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Abstract

In this paper, we discuss some near-fixed point theorems with control functions for mappings that are specifically
generalized weakly contraction in metric and normed interval spaces. We prove the existence and uniqueness of near-
fixed points and common near-fixed points for these mappings. Moreover, we provide some examples to demonstrate
the validity of our extensions.
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1 Introduction

Banach’s contraction principle is a very important and fundamental tool in many branches of mathematical analysis,
which has been generalized in various fields. One of the generalizations of Banach’s contraction principle is about
contractive mappings on metric spaces, and so researchers have studied them. Fixed point theory as an effective
nonlinear analysis tool has been the research field of many mathematicians in the last fifty years [3| [7, 11]. Alber et al.
first expressed the notion of weak contraction in Hilbert spaces, and Rhoades generalized this concept to metric spaces
11, [7]. Khan et al. introduced the concept of a control function called an alternating distance function [7, II]. In
1906, Fréchet initiated the concept of metric spaces, and since then Many researchers have generalized this concept to
other spaces [2]. In 2018, Wu defined the notion of near-fixed points for collecting all closed and bounded intervals Z in
R. He also stated the notion of the null set and proposed metric interval space (MIS) and normed interval space (NIS)
based on it [I3]. Since the customary normed space is based on the vector space and the interval space Z is not a vector
space, we cannot consider the customary normed space (Z, ||-||). To overcome this problem, the NIS has presented
based on the null set. Due to Banach’s contraction principle, a fixed point for mapping 7T is expressed provided that
we have the metric space (Z,d). But for some distance functions such as d([k, ], [u,v]) = |(k +1) — (u + v)|, we can
not consider the space (Z,d) as a metric space. To resolve this difficulty, the MIS has been introduced based on the
null set, so the MIS and the NIS cannot be the customary metric and normed spaces [I3]. Since there is no additive
inverse member for any non-degenerated closed interval in Z, therefore Z is not a linear space. The algebraic structure
of 7 is named a quasilinear space (QLS) [5l, 6], @} 10} [15]. The QLS was first stated by Aseev in 1986 [4].
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One of the important topics in solving practical problems is data collection. But this work is not exactly possible
in some situations. For example, measuring the level of liquids due to fluctuations and recording stock prices in short
time intervals due to the intensity of fluctuations in the trading market cannot be evaluated exactly. In these cases,
uncertain data can be described by using bounded closed intervals. In other words, the level of liquids and the stock
price can be considered to be inbounded closed intervals, which indicates uncertainty. Therefore, interval analysis can
be used to cope with uncertainty in issues such as engineering, economics and social sciences [14].

The purpose of this article is to define different types of certain weak contractive mappings in the MIS and the
NIS and prove near-fixed point theorems related to them. Various types of certain generalized weakly contractive
mappings and related theorems have been stated in different articles, such as [Il 2] [7, 8]. We present these theorems
and definitions with the metric and norm based on the null set in the MIS and the NIS. In other words, we describe
these definitions and theorems in the MIS and the NIS. We investigate contractive mappings on the MIS and the NIS,
which are generalizations of Banach’s contraction principle, and present some examples.

In section [2] we define the interval space and the null set. In sections [3| and [4] we introduce the MIS and the NIS
and their properties. In section [5) we define different types of specific generalized weakly contractive mappings in the
MIS and the NIS and prove the near-fixed point theorems for these mappings. Finally, in section [6] we give a general
conclusion for the article.

2 Preliminaries

Suppose that Z is the collection of all closed and bounded intervals [k, ] in R, such that k¥ <. The addition and
scalar multiplication operations on Z are defined as follows:

_ | ak,al] ifa>0
[k, & [u,v]=[k+u,l+v] and alkl]= { lal,ak] ifa < 0.
Note that Z is not a customary vector space cosidering mentioned two operations, because there is no additive
inverse member for any non-degenerated closed interval. Clearly we have [0,0] € Z as a zero member. However, the
following subtraction does not give a zero element for some [k,I] € Z,

k1) & [k, 1) = [k, 1] & [<1, —k] = [k — 1,1 — k].

The null set is defined by:
Q= { [k, 0]k, [k, 1] EI}.

It is clear that

Q={[-a,a]: a>0}={a[-1,1]: a>0}.

For more details, see [I3]. Because some members of Z have not a additive inverse member, so Z is not a linear
space. The algebraic structure of Z is named a quasilinear space (QLS) [9]. The QLS was first stated by Aseev in
1986 []. He defined the QLS as follows.

Definition 2.1. [4] A set X is called a quasilinear space (QLS) if a partial order ”<”, an algebraic addition operation,
and a multiplication operation on real numbers are expressed in it such that the following conditions hold for any
elements =, y,z,v € X and any «, 3 € R:

1) z<a

(2) z<zifz<yandy <z,

(3) z=yifzr<yandy<ux,

(4) v+y=y+u,

B) x+(y+2z2)=(x+vy)+2z

(6) there exists an element § € X such that © + 6 = x,



Generalized weak contractions with control functions on metric and normed interval spaces 11

(a+8) - z<a-x+8- =,

)
)
)

10) 0-x =46,
)
) z+z2<y+4vifz<yand z <w,
) arx<a-yifz<y.

An important example of quasilinear spaces is Z, the collection of all closed real intervals, with the inclusion relation
7 C 7”7, and with the addition and real-scalar multiplication operations are defined as follows:

A+B={a+b:acAbe B} and A -A={)a:ac€ A}
This set is denoted by Q¢ (R). For more details, see [5] 6] @, 10, 15].

Remark 2.2. [13] In any interval space, the following facts are valid:
e The distributive law is generally incorrect, i.e.,
(a+B) [k, 1] # alk,l)® B[k, forany [k,]]€Z and o,f€R
For example, for a = —5, f = 3 and [k, ] = [—1, 3], the equality is incorrect.
e The distributive law is true provided that the scalars are both positive or both negative, i.e.,
(a+B) k1] =alkl]® Bk, forany [k,]€Z and «,8>0 or «,8<0.
e For any [k,1],[u,v],[m,n] € Z, we have
[m,n] & ([k,1]] @ [u,v]) = [m,n] & (— [k,1]) & (— [u,v]) = [m,n] © [k, 1] & [u,]. (2.1)
o We define [k, £ [u,v] if and only if

Jwr,we € Q such that [k, 1] & w1 = [u,v] & wo. (2.2)

Clearly, [k,1] = [u,v] implies [k, l} [u ] by choosing wy = wy = [0, 0] . However, the inverse is not usually true.

The following class based on the relation 2 for any [k,l] € Z, is defined by:

<wﬂ>={muez;mn2mWQ. (2.3)

(T) represents the family of all classes { [k,1] ) for [k,I] € T

Proposition 2.3. [I3] The relation 2isa reflexive, symmetric and transitive relation, and therefore, £ will be an
equivalence relation.

This proposition shows that the classes (2.3) provide the equivalence classes. Moreover, [u,v]| € <[k, l]> implies
that ( [k,{] ) = ([u,v] ). Note that the quotient collection Z will not necessarily be a customary vector space(see [13]).
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3 Metric interval space and its properties
Definition 3.1. [I3] Suppose that Z is the collection of all bounded and closed intervals in R and d : Z x Z — R™
is a mapping. A pair (Z,d) is named a metric interval space (MIS) if the following three conditions hold for d:
(i) d([k,1],[u,v]) =0 if and only if [k,I] g [u,v], for all [k,l],[u,v] € T;
(ii) d([k,1], [u,v]) = d([u,v], [k,1]) for all [k,I], [u,v] € T;
(iii) d([k, 1], [w,v]) < d([k,1],[m,n]) + d([m,n], [u,v]), for all [k,I], [u,v],[m,n] € L.

We have a pseudo-metric interval space (Z,d) if conditions (ii) and (iii) hold for d. We say that the null equalities
hold for d if it satisfies the following equalities for any wy,ws € 2 and [k, 1], [u,v] € I:

o d([k,l] ® w1, [u,v] ® w2) = d([k, ], [u,v]);
o d([k,1] & w, [u,v]) = d([k, 1], [u, v]);
o d([k,1], [u,v] & w2) = d([k, ], [u,v]).
Definition 3.2. [I3] The sequence { [kn, 1n] }:il is named a convergent sequence in pseudo-metric interval space
(Z,d) if and only if lim d([kn,ls],[k,1]) = O for some [k,{] € Z. In fact, the member [k,[] is the limit of sequence
0 n—oo
{Tknsln] 3,y

Proposition 3.3. [13] If the sequence { [ky, 1] }ZO_ exists in Z such that lim d([kn,l.],[k,{]) = 0 and the null

=1 n—oo

equality holds for d, then lim d([ky,l,],[u,v]) = 0 for any [u,v] € ([k,1] ).
n—oo

Definition 3.4. [13] Let the sequence { [ky, [,,] }Zo

_, exists in 7 such that li_>m d([kn,ln], [k,1]) = 0 for some [k,l] € T.

Then the class < [k,1] > is named the class limit of { [kn, 1] }:011. In addition, the uniqueness of the limit class in a
MIS is easily obtained (see [13]).

Definition 3.5. [13] Let { [kn, ] }20:1 be a sequence in the MIS (Z, d) such that

Ve > 0, 3N € N such that d([kn,ls], [km,lm]) <&, Vn,m > N.

Then { [kn, 1] }2021
and only if every Cauchy sequence { [kn, 1n] }ZO=1 in W converges to an element [k,[] € W.

is called a Cauchy sequence in Z. Moreover, a subset W of Z in the MIS (Z, d) is complete if

Example 3.6. [13] Suppose that d : T x T — R™ is defined by d([k, 1], [u,v]) = |(k +1) — (u+ v)|. Then, it is obvious
that (Z,d) is a complete metric interval space (CMIS) and the null equality holds for d.

4 Normed interval space and its properties

Definition 4.1. [I3] For a mapping ||-|| : Z — R™ that RT is nonnegative real numbers, we present the following
features:
@) A& = |A] - ||[k, ]|, for all [k,1] € T and X € TF;
(@°) [IA[E, ) = 1A - II[E, 1|, for all [k,l] € Z and A € F with A # 0;
(ii) ([~ 1] & [, o]l < [k, 1l + N[ [w, v]l], for all [k, 1], [u,v] € Z;
(iii) ||[k,]|| = O implies [k, ] € Q.

e It is said that (Z, ||-]|) is a pseudo-seminormed interval space if it satisfies cases (i°) and (ii).

e It is said that (Z, ||-]|) is a normed interval space (NIS) if it satisfies cases (i), (ii) and (iii).
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e It is said that the null condition holds for |-|| if item (iii) is changed to ||[k,{]|| = 0 < [k, ] € Q.
e It is said that the null super-inequality holds for ||| if ||[k, ] ® w]|| > ||[k,!]]|, for all [k,] € Z and w € .
e It is said that the null equality holds for ||| if ||[k,!] ® w|| = ||[k,]||, for all [k,]] € Z and w € 2.

A complete normed interval space is named a Banach interval space (BIS).

Example 4.2. [13] Assume that the mapping ||-|| : Z — RT is defined by ||[k,{]|| = |k + I|. Then, it is obvious that
(Z,]]-I) is a BIS and the null equality holds for |-

For more details about normed interval spaces, see [13].

5 Near fixed point results
Definition 5.1. [I3] A point [k,l] € Z is named a near fixed point for a self-mapping T': Z — Z if T [k,]] 2 [k, 1].

According to the definition, we have T [k, [] 2 [k, 1] if and only if there exist [—by, b1], [—b2, ba] € Q where by, by € RT
so that at least one of the following equalities holds:

o Tk, 1] @ [=b1,b1] = [k, 1];
o Tk, =[k,1] & [~b1,b1];
o Tk, 1)@ [—b1,bi] = [k, 1] & [~ba, bo].

Definition 5.2. [12] A point [k,!] € Z is a common near fixed point for functions T, S : Z — T if T [k, ] £g [k, 1] £
[k, 1]
Example 5.3. Assume that 7,5 : Z — T are defined by
Tl =[k—3,1+3 and S[ki]=[k—4,1+4].
We indicate that [k,[] is a common near fixed point of T" and S. For wy = [0,0] and wy = [—3,3] € Q, we have

Tk, 1 2 [k 1], ie.,
k—3,1+31 2k 1] < [k—3,1+3]®[0,0] = [k, 1] & [-3,3] <= [k—3,0+3] = [k — 3,1 +3].

Similarly, for w; = [0,0] and we = [—4,4] € Q, we have S [k, ] 2 [k,1]. According to proposition because = is

an equivalence relation, then T [k, ] g [k,1]. Hence T [k, ] 25 [k,1] 2 [k,1].

Definition 5.4. [8] A function ¢ : [0,00) — [0,00) is said to be a strongly monotone increasing function if for
z,y €[0,00), v <y = P(z) < P(y).

Definition 5.5. [8] Suppose that 9 : [0,00) — [0,00) is a strongly monotone increasing and continuous function
and ¢(t) = 0 <= t = 0. Therefore, ¢ is named an alternating distance function.

Lemma 5.6. Suppose that lim d([ky,l.],[k,{]) =0 in the MIS (Z,d). Then for each [u,v] € Z, we have
n— oo

lim d([kn, 1], [u,v]) = d([k, 1], [u,v]).

n—oQ
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Proof . Due to the triangle inequality, we obtain
d([kn U], [u, 0]) < d([Fns I [ 1) + d([R, 1] [u, 0])

and
d([k, 1], [u,v]) < d([k, 1], [kn, n]) + d([kn, 1], [u, v]).

So, we obtain
0 < |d([kn, n], [u, v]) = d([k, 1], [u,v])| < d([kn, ln], [F,1]).

Letting n — oo and using the assumption of Lemma, we have

lim d([kn, ln], [u,v]) = d([k, 1], [u,v]).

n—oo

O

Theorem 5.7. Suppose that (Z,d) is a CMIS and the null equality holds for d. Assume that TS : (Z,d) — (Z,d)
are self-mappings of Z such that for all [k,1], [u,v] € Z,

U (d(S [k, 1], T [u,0])) < (M([K, 1], [u,v])) — ¢(max {d([k,1], [u,v]), d([k, 1], S [k, 1]), d([w,v], T [u,v])}),  (5.1)

where ¢ : [0,00) — [0,00) is a continuous, nondecreasing function with the property ¢(t) =0 <t =0, ¢ : [0,00) —
[0,00) is an alternating distance function and

M ([k, 1], [u, v]) =ad((k, 1], [u, v]) + B[d([k, 1], S [k, 1]) + d([u, v], T [w,v])] + y[d([k, 1], T [u, v]) + d([u, ], S [k, 1])],

with a,ﬁ v > O a+ 28+ 2y < 1. Then a common near fixed point [k,l] € T exists for T and S satisfying
Moreover, a unique equivalence class ( [k, l ] ) exists for T such that if [k,[] is another common near fixed point for T

and S, then ([k,1]) = ( [k,l] ) and [k,]] = [k‘ ﬂ Every point [k,1] € ([k,{] ) is also a common near fixed point for T
and S. In addition, any near fixed pomt of T is a near fixed point of S and conversely.

Q
Proof . Assume that T and S have two common near fixed points [k,!] and [k‘ ﬂ such that [k,] [k ﬂ
[k,1 QT[k,ﬂ —S[k,ﬂ, k,l =TIk, —S[k,l] and [k’,ﬂ ¢ ([k,1] ). Then

k] @w =T [kl ®w and [k @ws=TI[k1®ws
k] ®ws =Sk dws and [k 1] @wr =5k ®ws

for some w; € Q, i =1,...,8. Note that d([k,I],T [k,1]) = 0 and d([k,1], S [k,]) = 0. Then using (5.1), (5.2) and
(5.3) and making use of the null equality and the triangle inequality, we have

"/}(d([k’l] ) vaﬂ» = 1/J(d([k‘ l] @WB,; U;’ ﬂ EBWI)) = ¢(d(5 [k7l] Duwy, T []%JT @WQ))

= (S k.1, T [k,1]))
Sw(H,LWﬂD ¢(max {d([k,1], [k, 1)), d([k 1], S [k, 1]), d([k, 1], T [k, 1])}),
where
M([kvl]7[k’ﬂ):ad 7l]7[kﬂ +5[ 7} [kﬂl])—"_d([]%’ﬂ’T[Eﬂ)}+7[d([k7l]’T[E’ﬂ)+d([E7ﬂ7S[k7l])]
< ad([k, 1], [k,1]) + B[d([k, 1], S [k, 1)) + d([k,1] , T [K,1])]
+7[d([k,l] [k,ﬂ)—!—d([k,q, [E,ﬂ)—!—d([k,l], [E,ﬂ)—!—d([k,l],S[k},l])]
= (a4 27)d(] ,l],[E,ﬂ).
Therefore

G(d([k, 1], [k, 1)) < o((+29)d([k, 1], [k, 1])) — o (d([k, 1], [k, 1])),
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Due to o + 2y < 1 and the strongly monotone property of ¢, it follows that

D (d([k, 1], [k, 1])) < o((o+29)d([k, 1], [k, 1])) — o(d([k, 1], [k.1]))
< 1/)(51([7%1] ’ [aﬂ)) - ¢(d([kvl] ) [Ei,ﬂ)),

which results that d)( [k ﬂ ) < 0. Hence ¢( [k ﬂ ) = 0. Thus d([%,1], [l;:,ﬂ) = 0, which contradicts
[k,ﬂ ¢ < k] > Therefore any [k ﬂ ¢ < k] > cannot be a common near fixed point for 7" and S. In fact, if [l_c,ﬂ is

another common near fixed point for 7" and S, then [k,1] € ([k,1]) i.e., [k,1] £ [k,1] . Now assume that [k, 1] is a near
Q
fixed point of S and [k,l] # T [k,1]. Then by using (5.1)), (5.3) and the null equality, we have

w(d([kvl] T [k’l])) ( ([kv ] Dws, T [k l])) = ¢(d(5[k,l] @ wy, T [k;7l]))
=1 (d(S [k, ] T [k, 1))
<y (M ([k, 1], [k, 1)) — ¢ (max {d([k, 1], [k, 1)), d([k, 1], S [k, 1), d([k, 1], T [k, 1)) } )

where

M([k, 1], [k,1]) = ad([k, 1], [k, 1)) + B[d([k, 1], S [k, 1]) + d([k, 1], T [k, 1])] +~[d([k. 1], T [k, 1]) + d([k, 1], S [k, 1])]
= (6 + V)d([lﬁl] T [kJD'

Thus
(d([k, 1, T [k, 1)) <o((8+7)d([k, 1], T [k, 1)) — o(d([k, 1], T [k, 1])),

since 8 4+ v < 1 and % is strongly monotone increasing, it results that

(d([k, 1, T [k, 1)) < (B +7)d([k, 1], T [k, 1)) — ¢(d([k, 1], T [k,1]))
< ¢(d([k" l] aT [k’ l])) - ¢(d([kv l] aT [k’ l])),

which results that ¢ (d([k,],T [k,1])) < 0. Hence, ¢(d([k,],T [k,1])) = 0. Thus d([k,1],T [k,l]) = 0, which contradicts

Q
[k, 1] # T [k,l]. Similarly, any near fixed point for T is also a near fixed point for S.

Let [ko,lo] € Z be an arbitrary element. Consider a sequence {[kn,ln] }zo:1 in Z such that [kapi1,lont1] =
S [kan,lon] and [kont2,lonta] = T [k2nt1,lons1] for n > 0. If there is a positive integer 2N such that [kan,lon] =
[k2n+1,l2an+1], then [kan,lan] is a near fixed point for S and hence it is also a near fixed point for 7. We have a
similar result if [kon11,lon+1] = [kan+2,lon+2] for some N. Therefore, suppose that d([kn+1,lnt1], [kn,ln]) # O for
all n > 0. Then from , we obtain

Y(d( [k2n+1, lont1], [k2n, l2n] ) = ¥ (d(S [k2n, l2n] s T [k2n—1,l2n-1]))
< (M ([k2n,lon] , [kon—1,l2n-1])) — qb(max {d( (k2n, lon] , [k2n—1,l2n-1] ),
( ana lQn aS [ana lZn} )ad( [k2n—1; l2n—1] aT [k2n—1, l2n—1] )})

¢(C¥ ( kon,lon] s [kon—1, lanl]) + 5[d( (k2n, lon] s (K21, l2nt1] ) + d( (k2n—1,lan—1], [k2n, l2n] )]
+v[d([k2n: l2n] » [k2n, l2n] ) + d([k2n—1,l2n—1] , [k2n+1, lon+1] ) ])

¢(ma { ( (kon, lon] ; [k2n—1,l2n—1] ),d( (kon, lon] s [k2ny1, lont1] ), d( (kon—1,l2n—1] , [k2n, l2n] )})

Since
d([k2n—1,lon-1] s [k2n+1, lont1]) < d([k2n—1,l2n—1], [k2n, l2n]) + d([k2n, lon] s [k2n+1, lon1]),

and 1 is a strongly monotone increasing function, it results that

O (d([kan+1, lant] s [k2n, l2n] ) <¢(ad([k2nal2n  [k2n—1,l2n—1])
+ Bld( [kan, lon] , k2n+1,l2n+1]) +d( [kon—1,l2n-1] , [k2n, l2n] )]
[d( (kon—1,l2n—1], [k2n, l2n] ) + d( (kon, lon] s [K2n+1s lont1] )])
— ¢(max {d( [kzn; lan] s kan—1,l2n-1]), d([k2n, lan] s [F2nt1slonta] ) }). (5.4)
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So using the non-negativity of ¢, we have

(d( [kant1,lonsa] s [Rans lon) ) <O (@d([k2n, lon], [k2n—1,lon-1] )
+ Bld([kans l2n] s [F2nt1, lang1] ) + d( [k2n—1,l2n—1] ;s [F2n, l2a] )]
+ ’V[d( (kon—1,l2n-1], [k2n, l2n] ) + d( (Kon, lon] , [K2ns1s l2nsi] )])

Thus due to the strongly monotone property of 1, we obtain

d( [k2nt1, lans1] s [k2n, lon] ) < ad([k2n, lon], [k2n—1,l2n-1] )
+ Bld([k2n, lon] s [k2nt1, lons1] ) + d([k2n—1,lon-1] , [k2n, l2n] )]
+ y[d( [k2n—1,lan—1], [k2n, lon] ) + d( [k2n, l2n] , [k2nt1, langa] )]

Therefore
(1= B =7)d( [k2n+1,lon+1], [k2ns lon] ) < (o + B+ 9)d( [k2ns lon] , [k2n—1,l2n—1] ).

This implies that

(a+64+7)

d([k2n+1,lont1] s [k2n, lon] ) < 1-5-7)

d( [ana l2n] ) [k2n—17 l2n—1] )

< 1, it follows that

d( [k2n+1: lant1] s [k2ns lan] ) < d( [k2n, lon], [k2n—1,l2n-1] ).
Similarly, we can obtain

d( [k2n+27 12n+2] ) [k2n+17 l2n+1] ) S d( [k2n+1; 12n+1] ) [any l2n] )

Then according to the above facts, {d([kn, Ln] s [Ent1s ln+1])} is a monotone non-increasing sequence of non-negative
real numbers. Therefore there is an » > 0 such that

i d([kns L] g1y Ins]) = 1 (5.5)

n—o0
Assume that r > 0. Taking n — oo in and using and the continuity of ¢ and ¢, we obtain
U(r) S v((a+ 28+ 29)r) — ¢(r),
since a + 28 + 2y < 1 and 7 is strongly monotone increasing, it follows that
() S Y((a+28+29)r) = o(r) < () — ¢(r) = (r) < ¢(r) — o(r),
which results that ¢(r) = 0. Thus r = 0. Therefore,

lim d([kn, ], [En1, bnsa]) = 0. (5.6)

n—oo

Now, we indicate that { [kn, 1] }Zozl is a Cauchy sequence in (Z,d). Due to (5.6), it is sufficient to show that

{ [kon, lon] }Zozl is a Cauchy sequence in (Z,d). Assume that { [kan, lon) } is not a Cauchy sequence. So there is an
€ > 0 that we can detect two sequences of positive integers {2m(h)} and {2n(h)} with 2n(h) > 2m(h) > h such that

d( [Fam(ny lomm)] » [Fon(nys lonmy] ) =€ and  d( [k2m)s lomn) ] > [K2nn)—2 lonny—2] ) <&,
for all positive integers h. Therefore we have
e <d( [k2mn)> lamm)] » [F2nn)> lanny] ) < d( [K2mnys lamy ] » [K2n(n)—2+ l2n(ny—2] )

+ d( [k'2n(h)727 l2n(h)72] ) [kzn(h)q, lzn(h)q] ) + d( [k2n(h)71a lzn(h)q] ) [an(h)a l2n(h)] )
<&+ d( [Fan(hy—2:lan(m)—2] + [K2n(h)—1: lany—1] ) + d( [Fanr)—1, lonm)=1] + [k2n(n), lonm)] ) -



Generalized weak contractions with control functions on metric and normed interval spaces 17

Taking h — oo in the above inequality and making use of ([5.6)), we have

Jim d( [F2mnys lam(n)] + [K2n(nys lann)] ) = €. (5.7)
Again,
A( [k2mn)> lammy] s [K2nn)s lonny)] ) SA( [K2mny> lommy ] > [K2mi)+15 lomny+1] )
+ d( [Famn)+1> lommy 1] » [Fan(hy+1> lann)+1] )
+ d( [k2n(n)+1: lony+1] » [F2n)s lanny] ), (5.8)
and
d( [kamny+15 ommy+1] > [K2nmy+1: lany+1] ) < A( [K2mm)+1, lamny+1] » [K2m(n)s lamn] )
+ d( [kam(ny: lamny] » [Fan(n) lanny] )
+ d( [k2n(n): lann)] » [F2n(h)y+15 l2nny+1] )- (5.9)
Taking h — oo in the inequalities and and using and , we obtain
hILH;O d( [kamny+1> Lommy+1] > [K2nm)+1: lonny+1] ) = €. (5.10)
Again,
d( [kanny+2: lonm)+2] » [K2mn)+1: lomny+1] ) SA( [kanny+2, lonmy+2] » [K2n(h)+1s l2nmy+1] )
+ d( [Fan(n)+1> lonn)+1] > [F2mny+15 lam(ny+1] ) (5.11)
and
d( [kanhy+1: lonm)+1] » [K2mm)+1: lomny+1] ) SA( [Fany+15 lonmy+1] » [K2n(h)+2: l2nmy+2] )
+ d( [Fan(n)+2> lann)+2) > [F2mn)+15 lam(n)+1] )- (5.12)
Again,
d( [k2mny> lamm)] » [F2nny+2, lonmy+2] ) SA( [k2mny lomm] » [K2mm)+1s lemny+1] )
+ d( [k2mn)+1 lam(ny+1] » [F2n(hy+15 lanny+1] )
+ d( [k2n(h)+17 l2n(h)+1] ’ [an(h)+2a lQn(h)JrQ] )a (513)
and
d( [Fam(ny+1: lommy 1] > [K2nm)+1> lany+1] ) SA( [Famny+15 lemmy+1] > [K2mn)s lomny ] )
+ d( [k2mn)s lom) ] > [K2n(n)+2 lan(h)+2] )
+ d( [Fanny+2: lanny+2) > [K2nm) 415 lany+1] )- (5.14)
Further,

d( [Fam(ny lomm)] » [Fanry+15 lony+1] ) SA( [K2mnys lamm) ] s [K2nn)s o] ) + d( [K2nm)s lonm ] 5 [kzn(h)ﬂ,lzn(h()ﬂ} )),
5.15

and

d( [kam(ny, lomm)] + [Faniny lonmy] ) SA( [k2mny> lamm)] » [Fon)+1, lonmy+1] ) + A [F2nmy+1, lonry+1] » [K2n(ny, lonm)] ) -

(5.16)
Letting h — oo in the inequalities (5.11))-(5.16]) and using (5.6)), (5.7) and (5.10]), we have
hh~>nolod( [an(h)-‘rQa l2n(h)+2] ) [k2m(h)+1712m(h)+1:| ) =&, (517)

Jim d( [k2mnys lam(n)] » [K2n(m)+2> lon@y+2] ) = & (5.18)
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and

m d( [k2mn)s lam(ny] > [F2nn)41, lon(n)+1] ) = € (5.19)

h—o0

By putting [k, 1] = [kgm(h),lgm(h)] and [u,v] = [k2n(h)+17l2n(h)+1] in , we obtain
Y(d( [k2mny+1: lamny+1] 5 [F2nm)+2: lanmy+2] ) = ©(d(S [kammnys lommy] » T [K2ny+15 lanny+1] )
< 1/1(0£d( [Kamnys lam(ny] » [K2n(m)+15 lonmy+1] ) + 5[d( [Kamnys lam(ny] » [K2mn)+15 l2m(ny+1) )

[Eon(ny+1> onmy+1]  [Fon(n)+2: lon(n)+2] )} +7[d( [Kom(nys lam) ] > [K2n(n)+25 lonn)+2] )

+d( [
( [an h)+1> l?n(h)Jrl] [k2m(h)+17 l2m(h)+1] ):| )
¢(m { [Kamn)s lammy] s [K2nny+15 oy +1] ) @ [K2mny > lommy ] > [K2miy+15 lam(ny+1] )

d( [k2nm)+1> lonmy 1] > [Fann)+2: lan(n)+2] )})

Now taking h — oo in the above inequality, using (5.6)), (5.10) and (5.17)-(5.19) and making use of the continuity
of 1) and ¢, we have

P(e) < ((a+2)e) — ¢(e),
since a4+ 2y < 1 and ¢ is strongly monotone increasing, we have
P(e) S v((a+2)e) — dle) < P(e) — d(e) = ¥(e) < t(e) — (o),

which is a contradiction as e >0 and ¢(t) = 0 for t = 0. Thus { [kan, l2;] }2021 is a Cauchy sequence in (Z,d). Hence

according to , { ns L }ZO is also a Cauchy sequence in (Z, d). Due to the completeness of the MIS (Z, d), there
is [k, €T such that
d([kn,ls), [k, 1]) = 0. (5.20)

Now we prove that any point Vq,ﬂ € < [k, 1] > is a common near fixed point for 7" and S. Due to [I_C,ﬂ € < [k, ] >,
we have
(k1] ®wi =[k,l]®wy for some wi,ws € Q. (5.21)

Since the null equality holds for d, according to proposition and (5.20)) we have
lim d([ky, 1], [k,1]) =0 for any [k,1] € ([k,1]). (5.22)

n—oo

Therefore by setting [k, 1] = [kan, l2n] and [u,v] = [k,[] in (5.1), using the monotone increasing property of ¢ and
the triangle inequality, we obtain

V(A([Fnsrs boa], TR, 0])) = 0 (d(S [k, 1] T [,1]))
< (ad( [k n,m [£,1] ) + Bld( [k n1,[kn+1,zn+ﬂ) +d( k0,7 [R1))]
(Ao, 1] T [R1)) + A [R1) T, L))
- q’)(max{d( s ] (8,10 ), d( By ] o L)), d( (5,1, T [R,]) })
< ¥ (ad( [kn, ], [k:2)) + BlA([kns o] s s, ] ) +d( [k ] T [R,1] )]
(o, Ll [R 1))+ d( (B 0] T [R,1]) + d( [, ], Trnet, L] )] )
= & max{d(lkns ], [6,1] ), d( ins L], o, o)) d( [B,1) T [R.]) } ). (5.23)
Note that due to Lemma nd (-22), we have lim d([kni1,losa] T [K,1]) = d([k, 1], T [K,1]). Thus taking
n — oo in (5.23), using Lemmalp.6) and the continuity of ¢ and ¢ and making use of and (5.22), we have
V(d([k, 1], T [k,1])) <o ((B+7)d([k,1], T [,1])) = o(d([k,1] , T [k, 1])).
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Due to 8+ v < 1 and the strongly monotone property of v, it follows that

V(1] T [10]) < (84 (k1] T [R.1]) — s(a([f.1). T [.])

V(d([k 1], T [k1])) = o (d([k, 1], T [, 1)),
which implies that gb(d( [l_f,ﬂ ,T [l;:, ﬂ )) < 0. Hence according to nonnegativity of ¢, we have ¢(d( [l_f,ﬂ ,T [l;:, ﬂ )) =0.
Thus d([k,1] ,T [k,1]) = 0, ie., T [k, £ [k,1] for any point [k,I] € ([k,1]). Since any near fixed point for T is
a near ﬁxed point for S, then S [15 ﬂ 2 [E ﬂ for any [l},ﬂ € <[k:, ] > Hence according to proposition we have
T [k, ﬂ (k1] = £s [k,1] for any point [k,l] € ([k,]). O

t
Example 5.8. Let ¢, : [0,00) — [0,00) and S,T : Z — Z in the MIS (Z,d) be defined by ¢(t) = 3 P(t) =
t, S|k, = [—l—i-%,l—i—é} and T [k,l] = [ 2+ ’5“,24— ], respectively. Define a mapping d:IxTI — Rt by

ﬁ;[vkéu,[u,v])z|(k+l)—(u+u)|for all [£,1], [u,v] € . Suppose that &= &, f= 1 and 7 = 1. Then by (5.1), we
( q l} [ 2+§,2 5]>><w<ad([k 1, [u, })+ﬁ{d([k,l],[1+§,1+é])
+d([u], [ } { 5,2+§})+d([u,v],[—1+§,1+é])]

—¢<max{d([k,u,[u { g }),d([u,v],{—Q—i—qg,Q—l—g})}).
Then,
¢<1|(k+1)—(u+v)}> §¢(a|(l~c+l)—(u+v)| +B{:|k+l|+g|u+v|}

[|(k;+l)—u+v]+\ +v—(k+l)\]> ¢<max{](k+l) (

w+v@).

So,
%{(k—kl)—(u—i—v)’ ga{(k+l)—(u+v)]+§ﬂ[|k+l\ + ’u—H)@

+7{|(k+l)—é(U+v)|+|(u+v)—;(k+l)@—¢(max{|(k+l) (u+v)], !k+ll IU+UI}>~

Thus, all conditions of Theorem hold for this example. Hence, T' and S have a unique equivalence class of
common near fixed points ([~1,1]) in Z.

Corollary 5.9. Suppose that (Z,d) is a CMIS and the null equality holds for d. Assume that T : (Z,d) — (Z,d) is a
self-mapping satisfying the following inequality for all [k,1],[u,v] € Z,

(AT [k, 1], T fu, v])) < (M (k1] [u,0])) = d(max {d([k, 1], [u, v]), d((u, o], T [u,v]) }),

where ¢ : [0,00) — [0,00) is a continuous, nondecreasing function with the property ¢(t) =0 < ¢t =0, ¢ : [0,00) —
[0,00) is an alternating distance function and

M([k, 1], [u,v]) =ad([k, ], [u,v]) + B[d([k, 1], T [k, 1]) + d([u,v], T [u,])] +y[d([k, 1], T [u,v]) + d([u, ], T [k, 1])],

with a, 8,7 >0, a+ 28 + 2y < 1. Then a near fized point [k,l] € T exists for T where T [k, l] [k,1].
Moreover, a unique equivalence class <[k l]> exists for T such that if [k; ﬂ is another near fixed point for T, then
< [k,1] > = < [l?;,lil > In addition, every point [Eﬂ € < [k,1] > s a near fixed point for T.
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Corollary 5.10. Suppose that (Z,||-||) is a BIS such that the null equality and null condition hold for ||-||. Assume
that S, T : (Z,||-|l) = (Z, |I-l) are self-mappings of T such that for all [k,1], [u,v] € Z,

(IS [k, e T u,vlll) < o(M([k,1], [u,0])) — ¢(max {[|[k, 1] & [u,v]l|, [[[k,1] & S [k, ][I, [[[u, v] © T [u, v][[}), (5.24)

where ¢ : [0,00) — [0,00) is a continuous, nondecreasing function with the property ¢(t) =0 < ¢t =0, ¢ : [0,00) —
[0,00) is an alternating distance function and

M([k, 1), [u,v]) =all[k, 1) & [w, o]l + B[lI[k.1) & S [k, 1| + [, v] & T [w, vlll]y [llk, 1] © T [ur, v]| + [l [, 0] & S [k, ]]]

with a, 8,7 > 0, a+ 28 + 2y < 1. Then a common near fixed point [k,l] € T exists for T and S satisfying T [k, ] £

[k, 1] £g [k,1]. Moreover, a unique equivalence class <[k,l}> exists for T such that if [/_f,ﬂ s another common near
fixed point for T and S, then < [k, ] > = < [l_f,ﬂ > In addition, any near fixed point of T is a near fixed point of S and
conversely.

Example 5.11. Let ¢, : [0,00) — [0,00) and S,T : Z — Z in the BIS (Z, ||-||) be defined by ¢(t) = é P(t) = t,
Sk =[-1+% 1+ L] and Tk = [-2+ 5,2+ L], respectively. Define ||| : T — R* by |[[k1]] = |k + II.
Suppose that a = 3, =1 and v = % Note that for all [k,1], [u,v] € Z, we have

1k, 1] © [u, o]l = [k, 1] & [—v, —ulll = [k — v, 0 = ull| = |(k —v) + (I —w)| = |(k+1) — (u+0)|.

Then by (.24), we have

zp(H {—1+§,1+é} o {—2+§,2+§} H) <w<a||[k,l]e[u,v]||+ﬁH’[k,l]@ [—1+§71+§] H

il [l e Foe gl Juae [ S]]

_¢(max{||[k,z}e[u,v] , H)

u
+|[[wele |2+,

3

3 3 [u,v]@[—?—&—%ﬂ—kg]

[k, 0] & {—1+k,1+l}

This implies that
w(l\(k+l)—(u+v)}> Sw(a|(k+l)—(u+v)\ +B[§|k‘+l’+§|u+v@
#al+0 = 340+ w40 = g0l ) - o (e {J 0 -

m+u@).

So,

%!(k—l—l)—(u—f—v)’ §a|(k+l)—(u+v)]+§ﬁ{]k+l\+]u+v@

v{\(kH)— %(u+v>| + ’(u+v)—;(k+1)@ —¢(max{|(k+l)—(u+v

ZJut )
,gu v .

Thus, this example satisfies all conditions of Corollary 5.10] Hence, T' and S have a unique equivalence class of
common near fixed points ([-2,2] ) in Z.

Theorem 5.12. Suppose that (Z,d) is a CMIS and the null equality holds for d. Assume that T, S : (Z,d) — (Z,d)
are self-mappings of T such that for all [k,1], [u,v] € Z,

Y(d(S [k, 1], T [u,v])) < (M([E, 1], [u,0]) = ¢(M([K, 1], [u, v])), (5.25)

where ¢ : [0,00) — [0,00) is a continuous, nondecreasing function with the property ¢p(t) =0 <t =0, ¢ : [0,00) —
[0,00) is an alternating distance function and

M ([, 1], [u, v]) =ad([k, 1], [u, v]) + B[d([k, 1], S [k, 1)) + ([, v] , T [w,v])]y [d([k, 1], T [u, v]) + d([u, v], S [k,l])gé %)
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with a, 8 > 0,7 > 0 and o + 28 + 2y < 1. Then a common near fized point [k,1] € T exists for T and S such that
T [k, L [k,1] g [k,1] . Moreover, a unique equivalence class ([ k 1) exists for T such that if [k,l] is another common
near fiwed point for T and S, then ([k,1]) = ( [k,1] ) and [k,]] = [k ﬂ Every point [k,1] € ([k,1]) is also a common

near fived point for T and S. In addition, any near fired point of T is a near fized point of S and conversely.

. Q . -
Proof . Assume that T and S have two common near fixed points [k,!] and [k:,l] such that [k, ] # [k:,l}, ie
[kl] £ {kz} £g [kl] k) 2Tk, 1) 2 S [k, 1] and [kl] ¢ ([k,1]). Then

[fc, Z} Gw =T [fc, l? Dwy and [k, Dws =TIk, 1] ® ws (5.27)

k] ®ws = S[k,[]®ws  and [k i] Dwy =8 [k 1] ® ws (5.28)

for some w; € Q, i = 1,...,8. Note that d( [/2, Z} T [/%,Z}) — 0 and d([k,1], S [k,1]) = 0. Then using (5.25), (6.27) and
(5.28)) and making use of the null equality and the triangle inequality, we have

W (d(lk 1], %))

W (d([k, 1] @ ws, [1},[} ®w)) = p(d(S [k, 1] ®ws, T [/;Z & ws))
= (d(S [k,1],T [k: i}))

[E——

<o (M (Ik1], [R.1])) — 6 (.0, [1.1])),
where
Mk, 1), [k, 1)) = ad([k, 1], [B,1)) + Bld(k, 1, S T 0) + d([, 2], T [k, 1)) + 2 [d( 0,7 [R,7]) + d( k1] , S [k, 1)
< ad((k. 1), [k, 1)) + Bla([k. 1), S h.1) + d( [k, 1] 7[R, 1])]

T [k, 1)) + d(lk, 1], [k 1]) + d(k 1), S [k, 1)

= (a+29)d([k, 1], [k, 1]). (5.29)

Therefore, according to the monotone increasing property of 1, we have

w(d(k. 2, [B.1])) < (o +20)d(k, 0, kD)) = 6(M (k1) [R,1))-

Due to o + 2y < 1 and the monotone increasing property of 1, it results that

W (d([k, 1], [1%,[])) < (d([k, 1], [/%,z})) — (M([k,1], [ic,l})),

= 0. Which is a contradiction since

which implies that ¢ (M ([k,1], [%,Z})) < 0. So we have M([k,1], [k Z})
2 [fc,q Thus, any {fc,[} ¢ <[k,l]> cannot

d([k, 1], [%,Z}) > 0 and a > 0. Hence d([k,1], [%,Z}) =0, ie., [k,1]
be a common near fixed point for S and 7. In fact, if |k,I| is another common near fixed point of 7' and S, then

P P Q
kil e (k1)) e, [k, 1] 2 [k l] . Now assume that [k, ] is a near fixed point of S and [k, ] # T'[k,[]. Then by using
5), (5.28)) and the null equality, we have

w(d([k, 1], T [k, l])) (d([k,l] ® ws, T [k, l])) = w(d(S [k,1] @ wy, T [, l]))
= (d(S[k,1], [ 1))
(M“k’ ]))_(b(M([k?”)[k?”))’
where
M([k, 1], [k, 1)) = ad([k, 1], [k, 1]) + B[d([k, 1], S [k, 1]) + d([k, 1], T [k, 1])] + v [d([k, 1], T [k, 1]) + d([k. 1], S [, 1])]

= (B+)d([k, 1], T [k, 1]). (5.30)
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Thus
(d([k, 1], T [k, 1)) <9((B+y)d([k, 1], T [k,1]) = (6 +v)M([E, 1], [£,1])),

since 84+ v < 1 and @ is the monotone increasing, it implies that
G(d([k, 1], T [k, 1)) < (d((k, 1], T [k,1])) — ¢((8 +)d([k, 1], T [k, 1])),

which is a contradiction as d([k,[],T [k,l]) > 0 and 5 > 0. Hence d([k,!],T [k,l]) =0, i.e., [k,]] £ [k,1]. Similarly,
any near fixed point for T is also a near fixed point for S.
Now, let [ko,lo] € Z an arbitrary element. Consider a sequence { [k, 0] }2021 in Z such that [kepi1,lont1] =
S [kon, lon] and [kopio,lonta] = T [kant1,lont1] for n > 0. If there is a positive integer 2N such that [kon,lon] =
[kan+1,lant1], then [kan,lan] is a near fixed point for S and hence it is also a near fixed point for T. We have a
similar result if [kan11,lon+1] = [ken+2,lant2] for some N. Therefore, suppose that d([knt1,lnt1], [kn,n]) # 0 for
all n > 0. Then from 7 we have
M ( [k, ln], [kng1, lns1] ) >0, (5.31)

for all n € N. Hence from ([5.25)), we have

Y(d( [k2nt1s lanta], [Fans2, lona] ) =0 (d(S [kan, lon] , T [kon+1, lont1]))
<t (M( [k2n, lon] , [k2n+1, lansa] )) - ¢>(M( [k2n, lon] s [k2n+1, lant] )), (5.32)

where
M( (Kon, l2n] , [K2ns1;s l2ns] ) :ad( (Kon, l2n] , [K2ns1;s l2ns] )
+ [d( (k2n, lon] s [K2ns1, l2nt1] ) + d( (k2nt 15 lant1] s [bans2, lany 2] )]
+ y[d( [k2ns l2n] , k2nt2, lant2] ) + d( [k2nt1, lonta], [k2nt1s lont1]) )] -
Since

d([k2n, lan] ; [k2n+2, lont2]) < d([kan, lon] , [Font1s lont1]) + d([Font1s lant1] s [kant 2, lant2]),
it results that

M ([k2nslon] s [k2nt1, lont1] ) <ad( [k2ns l2n] ; [k2nt1, lont1])
+ B[d( [k2n, l2n] , [F2ns1, lons1] ) + d( [K2ns1s l2nga]  [F2nt2, lona] )]
+ y[d( [k2ns l2n] ; k2nt1, lant1] ) + d( [k2nt1, lonta], [k2ntas lansa] )]

=(a+ B+ )d( [k2n lan] , [k2nt1, lang1) ) + (B +7)d( [k2n+1, lons1] s kont2, lanta] )-
(5.33)

Now, we show that d( [kan+1,lant1], [k2n+2,12n+2]) < d( [k2n, lan], [k2n+1712n+1]) for all n € N. Suppose that

d( [k2n+1,lon+1], [k2n+2,l2n+2]) > d( [k2n, lan], [k2n+1712n+1]) for some k € N. Then from (5.32) and (5.33), we
obtain

'l/)(d( [k2n+17 12n+1] 5 [k2n+2; 12n+2} )) S ¢(M( [ana l2n] 9 [k2n+17 l2n+1] )) - ¢(M( [k2n7 l2n] 9 [k2n+17 12n+1} ))
= 1/)<(04 + B+7)d([k2n, lon] , [k2n+1, long1] ) + (B + A ( [k2nt1, lont1] ;s [F2ntas l2nta] ))

— (;S(M( [kgn, lQn} ) [k2n+1’ 12n+1] ))
< ¥((a +28+29)d( [kant1, l2nta] kanta, lango] )) = S(M ([k2n, bon] s [k2n i1 lansa] )
< 1p(d( [k2n+17 lZnJrl] ) [k2n+27 12n+2} )) - ¢(M( [any lQn} ) [k2n+1ﬂ 12n+1] )) (Since (a +26+ 27) = 1),

which results that ¢(M( [k2n, lon] , [k2n+1, l2n+1] )) < 0. Thus we have M( [k2ns lon] [k2n+17l2n+1]) = 0, which is
a contradiction according to (5.31)). Therefore d( [k2n+1,lon+1], [kant2, l2n+2]) < d( [k2ns lon] [k2n+1,l2n+1]) for all
n € N. Similarly, we also obtain d( [k2nt2, lant2] [k2n+3,l2n+3]) < d( [k2n+1, l2an+1] ;s [k2nt2, l2n+2]) for all n € N. So
{d([k‘n, Loy [Ent1s ln+1])} is a monotone non-increasing sequence of non-negative real numbers. Therefore, there is an
r > 0 such that

im d([kn,ln], [knt1slnc1]) =7 (5.34)

n—oo
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Assume that r > 0. Then taking n — oo in (5.33)), we have

hm M( [an, ZQn] ; [k2n+1, l2n+1] ) S (Oé —+ 26 —+ 2’)/)7’ (535)

n—o0
Therefore according to the above facts, from and , we obtain
Y (d([k2nt1, lons1] s [kant2, lant2] ) < (M ([kan, lan] , [k2ni1, lenia] ) — &(M ([k2n, l2n], [k2nt1, l2nta] )
= 1/1<(Oé + B+ 7)d([kan, lan] , k2nt 1, lans1] ) + (B +7)d( [E2nt1, lans1] s [k2nt2, lans 2] ))
— o(M([kan, l2n] , [k2nt1, l2nt1] )
< P((o+ 28+ 27)d( [kan, lon] s [k2n+1, lont1] ) — 6 (M ([k2n, lon], [k2nt1, lons1] ). (5.36)
Letting n — oo in and making use of and the continuity of ¢ and ¢, we have
¥(r) < P((a+ 28 +29)r) — ¢( lim M ([kan, lan] s k2ns1, l2011])),
since a + 28 + 2y < 1 and 9 is monotone increasing, it implies that

P(r) <(r) — ¢(nli_)lglo M ([k2n, lan] » [k2n+1, lont1] ),

which implies that ¢( lim M( [kg,u lgn] ; [k2n+1, lgn+1] )) S 0. Hence, we have lim M( [kgn, lgn] 3 [k2n+1, lgn_;'_ﬂ ) =0.
n— oo n— oo
Which is a contradiction since r, & > 0 and from ([5.31)) and (5.35)), we have 0 < nh—>H;o M( [k2n, lon] , [k2n+1, lgnﬂ]) <

(a4 28+ 2v)r. Thus
lim d([kn,ln] s [kn+t1,lns1]) = 0. (5.37)

n— oo

Now we indicate that { [kn, 1n] }:11 is a Cauchy sequence in (Z,d). Due to (5.37)), it is sufficient to show that

{ [k2n, lon] }Zozl is a Cauchy sequence in (Z,d). Assume that { [k2n, l2n) } is not a Cauchy sequence. So there is an
€ > 0 that we can detect two sequences of positive integers {2m(h)} and {2n(h)} with 2n(h) > 2m(h) > h such that

d( [Fam(ny lomm)] » [Fan(nys lonmy] ) =€ and  d( [k2mn)s lomp) ] > [K2nn)—2: lonny—2] ) <&,
for all positive integers h. Therefore we have

e <d( [k2mn)> lamm)] » [F2nn)> lonny] ) < d( [K2mn)s lommy ] > [K2n(n)—2+ lonny—2] )
+ d( [k2nn)—2- lany)—2] » [F2nn) =15 lonny=1] ) + d( [k2nm)=1> lanny—1] » [F2nn)s lan)] )
<e +d( [kan(hy—2: lanm)—2] + [K2n(m)—1: lany—1] ) + d( [Fanny—1, lonm)=1] » [K2n(n), lonm)] )-

Taking h — oo in the above inequality and making use of (5.37)), we have

i d( [k2m(ny> lammy] » [F2n)s lanny] ) = €. (5.38)
Again,
d( [kam(ny, lomm)] + [kancny lonmy] ) <A [k2mny> lammy] » [Femy+15 lommy+1] )
+ d( [k2mn)+1> lam(ny+1] » [K2n(hy+15 lanny+1] )
+ d( [k2n(n)+1s lany+1] » [F2n@n)s lonmy] ), (5.39)
and

d( [kamny+1: Lommy+1] > [K2nmy+1: lony+1] ) < A( [K2mm) 1, lamny+1] » [Kam(n)s lamm)] )
+ d( [kam(ny: lamny] » [Fan(n) lanm)] )
+ d( [k2n(n): lanm)] » [F2n(h)y+15 l2nny+1] )- (5.40)

Taking h — oo in the inequalities (5.39) and (5.40) and using (5.37) and (5.38)), we obtain

L d( [kam)+1s lam1] 5 [Ren(ny+1, lany+1] ) = & (5.41)
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Again,
d( [Fanhy+2: lonmy+2] s [K2mn)+1: lomny+1] ) Sd( [Fanny+2, lonmy+2] » [K2n(h)+1s l2nmny+1] )
+ d( [an(h)+1a l2n(h)+1] ) [ka(h)+17l2m(h)+1} )a (542)
and
d( [Fanry+1: lonm)+1] s [F2mm) 15 lomy+1] ) SA( [Fanny+15 lonmy+1] s [K2n(h)+2s lonny+2] )
+ d( [k2n(n)+2: lonny+2] » [Famny+15 lommy 1] )- (5.43)
Moreover,
d( [k2mn)> lamm)] » [F2nm)+2, lonmy+2] ) SA( [kamny lomm] » [k2mn)+15 lomny+1] )
=+ d( [ka(h)Jrl? l2m(h)+1] ) [an(h)+1a l2n(h)+1] )
+ d( [Fanr)+1: lann)+1]) > [R2nn)+2: lanny+2] ) (5.44)
and
d( [Fam(ny+1s lemmy+1] > [K2nm)+1 lanny+1] ) < d( [K2m@) 1, lomn)+1] » [2m(n) s lam] )
+ d( [k2mn)s lamm) ] > [K2n(n)+2: lan(n)+2] )
+ d( [Fan(n)+2: lanny+2) > [K2nn)+15 lanny+1] )- (5.45)
Furthermore,

d( [kam(ny lomm)] » [Fanny+15 2y +1] ) <A( [K2mnys lammy ] > [K2nn)s leny] ) + d( [2nmys lonmy ] > [K2n) 1, lonny+1] )

(5.46)
and
d( [Fam(ny, lomn)] » [Fan(ny lonn)] ) SA( [k2mn)> lammy] » [F2nm)+15 lonmy+1] ) + d( [F2nm) 15 lonry+1] » [k’zn(h),lz?(h)} ))
5.47
Letting h — oo in the inequalities — and using (5.37), (5.38) and (5.41)), we have
hli_)H;O d( [F2nn)+2, lonmy+2) » [k2m(n)+1s lomny+1] ) =&, (5.48)
hli_)rgo d( [kamnys lam(n)] » [K2n(m)+2> lony+2) ) = &, (5.49)
and
hli_ffolo A [k2mnys lamm)] s [K2nn)+15 lony41] ) = € (5.50)
By putting [k,1] = [kzm(h),lgm(h)] and [u,v] = I:an(h)+17l2n(h)+1:| in , we obtain
Y(d( [k2mny+15 lamny+1] » [R2nmy+2: lony+2] ) = ©(d(S [kammys lammy] > T [K2n) 415 lanny+1] )
S Y(M( [k2mnys lamn) ] > [k2nmy 1> lonny+1] ) — 6(M ( [k2mn)> lomn)] » [Fann)+15 lonmy+1] ) (5.51)

where
M ( [k2m(ny lommy ] > [k2nn)+15 l2nn)+1] )
= ad( [k2mn)s lomm) ] > [K2n(m)+15 lonny41] ) + 5[‘1( [kam(n)s lomn) ] » [K2m(n)+15 lomny+1] )
+ d( [Fanm)+1: lanny+1] > [K2nn)+2: lann)+2) )} + V{d( [Kam(n) lomn) ]+ [K2n(h)+2s l2nny+2] )

+ d( [k2n(n)+1: lony+1] » [F2mny+15 lom(n)+1] )] (5.52)
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Now taking h — oo in and (5.52)), using (5.37), (5.41)) and (5.48)-(5.50) and making use of the continuity of
1 and ¢, we have
P(e) < ((a+27)e) — o((a + 27)e),
since a4+ 2y < 1 and ¢ is monotone increasing, it results that

P(e) < P((a+2)e) — d((a+27)e) < d(e) — d((a+27)e) = Y(e) < Y(e) — p((a+ 2v)e).

Which is a contradiction as € > 0 and a > 0. So { [kzn, l2n] }:;1 is a Cauchy sequence in (Z,d). Hence according to

(oo} . . .
(15.37)), { [kn, 1] }n:1 is also a Cauchy sequence in (Z,d). Due to the completeness of the MIS (Z,d), there is [k,l] € Z
such that
d([kn, ln], [k, 1]) — 0. (5.53)

Now, we indicate that any point [E,l € <[k:,l]> is a common near fixed point for 7" and S. for this purpose,
suppose that d( [l%,ﬂ , T [%,ﬂ) > 0 for any [/%,lj € <[k,l] > Due to [l%,ﬂ € <[k,l] >, we have

(k1] ®wi = [k, 1] ®wy, forsome wy,ws € L (5.54)

Since the null equality holds for d, according to proposition [3.3]and (5.53)), we have

lim d([kn,ln], [k,1]) =0 for any [k,l] € ([k,1]). (5.55)

n—oo

Therefore by setting [k,l] = [kon,l2,] and [u,v] = [k,l] in (5.25) and making use of the monotone increasing
property of ¥ and the triangle inequality, we obtain

Y(d(kntr lnga] , T [ 1] ) ¢(d(5 T k1))
<t (M([kn [k 1)) = oM ([kn, 1], [k,1])), (5.56)
where
M ( [k, ], [, 1) ) =ad( [k, 1], [F, Bld([En, 1n] s [kt lnsa])

nl
<ad([k ] [ d([knvln v[ n+1; n+1}) +d([k’ﬂ 7T[l_€’ﬂ)]
(ot [RD) + d )T [R]) + d([]) o)) (557)

1)+

+d( [T [k 1)) + v [d( ks 1] T [R0]) + d( (R 1 [ bn] )]
)+
[k

Note that due to Lemma and (5.55)), we have 1i_>m d([kn+1,lng1), T [k,1) ) = d([k,1] ,T [k,1]). Thus taking
n — oo in ([5.56), using (5.37), Lemmal5.6]and the continuity of ¢ and ) and making use of (5.55) and (5.57), we have

w(@([R1). T [R.1)) < 6((8 + (k1] T [R.1))) — 6( im M([ku, 1] [£.1])),

Due to 8+ v < 1 and the monotone increasing property of 1, it results that

vk, T k1)) < $(d([k, 1], T [k 1)) = ¢( lim M ([kns L) s [R,1] ),

n—oo

which implies that ¢( lim M( [kan, lan] , [kon+1, lant1] )) < 0. Thus, we have lim M( [kan, lan] , [kan+1, l2n+1]) =0,
which is a contradiction since 3 > 0, d([k,1] ,T [k,]) > 0 and from (5.31)) and (5.57), we have

0< nll_{glo M ([k2n, lon] s [k2nt1, lonta] ) < (B +)d([k, 1], T [k,1]).
So, d( [l_@l , T [/_f,ﬂ) = 0. Thus, T [l_c,ﬂ 2 [l_s,ﬂ for any point [l_c,ﬂ € <[k, ] > Since any near fixed point for T is

a near fixed point for S, then S [l_c,ﬂ £ [E,ﬂ for any [l;:,l € <[k, ] > Hence according to proposition we have
T (k0] 2 [6,1] 2 5 [k, 1] for any point [,1] € ([k,1]). O
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Example 5.13. Let ¢,¢ : [0,00) — [0,00) and S,T : T — T in the MIS (Z,d) be defined by ¢(t) = &, 1(t) =
t, Stk = [-1+ %1+ %] and T[k,l] = [-2+ £ 2+ L], respectively. Define a mapping d : Z x T — R* by
d([k, 1], [u,v]) = |(k +1) — (u+v)]| for all [k,1],[u,v] € Z. Suppose that a = 3, 8 =% and v = §. Then by (5.25), we
have

W (d(S [k, 1), T [u, v]) :w<d< [—1+§71+é] , {—2+%72+%} ))
w<é|(k+l)(u+v)|> = é|(k+l)—(u+v)}

< 2(a|(kz+l)—(u+v)|+B{Z|k+l|+2|u+v|] +7{|(k+1)—;(u+v)|+|(u+v)—;(k+l)lb
5

= EM([IC,Z],[’U,,U]) :M([k’l]a[u’v}) 7%]\/[([]{’[]’[“’”})

:w(M([k’l]’[u’UD) —(b(M([k’,l],[u,UD)-

Thus, this example satisfies all conditions of Theorem [5.12 Hence, T" and S have a unique equivalence class of
common near fixed points ( [~2,2]) in Z.

Corollary 5.14. Suppose that (Z,||-||) is a BIS such that the null equality and null condition hold for ||-||. Assume
that S, T : (Z,||-|l) = (Z, |I-l) are self-mappings of T such that for all [k,1], [u,v] € Z,

(IS k0o T [u,vlll) < o(M([E, 1, [u,v])) = ¢(M([K,1], [u,v])), (5.58)

where ¢ : [0,00) — [0,00) is a continuous, nondecreasing function with the property ¢p(t) =0 <t =0, ¢ : [0,00) —
[0,00) is an alternating distance function and
M ([k, 1], [u,v]) =al|[k, 1] © [u, o]|| + B[l|[k,]] © S [k, || + [[[w, 0] © T [u, ][]
+ kT [u,o]|| +[[u,v] © S [k, ]]]

with a, 8 > 0,7 > 0 and a+ 28 + 2y < 1. Then a common near fized point [k,1] € T exists for T and S such that
T [k, 2 [k,1] 25 [k,1] . Moreover, a unique equivalence class ( [k,1] ) eists for T such that if [k,l] is another common

near fized point for T and S, then ([k,1]) = ( [k,1] ) and [k,]] 2 [k,1]. Buery point [k,1] € ([k,1]) is also a common
near fived point for T and S. In addition, any near fixed point of T is a near fized point of S and conversely.

6 Conclusion

In the last few decades, fixed point theory has become one of the most amazing topics that many researchers have
been inclined towards. Recently, Wu defined the near fixed point, the MIS and the NIS based on the the notion of
the null set. He proved some near fixed point theorems in these spaces [13]. Building upon this research, we have
presented some near fixed point theorems for mappings with the certain weak contraction property in the MIS and
the NIS. To demonstrate the validity of the results, we have provided examples.
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