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Abstract. In this paper, we study the question of conditions for the existence and uniqueness
of a fixed point of a mapping over a complete metric space. We first discuss the concepts of F'-
contraction and F™ -contraction in fixed point theory. These concepts, developed respectively
by Wardowski and Piri with Kumam, have catalyzed significant research in various metric
spaces. We then propose a generalization of these concepts, p — F -contraction and p — F* -
contraction, and demonstrate its effectiveness in ensuring the existence and uniqueness of fixed
points. This new approach provides greater flexibility by including a function p that modulates
the contraction, extending the applicability of F'- and F* -contractions. We conclude the
paper with an example of a mapping that is a p — F -contraction and a p — F™* -contraction,
respectively, and has a unique fixed point. However, this mapping does not satisfy the conditions
of Wardowski and the conditions of Piri and Kumam.

Keywords: fixed-point, existence, uniqueness, F' -contraction, p — F' -contraction
Mathematics Subject Classification: 47H10, 54E35.

For citation: Chakar R., Dehilis S., Merchela W., Guebbai H. p — F -contraction fixed point
theorem. Vestnik rossiyskikh universitetov. Matematika = Russian Universities Reports. Ma-
thematics, 29:148 (2024), 485-493. https://doi.org/10.20310/2686-9667-2024-29-148-485-493


https://doi.org/10.20310/2686-9667-2024-29-148-485-493
https://doi.org/10.20310/2686-9667-2024-29-148-485-493

486

R. Chakar, S. Dehilis, W. Merchela, H. Guebbai

HAVYYHASA CTATHA

(© Yakap P., exumuc C., Mepuena B., ['e66ait X., 2024
https://doi.org/10.20310,/2686-9667-2024-29-148-485-493
VIK 517.98

Teopema o0 Heno/IBM2KHOII TOUKe p — ['-cokaTus

Panna YAKAP!', Cobuan JEXMNJINC!,
Baccum MEPYEJIA23 | Xamsa TEBBA®
! JTabopaTopus THHAMUTECKIX CHCTEM U YIPABJICHHUS,
VYuupepcurer Jlapou ben Mxuan
04000, Askup, r. YM Dub—byarn, I1.4. 358 mapmpyt Koncranruna
2 Vuusepcuter Mycradnr Crambymm
29000, Amxup, r. Mackapa, I1.41. 305 IlpocnekTt Ileiixa Dan Xamaan
3 JlabopaTopus IIPUK/IAHON MATEMATHKH U MOJIETMPOBAHS,
Yuusepcurer 8 mas 1945 r.

24000, Amxup, r. leapma, T1.99. 401

Awnnoranusga. B pabore ucciemxyercs Bompoc 06 yCIOBUSAX CYITECTBOBAHUS U €IUHCTBEHHOCTH
HEIIO/IBIKHON TOYKHU OTOOPaKEHMs [TOJTHOIO METPUIECKOro IMPOCTPAHCTBA. BHadase obcyxkaa-
0TCst ToHATUs F -cokarust u F* -cokaTusi B T€OPUU HEIMOJBUXKHBIX TOYEK. DTH IOHSITHS, Pa3-
paboranmbie coorBeTcTBeHHO Bapmosckum u Ilupm coBmectro ¢ Kymamowm, mocayxuim Kata-
JIN3aTOPOM 3HAYUTEIbHBIX UCCJIEIOBAHUI B PA3IMIHBIX METPUIECKUX ITPOCTPAHCTBAX. 3aTEM
[peJIararoTcst 000bIeHns STUX MoHATHit — p — F' -cokatme u p — F* -cxxkatue, JeMOHCTPUPYET-
cs1 uX 3 HEKTUBHOCTH B 006€CIIeYEHNN CYIIIECTBOBAHUS U €IMHCTBEHHOCTH HEIOBUXKHBIX TOYEK.
DTOT HOBBII MOJIXOJT 00eceunBaeT GOJIBITYI0 THOKOCTD 38 CIET UCHOJb30BaHus (DYHKIHH ) , KO-
TOpasi PEryJupyeT C:KaThe, PACIIUPsis BOSMOXKHOCTH npuMenust F - u F* -cxxkaruii. 3aBepiiaer
CTATBIO IIPUMEDP OTODParKeHus, ABJISIOIIerocst p — F -cxkatuem u p — F* -cokaTueM n mMeroIero
€/INHCTBEHHYIO HENOABUKHYIO TOUKY. [Ipu 9TOM 9TO 0TOOparkeHne He yIOBIETBOPSAET YCIOBUIM
Bapnosckoro u yciaosusm Iupu n Kymama.

KoiroueBble ciioBa: HENOABUXKHAsI TOYKA, CyIIECTBOBAaHHE, €JIMHCTBEHHOCTb, [ -cxxarue,
p — F -cxxarne

g muruposanus: Yaxap P., Jexuauc C., Mepuenra B., I'e66ati X. Teopema 0 HEIoaBU>KHOI
rouke p—F -cxarus // Becruuk poccmiickux ynusepcureroB. Maremaruka. 2024. T. 29. Ne 148.
C. 485-493. https://doi.org/10.20310/2686-9667-2024-29-148-485-493 (In Engl., Abstr. in Rus-
sian)
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Introduction

The introduction of two distinct approaches to the concept of F'-contraction and F™-
contraction, whereas F* stands out as an adaptation of the F' -contraction [1|, developed
respectively by Wardowski [2] and Piri with Kumam on [3] and authors on [4], has catalyzed
significant research in the field of fixed point theories [5]. These approaches have found extensive
applications in a multitude of metric spaces, such as b-metric, conic, partial, and fuzzy spaces,
among others [6-10]. Essentially, this concept guarantees the existence of a fixed point S :
X — X, where (X,d) represents a complete metric space. The F' and F* have the possibility
of assimilating these two contractions to well-established contractions such as Boyd—Wong [11]
and Matkowski [12], for this, we must ensure certain conditions. Once S satisfies the following
property, known as the F'-contraction mapping:

37 >0,Ve,y € X, Sx # Sy, F(d(Sx,Sy)) + 71 < F(d(z,y)),
where F':[0,+00) — R is assumed to satisfy the following F[R] conditions: [1]
e (1p): F is strictly increasing, i.e, 0 <t < s = F(t) < F(s),

e (2p): lim F(t) = —o0,

t—0t

e (3r): There exists k € (0,1), such that lim t*F(t) =0,

t—=0+
or we use the F*[R] conditions [12], which means that F' verifies (1z), (2r) and
e (3p+): F is a continuous function in (0, 400).

However, while this theory represents great mathematical interest, it has seen numerous different
applications and a strong attraction for scientific research. We find that Awais et al [13]
establish fixed-point results for F'-contractions of Reich type for single-valued and multivalued
applications in complete metric spaces. Sahil et al [14] introduced the notion of generalized F -
contraction and established fixed point theorems for this type of functions in complete metric
spaces. They also explore F' -expansions and their applications. We find also Inayat et al [15]
establish fixed-point results for generalized F' -contractions in complete metric spaces. They
generalize and unify several known results in the literature. But, Meir Keeler [16] addresses
fixed-point results for a class of contractions in metric spaces. He demonstrates that F'-
contractions (and F'x-contractions) fall under the category of Meir-Keeler contractions. Many
results derived from F'-contractions also apply to Meir—Keeler mappings.

Whereas, Zhukovskiy [17] extends the fixed point theory to f-quasimetric spaces, parti-
cularly generalizing the concept of F'-contraction. Unlike the classic F' -contraction proposed
by Wardowski, where the parameter 7 is constant, the article introduces a generalized version
where 7 is a variable function that depends on F'(d(x,y)). As illustrated in [17, example 7|,
this new formulation allows 7 to vary based on the distance between two points x and
y, providing greater flexibility in analyzing contractions within nonsymmetric metric spaces.
This generalization maintains key results, such as the existence of a unique fixed point and
convergence of iterations towards that point, while broadening the scope to f-quasimetric
spaces.
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Our objective is to introduce a new class of contraction, p— F'-contraction condition defined,
for p: R — R, as follows:

Ve,y € X d(z,y) >0 = F(d(Sz,Sy)) < p(F(d(x,y))).

This relation only indicates that it can be a generalization of F' -contraction with p(t) =t —T,
t € R. These assumptions are as follows:

e (1g): p is increasing,
e (2g): p is continuous,
e (3g): Forall teR, p(t) <t

In this work, we will demonstrate that the hypotheses (1g), (2r), (3g) are sufficient with the
class F|R] and F*[R] to ensure the existence of a fixed point for an operator S.

1. Preliminaries

Our goal is to demonstrate that if S is a p — F'-contraction, where F' is either of class
F[R] or of class F*[R] and p satisfies (1g), (2r) and (3g), then S has a unique fixed point.
But before beginning all this, we need the result presented by the following lemma.

Lemma 1.1. Suppose that p: R — R is verifying (1g), (2r) and (3g), then,

Vte R lim p"(t) = —o0.

n—-+0o00

P r o of. Suppose that there exists ¢ty € R, such that,

lim p"(ty) = M.

n——+o00

We define the sequence {tn}nzo by to chosen in R and t¢,.; = p(t,), for all n > 0. This
means that lim ¢, = M. Using (2r) we get,

n—-+00

lim ¢, =p( lim t,) = M= p(M).

n—-4o00 n—+400

And this is a contradiction with (3g). O

2.  p— F*-contraction

In this section, we show that the class of function p[R] is compatible with the F*[R,]
to ensure the existence and the unicity for a mapping S through the new condition p — F'-
contraction.

Theorem 2.1. Let (X,d) be a complete metric space. Let S : X — X and for p verifying
(1R)7 (2R) and (3R>7 Fe F*[R],

Va,y € X d(a,y) >0 = F(d(Sz,Sy)) < p(F(d(x,1))).
Then, S has a unique fized point > € X and

Vege X lim S"zg = x™.

n—-+4o0o
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Proof. For zy € X, we define the sequence {z,},>¢ given by z,1 = Sz, for all n > 0.
We remark that if exists ny > 0, z,, = Sz,, then z,, will be the fixed point x*°. Now,
suppose that for all n >0, d(z,,Sz,) > 0. We obtain,

F(d(zy, Sxy)) = F(d(Stp_1,S2,)) < p(F(d(zp-1,2,))).
Applying (1,) n-times we find

F(d(wn, St)) < p(F(d(wn-1,20))) < p*(F(d(@-2,20-1))) < ... < p"(F(d(w0,21)))-
Then, using Lemma 1.1,

Jim EF(d(zn, Swa)) = lim p"(F(d(z0, 21))) = —o0,
and by (2r) we conclude that
lim d(z,,Sz,) = 0.

n—-+o0o

Now to obtain the fixed point we have to show that {z,},., is a Cauchy sequence.

We suppose the existence of some ¢ > 0 and two sequences of natural numbers {¢(n)}, -,
and {¥(n)},>, such that:

Vn >0 o) >Yn) >n, dTem),Tym) =€ Ad(Tpm)—1, Typn)) < €.

We obtain,

™
VAN

A(ZTpn), Ti(n)) < ATpn)s Tpm)—1) + A(Tpm)—1, Ty(n))
AT p(n), Tpm)-1) + & = d(Tpm)-1, STe(m)-1) + €.

IN

But,
Im d(Zym)-1, STpm)-1) =0 = lIm d(zem), Tpm) = €.

n—-+o0o n—-+o0o
On the other hand and using lim d(z,, Sx,) =0, we can conclude the existence of ny > 0,

n—-+o0o

V> ng d(Tpmy, STem)) < = A(Tym), STym)) <

1 ™
1 ™

Now, we show that
Vn > No d(ajcp(n)Jrl’ :L’w(n)Jrl) = d(5$¢(n), S:L‘w(n)) > 0. (2.1)
In fact, suppose dm > ng, such that

AT pm) 41, Typemy41) = 0.
Then,

™
IA

d(-% (m)» »Wm ) < d(Zip(mys STpim)) + AT p(m) 415 Typ(my+1) + A(STyp(ny s Tp(m))
E

< S4o045=
< JH0+7=3

Which is a contradiction. From (2.1) and using p — F' -contraction hypothesis, we obtain

F(d(Spmy, STym))) < p(F(d(Zpm)s Tyn))))-
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Then
F(e) < p(F(e)) < F(e).

The last contradiction allows us to confirm that {z,}, .y is a Cauchy sequence converging to
x*>°. Then
d(Sx>*,z>) = lim d(Sx,,z,) =0 = =™ = Sz*™.

n—-+4o0o

Suppose now that there exists another fixed point for S denoted y*°, i.e. y>* = Sy>, and
x® £y = d(x>®,y>) > 0. Now,

F(d(z%,y%)) = F(d(52%,5y>)) < pF(d(x™,y™)) < F(d(z™,y7)),
which is a contradiction, then S has a unique fixed point x>°. O]

3. p— F-contraction

Our objective now is to show that the family of conditions (p1), (p2) and (p3) ensure,
for a p — F -contraction mapping S, a unique fixed point, when F is in the class F[R,]. To
achieve our goal, we add a condition on p :

VB>1VteR > |p"(t)| " < o0, (3.1)

n>P(t)
where P(t) is the smaller natural such that, p”®(¢) < 0.

Theorem 3.1. Let (X,d) be a complete metric space and S : X — X be a p— F -
contraction. Then S has a unique fixed point x>, i. e.

x> =Sz and Vroge X lim S"xy = x™.
n—-+oo

Proof For zp € X, n €N, we introduce the positif real sequence {a,},>0 by
an = d(zy, Sxy) = d(Th, Tni),

where {x,}n>0 C X is given by zy € X and z,41 = Sz, Vn > 0. If there exists ng > 0 such
ap, = 0, then z,, = Sz,, is the fixed point.

Now, suppose that a, > 0, for all n > 0. Using the p — F'-contraction hypothesis, we
obtain

Fan) < p(F(an1)) < p*(F(an-2)) < ... < p"(F(ap)).

Then,
Lt Bl = Bp ot (Flao)) = —eo,
and
lim a, = 0.

n—-+00
Let

n > p(F(GO))’
then

a"F(a,) < afp"(F(ap)) <0 = lim a*p"(F(ap)) = 0.

n—-+o0o
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We take n > N > P(F(ap)), N bigger enough such that,

e

lanp(Fla)l £1 = ay < [p"(F(ao))| ™%,

then, for all m >n > N,

[un

d(xma xn) S d<xm7 xm—l) + d(gjm—la xm—?) +. _I' xn-‘,—la xn Z |P “E = 0.
n>N

Then, {x,},>0 is a Cauchy sequence and it is converging to > in X. It is clear that = is
a fixed point of S. Suppose now that y>* € X is also a fixed point of S. Then,

F(d(z™,y>)) = F(d(Tz>,Ty>)) < p(F(d(z*,y>))) < F(d(z>,y>)),
which is a contraction. Then, S has a unique fixed point. O

4. Illustration

Let X ={x,|n=1,2,...,00} and define the metric d : X — X as follows: for m > n
AT, Tm) = (T, Tp) = %, and d(z,,z,) =0.
Let S: X — X be defined by S(z,) = z,+1. Then we have:

d(S(n), S(xm)) = :

and

d(S(zn), S(Tm)) _n
d(Tp, Tp,) n+1

— 1, n— 0.

Therefore, S is not an ordinary contraction. Let’s define the function F(d) = Ind, which
satisfies the conditions F[R] and F*[R].
Now, let’s compute 7

1 1 n+1
+In—=1n
n+1 n n

T=—F(d(S(x,),S(xm))) + Fd(xp, xpy)) = —In

— 0, n— oo.

This implies that S does not satisfy the conditions of the Wardowski and Piri-Kumam theorems
(where 7 > 0). Let us show that S satisfies the conditions of the theorems proven in this article.

Now, let the function p(t) = In (et+1> =t —1In(e’ 4+ 1). This function is increasing as:
e 1

'(t) =1— = > 0.
Pt) et+1 et+1

Furthermore, p(t) <t for t > 0, and p is continuous. Thus, p verified all conditions (p),
(p2) and (ps).

Finally, we have:

1 1 e 1
Fld(z,, 2,,))) = <F<—)>: (1 —>:1 (—>—1 — F(d(Sz,, St,)).
o) =o(F(5)) =p(2) = (5577) = g = F(d(S. Si)
We have introduced the concept of p— F -contraction, which extends the classic F'-contrac-
tion. This new approach is crucial because it generalizes fixed-point results in metric spaces
by incorporating a function p that adjusts the contracting behavior of the F -function. This



492

R. Chakar, S. Dehilis, W. Merchela, H. Guebbai

generalization is important as it not only covers traditional F'-contractions but also broader

versions like those of Wardowski and Piri-Kumam, offering greater flexibility in constructing

unique fixed points and analyzing contractive behaviors in various contexts.

As a future direction, it would be interesting to apply this notion of p — F -contraction to

f -quasimetric spaces [17], where distances are not necessarily symmetric. This would open up

the exploration of new classes of contractive mappings and further validate the effectiveness of

this generalized approach in more complex spaces, where distances may be asymmetric or only

partially defined.

Acknowledgment: We would like to thank to the editor and reviewer for their great
assistance and remarks proposed to improve our paper.
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