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Abstract

In this study, we established fixed point results for rational type contractions in par-
tially ordered b-metric spaces by extending the work of (Reza Arab and Kolsoum
Zare, 2016). In this research work we followed analytical design and secondary
source of data such as articles and different books related to the study area were
used. The study procedure we followed was that of the standard techniques used by
(Reza Arab and Kolsoum Zare, 2016). Our results extend and generalize compara-

ble results in the Literature. We also provided examples in support of our result.
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Chapter 1

Introduction

1.1 Background of the study

Let X be a non-empty set and 7 : X — X be mapping we call T is a self- map of X.
An element x € X is said to be a fixed point of 7" if Tx = x.

In modern mathematics, one of the most important tools is the theory of fixed point.
The usefulness of this theory is confined to pure and applied mathematics. In ad-
dition to this, it is a very popular area of interaction between analysis and topol-
ogy and also to examine the quantitative problems involving certain mappings and
space structures required in various areas such as: economics, chemistry, biology,
computer science, engineering, and others. In order to gain more information about
importance of fixed point, any one can refer (Banach, 1922; Nieto and Lopez, 2005;
Czerwik, 1993) etc. In 1922 the Polish mathematician Stefan Banach was the au-
thor who gave the first most useful result of metric fixed point theory, which is
known as Banach contraction principle.

The known Banach contraction principle (Banach, 1922) states that if (X,d) is a
complete metric space and a self-map 7 : X — X is a contraction, that is , there is a
real number k such that 0 < k < 1,

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

for all x,y in X.

Then T has a unique fixed point in X. Besides this, the contraction mapping is con-
tinuous. But many authors studied and established fixed point theorems in which
the map under consideration need not be continuous.

Kannan (1968) studied a fixed point theorem for a self- map 7 : X — X which need
not be continuous but continuous at a fixed point and satisfying the contractive con-

dition



d(Tx,Ty) < afd(x,Tx) +d(y,Ty)],

for all x,y € X where 0 < o < 1/2. In addition to Kannans work, many authors in-
vested their time to obtain fixed point theorems for contractive conditions in which
the given map need not be continuous on the given metric space one of them is,
(Chttereja, 1972) gave the dual of Kannan fixed point theorem satisfying the con-

tractive condition:

d(Tx,Ty) < Bld(x,Ty) +d(y, Tx)],

forall x,y € X where 0 < 8 < 1/2.

Banach contractions, Kannan mappings and Chatterjea mappings are independent,
(Rohades, 1977). Generalizing the mappings of Banach, Kannan and Chatterjea,
(Zamfirescu, 1972) proved the following fixed point theorem.

Theorem 1.1.1 Let (X,d) be a complete metric space and T : X — X be self- map
for which there exist the real numbers o, B and y satisfying 0 < a < 1,0< < 1/2
and 0 <y < 1/2 such that for each pair at least one of the following holds:
Z1)d(Tx,Ty) < ad(x,y)

Z3) d(Tx,Ty) < Bld(x,Tx) +d(y, Ty)]

Z3) d(Tx,Ty) < yld(x,Ty)+d(y, Tx)]

Then T is a Picard Operator.

Definition 1.1.1 A partially ordered set is a set X and a binary relation =< denoted
by (X,=) such that for all a,b,c in X satisfying:

a) a =X a (reflexivity)

b) Ifa < b and b < a = a = b (anti-symmetry)

c)Ifa = bandb =< c, then a < c (transitivity).

The idea of b-metric space was introduced by (Czerwik, 1993). From that time
onwards, several papers have been published on the fixed point theory of various
classes of single-valued and multi-valued operators in b-metric spaces (see, Singh
and Prasad, 2008; Singh and Prasad, 2009; Boriceanu, 2009; Abbas, Chemeda and
razani, 2016).



Definition 1.1.2 (Czerwik, 1993) Let X be a non-empty set, s > 1 be a given real
number. A functiond: X x X — [0,00) is called b-metric if and only if for all x,y,z €
X
a) d(x,y) = 0 < x =y (positive definiteness)

Y

b) d(x,y) = d(y,x) (symmetry of distance)
c) d(x,y) < sld(x,z) +d(z,y)] (b- triangular inequality).

Then the triple (X,d,s) is called a b-metric space with a parameter s. Clearly, a

standard metric space is also a b-metric space, but the converse is not always true.

Definition 1.1.3 Ler (X,d,s) be a b-metric space and a sequence {x,} in X we say
that

a){xn} b-converges to x € X if d(x,,x) — 0 as n — oo.

b) {xn} is a b-Cauchy sequence if d(xp,x,) — 0 as m,n — oo.

¢) (X,d,s) is b-complete if every b-Cauchy sequence in X is b—convergent to x €
(X,d,s).

Each b-convergent sequence in a b-metric space has a unique limit and it is also a

b-Cauchy sequence. Moreover, a b-metric is not necessarily continuous.

Lemma 1.1.2 (Aghajani and Roshan, 2014) Let (X,d,s) be a b-metric space with
s > 1 and suppose that {x, } and {y,} are b-convergent to x and y respectively. Then

we write

1
—d(x,y) < liminfd(xy, yn) < limsupd (xu, yu) < 5°d(xn, yn)-
s n—oo

n—yoo

In particular, if x =y then we have limy, ;e d(xp,y,) = 0. Moreover, for each z € X,

1

—d(x,z) < liminfd(x,,z) < limsupd(x,,z) < sd(xp,z).
S n—oo n—oo

Cabrera et al. ( 2013) extended the result of (Jaggi, 1975) and established a fixed

point result in partially ordered metric spaces. Recently, (Chandok et al., 2014)

proved the following theorem.



Theorem 1.1.3 Let (X, <) be partially ordered set and suppose that there exists
a metric d on X such that (X,d) is a complete metric space. Suppose that T is a

continuous self- mapping on X and T is monotone non- decreasing mapping

d(y,Ty)d(x,Tx)
dry) Bd(x,y) +vld(x,Tx) +d(y,Ty)]

+38[d(y, Tx)+d(x,Ty)],

d(Tx,Ty) < «a

and for all x,y € X with x > y,x # y and for some a,f,7,0 € [0,1) with a + 3 +
Y+ 0 < 1. If there exists xo € X such that xo < Txq, then T has a fixed point.

Theorem 1.1.4 Let (X,<,d) is a partially ordered complete b-metric space. Let
T : X — X be a continuous and nondecreasing self mapping. Suppose there exist
mappings a;: X x X — [0, 1) such that for all x,y € X and i = 1,2,3,...,7,

Cli(Tx, Ty) S ai(x7y)‘

Also, for all x,y € X withx Xy,

A(TxTy) < ar(x))d(e) +as(e) A Ta) + (0 T)] +as(x,y) DT DT

+ag(x,y)d(y, Ty)o(d(x,y),d(x,Tx)) +as(x,y)d(y, Tx)9(d(x,y),d(x,Ty))
+ag(x,y)d(x,y)9(d(x,y),d(x,Tx)) +d(y, Tx)) +az(x,y)d(y, Tx),

where @: R™ x RT — R is a function such that ¢(t,t) = 1 for allt € RT = [0, )

and
1
sup { al(xay) +a2<x7y) —|—a3(x,y) +a4(x,y) +a6(x7y)} < —
x,y €X s+1

If there exists xg € X such that xy < Txg, then T has a fixed point.

Inspired and motivated by the works of (Reza Arab and Kolsoum Zare, 2016) we
have established some fixed point results satisfying contractive condition of rational
type in the setting of partially ordered complete b-metric spaces and illustrative

examples which support the result of the study were also provided.
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1.2 Statements of the problem

This study concentrated on establishing the existence of new fixed point result for

mappings satisfying rational type contractions in partially ordered b-metric spaces.

1.3 Objectives of the study

1.3.1 General objective

The main objective of this study was to obtain new fixed point results for mappings

satisfying rational type contractions in partially ordered h-metric spaces.

1.3.2 Specific objectives
This study has the following specific objectives

e To prove the existence of new fixed point results for rational type contractions

in partially ordered b-metric spaces.

e To discuss additional conditions required to obtain a unique fixed point in

partially ordered b-metric spaces.

e To provide examples in the support of the result of the study.

1.4 Significance of the study

The study may have the following importance

e The results obtained in this study may contribute to research activities in the

area of fixed point.

e The researcher developed scientific research writing skills and scientific com-

munication in Mathematics.

e The result may be applicable in solving differential equations, integral equa-

tions, partial differential and functional equations.



1.5 Delimitation of the Study

This study was delimited to prove new fixed point result for rational type contrac-

tions in partially ordered b-metric spaces.



Chapter 2

Review of Related Literatures

The Banach Contraction Principle is a very popular tool which is used to solve ex-
istence problems in many branches of Mathematical Analysis and its applications.
It is no surprise that there is a great number of generalizations of this fundamental
theorem. They go in several directions modifying the basic contractive condition or
changing the ambient space.The Banach’s contraction mapping principle is one of
the cornerstones in the development of fixed point theory. In particular, this prin-
ciple is used to demonstrate the existence and uniqueness of a solution of ordinary
differential equations, integral equations, functional equations, partial differential
equations and others. Stefan Banach (1922) stated his celebrated theorem on the
existence and uniqueness of fixed point theorem for contraction of self maps de-
fined on complete metric spaces for the first time, which is known as the Banach
contraction mapping principle. Fixed point theory is one of the famous and tradi-
tional theories in mathematics and has a broad set of applications. In this theory,
contraction is one of the main tools to prove the existence and uniqueness of a fixed
point theorem. Banach’s contraction principle, which gives an answer on the ex-
istence and uniqueness of a solution of an operator equation, 7x = x is the most
widely used fixed point theorem in all of analysis. This principle is constructive in
nature and is one of the most useful tools in the study of nonlinear analysis.

If (X, <) is a partially ordered set and 7: X — X , we say that T’ is monotone non-
decreasing if x,y € X,x <y =- Tx <X Ty. This definition coincides with the notion
of a non-decreasing function in the case where X = R and < represents the usual
total order in R. Geraghty (1973) proved a fixed point result, generalizing the Ba-
nach contraction principle. The extension of Banach contraction principle through
rational expressions was also made by (Das and Gupta, 1975 and Harjani, 2010)
proved a fixed point theorems for mappings satisfying contractive condition of ra-
tional type on a partially ordered metric space. Several authors proved later various

results using Geraghty-type conditions. Fixed point results of this kind in b-metric
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spaces were obtained by (Dukic et al., 2011). Dukic ef al. (2011) for a real num-
ber s > 1 (the case s = 1 is easily metric), let F(s) denote the class of all function

B: [0,00) — [0,1) satisfying the following condition:

. r. .
lim supBt, = — implies t, — o as n — oo.
n—soo s

Due to its importance, generalizations of Banachs contraction mapping principle
have been investigated heavily by many authors (see Sintunavarat and Kumam,
2013; Arab and Zare, 2016; Amini-Harandi and Emami, 2014).

Theorem 2.0.1 (Jaggi, 1977) Let (X ,d) be a complete metric space and T : X — X
be a mapping such that there exist a., 3 > 0 with a+ B < 1 satisfying the condition:

d(Tx,Ty) < e 0a ST 1 B (x,y)

forall x,y € X.

Then T has a unique fixed point.

Das and Dey (2007) has developed fixed point theory in partially ordered metric
spaces endowed with a partial ordering and the triplet (X,d,<)is called partially
ordered metric space if (X, <) is a partially ordered set and (X,d) is a metric space.
The study of fixed points of mappings satisfying certain contractive conditions can
be employed to establish existence of solutions of certain operator equations such as
differential, functional and integral equations (Nieto and Lopez, 2005 and Amini-
Harndi, 2014).

Arab and Zare (2016) established some fixed point results satisfying a generalized
contraction mapping of rational type in bmetric spaces endowed with partial order.
Also, they established a result for existence and uniqueness of fixed point for such

class of mappings.



Chapter 3

Methodology

This chapter contains study design, description of the research methodology, data

collection procedures and data analysis process.

3.1 Study period and site

This study was conducted from September, 2017 G.C. to September, 2018 G.C. in

Jimma University under Mathematics Department.

3.2 Study Design

In this research work we employed analytical design method.

3.3 Source of Information

The available sources of information for the study were books and published arti-

cles.

3.4 Mathematical Procedure of the Study

The mathematical procedure that the researcher followed for analysis was the stan-
dard technique used by (Reza Arab and Kolsoum Zare, 2016).

These procedures are:

e Establishing theorems.
e Constructing sequences.

e Showing whether the sequences are Cauchy or not.

9



Showing the convergence of the sequences.
Proving the existence of fixed points.
Showing uniqueness of the fixed point.

Giving examples in support of the main results.

10



Chapter 4

Preliminaries and Main Results

4.1 Preliminaries

We recall definitions of fixed point, contraction, monotone non-decreasing and con-

tinuity of mappings.

Definition 4.1.1 Let X be a nonempty set and T: X — X be a self-map. A point
x € X is said to be fixed point of T if Tx = x.

Example 4.1.1 Let X =R and T: X — X be given by Tx = x. Then T has infinitely
many fixed points.

Example 4.1.2 Let X =R and T: X — X be given by Tx = x>, then T has three
fixed points,namely 0,1 and —1.

Example 4.1.3 Let X =R and 7: X — X be given by Tx = x+ 1, then T has no
fixed points.

Definition 4.1.2 Let (X,d) be a metric space. A mapping T : X — X is called

contraction, if there exists A € [0,1] such that
d(Tx,Ty) < Ad(x,y)
forall x,y € X.

Example 4.1.4 Let X = [0,1] and d : X x X — R defined by d(x,y) =| x—y ]| .
Then T : X — X given by Tx = %x is contraction since

1 1 1 1
d(Tx,Ty) =| 3x= v |= 3 [x—y|= Sd(x).

=

which satisfies the property when A >

11



Definition 4.1.3 Let (X,d,s) be a b-metric space with the coefficient s > 1 and
let T : X — X be a given mapping. We say that T is continuous at xy € X if for
every sequence x, in X with x, — x as n — oo, then Tx,, — Txg as n — oo. If T is

continuous at each point xo € X, then we say that T is continuous on X.

Definition 4.1.4 A mapping T : X — X in a partially ordered b-metric space
(X,d,=) is said to be monotone non-decreasing mapping if for all x,y € X,

x=Xy=T(x)=T(y).

Definition 4.1.5 Let X be a non empty set.Then (X,d, =) is called partially ordered
b-metric space if,

i) (X,d) is a b-metric space

ii) (X, =) is a partially ordered set.

Definition 4.1.6 Let (X, <) be a partially ordered set and x,y € X then x and 'y are
said to be comparable elements of X if x X yory X x.

12



4.2 Main Results

Theorem 4.2.1 Let (X, <,d) is a partially ordered complete b-metric space. Let
T : X — X be a continuous and nondecreasing self mapping. Suppose there exist
mappings a;: X x X — [0, 1) such that for all x,y € X and i = 1,2,3,...,8,

ai(Txa Ty) < ai(x7Y)'

Also, for all x,y € X withx <y

ATxTY) < ar(ey)d(y) +aey)d( T2 +doTy)] +asley) LTI AT

+ay(x,y)d(y, Ty)o(d(x,y),d(x, Tx)) +as(x,y)d(y, Tx)p(d(x,y),d(x, Ty))
+ag(x,y)d(x,y)@(d(x,y),d(x,Tx)) +d(y,Tx)) +az(x,y)d (y, Tx),
(x

)

d(x,Ty)(1+d(x,Tx))
s(1+d(x,y))

+ag(x,y 4.1

where @: RT x R™ — R is a function such that ¢(r,7) = 1 for all t € R and

1
sup { a1 (x,y) +ax(x,y) +az(x,y) +as(x,y) +ae(x,y) +ag(x,y)} < T If there
xyeX

exists xo € X such that xy < T'xo, then T has a fixed point.

Proof: If xy) = Txo, then we have the result. Suppose that xy < Txp.

Then we construct a sequence {x,} in X such that
Xpt1 =Tx, foreveryn=0,1,2,---. 4.2)
Since T is a nondecreasing mapping, we obtain by induction that
x03Txo=x1 Ty ...xTxp1=x, X Txp=Xp41-"". 4.3)
If there exists some k € N such that
Xk = Xk+1

then from (4.2)
X1 = Txp = Xg,

13



that is x; is a fixed point of 7" and the proof is finished. So, we suppose that x, #

Xn+1, for all nin N. Since, x, < x,,11 we set x = x,, and y = x,,1| in (4.1), we have

d(Txu, Txny1) < a1(Xn,Xnr1)d(Xn, Xn11) + a2 (X, Xng 1) [d (X0, Txn) +d (X 41, TXny1)]
d(xn-i—laTxn) +d(xn7Txn+l)

S
1 d(-xn-‘r] 9 Txn—i—l)(P(d(xn,xn—i-l)ad(xna Txn))

)
D1, T @(d (G X 1), (s Tt )
D) P(d (K, 1) (6, T50)) + (1, 7))
)
)

+a3 xmxn—i-l)

ag\ Xy

aeg\ Xy

a7\ Xn, Xn+1 d(-anrl;Txn)
d (X, Xn+2) (1 +d(xXn, X0 41))

(

(X5 X4
5(x 1 Xn+-

(X2 Xt

ar(

( S+ dGnt)

+ ag(Xn, Xni1
that 1s,

d(Xp1,X%012) < a1 (X, Xnt1)d (Xn, X 1) + @2 (X Xnt1) [d (X Xng1) +d (X1, Xn12)]
+ a3 (X, Xn 1) [d (X0, Xn+1) +d (Xn1,%042)] + @4 (X0, Xn41)d (Xn 1, Xn42)
+ a6 (Xn, Xn11)d (X, X 1) 4 a8 (X, X 1) [d (Xn, Xny 1) +d (X1, %012)]
= [a1(n, Xnr1) + @2 (%0, Xn41) + a3 (X, Xn1) + @6 (X, Xn1) + @ (Xn, Xn41)]d (X, Xn 1)
+ (a2 (X, Xn11) +a3(Xn, Xn11) + @4 (X, Xnt1) + ag (Xn, Xn1)]d (Xnt1,%042)
= [a1+ax+az+ae+as|(Txn—1,Txn)d (X, Xn11)
+[az + a3 +as + as)(Txn—1, Txn)d (X1, %n+2)

< [a1 +ap +a3+a6+ag](xn_1,xn)d(xn,xn+1)
+ a2+ a3+ as +ag)(xn—1,%2)d (Xp+1,Xn42)
< [a1 +ax+ a3 +ae+as|(x0,x1)d (Xn, Xn+1)

+ a2 + a3 + as + ag](x0, x1)d (Xp41,%042),

which implies that

s nea) < (a1 +ax+az +ae+ag)(xp,x1)
n+1sAn+ ~

d(x,,x .
1—(a2+a3 —i—a4—|—a3)(x0,x1) ( " n+l)

14



Now,

(a1 +2ay +2a3 + ag + ag + 2as) (xo,x1) < {(s+1)[a; +az+as+as+ae+ag)(xo,x1)}

< sup {(s+1)[a; +ar+az+as+ae+ag|(x,y)}
x,yeX
< 1
Thus we get
d(Xpi1,%n12) < Ad(Xn, Xny1)- 4.4)
Where,

(a1 +ax+az+ag -I-ag)(xo,)q)
1 — (a2 +a3 +ay +asg)(xo,x1)

A= <1
Obviously, 0 < A < % Then by repeated application of (4.4), we have
d(Xnr1,%n42) < Ad(xX,Xnp1) S A%d(x-1,20) < - <A d(x,x1). (45)

Thus, setting any positive integers m and n where (m > n), we have

d(Xp,Xm) < sd(xp, Xy 1) +57d (X g1, %012) + -+ 5" A (X1, %m)

< [sA" 2T A d (x, 0 )
= SA"[L4sA+ (sA)? + -+ (sA)™ " d(x0,x1)
< SA"[14sA 4 (sA)? +---]d(x0,x1)

SA”
md(XO,X] )

Since 0 < A < %, we notice that 15_7L:;L — 0 as n — oo for any m € N. So {x,} is

Cauchy in a complete b-metric space X, there exists x € X such that

lim x =X
n—oo n+l

15



Letting n — oo in (4.2) and from the continuity of 7', we get

x=lim x, ) = r}groloT(xn) = T(r}glgoxn) =T (x).

This implies that x is a fixed point of 7.

We shall prove the uniqueness of the fixed point. In addition to the hypotheses of
Theorem 4.2.1, Suppose that for every x,y € X, there exists u € X such that u < x
and u <y. Then T has a unique fixed point.

Proof: It follows from the Theorem 4.2.1 that the set of fixed points of 7" is non
empty. We shall show that if x* and y* are two fixed points of T that is, if x* = Tx*
and y* = Ty*, then x* = y*.

By the assumption, there exists uy € X such that ug < x* and ug < y* we define the
sequence {u, 1} Such that u, 1 = Tu, = T" lug,n=0,1,2,...

Monotonicity of 7 implies that 7"uy = u, = upr1 < x* = T"x* and T"uy = u, <
upy1 Iy =T"y"

If there exists a positive integer m such that u,, = x* then, x* = Tx* = Tu, = u, 11,
for all n > m. Then u,+; — 0 as n — c. Now we suppose that x* # u, for all
n>0.

Let p, = d(upy1,x*), for all n > 0. Since u,+; < x* for all n > 0, By applying

16



Lemma 1.1 and Theorem 4.2.1 we have,

d(Up1,xs . N
% < r}gl;osupd(un+2,Tx)
< lim 0 supay (Un1°,x")d (Ung1,x7)
+az( U, X )d (i1, Uni2) +d(x*, Tx")]
>k +d 7
+a3(un+]’ ) (x un+2)s (un-i-l )
+Cl4(l/ln+1, *)d(x TX) (d(un+1,x*),d(un+1,un+2))
+as(up41,x")d (X" uni2) Q(d (p41,X7), d(unt1, Tx7))
+a6(un+17X*)d<un+17 )(p( (un+17 *)7d(un+laun+2)
_'_d(x I/ln+2)),
+ a7 (ttpy1,x")d (x *un+2)
oy At 1, Tx) (1 +d (upg1, Uni2))
+ag(Upt1,
) (T d ) )
< ar (7, x") +Fag (o, x) +as (67, x) + ag (X", x7) | d (w41, x4)
1
< ?d(un-i-lax*)
1

< ;d(un_,_],x*).

Which contradicts the assumption. So, p,+1 < p, thatis, {p,} is a decreasing se-
quence of positive real numbers and is bounded below. There exists r > 0 such that
pn=d(upy1,x*) — ras n — oo. Similarly, we can show that

r =0, then, p, = d(uy41,x*) — 0, as n — oo, that is, u, 1| — x* as n — oo,

Using similar argument, we can prove that u,, ;| — y* as n — co. Finally, the unique-
ness of the limit implies x* = y*. Hence T has a unique fixed point.

Now we give an example in support of Theorem 4.2.1.

Example 4.2.1: Let X = [0,2] with d : X x X — [0,00) given by d(x,y) = (x —y)?
1s a b—metric space with s = 2. We define the partial order ” < on X by

=={(x,y) :x,y€[0,1),x =y} U{(x,y) :x,y € [1,2],x <y}, then (X,X)

17



is a partially ordered set.

 if 0<x<1,
T(x)=1" B
3 if1<x<2.
and ! )
_Ux+y
al(‘x7y)_ 20 .

We define ¢ : [0,00) X [0,00) — [0,00) and also ¢@(z,¢) =1 and @(z,s) = i—iﬁ are
given conditions.

Now we verify the condition of Theorem 4.2.1.

Case 1: Letx,y € [0,1), thenx =y so, Tx = 5 = TY.

Then we have

d(Tx,Ty)=d(%—%)=(3—%)*=0,sincex=y € [0,1).

a1 (x,y)d(x,y) = S (x— )2 = 0.

ax (e )0 Tx) +d(nTy)] = ax(ey)d(x3)+d0:3)]
8x°
- &

) U)o vyae S ae )
8x3
- =

x, 144X 4 64x°

ay(x.)d(, ) P(d(x.y).d(x,3) = ——

as(x,)d (. TX)Q(d(x,y).d(x, Ty) = as(x.y)d(x, 3)9(d(xx).d(x. )

18x3 +8x°
81.
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ag(x,y)d (x,y)9(d(x,y),d(x, Tx) +d(y, Tx)) = 0.

ar(xy)d(nTx) = ar(xx)d(x.3)
~7(2x) X
= 0 573

28x3

90

d(x,Ty)(14+d(x,Tx))  144x> +64x°
s(14+d(x,y)) N 405 '

ag(x,y)

This implies,
0 < 4.04x31.28x°.

Since the left hand side of the expression is O for any x € [0, 1) it holds true.
Case 2: Let x,y € [1,2] such that x < y, then we have the following.

T _ ] T _ 1
=33
AT Ty) =d(5 —5) = (5~ 3)°=0.
a5 )d(wy) = ar(x,) (=) = (x=5?)

X x—1)2 —1)2

)l )+, 7)) = SN BV L)

d(y,Tx) +d(x,Ty) _ (x+y)[(3y—1)*+ (3x—1)’]

a3(%,3) s - 120

as(e V)0 TY)Q(0,) A0 TX)) = sl y)d (0 TY)d 0 3)0(d(x,y) (. 3))

3
_ <X§thuJyuxrw¢«amy»d@Jw»
(x+) [By =120+ (Bx— 1]

5 81(1+ (x—y)?)
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(x+y)3x—1)?, 94+ (3x—1)?
6 o(1+(x—y))

a5(x,y)d(y, Tx)¢(d(x7y)7d(xaTy)) = ]

).

X X — 2 _1)2

ae(x,y)d (x,y)@(d(x,y),d(x, Tx)+d(y,Tx)) = 3 1J(;y) () (39(1 &:Sg) :
x P 2
(5, y)d (3, T) = 2 ”féf)y n?

d(x,Ty)(1+d(x,Tx)  40r+)Gr— 120+ (Gr—1)?)
s(14+d(x,y)) B 1620(1 + (x —)?) '
Since again from Case( 2) the left hand side is O for x,y € [1,2] with x <y it holds

ag(x,y)

true.

From Case (1) and Case ( 2) considered above T satisfies the Inequality 4.2.1 and
hence T satisfies all the hypothesis of Theorem 4.2.1 and T has a fixed point xo = 0.
Example 4.2.2: Let X = [0, 1] with the usual order < . Define d(x,y) =|x—y |2
Then d is a b-metric space with s = 2 . Also define a; (x,y) = “2* Land Tx = %

We observe that

1 )C2 y2
a1(Tx, Ty) = 6_4(3_2+3_2+1)
1 xx yy
= —(==+==+1
64(32+32+ )

x+y+1

< =
> 64 al(x,y),
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where a;(x,y) =0 fori=2,3,...,8.
And for all comparable x,y € X, we get

d(Tx,Ty) = |Tx—Ty[
- 1E-Lp
32 32
1 2
= W\X+Y||X+Y||x—)”
1 2
< 64><16|x+y||x—y|
1x+y+1 2 1
< 7 x—vyl|*=—=
= 16 64 |X y| 16a1(x7y)d(-x7y)

< ai(x,y)d(x,y).

Moreover, T is a non-decreasing continuous mapping with respect to the usual or-
der <. Hence all conditions of Theorem 4.2.1 are satisfied. Therefore T has a fixed
point x = 0.

Corollary 4.2.2 Suppose that (X,d, <) is a partially ordered complete b-metric
space. Let T be a continuous and non-decreasing mapping such that the following
conditions hold:

For all x,y € X with x <y, where q; are non negative coefficients fori = 1,2,3,...,7
with a; +ar + a3 +as +ag < HLI, and @ : R x Rt — R™ is a function such that
@(t,t) =1 forall € R*. If there exists x € X such that xy < Txg,then T has a fixed
point.

Proof: The result follows by taking ag(x,y) = 0 in Theorem 4.2.1.

Theorem 4.2.2 Suppose that (X,d,=) is a partially ordered complete b-metric
space. Assume that if x, is a non- decreasing sequence in X such that x, — x,
then x, < x foralln € N. Let T : X — X be a non-decreasing mapping.Suppose
there exist continuous mappings

a;X xX —[0,1) such that for all x,y € X and i = 1,2,3,...,8

ai : (TX, Ty) < ai(xvy)'
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Also, for all x,y € X withx <y,

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

d(Tx,Ty) < ai(x,y)d(x,y)+az(x,y)[d(x,Tx)+d(y,Ty)] +az(x,y) ;

+as(x,y)d(y, Ty)@(d(x,y),d(x, Tx)) +as(x,y)d(y, Tx)@(d(x,y),d(x,Ty))

+a6(x7y)d( ) ( ( )d(x,Tx))+d(y,Tx))+a7(x,y)d(y,Tx)
d(x,Ty)(1+d(x,Tx))

+a8(x7Y)

s(1+d(x,y)) ’

where ¢ : Rt x R — R is a continuous function such that ¢(z,7) = 1 for all
r€R" and

SUEPX{ ai(x,y) +ax(x,y) +as(x,y) +aa(x,y) +a6(x,y) +ag(x,y)} < -
I’fy there exists xo € X such that xo < T'xg, then T has a fixed point.
Proof: We take the same sequence x, as in the Theorem 4.2.1.Then we have xy <
x1 2xp = ... 2x;, 2 xp41<... that is, x, is a non-decreasing sequence. Also, this
sequence converges to x. Suppose that Tx # x, that is, d(x,Tx) > 0. Since x, < x

for all n, applying condition of Theorem 4.2.1 and Lemma 1.1, we have

d(x,Tx)
s n—soo

= lim supd(Txp, Tx)

< lim supd(x,+1,Tx)
< nlglzo Sup{al (xn,x)d(xn,x) + a2(xnax) [d(xrhxn-i-l) —|—d()€, T.X)]

d(xp,Xpt1) +d(xn, Tx)
s

An ) ( (xnax)ad(xnaxn—i-l)+d(xaxn+1))
d (xp,xn)(1 +d(xn,xn+1))}
s(1+d(xy,x))

< az(x,x) + a3(x,x) + as(x,x)]d(x, Tx)
< T d(x,Tx)
< %d(x, Tx).
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This is a contradiction. Hence, Tx = x, that is, x is a fixed point of 7.
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Chapter 5

Conclusion and Future Scope

5.1 Conclusion

In 2016 Arab and Zare established the existence of fixed point theorems for a self-
maps satisfying rational type contractions in partially ordered complete b-metric
space. In this research work, we have established existence and uniqueness of fixed
points for a self-maps satisfying rational type contractions in partially ordered com-
plete b-metric spaces. Also, we have given supporting examples to the main results
of our work. Our study extend and generalize the main result of ( Arab and Zare,
2016).

5.2 Future Scope

There are some published results related to the existence of fixed points of self-maps
defined on b- metric spaces induced with partial order. The researcher believes, the
search for the existence of fixed points of self-maps satisfying different conditions
in partially ordered-metric spaces for rational type contractions is an active area
of study. So, any interested researchers can use this opportunity to Conduct their

research work in this area.
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