by:

and ki (t) = (1 — ko(t))/2

Then, kl(t> + ]{Zg(t) < 1.

Now, it can be shown that every pair of points (P, @), (P, S), (@, S), (P, R),
(Q, R) and (R, S) satisfies the condition (13).

Hence by Theorem 2.11 the function has a unique fixed point.

Next, we obtain the following generalization of Theorem 1.9 :

THEOREM 2.13. Let (X, M, T) be a complete fuzzy metric space, f
be a self map on X, and ¢ be the altering distance function. If there
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exist functions ki, kg, k3, ky = (0,00) — (0, 1) with ky(t) + ko(t) + k3(t) +
+k4(t) < 1, such that

(15) (M (f(x), f(y).1))
<ki(t) - min{ (M (z, f(x), 1)), p(M (z,y, 1))}
+ ka(t) - min{o(M(y, f(y), 1)), ¢(M (x, f(x), 1))}
+ ka(t) - min{ (M (z, y,1)), (M (x, f(y),2t)), 6(M (y, f(y), 1))}
+Ra(O)(M(f(2),y,2t), v,y € X, x#y, 1 >0

then f has a unique fixed point.

Proof. For zy € X, we take the sequence {x,} with z,1 = f(z,) as
earlier. Taking x, # %,.1, for any n ie., 0 < M(z,,zp41,t) < 1,n €
NuU {0}, t > 0, we have,

¢(M<xn7 Ln+1, t))
< ka(t) - min{op(M (21, 2, t)), S(M (21, 20, 1)) }
+ka(t) - min{¢(M (2, Tni1,1)), G(M (201, 0, )}
+ks(t) - min{G(M (21, Ty, 1)), 9(M (Tn-1, Tni1, 28)), (M (T, Tps1, 1))
+ha()p(M (20, T, t))
< ki (t) - O(M(2p—1, @, 1)) + ka(t) - min{@(M (2p, Tni1, 1)), 9(M (21, Tn, 1)) }
+ks(t) - min{d(M (x,_1, 2, 1)), Q(T(M (21, Tn, t), M (2, Tpni1,t))),
O(M (p, Tnia,t))}

Again,
min{g(a), 6(b), 6(T(a, b))} = min{(a), 6(b)} ¥ a,be [0,1]

Therefore,
qb(M(xm Tnt1, t)) Skl (t) : ¢<M(xn—17 L, t)) + kQ(t) : min{¢(M(xn’ Tnt1, t))?
¢(M(xn—17xn7 t))} + k3(t) ' min{¢(M(xnv Tn+1, t))7 ¢(M<In—17 Ln, t))}
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If min{¢(M (2, Tni1, 1)), (M (201,20, 1)) } = ¢(M (20, Tny1, 1)),

then ¢(M(wn, Tps1,t)) <ki(t) - G(M (201, %0, 1)) + k2(t) - G(M (20, Tps1,1))
+ ks(t) - (M (2, Tnpa, 1))

k(1)
ot ) S e )

(M (zn-1, T, 1))

If min{¢(M (2, Tni1, )) O(M (21,20, 1))} = O(M (21, Tn, 1)),

then ¢(M (2n, Zn1, )) (k1 (t) 4 ko(t) + ks(t)) - ¢(M (21, 2p, 1))
P(M (-1, 2p, 1))

Thus, in both cases, &(M(xy,, Tpi1,t)) < (M (2p_1,2n,1)).
So, proceeding as in the previous theorem, f has a unique fixed point. []

ExXAMPLE 2.14. We consider the same fuzzy metric space (X, M, T)
together with the self map f and the altering distance function ¢ as
Example 2.12. Here we take:

. te(0,1]
) = )
fE = {— € (1,00)

and ky(t) = ka(t) = ks(t) = =2
Then every pair of points satisfies the condition (15). Hence by Theorem
2.13, f has a unique fixed point.

3. Conclusion

In this paper, we have obtained different fixed point theorems for fuzzy
metric spaces with several contractive type mappings. In 2016, Lael
and Heidarpour [24] introduced a new class of generalized nonexpansive
mappings and obtained some fixed point theorems in Banach spaces.
Here we can pose the following problem:

Can we obtain similar type of results as in Theorem 2.1, 2.3, etc., in
case of nonexpansive mappings in fuzzy metric spaces 7

Similar problems can also be raised for other types of mappings on
fuzzy metric spaces.
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