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Abstract

In this thesis, we will study some fixed point theorems over different spaces. We will
discuss Banach contraction theorem in metric space along with two other fixed points
theorems namely Kannan fixed point theorem and Chatterjea fixed point theorem.
Moreover, we will observe these theorems in different spaces suchas b-metric space,
rectangular metric space and rectangular b-metric space. Also, we will learn about
weak contraction on metric space, then we will apply this concept on Banach
contraction theorem in metric space. Finally, we will discuss what we call the weak

Banach contraction and the weak Kannan contraction on rectangular metric space.



Introduction

The definition of fixed point could be defined as nonempty set X and a mapping T: X — X,
every solution of the equation Tx = x is called fixed point of T. The fixed point theory is a
major branch of nonlinear functional analysis due to its wide applications such as that fixed
point theorems can be used to prove the existence of a solution to the differential and
integral equation.

Regarding the metric fixed point theory, we recall an early work of Banach in 1922 [1]
which states that every contraction mapping T of a complete metric space (X, d) into itself
has a unique fixed point. This is essentially done by using the convergence of Picard iterates.
Again, this theorem has been extensively used in the study of solution of various operator
equation, including numerical approximation.

Note that the mapping in Banach contraction in metric space need to be continues. R.
Kannan, in 1968 [2], establishes a new fixed point result by assuming a contractive condition
which do not imply the continuity of T.

In 1972, Chatterjea [3] proved a fixed point theory assuming a contractive condition
which do not imply the continuity of T using the same convergence procedure as Banach.

In 1989, the idea of b-metric was initiated from the work Bakhtin [4] and Bourbaki [5].
Which was formally defined by Czerwik in 1993 [6] where the generalizing of Banach
theory was applied. However, unlike the usual metric the b-metric d isnotcontinuousinthe
topology generated by it. The class of b-metric spaces is larger than that of metric space.
There are many authors who have worked on the generalization of fixed point theorems in b-
metric spaces [7], [8].

In 2000, Branciari [9] introduced a generalized metric space which was defined as a metric space
in which the triangle inequality is replaced by quadrilateral inequality which it was later
called rectangular or a quadrilateral metric space. The rectangular metric space differs from
the metric space, in many aspects such as the mapping T is not continuous in rectangular
metric space and it is not necessary a Hausdorff space. Toestablish more results infixed point
theorem in rectangular metric space please consult [10], [11], [12], [13].



Recently, there was a combination of the b-metric space and rectangular metric
space which introduced in 2015, George et al. [14] presented the rectangular b-metric
space which was a general form of the metric space, rectangular metric space and b-
metric space. Latterly George et al. proved many fixed point results in the rectangular
b-metric space [14], [15], [16], [17].

In 2003, Vasile Berinde [18] defined the weak contraction mapping and proved the

weak Banach contraction principle in metric space.

This thesis is divided into five chapters:

In chapter 1, we present the basic definitions and fundamental results on fixed point
theoriessuch as Banach Contraction Principle, Kannan fixed point theorem and
Chatterjea fixed point theorem in metric space.

Chapter 2, we introduce the concept of the b-metric space and we prove the Banach
Contraction Principle, Kannan fixed point theorem and Chatterjea fixed point
theorem in this space.

Chapter 3, we discuss the rectangular metric space and we present some examples.
Then, we study the Banach Contraction Principle, Kannan fixed point theorem and
Chatterjea fixed point theorem in the rectangular metric space.

Chapter 4, we present the concept of rectangular b-metric space showing the
difference between the rectangular b-metric space and the other spaces. Also, we
discuss the Banach Contraction Principle, Kannan fixed point theoremand
Chatterjea fixed point theorem on that space.

In the last chapter, the concept of weak contraction and its properties was

introduced. This chapter consists of three sections. In the first section, the weak
Banach contraction was discussed, in the second section,we proved the weak Banach
contraction in rectangular metric space and in the last section, we proved the weak

Kannan contraction in rectangular metric space.



