AIMS Mathematics, 9(1): 1959-1968.
DOI: 10.3934/math.2024097
AIMS Mathematics Received: 02 November 2023
Revised: 01 December 2023
Accepted: 08 December 2023
http://www.aimspress.com/journal/Math Published: 18 December 2023

Research article

Paired contractive mappings and fixed point results

Deep Chand!* and Yumnam Rohen'?

! Department of Mathematics, National Institute of Technoogy Manipur, Langol-795004, Imphal,
Manipur, India

2 Department of Mathematics, Manipur University, Canchipur, Imphal-795003, Manipur, India

* Correspondence: Email: deepak07872@gmail.com; Tel: +919454581983.

Abstract: In this study, we explored a novel type of contraction, known as paired contraction (PC),
to establish fixed points in metric spaces. It has been demonstrated that mappings possessing the
PC property are continuous. We have also provided proofs for the existence of fixed points for such
mappings with the classical Banach fixed point theorem emerging as a corollary. Furthermore, we
presented examples of mappings that do not satisfy the standard contraction condition, but do exhibit
the PC property.
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1. Introduction

The contraction mapping principle, initially formulated by S. Banach in his 1920 dissertation and
subsequently published in 1922 (as referenced in [1]), marked a pivotal development in mathematics.
While the concept of employing successive approximations had been previously explored by notable
figures like P. L. Chebyshev, E. Picard, R. Caccioppoli and others in various specific contexts, it was S.
Banach who first articulated this fundamental concept in a precise abstract form that could be applied
across a diverse range of applications. After a century, the enthusiasm of mathematicians worldwide
for fixed-point theorems remains substantial. This is affirmed by the emergence of numerous articles
dedicated to the fixed point theory and its applications in recent decades (see [2]).

Over the years, the Banach contraction principle has undergone various generalizations. In the
work of W. Kirk [3], it is pointed out that, in addition to Banach’s original fixed point theorem, there
exists three classical fixed point theorems that serve as benchmarks for examining metric extensions.
These include Nadler’s widely recognized set-valued extension of Banach’s theorem [4], the extension
of Banach’s theorem to nonexpansive mappings [5] and Caristi’s theorem [6]. Additionally, it is
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possible to categorize at least two types of generalizations of these theorems. In the first scenario,
the strict contractive nature of the mapping is relaxed, as evidenced by works of Boyd and Wong on
nonlinear contractions in [7], Suzuki on asymptotic contractions in [8] and Meir Keeler in [9], and
more details can be gleaned from [10-16]. In the second scenario, the topological requirements are
eased, as exemplified in publications like [17-25].

Motivated by the results mentioned above in this paper, we introduce a novel form of mapping
contraction, referred to as paired contraction (PC), with the objective of establishing new fixed points
results within the metric spaces. It has been demonstrated that mappings satisfying the PC property
are continuous. Although the proof for the main theorem of this work relies on the concepts found
in the proof of Banach’s classical theorem, the fundamental difference lies in the fact that PCs are
defined based on three points in space instead of two (Banach contraction). In addition, we need a
condition to ensure that the mapping does not possess periodic points with a prime period of two. The
ordinary contraction mappings constitute a significant subclass among these mappings, and this readily
enables us to derive the classical Banach theorem as a simple corollary. An illustrative example has
been created that satisfies PC conditions but does not meet the criteria for being a contraction mapping,
providing support for our result.

2. Paired contraction and fixed point results

The key findings of our manuscript are presented in this section. We start with the definition of a
well-known metric space.

Definition 2.1. A metric space is a nonempty set X equipped with a distance functiond : X X X —
[0, o0) that holds:

(i) d(x,y) > 0and d(x,y) = 0 if, and only if, x = y;
(ii) d(x,y) = d(y, x);
(iii) d(x,z) < d(x,y) +d(y,2),

forall x,y,z € X. The pair (X, d) is referred to as a metric space.

Definition 2.2. In the context of a metric space (X, d) with a cardinality of at least three, denoted as
|X| > 3, we will say that mapping T : X — X will have PC on X if there exists a real number a € [0, 1)
such that the following inequality holds:

d(Tx,Ty)+d(Ty,Tz) < a(d(x,y) +d(y,z)) 2.1

forall x,y,z € X.

Remark 2.1. It’s important to note that the condition necessitating that x,y, z € X be pairwise distinct
is essential. Without this condition, the definition would be equivalent to that of a contraction mapping.

Proposition 2.1. Mappings possessing the paired contraction property are continuous.

Proof. Consider a metric space (X, d) with a cardinality of at least three, and let 7 : X — X be a
mapping that has PC on X. If x, is an isolated point in X, then it’s evident that 7 is continuous at xy.
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Now, let’s consider the case where xj is an accumulation point. We want to demonstrate that for
every € > 0, there exists a > 0 such that d(T'xy, Tx) < & whenever d(xp,x) < 6. Since xj is an
accumulation point, for any ¢ > 0, there exists a point y € X such that d(xy,y) < ¢. By (2.1), we have:

d(Txy, Tx) <d(Txy, Tx)+d(Tx,Ty)
< a(d(xg, x) + d(x,y))
< a2d(xg, x) + d(xp,y)) (using triangle inequality).
< 3ad.

Setting 6 = £/(3a), we obtain the desired inequality. O

Remark 2.2. In the context of a metric space X, consider a mapping T. A point x € X is termed a
periodic point of period n if T"(x) = x. The smallest positive integer n for which T"(x) = x is referred
to as the prime period of x, as defined in [23].

Theorem 2.1. Let (X,d) be a complete metric space with cardinality of at least three. Consider a
mapping T : X — X with the PC property on X, then it can be concluded that:

(i) T has a fixed point if, and only if, T does not have periodic points of prime period two.
(ii) The number of fixed points is at most two.

Proof. Let T be a mapping with no periodic points of prime period two. We aim to demonstrate that
there exists a fixed point for 7. Suppose we have an initial point xo, € X such that Txy = x;, Tx; = x;
and so on, forming a sequence xg, X1, X2, . . ..

Assuming that none of the points x; are fixed points of the mapping T for every i = 0,1,..., we
can prove that all x; are distinct. Since x; is not a fixed point, we have x; # Tx; = x;;1. Moreover,
due to the absence of periodic points of prime period two, we can conclude that x;,, = T(T(x;)) # x;.
Additionally, given our supposition that x;,; is not a fixed point, we can also deduce that x;;; # x;,, =
T x;;1. Consequently, x;, x;.1, and x;,, are all distinct from each other. Now,

A%, Y1) + A1, X42) =AT 201, TX) + d(T X, T01)
<a(d(x,-1, x,) + d(xp, Xp11))

Sa'z(d(-xn—% xn—l) + d(-xn—l s xn))

<a"(d(xo, x1) + d(x1, X2)).

If we consider Ko = d(xgp,x1) + d(x1,x2), Ki = d(x1,x) + d(x, x3),...... , K, = d(x,, x,41) +
d(x,+1, X,+2), then we have
K, <aK,; <K, < ... < a"Ky. (2.2)

Assume that there exists a minimal natural number j > 3 for which x; = x; with i satisfying 0 < i <
J — 2. In this case, it follows that x;,; = x;;; and x> = x;4». Hence,

K; = d(xi, xi1) + d(xis1, Xip2) = d(xj, xj41) + d(xj41, xj42) = K.

This leads to a contradiction with Eq (2.2). Therefore, there cannot exist such values of i and j.

AIMS Mathematics Volume 9, Issue 1, 1959-1968.



1962

Now, let’s demonstrate that the sequence {x,} is a Cauchy sequence. Based on the previous
arguments, it is evident that:

d(xn’ xn+1) < d(-xna-xn+l) + d(-xn+la-xn+2) = Kn < anKO- (23)
By applying the triangle inequality and considering Eq (2.3), we can establish the following:

d(xm Xn+l) < d(xm xn+1) + d(xn+19 xn+2) .ot d(xn+l—19 xn+l)
< CanO + CY”+1K() + ..+ a/"”_lKo
=d"l+a+..+a"HK,

1= !
:a”( a)K().
l1-a

Under the assumption that @ € [0, 1), we can observe that d(x,, x,;) < o/’ﬁKo. Consequently, as we
let n — oo, we find that d(x,, x,+;) tends to zero for any positive value of /. This demonstrates that {x,}
is a Cauchy sequence.

Utilizing the completeness of the metric space (X, d), we can conclude that the sequence has a limit,
denoted as x* € X. To prove that x* is a fixed point of 7T, let’s employ the triangle inequality and
Eq (2.1). This yields:

d(x*", Tx") <d(x", xpe1) + d(x,1, Tx")
=d(x", x,41) +d(Tx,, Tx")
<d(x*,x,)+d(Tx,_,Tx,) +d(Tx,, Tx")
<d(x",x,) + ald(x,_1, x,) + d(x,, x)).

Letting n — oo, we obtain d(x*, Tx*) = 0, that is, Tx" = x".

Assume that there exists three pairwise distinct fixed points, denoted as x, y and z. This implies that
T(x) = x, T(y) =y and T(z) = z. However, this contradicts Eq (2.1).

On the other hand, if we assume that T possesses a fixed point x* and let x be a periodic point of
prime period two, where Ty = T(Tx) = x, we can derive the following:

d(Tx,Tx")+d(Tx",Ty) = d(y, x") + d(x", x),

which is a contradiction. O
Here is an example of a mapping T that has PC property and exactly two fixed points:

Example 2.1. Let X = {1,2,3} and define the distance function d as follows: d(1,1) = d(2,2) =
d(3,3) = 0,d(1,2) = d2,1) = 1, d2,3) = d(2,3) = § and d(1,3) = d(3,1) = 1. The mapping
T:X — XisdefinedbyT(1)=1,T2)=2and T(3) = 1.

It can be easily verified that Eq (2.1) holds for this example and, furthermore, T does not possess
periodic points of prime period two.

Remark 2.3. It is not a contraction mapping as d(T'1,T2) = d(1,2).

Here is an example of a mapping T that has PC property and does not have any fixed points:
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Example 2.2. Let X = {1,2,3} and define the distance function d as follows: d(1,1) = d(2,2) =
d3,3) =0, d(1,2) =d2,1) =1, d2,3) = d2,3) = 1 and d(1,3) = d(3,1) = 1. The mapping
T:X — XisdefinedbyT(1)=2,T2)=1,and T(3) = 1.

In this example, both elements 1 and 2 are periodic points of prime period two, and there are no
fixed points in T.

Theorem 2.2. In the context of Theorem 2.1, if the fixed point x* is a limit of the Picard iteration
sequence x, = T x,_, with an initial point x| = T xy for any xy € X, then x* is the unique fixed point.

Proof. Indeed, assuming the existence of another fixed point x** for T where x™ # x*, we can deduce
from the previous explanation in the proof of Theorem 2.1 that x,, # x** for all n € N. Consequently, it
becomes evident that x*, x™ and x, are pairwise distinct for all natural numbers n. By employing the
triangle inequality and taking into account Eq (2.1), we can derive the following:

d(x*, x™) <d(x",Tx,) +d(Tx,, x™)
=d(Tx",Tx,) +d(Tx,, Tx™)
< a(d(x", x,) + d(x,, X)),

As we let n approach infinity and consider @ € [0, 1), we arrive at d(x*, x**) = 0, which implies x* = x™*.
This demonstrates that x* is indeed the unique fixed point of 7" in X. O

Definition 2.3. In a metric space (X,d), a mapping T : X — X is considered a contraction mapping
on X if there exists a constant « € [0, 1), such that the inequality

d(Tx,Ty) < ad(x,y) 2.4

holds for all x and y in X.

Corollary 2.1. (Banach fixed-point theorem) In a nonempty, complete metric space (X,d) with a
contraction mapping T : X — X, there exists only one fixed point for T.

Proof. For cases where the cardinality of X is |X| = 1 or |X| = 2, the proof is straightforward. However,
when |X| > 3, the following argument applies:

Suppose there exists an element x € X such that 7(Tx) = x. Consequently, we have d(x, Tx) =
d(Tx,x) = d(Tx,T(Tx)), which contradicts the contraction property (2.4). Thus, T cannot possess
periodic points of prime period two.

Now, let x,y, z € X be pairwise distinct. By applying (2.4), we deduce that d(T(x), T(y)) < ad(x,y)
and d(T(y), T(z)) < ad(y, z). We have

d(T(x), T(y) +d(T(y), T(z) < a(d(x,y) + d(y,2)).

This implies that 7 is a mapping with the PC property on X.
By virtue of Theorem 2.1, we can conclude that the mapping 7T must have a fixed point. The
uniqueness of the fixed point can be demonstrated using a standard method. O

Note: In the context of a given metric space X, an accumulation point of X is defined as a point
x € X for which every open ball centered at x contains an infinite number of points from X.
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Proposition 2.2. In a metric space (X,d) where |X| > 3, if T : X — X is a mapping with the PC
property on X and x is an accumulation point of X, then inequality (2.4) holds for all points y € X.

Proof. If x € X is an accumulation point and y € X, it’s evident that (2.4) holds when y = x. Now,
consider the case when y # x. As x is an accumulation point, there exists a sequence z, — x such that
Z, £ X, 7, # y and all z,, are distinct. Consequently, by (2.1), we have the inequality:

d(Tx,Tzy) + d(Tz,, Ty) < ad(x,2,) + d(zn, ),

which satisfies for any n € N. Since d(x, z,) — 0 and considering the continuity of every metric, we
can deduce that d(y, z,) — d(x,y). Also, since T is continuous, it follows that d(Tx, Tz,) — 0 and,
consequently, d(T'z,, Ty) — d(Tx, Ty). Then, by allowing n — oo, we obtain:

d(Tx,Ty) < ad(x,y),

which is equivalent to (2.4). O

Corollary 2.2. In a metric space (X, d) with |X| > 3, where T : X — X is a mapping with PC property,
if all points in X are accumulation points, then it follows that T is a contraction mapping.

Example 2.3. Let X = {xo, x1, X2, ....... } C R, where

zim, wheniisoddandi=2m+1"

and let d be the Euclidean metric on X, then (X, d) is a complete metric space.

Define a mapping T : X — X as Tx = x;,1, for all x = x; € {xg, X1, X2, ...... 1. Now, we will show that
T is not a contraction mapping, but it is a PC mapping satisfying condition (2.1).

It can be easily verified that for any three distinct points from the space X, one of them lies between
two others (see Figure 1). Now,

{ %, when i is even and i = 2m;
X; =

3 4 3 4 1
d(T Xom, TXoms1) = d(Xome1, Xome2) = d(z—m, W) = |2—m - 2er1| = o (2.5)
and 4 3 4 3 1
d(Xpm, Xom =d=, =)=l === 2.6
(25 X2m+1) (2m 2m) |2m 2m| o (2.6)

Hence, it is clear that d(Tmyy, T Xome1) = d(Xom, Xoms1) for all m = 0, 1,2, ....., and using (2.4), we see
that T is not a contraction mapping.

Xo X1 Xz X3 Xa X5 X X X

# * # * * * »
3 3 1

4 3 2 = 1 = = 0
2 4 2

Figure 1. Configuration of the points of the metric space (X, d).

Let us take three distinct points x;, X, xy € X. The following terminologies we will used thoroughly
in the proof, which can be easily verified from the configuration of the metric space (Figure I).
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(a) Foralli=0,1,2,3,.....

_[dG.5).  i=2m
d(Xi’ Xis1) = { d(%, 2’;%), i=2m+1,

4 3 © .
_{ 3 "l 1=2m;

3 4 :
2_’”_WI’ l:2m+1,
11

where [-] is greatest integer function.
(b) Forall 0 <i< j, wherei,je{0,1,2,3,...... 1,

1 1
d(xi+1,xj+1) = d(xiaxj) - (2[51 - Z[é])-
(c) Forall0 <i< j, wherei, j€{0,1,2,3,.....},

d(x;, x;) < d(x;, Xoo) < 4d(x;, Xit1)-

(d) Foralli,je{0,1,2,3,.....},

|_
N

i<j =

I
i+1<j = L <L
14 [5]
2L2 2x2°2

2.7)

(2.8)

(2.9)

(2.10)

Now to prove contractive condition (2.1), let us consider i < k. On taking account (2.7), (2.8), (2.9)

and (2.10), we will prove the contractivity (PC) in the following cases:
Casel. 0<i< j<kforalli jkeO0,1,2,3,...

Figure 2 illustrates the arrangement of the points x;, x; and xi, also establishing relationships

among their relative distances in Case 1. Now, we have

d(Tx, Tx) +d(Tx;, Tx)  d(Tx,Txe)  d(Xig1, Xge1)

= = =
Y d(x;, x;j) + d(xj, x) d(x;, xi) d(x;, xi)
A0, ) — (L — 1 BN BEN L
_ (X xe) (2[51 21%1) . NUSRTY -1 NESIERONTS -1 ol 4]
d(x;, xi) d(xi, xi) d(xj, Xeo) 4d(x;, Xiz1)
1
_q o xas -1- 1 - 7
4 % 214 8 8
X; X Xk
» - .
. d(x;, x;) | dix;, x) |
I i
d(xi,Xk)
< >

Figure 2. x;, x; and x; in Case 1.
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Case2. 0< j<i<kforalli,jke0,1,2,3,...
Figure 3 illustrates the arrangement of the points x;, x; and x;, and their relative distances in Case 2.
We have

B d(Tx;, Tx;) +d(Tx;, Tx) 3 d(Tx;, Tx;) +d(Txj, Tx;)

Jik — d(xl', xj) + d(.x]', -xk) N d(_X'j, Xi) + d(-xj, )Ck)
N (L - L X)) — (- - L
_ A x) (2[%1 ap) 40 %) (2['7” 2[%]) las j<iand j+ 1 < k]
d(xj, x;) + d(xj, xi) ! !
211 2 - L
=1-= Q41 ol olh <1- 231 olil pold)
d(xj, x;) +d(xj, x) 2d(x;, Xco)
| 1
<1- 2><2[%] 1_&: —LZE
T 2x4d(xj,xjn) T 2X4Xﬁ 16 16
X; Xi Xi
» - .
d(Xi, Xj) ‘
I \
> d(x:, xi) o
< -1
d(xj)xk)

Figure 3. x;, x; and x; in Case 2.

Notice that similar reasoning can follow the third case 0 < i < k < j because of symmetry in the
expression.
Hence, inequality (2.1) holds for every three pairwise distinct points from the space X with the
15 315

coefficient @ = 3z = max{3, 1. Within this example, zero is the unique fixed point of the mapping T.

3. Conclusions

In conclusion, our research has introduced and investigated the concept of PC in the context of
metric space theory. We have established that mappings with PC, in the absence of periodic points
of prime period two, exhibit a maximum of two fixed points. Furthermore, we have uncovered
that mappings with PC, with a periodic point of prime period two, may not have a fixed point.
Moreover, our study has unveiled an interesting relationship between contraction mappings and PC,
demonstrating that all contraction mappings inherently exhibit PC. However, the converse may not
universally hold, as evidenced by the examples provided. This insight expands our understanding
of contraction mapping theory and its relationship with the classical Banach contraction principle.
The concept of PC represents a valuable addition to the realm of metric space theory, offering new
perspectives and possibilities. These findings create a strong foundation for exploration in various
fields of science and engineering.

AIMS Mathematics Volume 9, Issue 1, 1959-1968.



1967

Use of AI tools declaration

The authors declare that they do not have used Artificial Intelligence (Al) tools in the creation of
this article.

Acknowledgments

We would like to acknowledge that the first author has financial support from University Grant
Commission (UGC) of India under UGCNET-JRF scheme with grant ID 1174/(CSIRNETJUNE2019).

Conflict of interest

The authors declare that there is no conflict of interest.

References

1. S. Banach, Sur les opérations dans les ensembles abstraits et leur application aux équations
intégrales, Fund. Math., 3 (1922), 133—181. https://doi.org/10.4064/fm-3-1-133-181

2. K. Mebarki, S. Georgiev, S. Djebali, K. Zennir, Fixed point theorems with applications, 1 Eds.,
Chapman and Hall/CRC, 2023. https://doi.org/10.1201/9781003381969

3. W. Kirk, N. Shahzad, Fixed point theory in distance spaces, Springer Cham, 2014.
https://doi.org/10.1007/978-3-319-10927-5

4. Jr. Nadler, B. Sam, Multi-valued contraction mappings, Pac. J. Math., 30 (1969), 475-488.
https://doi.org/10.2140/pjm.1969.30.475

5. W. A. Kirk, A fixed point theorem for mappings which do not increase distances, Amer. Math.
Monthly, 72 (196), 1004-1006. https://doi.org/10.2307/2313345

6. J. Caristi, Fixed point theorems for mappings satisfying inwardness conditions, Trans. Amer. Math.
Soc., 215 (1976), 241-251. https://doi.org/10.1090/s0002-9947-1976-0394329-4

7. D. W. Boyd, J. S. Wong, On nonlinear contractions, Proc. Amer. Math. Soc., 20 (1969), 458—464.
https://doi.org/10.1090/s0002-9939-1969-0239559-9

8. T. Suzuki, Fixed-point theorem for asymptotic contractions of Meir-Keeler type in complete metric
spaces, Nonlinear Anal., 64 (2006), 971-978. https://doi.org/10.1016/j.na.2005.04.054

9. A. Meir, E. Keeler, A theorem on contraction mappings, J. Math. Anal. Appl., 28 (1969), 326-329.
https://doi.org/10.1016/0022-247x(69)90031-6

10. D. Wardowski, Fixed points of a new type of contractive mappings in complete metric spaces,
Fixed Point Theory Appl., 2012 (2012), 94. https://doi.org/10.1186/1687-1812-2012-94

11. P. D. Proinov, Fixed point theorems for generalized contractive mappings in metric spaces, J. Fixed
Point Theory Appl., 22 (2020), 21. https://doi.org/10.1007/s11784-020-0756-1

12. O. Popescu, Some remarks on the paper “Fixed point theorems for generalized
contractive mappings in metric spaces’, J. Fixed Point Theory Appl., 23 (2021), 72.
https://doi.org/10.1007/s11784-021-00908-7

AIMS Mathematics Volume 9, Issue 1, 1959-1968.


http://dx.doi.org/https://doi.org/10.4064/fm-3-1-133-181
http://dx.doi.org/https://doi.org/10.1201/9781003381969
http://dx.doi.org/https://doi.org/10.1007/978-3-319-10927-5
http://dx.doi.org/https://doi.org/10.2140/pjm.1969.30.475
http://dx.doi.org/https://doi.org/10.2307/2313345
http://dx.doi.org/ https://doi.org/10.1090/s0002-9947-1976-0394329-4
http://dx.doi.org/https://doi.org/10.1090/s0002-9939-1969-0239559-9
http://dx.doi.org/https://doi.org/10.1016/j.na.2005.04.054
http://dx.doi.org/https://doi.org/10.1016/0022-247x(69)90031-6
http://dx.doi.org/https://doi.org/10.1186/1687-1812-2012-94
http://dx.doi.org/https://doi.org/10.1007/s11784-020-0756-1
http://dx.doi.org/https://doi.org/10.1007/s11784-021-00908-7

1968

13

14.

15.

16.

17.

18.

19.

20.

21

22.
23.

24,

25.

@é’“@f AIMS Press

D. Chand, Y. Rohen, Fixed points of (a; — B, — ¢)-contractive mappings in S-metric spaces,
Nonlinear Funct. Anal. Appl., 28 (2023), 571-587. https://doi.org/10.22771/nfaa.2023.28.02.15

N. Priyobarta, Y. Rohen, S. Thounaojam, S. Radenovic, Some remarks on a-admissibility in S-
metric spaces, J. Inequal. Appl., 2022 (2022), 34. https://doi.org/10.1186/s13660-022-02767-3

S. S. Chauhan, K. Kaur, Fixed point theorem for a pair of s-a contractions in b-dislocated metric
spaces, Adv. Appl. Math. Sci., 19 (2020, 783-791.

A. Farajzaddeh, G. H. Joonaghany, E. Hazar, Y. Wang, Some fixed point theorems for Suzuki type
E-contractions via y-simulation functions and their applications in integral equations, J. Nonlinear
Convex Anal., 23 (2022), 2707-2721.

S. Jankovié, Z. Kadelburg, S. Radenovi¢, On cone metric spaces: A survey, Nonlinear Anal., 74
(2011), 2591-2601. https://doi.org/10.1016/j.na.2010.12.014

W. A. Kirk, N. Shahzad, Generalized metrics and Caristi’s theorem, Fixed Point Theory Appl.,
2013 (2013), 129. https://doi.org/10.1186/1687-1812-2013-129

B. Samet, Discussion on “A fixed point theorem of Banach-Caccioppoli type on a class of
generalized metric spaces” by A. Branciari, Publ. Math. Debrecen., 76 (2010), 493-494.
https://doi.org/10.5486/pmd.2010.4595

N. Saleem, I. Igbal, B. Igbal, S. Radenovic, Coincidence and fixed points of multivalued F-
contractions in generalized metric space with application, J. Fixed Point Theory Appl., 22 (2020),
81. https://doi.org/10.1007/s11784-020-00815-3

. H. A. Hammad, M. De la Sen, Generalized contractive mappings and related results in b-metric

like spaces with an application, Symmetry, 11 (2019), 667. https://doi.org/10.3390/sym11050667

N. Priyobarta, Y. Rohen, N. Mlaiki, Complex valued § ,-metric spaces, J. Math. Anal., 8 (2017),
13-24.

R. Devaney, An introduction to chaotic dynamical systems, 2 Eds., CRC Press, 2003.
https://doi.org/10.4324/9780429502309

S. G. Georgiev, K. Bouhali, K. Zennir, A new topological approach to target the existence
of solutions for nonlinear fractional impulsive wave equations, Axioms, 11 (2022), 721.
https://doi.org/10.3390/axioms 11120721

E. Soori, M. R. Omidi, A. P. Farajzadeh, Y. Wang, An implicit algorithm for finding a fixed
point of a Q-nonexpansive mapping in locally convex spaces, J. Math., 2021 (2021), 9913909.
https://doi.org/10.1155/2021/9913909

©2024 the Author(s), licensee AIMS Press. This
is an open access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

AIMS Mathematics Volume 9, Issue 1, 1959-1968.


http://dx.doi.org/https://doi.org/10.22771/nfaa.2023.28.02.15
http://dx.doi.org/https://doi.org/10.1186/s13660-022-02767-3
http://dx.doi.org/https://doi.org/10.1016/j.na.2010.12.014
http://dx.doi.org/https://doi.org/10.1186/1687-1812-2013-129
http://dx.doi.org/https://doi.org/10.5486/pmd.2010.4595
http://dx.doi.org/https://doi.org/10.1007/s11784-020-00815-3
http://dx.doi.org/https://doi.org/10.3390/sym11050667
http://dx.doi.org/https://doi.org/10.4324/9780429502309
http://dx.doi.org/https://doi.org/10.3390/axioms11120721
http://dx.doi.org/https://doi.org/10.1155/2021/9913909
http://creativecommons.org/licenses/by/4.0

	Introduction
	Paired contraction and fixed point results
	Conclusions

