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ITERATED F-CONTRACTIONS IN s--METRIC SPACES
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The aim of this paper is to introduce the classes of iterated F'-contraction
and fundamentally F-contractive type mappings in a b-metric space and obtain some
fized point existence results for these mappings, with some examples in support of the
results.
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1. Introduction

The study of fixed point theory has led to numerous generalizations of the underlying
space with a view to generalize or extend existing fixed point results (one may refer to [2],
[5], [7], [17] and the references therein). One such generalization of the metric space in the
Banach fixed point theory is a b-metric space. The notion of b-metric was first introduced
by Bakhtin [2] in 1989 and formally defined by Czerwik [5] in 1993. Since then, numerous
research have been done on b-metric fixed point theory (one may refer to [1] [4], [8], [9], [10],
[11], [16] and the references therein).

The notion of iterated contraction was first introduced in 1970 by Ortega and Rhein-
boldt [14], where the same is defined for self mappings on R™. As mentioned in their book,
an iterated contraction need not be continuous nor its fixed point be unique. Nevertheless,
iterated contractions turn out to be quite useful in considering certain iterative processes.
Recently, Ghoncheh and Razani [7] introduced the class of fundamentally nonexpansive map-
pings in a metric space.

In 2012, Wardowski [17] introduced the class of F-contraction mappings (which is
a generalization of contraction mappings) and derived some fixed point results with ap-
plications. Based on the definition of F-contraction mappings, in [8], the authors defined
F-contrctive type mappings and Kannan F-contrctive type mappings in a b-metric space
and derived some fixed point results.

Iterated F-contraction mappings and fundamental F-contractive type mappings are
defined on b-metric spaces. Some of their properties are discussed and fixed point existence
results are also obtained in this paper.

2. Preliminaries
In this section, some basic definitions and results required for our subsequent discus-
sion are briefly stated, starting with the definition of a b-metric space.

Definition 2.1. [5] Let X be a non empty set and s > 1 be a given real number. A function
d: X x X — [0,00) is called b-metric if it satisfies the following properties.

(1) d(x,y) =0 if and only if = =1y;
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(2)  d(z,y) =d(y,x); and
(3)  d(z,2) <sld(z,y) +d(y,2)], foral z,y,z¢cX.
The triplet (X,d, s) is called a b-metric space with coefficient s.

A b-metric can be discontinuous unlike a metric. One may refer to Example 2.6 of
[13]. Many examples of b-metric spaces are found in the literature. One may refer to [3]
and [15] for some classical examples. Nonetheless, the following is an example of a b-metric
space.

Example 2.1. Let X = {ml,xg,xg,x4} and define a function d : X x X — [0,00) as
follows.

d(z;,x;)) =0 fori=1,2,3,4;

1
d(z1,22) = d(22,21) = 2; d(z2,23) = d(x3,72) = T
3
d(z1,23) = d(x3,71) = ok d(z1,24) = d(24,71) = 24
5
d(z2,74) = d(24,72) = d(23,74) = d(4,23) = 5
Then d is a b-metric on X with coefficient s = % and (X,d, s) is a b-metric space.

The following lemma is useful in overcoming some of the problems due to the possible
discontinuity of the b-metric d in showing the existence of fixed points.

Lemma 2.1. [12] Let (X,d) be a b-metric space with coefficient s > 1 and {x,} be a
convergent sequence in X with lim, . x, = x. Then for all y € X

s7td(x,y) < lim infd(z,,y) < lim supd(z,,y) < sd(zx,y).
n—oo n—oo
From the above lemma, it follows that if {x,,} is a sequence in X with lim, . z, = 2

for some z € X, then
lim d(zy,z) =0.

n—oo
The following is the definition of iterated contraction in a metric space setting.

Definition 2.2. [6] Let (X,d) be a b-metric space. A self mapping T : X — X is said
to an iterated contraction if there exists o € [0,1) such that for every x € X,

d(T?z,Tz) < ad(Tz, ).

This definition naturally extends to a b-metric space (X, d, s) with the relation
sd(T?z,Tz) < ad(Tx, ).

An iterated contraction need not have a fixed point, as shown in the following example.

Example 2.2. Consider the b-metric space (X,d,s) with X = [0,1] and the b-metric d
given by d(x,y) = |z — y|? for all z,y € X. Let T : X — X be defined by

1 z=0
Tr=9, ,
2%, x € (0,1]
2
2 22
2 (T
2
since a = 1 (z 4 2? /2)2 < 1 and thus 7T is an iterated contraction with discontinuity at
x = 0, which is fixed point free.

Then

2 412

xT €T

d(Tz, T?z) =

2 8 -«

< ad(z,Tz)

1
T4
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The b-metric space in the above example is compact. However, for continuous iterated
contractions, with the help of Lemma 2.1, the existence of a fixed point in a complete b-metric
space can be established following the usual proofs of Banach Contraction principle.

Theorem 2.1. Let (X,d,s) be a complete b-metric space and T : X — X be a continuous
mapping such that for all x,y € X,

sd(T?*z,Tz) < ad(Tx, x)
for some o € [0,1). Then the sequence {T™x} converge to a fized point of T for each x € X.

The following lemma is useful in the proof of the existence of fixed point for iterated
F-contraction mappings in a complete b-metric space.

Lemma 2.2. [10] Let (X,d) be a b-metric space with coefficient s > 1 and T : X — X be
a self mapping. If {x,} is a sequence in X with xn11 = Ty, satisfying

d({I?n, (En+1) S kd(l’n,h xn)
forallm=0,1,2,... with k €[0,1). Then {x,} is a Cauchy sequence.

3. Iterated F-contraction mappings

The following is a fixed point existence result for iterated contraction mappings which
generalizes a result (Theorem 5.1) given in [6]. One may also refer to Corollary 3.2 below
for a generalization of the theorem to a b-metric space.

Theorem 3.1. Let X be a compact b-metric space with the b-metric being continuous and
T: X — X be a continuous mapping such that there exist a positive real number a < 1
satisfying

f(d(T?z,Tz)) < af(d(Tz,z)) (1)
for every x € X and for any continuous function f : (0,00) — (0,00). Then T has a fized
point.
Proof. Because of the continuity of T, the real valued function N : X — (0, 00) defined
by N(z) = f(d(x,Tx)) for all z € X, is continuous. Since X is compact, N attains its
minimum at, say, o € X. Then Txy = x¢.

For, if g # Tz then (1) implies
N(Tzo) = f(d(Tzo,T?x0)) < f(d(z0,Tx0)) = N(z0),

which contradicts the fact that zg is a minimum point of N. O

The above result have interesting consequences. For instance, if f(x) = %, then we
have the following corollary.

Corollary 3.1. Let X be a compact b-metric space (the b-metric being continuous) and
T : X — X be a continuous mapping such that there exist a positive real number § > 1
satisfying

Bd(Tz,x) < d(T?xz, Tx) (2)
for every x € X. Then T has a fixed point.

Trivial examples of functions satisfying the relation (2) are the constant functions and
the function T': X — X defined by Tz = z for all x € X.

Example 3.1. Consider the b-metric space (X,d), where X = {1,2,3,4} and d : X —

[0,00) is defined by
0, if xz=
ﬂ%w={ Y
r+y, if z#y
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Then (X, d) is a compact b-metric space, and the metric d is also continuous. Consider
the function T : X — X defined by Tn =n+ 1 for all n = 1,2,3 and T4 = 4. Then one
can easily check that for 3 = 2,

Bd(Tn,n) < d(T?n,Tn)
for all n € X and hence by Corollary 3.1, T has a fixed point which by inspection is n = 4.

Based on the definition of F-contraction, we define iterated F'-contraction mappings
and prove a fixed point result in a complete b-metric space.

Definition 3.1.  Let F: (0,00) — R be a mapping satisfying the following conditions.

(F1) F is strictly increasing;

(F2)  For each sequence {ap}nen of positive numbers lim, o o, = 0 if and only if
lim,, 00 F'(ap,) = —00;

(F3)  There exists k € (0,1) such that lim,_o+ o*F(a) = 0.

(F4) Let s > 1 be a real number. For each sequence {an}tnen of positive numbers such
that 7+ F (say,) < F (ap—1) for alln € N and some 7 > 0, then

T+ F(s"a,) < F (s"_lan,l) for allm € N

For a b-metric space (X,d,s), a mapping T : X — X s said to be an iterated
F-contraction if there exists T >0 such that d(Tz,x) > 0 implies

T+ F (sd(T?z,Tz)) < F (d(Tz, ) forall x € X.
Some examples of functions satisfying conditions F'1 — F4 are Fy(z) = logz, Fa(x) =
x +logz, F3 = log(x + x?), etc (one may refer to [4, 12]).
We note here that F-contraction mapping is an iterated F-contraction mapping.
Moreover, an iterated contraction is also an iterated F-contraction. This can be seen by
putting F(z) = log in the definition of iterated F-contraction. However, since every F-

contraction is a continuous mapping (refer to [17]) and an iterated F-contraction need not
be continuous, it follows that an iterated F'-contraction need not be an F-contraction.

Further, it may be noted that F-contractive type mappings are iterated F-contraction.
This can be easily seen by replacing = by Tz and y by z in the definition of F-contractive
type mappings ([8], Definition 1.6). It is also easily seen that an iterated contraction is
necessarily an iterated F-contraction.

Theorem 3.2. Let X be a complete b-metric space with coefficient s > 1 and T : X — X
be a continuous mapping such that there exist a positive real number T satisfying

T+ F(sd(T?z,Tx)) < F(d(Tz,z)) (3)
for every x € X. Then T has a fixed point.

Proof. For an arbitrary (but fixed) point xy € X, one can construct a sequence {z,} in X
with 41 = Tx,, n=0,1,2,... Let p, = d(zn,xpn41), n=0,1,2,...

Without loss of generality, assume that p,, > 0 for all n = 0,1,2,... By (3), the
following holds for all n € N:

F(S/‘Ln) g F(ﬂ”ﬂ*l) =T,
and by condition (F4), we have

F(s"n) < F(s" pip1) =,
which by induction yields
P(s" 1) < F(" Wpin1) =7 < P(s" 2 3) — 27 <+ < F(po) — 7. (4)
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In the limit as n — oo, we get

lim F(s"u,) =—o0 so that lim s"u, = 0.
n—oo n—roo

By condition (F3), there exists k € (0,1) such that lim,, e (8" pn)* F(s" ) = 0.
Multiplying (4) by (s"u,)*, we get

0< (snﬂn)kF(Snﬂn) + n(sn.un)kT < (s"pn kF(.UO)-
Taking the limit as n — oo, we get lim,, oo n(8" )" = 0.

Following the proof of Theorem 3.2 in [12], it is seen that {z,} is a Cauchy sequence.
The completeness of X then ensures the existence of a limit point of {z,} in X, that is,
there exists z € X such that lim,,_, o z,, = 2.

Finally, Lemma 2.1 and the continuity of 7" implies

d(z,Tz) = nh_)rr;o d(xn, Txy) = nh_)rr;O d(xp, Tpy1) =0,
and the proof is complete. O

As a corollary to Theorem 3.2, we get a fixed point result for iterated contractions in
a complete b-metric space (X, d, s) with the b-metric d not necessarily continuous.

Corollary 3.2. Let (X,d,s) be a complete b-metric space and T : X — X be a continuous
mapping such that there exist a positive real number o < 1 satisfying

sd(T?z,Tx) < ad(Tx,x) (5)
for every x € X and for any continuous function f : (0,00) — (0,00). Then T has a fized

point.

Proof. The proof follows from Theorem 3.2 by noting that for F(x) = logz the relation (3)

reduces to
sd(T?x, Tx)

d(Tz,x)
for some « < 1. O

<e 7 or, d(T?z,Tz) < ad(Tz, )

4. Fundamentally F-contractive type mappings

Recently, Ghoncheh and Razani [7] introduced a class of mappings called fundamen-
tally nonexpansive mappings in a metric space which generalizes Suzuki mappings, where a
mapping T : X — X, X a metric space, is said to be fundamentally nonexpansive if

d(T%z,Ty) < d(Tz,y)
for all x,y € X.

In a similar manner, fundamental contraction mappings may be defined and extended
to b-metric spaces.

Definition 4.1.  Let (X,d, s) be a b-metric space. A mapping T : X — X is said to be
a fundamental contraction if there ezists « < 1 such that

sd(T?z, Ty) < ad(Tz,y)
forallz,y € X.

Similarly, a mapping T : X — X is said to be a fundamental F-contraction if there
exists a positive number T such that d(T'z,y) # 0 implies

T+ F(sd(T%x, Ty)) < F(d(Tz,y)) (6)
forallz,y e X.
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We note here that a fundamental contraction is a fundamental F-contraction. Also, a
fundamental F-contraction is an iterated F-contraction. This follows from putting y = x in
(6). However, an iterated F-contraction need not be a fundamental F-contraction as shown
in the following example.

Example 4.1. Consider the function T as defined in Example 2.2 which is an iterated
F-contraction. Now, for z =0 and y = %7 we have

1 11 2 1 11
d(T%0,7=) =|= - = 5 and d(70,=)=|z—=
2 2 8 2

T8 2 8
so that T+F(sd(T2x, Ty)) £ F(d(Tx, y)) for all z,y € X, and hence T is not a fundamental
F-contraction.

2
=0

As stated above, a fundamental F-contraction is necessarily an iterated F-contraction
and therefore, the above fixed point results on iterated F- contractions holds true for this
class of mappings too.

Following the definition of F-contractive type mappings [8], we define the following
class of mappings.

Definition 4.2. For a b-metric space (X,d,s), a mapping T : X — X s said to
be fundamentally F'-contractive type if there exists T > 0 such that d(xz,Tz)d(y,Ty) # 0
implies

P4 P (sd(T?0,Ty)) < S{F (T2, ) + F (i, Ty) } (7
and d(z, Tx)d(y, Ty) = 0 implies
T+ F (sd(T?2,Ty)) < %{F (d(x,Ty)) + F (d(Tz,y)) } (8)

forallx,y € X.

We note here that on putting y = x in the above definition, we get the definition of
iterated F'-contraction and thus the existence of a fixed point is ensured by Theorem 3.2.
The following is a unique fixed point existence result for a fundamentally F-contractive type
mapping in a complete b-metric space without assuming the continuity of the mapping.

Theorem 4.1. Let (X,d, s) be a complete b-metric space and T : X — X be a fundamen-
tally F-contractive type mapping. Then T have a unique fized point.

Proof. For an arbitrary (but fixed) point zg € X, one can construct a sequence {x,} in X
with 41 = Tx,, n=0,1,2,... Let p, = d(zp,2pn41), n =0,1,2,...

Without loss of generality, assume that p,, > 0 for all n =0,1,2,... By (7), putting
x =z, and y = x,42 the following holds for all n € N:

F(spnis) < Fpnt2) =27,
and by condition (F4), we have
F(s"pn) < F(s" n1) — 2,
which by induction yields
F(s"pp) < F(s" M in_1) =27 < F(s" 2 pp_o) — 41 < -+ < F(po) — 2nr.

As in the proof of Theorem 3.2, we see that {z,} is a Cauchy sequence. Since (X, d, s)
is a complete b-metric space, there exists z € X such that lim, . z, = 2.
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Now, from (7) the following holds for all n € N.

F(d(zny2,Tz2)) = F(d(T?z,,Tz)) < %{F(d(Tmn, 2)) + F(d(z, Tz))}
1

= 3{Fld@ns1,2) + F(d(=T2) }.

Now, by Lemma 2.1, lim,_,cc d(Znt1,2) = 0 and lim, 0o d(2p42,T2) = d(z,Tz).
Hence taking the limit as n — oo in the above relation, we get

F(d(z,Tz)) = —c0 or, d(z,Tz) =0,
showing that z is a fixed point of T.
Finally, if possible let w # z be another fixed point of T', then by (8) we get
T+ F(d(w,z)) < F(d(w,2))
implying 7 < 0, a contradiction and hence the fixed point is unique. This completes the

proof. O

Example 4.2. Consider the complete metric space (X,d) where X = [0,1] U [2,00) and
d(z,y) = min{z + y,2} if x # y and d(z,y) = 0 if © = y, and the discontinuous function T’
defined by
, 0<z<1

r=1
— %, x> 2

as in Example 2.4 [8]. First we note that for the function F(z) = logz, conditions (7) and
(8) reduces respectively to

sd(T%z,Ty) < e"*"d(Tz,y)d(y, Ty) (9)

and
sd(T?x, Ty) < e "H(x,y) (10)

where H(z,y) = max {d(x, y),d(z,Ty),d(Tx, y)}
Now, for z,y > 2 and x # y, d(x, Tx)d(y, Ty) # 0 and we have

11 1 1 1
d(T2x,Ty):d<7—> :min{1—72}:1—<1
22y y Yy

1 1 1 1
ATa 7o) =d (5 - o) d(ng -1 ) =4

so that (9) is satisfied for e™>" = 1 or 7 = log 2.
And, if L #2€[0,1) and y > 2, d(z, Tz)d(y, Ty) # 0 and we have

11 1 1 1
d(T2x,Ty):d<7—> :min{l—,2}:1—<1
2°2 y Y

and

and
d(Tx,y)d(y, Ty) = d (1y> d <y 1 1) =4
2 2y
so that (9) is satisfied for 7 = log 2.
Again, if £ #z € [0,1)

1 1 1
d(T?z,T1) =d (2,0> = min{2 +o,2} =5
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and

d(Tz, 1)d(1,T1) = d (; 1) d(1,0) = g

so that (9) is satisfied for e7*" = £ or 7 = log v/3.
Also, for x > 2

1 1 1 1 1
2 e - — — e 1 - — < =
d(T .’E,Tl) d<2 .1370> m1n{2 ,2} 2

d(Tz,1)d(1,T1) = d (; _ L 1) d(1,0) = min {“;’ - 1,2} >1
X

and

so that (9) is satisfied for e7>" = 1 or 7 = log v/2.
Further, for 0 <z <1

1 11
T2z, T-)=d|=,=-) =
() =i(33) =0
1 11
Tz, T- ) =d|=,=-] =
() =i(33) =0

so that (10) is trivially satisfied for all z,y € X with d(Tz,y)d(y,Ty) = 0. Thus for
7 = log /2, (9) is satisfied for all z,y € X with d(Tx,y)d(y, Ty) # 0 and (10) is satisfied
for all z,y € X with d(Tx,y)d(y,Ty) = 0.

Hence all the conditions of Theorem 4.1 are satisfied and therefore T" has a unique

fixed point, which is x = %

and finally, for z > 2

Definition 4.2 can be obtained from the definition of F-contractive type mappings ([8],
Definition 1.6) as F-contractive type mappings are iterated F-contractions and the fact that,
for any positive numbers a and b, either

é(2a+b)§%(a+b) or %(a+2b)§ (a+0). (1)

N | =

For, replacing « by Tz in condition (1) of Definition 1.6 [8], we get,
1
r+ F(d(T%,Ty) < 2 {F(d(Tz.y)) + F(d(T%,T2)) + F(d(y, Ty) |

If F(d(TQm,Tx)) < F(d(Tx,y)) or F(d(TQm,Tx)) < F(d(y,Ty)), we get (7). If
F(d(T?z,Tx)) > F(d(Tz,y)) and F(d(T?z,Tz)) > F(d(y,Ty)), we get a contradiction to
the fact that F-contractive type mappings are iterated F-contractions.

Now, if  is a fixed point of T', condition (2) of Definition 1.6 [8] gives
1
r+ F(d(T?,Ty)) < {2F (d(T2.y)) + F(d(x, Ty) |

which by (11) implies (8). Similar result is obtained if y is a fixed point. We have thus
proved the following proposition.

Proposition 4.1. FEvery F-contractive type mapping is a fundamentally F-contractive type
mapping.

Finally, we consider the following example to show that a fundamentally F-contractive
type mapping need not be an F-contractive type mapping.
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Example 4.3. Consider the complete metric space (X,d) where X = [0,1] U[2,00) with
the metric d on X defined by

min{z +y,1.75}, x#y

dley) = {0 e 43,179}
) T = y

Consider the function T': X — X defined by

1, 0<z<1
T:E:{l’ =T
= x>2

T
For z,y € [0,1] with # # 1 and y # 1, we have F(d(T?z,Ty)) = F(d(1,1)) = —oo,
and (7) is trivially satisfied.

For x,y > 2, we have

F(d(T?z,Ty)) =F <d (1, ;)) =F (1 + ;) < F(1.5)

and
% [F(d(Tz, ) + F(d(y, Ty))} = % {F (; + y) +F (y + ;)} = F(1.75)

and since F is strictly increasing, we can find 7 > 0 such that (7) holds.
For 1 # z € [0,1] and y > 2 or vice versa, we have
1 1
F(d(T?x,Ty)) = F (d (1, >> =F <1 + ) < F(1.5)
Y Y
and

% {F(d(Tz,y)) + F(d(y.Ty))} = % {F(l +y)+F <y + ;)} = F(1.75)

and hence (7) holds for some 7 > 0.
Also, for y € [0,1], F(d(T?1,Ty)) = F (d(1,1)) = —oo, and (8) is trivially satisfied.
Finally, for y > 2, we have

F(d(T?1,Ty)) = F (d (1, ;)) =F (1 + ;) < F(1.5)

and
% {F(d(1,Ty)) + F(d(T1,y))} = % {F (1 + ;) +F(1+ y)} > F(1.5).

Since F is strictly increasing, we can find some 7 > 0 for which (8) holds true. Thus,
T is a fundamentally F-contractive type mapping.

We shall show that T is not an F-contractive type mapping. As in Example 1.7 [§],
for F' = logx the F-contractive conditions are:

d(z,Tx)d(y, Ty) # 0 implies

s*d(Tx, Ty)* < e™*7d(x, y)d(x, Tx)d(y, Ty) (12)
and d(z, Tz)d(y, Ty) = 0 implies
$3d(Tx, Ty)® < e ®7d(z,y)d(x, Ty)d(y, Tz). (13)

Now, for z = 0 and y = 2, we have

3 3
d(Tz, Ty)® =d (1, 1) = (2) =3.375
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and

=3 d(x, y)d(w, Tx)d(y, Ty) = e~37d(0,2)d(0,1)d (2, ;)

=e 3 x1.75x 1 x 1.75 = 3" x 3.0625.

Thus equation (12) is not satisfied for any 7 > 0 and hence T' is not an F-contractive

type mapping.

5. Conclusion

We introduced new classes of mappings called iterated F-contraction and fundamen-

tally F-contractive type mappings in a b-metric space and obtained some fixed point exis-
tence results for such classes of mappings.

(1]

2]

(3]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

REFERENCES

M. U. Ali, T. Kamran and M. Postolache, Solution of Volterra integral inclusion in b-metric spaces via
new fixed point theorem, Nonlinear Anal. Modelling Control 22 (2017), No. 1, 17-30.

I. A. Bakhtin, The contraction mapping principle in almost metric spaces, Funct. Anal., Gos. Ped. Inst.,
Unianowsk, 30 (1989), 26-37.

M. Boriceanu, Fixed point theory for multivalued generalized contraction on a set with two b-metrics,
Studia Univ “Babes-Bolyai” Mathematica, LIV (2009), No. 3, 1-14.

M. Cosentino, M. Jleli, B. Samet and C. Vetro, Solvability of integro-differential problems via fixed
point theory in b-metric spaces, Fixed Point Theory Appl., 2015, 70 (2015).

S. Czerwik, Contraction mappings in b-metric spaces, Acta Math. Inform. Univ. Ostrav., 1 (1993), 5-11.
T. D. Benavides and E. Llorens-Fuster, Iterated nonexpansive mappings, J. Fixed Point Theory Appl.,
20 (2018), No. 3, 1661-7746.

S. J. H. Ghoncheh and A. Razani, Fixed point theorems for some generalized nonexpansive mappings
in Ptolemy spaces, Fixed Point Theory Appl., 2014, 76 (2014).

N. Goswami, N. Haokip and V. N. Mishra, F-contractive type mappings in b-metric spaces and some
related fixed point results, Fixed Point Theory Appl., 2019, 13 (2019).

N. Haokip and N. Goswami, Some fixed point theorems for generalized Kannan type mappings in
b-metric spaces, Proyecciones (Antofagasta), 38 (2019), No. 3, 763-782.

H. Huang, G. Deng and S. Radenovié, Fixed point theorems in b-metric spaces with applications to
differential equations, J. Fixed Point Theory Appl., 20, 52 (2018).

T. Kamran, M. Postolache, M. U. Ali and Q. Kiran, Feng and Liu type F-contraction in b-metric
spaces with application to integral equations, J. Math. Anal. 7 (2016), No. 5, 18-27.

A. Lukdcs and S. Kajdnto, Fixed point theorems for various types of F-contractions in complete b-metric
spaces, Fixed Point Theory, 19 (2018), No. 1, 321-334.

S. K. Mohanta, Coincidence points and common fixed points for expansive type mappings in b-metric
spaces, Iran. J. Math. Sci. Inform., 11 (2016), No. 1, 101-113.

J. M. Ortega and W. C. Rheinboldt, Iterative solution of nonlinear equations in several variables, Siam
1970.

J. R. Roshan, V. Parvaneh, S. Sedhgi and W. Shatanawi, Common fixed points of almost generalized
(1,¢)s-contractive mappings in ordered b-metric spaces, Fixed Point Theory Appl., 2013, 159 (2013).
W. Shatanawi, A. Pitea and R. Lazovié, Contraction conditions using comparison functions on b-metric
spaces, Fixed Point Theory Appl. 2014, 135 (2014).

D. Wardowski, Fixed points of a new type of contractive mappings in complete metric spaces, Fixed
Point Theory Appl., 2012, 94 (2012).



