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abstract: In this paper, we develop new fixed point results for generalized contractions in the framework
of b-metric spaces. Several illustrative examples and a concrete application of integral equations are provided
to demonstrate the utility and scope of the proposed theorems.
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1. Introduction and Preliminaries

Fixed point theory plays a fundamental role in various branches of mathematics and has wide-ranging
applications in science and engineering [1,2,3]. Since the introduction of metric spaces by M. Fréchet
in 1906, the concept has evolved into a powerful analytical tool that is applied in fields such as image
processing, protein modeling, and information retrieval systems. A cornerstone of this theory is the
Banach contraction principle, which asserts the existence and uniqueness of fixed points for certain self-
maps on complete metric spaces.

Over time, numerous researchers have extended the Banach principle either by modifying the con-
tractive condition or by exploring broader categories of metric-like structures [4,5,6,7,8]. For example,
Matthews [4] introduced partial metric spaces, allowing nonzero self-distances—a framework suitable for
theoretical computer science. Branciari [5] presented a fixed point theorem involving integral-type in-
equalities. Mustafa and Sims [6] developed a generalized metric space framework with relaxed symmetry
and triangular inequality conditions. Azam et al. [7] focused on fixed point theorems in complex-valued
metric spaces, which are applicable in quantum systems. Mitrović and Radenović [8] examined Banach-
type contractions in bv(s)-metric spaces that generalize b-metrics with additional variation measures.

Further enhancements to fixed point theory are found in a wide spectrum of generalizations [9,10,
11,12,13,14,15,16,17,18,19,20]. Meir and Keeler [9] introduced contractive mappings governed by control
functions. Nadler [10] extended Banach’s result to multivalued mappings, which proved vital for fuzzy set
theory. Rhoades’ works [11,12] compared contractive mappings and explored weakly contractive maps.
Samet et al. [13] proposed α-ψ-contractive mappings, combining several previous conditions into a unified
structure. Wardowski [14] introduced the concept of F-contractions, which generated a new direction in
the theory. Harandi [15] contributed to the understanding of partial and metric-like spaces with new
fixed point results. Alghamdi et al. [16] explored coupled fixed points in b-metric-like spaces. Shukla
[17] initiated a study on partial b-metric spaces, broadening the fixed point paradigm. Jleli and Samet
in [18,19,20] developed several new generalized metric spaces with associated fixed point theorems.

Among these extensions, b-metric spaces have attracted considerable interest. These spaces modify
the triangle inequality by incorporating a multiplicative constant s ≥ 1. The concept was first introduced
by Bakhtin [21] and later formalized and extended by Czerwik [22,23]. This generalization retains much
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of the utility of metric spaces while allowing for broader applicability. Several authors have developed
fixed point results within this framework [24,25]. Shatanawi et al. [24] used comparison functions to
define new contraction conditions on b-metric spaces. Younis et al. [25] integrated graphical structures
with rectangular b-metric spaces, bridging ideas from topology and graph theory.

In addition to these works, several contributions by Zada, Shah, and collaborators offer important
insights into generalized fixed point theory [27,28,29,30,31,32,33]. Zada et al. [27] introduced integral-
type contractions for coupled coincidence points in G-metric spaces. Wang et al. [28] addressed self-
mappings in dislocated metric spaces. Li et al. [29] studied fixed points in dislocated quasi-metric
spaces. Shah et al. [30] proposed new coupled fixed point results for generalized contractive conditions.
Zada et al. [31] analyzed ordered cone b-metric spaces. Shah and Zada [32] examined integral-type
contractions for compatible maps. Shah [33] explored fixed point results in b-metric-like spaces with
relaxed conditions.

Recent work by Turab and Sintunavarat demonstrates the applicability of fixed point theory in model-
ing real-world behavioral phenomena. In [34], they addressed a learning avoidance model using Banach’s
theorem, while in [35], they modeled two-choice behavior in fish based on fixed point methods. Some
recent advancements in fixed-point theory are recommended, particularly some papers presenting novel
applications, such as [36,37,38]:

In this work, we focus on exploring a new class of generalized contractions within the framework of
b-metric spaces. We develop several fixed point theorems under broader and more flexible contractive
conditions, extending and refining existing results in the literature. To illustrate the theoretical sig-
nificance of our findings, we present carefully constructed examples. Additionally, we demonstrate the
practical relevance of one of our main theorems by applying it to establish the existence of a solution to a
Fredholm-type integral equation. The novelty of our approach lies in introducing generalized cyclic and
rational-type contraction conditions that unify and generalize various known results. By combining rig-
orous theoretical analysis with concrete examples and applications, our study contributes meaningfully
to both abstract fixed point theory and its real-world implications. We begin by recalling the formal
definition of a b-metric space:

Definition 1.1 [21,22,23] Let Z be a non-empty set. A function D : Z×Z → R+ is called a b-metric
on Z if there exists a constant s ≥ 1 such that for all µ, ω, ν ∈ Z, the following conditions are
satisfied:

1. D(µ, ω) = 0 ⇔ µ = ω,

2. D(µ, ω) = D(ω, µ),

3. D(µ, ω) ≤ s
[
D(µ, ν) +D(ν, ω)

]
.

The pair (Z,D) is then called a b-metric space. Note that when s = 1, the b-metric reduces to the
usual metric.

Example 1.1 [26] Let (Z, d) be a metric space, and define a new function D : Z × Z → [0,∞) by

D(µ, ω) = [d(µ, ω)]η, ∀µ, ω ∈ Z,

where η > 1 is a fixed real number. Then (Z,D) is a b-metric space with coefficient s = 2η−1.
In particular, if Z = R and d(µ, ω) = |µ− ω| is the usual Euclidean metric, then

D(µ, ω) = (µ− ω)2, ∀µ, ω ∈ R,

defines a b-metric on R with s = 2. However, (R, D) is not a metric space because it does not satisfy the
triangle inequality in the strict metric sense. For instance,

D(−2, 2) = 16 > D(−2, 0) +D(0, 2) = 4 + 4 = 8,

thus violating condition (iii) when s = 1, confirming that this is not a standard metric.
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2. Main Results

In this section, we present our main results.

Theorem 2.1 Let (Z,D) be a complete b-metric space with coefficient s ≥ 1, and let A,B ⊆ Z be
non-empty subsets. Suppose that the mapping τ : Z → Z satisfies the generalized cyclic contraction
condition:

D(τµ, τω) ≤ kD(µ, ω) + ψ(D(µ, ω)), (2.1)

for all µ ∈ A, ω ∈ B, where:

• k ∈ [0, 1),

• ψ : [0,∞) → [0,∞) is a continuous function such that ψ(t) → 0 as t→ 0.

Assume further that τ(A) ⊆ B and τ(B) ⊆ A. Then, τ has a unique fixed point µ′ ∈ A ∪ B. Moreover,
for any µ0 ∈ A, the sequence µn = τn(µ0) converges to µ′.

Proof: Let µ0 ∈ A, and define a sequence {µn} recursively by

µn+1 = τ(µn), for n ≥ 0.

By the cyclic property of τ , we have:

µn ∈ A⇒ µn+1 ∈ B, µn ∈ B ⇒ µn+1 ∈ A,

so the sequence alternates between A and B.
Using the contraction condition (2.1), for each n ≥ 0, we get:

D(µn+1, µn+2) = D(τµn, τµn+1)

≤ kD(µn, µn+1) + ψ(D(µn, µn+1)). (2.2)

Define Dn := D(µn, µn+1). Then from (2.2), we obtain:

Dn+1 ≤ kDn + ψ(Dn).

Since k ∈ [0, 1), ψ is continuous with ψ(t) → 0 as t→ 0, and Dn ≥ 0, it follows that Dn → 0 as n→ ∞.
Therefore,

D(µn, µn+1) → 0 as n→ ∞.

To show that {µn} is a Cauchy sequence, for any m > n, using the b-metric inequality repeatedly, we
have:

D(µn, µm) ≤ s

m−1∑
i=n

D(µi, µi+1).

Since the terms D(µi, µi+1) tend to zero, the right-hand side tends to zero as n,m → ∞. Thus, {µn} is
a Cauchy sequence.

As (Z,D) is complete, there exists µ′ ∈ Z such that µn → µ′ as n→ ∞.
We now verify that µ′ is a fixed point of τ . Since τ is continuous under the b-metric topology induced

by D, we have:
τµ′ = lim

n→∞
τ(µn) = lim

n→∞
µn+1 = µ′.

To prove uniqueness, suppose there exists another fixed point ω′ ∈ Z, with ω′ ̸= µ′. Then:

D(µ′, ω′) = D(τµ′, τω′)

≤ kD(µ′, ω′) + ψ(D(µ′, ω′)).

Rearranging gives:
D(µ′, ω′)(1− k) ≤ ψ(D(µ′, ω′)).

Since ψ(t) → 0 as t→ 0, the only possibility is D(µ′, ω′) = 0, which implies µ′ = ω′.
Hence, τ has a unique fixed point µ′ ∈ A ∪B, and the sequence µn converges to µ′. 2
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Theorem 2.2 Let (Z,D) be a complete b-metric space with constant s ≥ 1. Suppose that the mapping
τ : Z → Z satisfies the generalized rational contraction condition:

D(τµ′, τω′) ≤ kD(µ, ω)

1 + ψ(D(µ, ω))
, (2.3)

where:

1. k ∈ [0, 1),

2. ψ : [0,∞) → [0,∞) is a continuous function such that ψ(t) → 0 as t→ 0.

Then τ has a unique fixed point µ′ ∈ Z, and for any initial point µ0 ∈ Z, the iterative sequence µn+1 =
τ(µn) converges to µ′.

Proof: Let µ0 ∈ Z be arbitrary, and define a sequence {µn} by

µn+1 = τ(µn), for all n ≥ 0.

Assume that all successive terms are distinct; otherwise, if µn+1 = µn for some n, then µn is a fixed
point.

Using the contractive condition (2.3), we get for all n ≥ 0:

D(µn+1, µn+2) = D(τµn, τµn+1)

≤ kD(µn, µn+1)

1 + ψ(D(µn, µn+1))
. (2.4)

Define Dn := D(µn, µn+1). Then inequality (2.4) becomes:

Dn+1 ≤ kDn

1 + ψ(Dn)
. (2.5)

Since 1 + ψ(Dn) > 1 and k ∈ [0, 1), it follows that

Dn+1 < kDn.

Hence, the sequence {Dn} is positive and strictly decreasing. Moreover, since Dn ≥ 0, it converges to
some limit L ≥ 0. Taking the limit on both sides of (2.5), we get:

L ≤ kL

1 + ψ(L)
.

If L > 0, then dividing both sides by L gives:

1 ≤ k

1 + ψ(L)
,

which contradicts k < 1. Therefore, L = 0, and we conclude:

lim
n→∞

D(µn, µn+1) = 0.

Now, for m > n, using the b-metric triangle inequality:

D(µn, µm) ≤ s

m−1∑
i=n

D(µi, µi+1).

Since the tail sum
∑∞

i=nD(µi, µi+1) converges to 0 as n → ∞, the sequence {µn} is Cauchy. By
completeness of (Z,D), there exists µ′ ∈ Z such that

µn → µ′ as n→ ∞.
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We now verify that µ′ is a fixed point of τ . Since τ is continuous under the b-metric D, we have:

τ(µ′) = lim
n→∞

τ(µn) = lim
n→∞

µn+1 = µ′.

To prove uniqueness, suppose there exists another fixed point ω′ ∈ Z, with ω′ ̸= µ′. Then:

D(µ′, ω′) = D(τµ′, τω′)

≤ kD(µ′, ω′)

1 + ψ(D(µ′, ω′))
.

Dividing both sides by D(µ′, ω′) > 0, we get:

1 ≤ k

1 + ψ(D(µ′, ω′))
,

which contradicts k < 1. Therefore, D(µ′, ω′) = 0, implying µ′ = ω′. Hence, the fixed point is unique. 2

Example 2.1 Consider the set Z = R equipped with the function D : Z × Z → [0,∞) defined by

D(µ, ω) = |µ− ω|p,

where p > 0 is fixed. This function D defines a b-metric on Z with constant s = 2p.
Define the mapping τ : Z → Z by

τ(µ) =
µ

2
.

This mapping represents a discrete-time dynamical system exhibiting exponential decay toward zero. We
analyze the asymptotic behavior of the iterative sequence

µn+1 = τ(µn)

using Theorem 2.2 (the generalized rational contraction).
Let the auxiliary function ψ : [0,∞) → [0,∞) be given by

ψ(t) = tq,

for some q > 0.
To verify the contraction condition of Theorem 2.2, consider any µ, ω ∈ Z. We compute:

D(τµ, τω) =
∣∣∣µ
2
− ω

2

∣∣∣p =
|µ− ω|p

2p
,

and
kD(µ, ω)

1 + ψ(D(µ, ω))
=

k|µ− ω|p

1 + |µ− ω|pq
,

for some constant k ∈ [0, 1).
By choosing an appropriate k, the inequality

D(τµ, τω) ≤ kD(µ, ω)

1 + ψ(D(µ, ω))

holds for all µ, ω ∈ R. Since (Z,D) is complete and ψ(t) → 0 as t→ 0, all conditions of Theorem 2.2 are
fulfilled.

Interpretation: This example models a recursive process that halves the input value at each step,
such as a damped system or a root-finding algorithm with step halving. The fixed point µ′ = 0 cor-
responds to the equilibrium state. The theorem guarantees that, for any initial µ0 ∈ R, the sequence
{τn(µ0)} converges to this equilibrium. This illustrates how the generalized contraction principle ensures
convergence and uniqueness in iterative computational methods.
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Theorem 2.3 Let (Z,D) be a complete b-metric space with constant s ≥ 1, and let τ : Z → Z be a
mapping satisfying the generalized contraction condition:

D(τµ, τω) ≤ kD(µ, ω) + ψ1(D(µ, ω))ψ2(D(µ, ω)), (2.6)

where:

1. k ∈ [0, 1),

2. ψ1, ψ2 : [0,∞) → [0,∞) are continuous functions with ψ1(0) = ψ2(0) = 0.

Then τ has a unique fixed point µ′ ∈ Z, and for any initial point µ0 ∈ Z, the sequence defined recursively
by µn+1 = τ(µn) converges to µ′.

Proof: Let µ0 ∈ Z be arbitrary, and define a sequence {µn} by:

µn+1 = τ(µn), for n = 0, 1, 2, . . .

From the contraction condition (2.6), it follows for all n ≥ 0 that:

D(µn+1, µn+2) = D(τµn, τµn+1)

≤ kD(µn, µn+1) + ψ1(D(µn, µn+1))ψ2(D(µn, µn+1)). (2.7)

Let us denote δn := D(µn, µn+1). Then inequality (2.7) becomes:

δn+1 ≤ kδn + ψ1(δn) · ψ2(δn).

Since k < 1, we have kδn < δn for all sufficiently large n, and as ψ1(0) = ψ2(0) = 0 and both functions
are continuous, it follows that ψ1(δn)ψ2(δn) → 0 as δn → 0. Hence, {δn} is a non-negative sequence that
converges to zero:

δn → 0 as n→ ∞.

That is,
D(µn, µn+1) → 0 as n→ ∞.

To prove that {µn} is a Cauchy sequence, let m > n. Using the b-metric inequality, we obtain:

D(µn, µm) ≤ s

m−1∑
i=n

D(µi, µi+1).

Since the right-hand side is a finite sum of terms tending to zero, for any ϵ > 0 there exists N ∈ N such
that for all m,n ≥ N ,

D(µn, µm) < ϵ.

Therefore, {µn} is a Cauchy sequence. By completeness of (Z,D), there exists µ′ ∈ Z such that:

µn → µ′ as n→ ∞.

We now verify that µ′ is a fixed point of τ . By continuity of τ , we have:

τ(µ′) = τ
(
lim

n→∞
µn

)
= lim

n→∞
τ(µn) = lim

n→∞
µn+1 = µ′.

Hence, µ′ is indeed a fixed point of τ .
To establish uniqueness, suppose µ′ and ω′ are both fixed points of τ . Applying (2.6) gives:

D(µ′, ω′) = D(τµ′, τω′)

≤ kD(µ′, ω′) + ψ1(D(µ′, ω′))ψ2(D(µ′, ω′)). (2.8)
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Set ∆ := D(µ′, ω′). Then from (2.8), we obtain:

∆ ≤ k∆+ ψ1(∆) · ψ2(∆).

Rewriting this gives:
(1− k)∆ ≤ ψ1(∆) · ψ2(∆).

If ∆ > 0, the right-hand side is strictly positive, while the left is strictly positive as well. But since
ψ1(0) = ψ2(0) = 0 and both functions are continuous, this inequality can only hold if ∆ = 0. Hence:

D(µ′, ω′) = 0 ⇒ µ′ = ω′.

Therefore, the fixed point µ′ is unique, and the sequence {µn} converges to this unique fixed point.
The proof is complete. 2

Example 2.2 Let Z = [0,∞), and define a b-metric D : Z × Z → [0,∞) by

D(µ, ω) = |µ− ω|+ |µ− ω|2,

which satisfies the b-metric condition with constant s = 2.
Consider the self-mapping τ : Z → Z given by

τ(µ) =
µ

3
.

This mapping represents a simple contraction system where each iteration reduces the input value by
a factor of 3. We aim to demonstrate that τ satisfies the assumptions of Theorem 2.3 (generalized
product-type contraction), and that it converges to a unique fixed point.

Define two continuous auxiliary functions ψ1, ψ2 : [0,∞) → [0,∞) as

ψ1(t) =
t

2
, ψ2(t) =

t

3
,

and let k = 1
3 .

For any µ, ω ∈ Z, we calculate:

D(τµ, τω) =
∣∣∣µ
3
− ω

3

∣∣∣+ ∣∣∣µ
3
− ω

3

∣∣∣2
=

1

3
|µ− ω|+ 1

9
|µ− ω|2.

Now, the right-hand side of the contraction condition is:

kD(µ, ω) + ψ1(D(µ, ω)) · ψ2(D(µ, ω)) =
1

3
(|µ− ω|+ |µ− ω|2)

+

(
|µ− ω|+ |µ− ω|2

2

)(
|µ− ω|+ |µ− ω|2

3

)
.

It is evident that
D(τµ, τω) ≤ kD(µ, ω) + ψ1(D(µ, ω)) · ψ2(D(µ, ω))

holds for all µ, ω ∈ Z. Therefore, the contraction condition of Theorem 2.3 is satisfied.

Application Insight: The mapping τ can be viewed as a basic model of a damped iterative process,
such as one used in control systems, economic decay models, or convergence algorithms. The b-metric
structure, which includes both linear and quadratic components, reflects sensitivity to deviations of
varying magnitude. The unique fixed point µ′ = 0 acts as the system’s equilibrium. Consequently, for
any initial state µ0 ∈ Z, the iterative sequence τn(µ0) converges to µ

′.
This example demonstrates how Theorem 2.3 can guarantee convergence in nonlinear systems, show-

casing a real application rather than just hypothesis verification.
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3. Application

In this section, we apply Theorem 2.2 to prove the existence and uniqueness of a solution to a Fredholm
integral equation. Let Z = C[a, b] denote the space of all real-valued continuous functions defined on the
closed interval [a, b]. Define a b-metric D : Z × Z → [0,∞) by

D(µ, ω) = sup
t∈[a,b]

|µ(t)− ω(t)|η,

where 0 < η ≤ 1. It is well known that (C[a, b], D) forms a complete b-metric space under this definition.
We consider the Fredholm integral equation:

µ(t) =

∫ b

a

N(t, τ, µ(τ)) dτ + f(t), t ∈ [a, b], (3.1)

where

• N : [a, b]× [a, b]× R → R is a continuous function (the kernel),

• f : [a, b] → R is a given continuous function,

• µ ∈ C[a, b] is the unknown function.

Define the operator τ : Z → Z by

τ(µ)(t) =

∫ b

a

N(t, τ, µ(τ)) dτ + f(t).

We now verify that τ satisfies the generalized rational contraction condition described in Theorem 2.2,
which will imply the existence of a unique fixed point µ′ ∈ Z such that τ(µ′) = µ′, thus solving the
integral equation (3.1).

Assume that the kernel N satisfies a Lipschitz condition with respect to its third variable: there exists
a constant M > 0 such that for all t, τ ∈ [a, b] and x, y ∈ R,

|N(t, τ, x)−N(t, τ, y)| ≤M |x− y|.

Then for any µ, ω ∈ Z, we estimate:

D(τµ, τω) = sup
t∈[a,b]

∣∣∣∣∣
∫ b

a

(
N(t, τ, µ(τ))−N(t, τ, ω(τ))

)
dτ

∣∣∣∣∣
η

≤ sup
t∈[a,b]

(∫ b

a

M |µ(τ)− ω(τ)| dτ

)η

=Mη(b− a)η

(
sup

τ∈[a,b]

|µ(τ)− ω(τ)|

)η

= kD(µ, ω),

where k =Mη(b− a)η. If M(b− a) < 1, then k < 1, ensuring a contraction.
Define ψ(t) = tη, which is continuous and satisfies ψ(t) → 0 as t→ 0. Then,

D(τµ, τω) ≤ kD(µ, ω)

1 + ψ(D(µ, ω))
,

which confirms that τ satisfies the generalized rational contraction condition in Theorem 2.2. Therefore,
τ has a unique fixed point µ′ ∈ Z, and for any initial function µ0 ∈ Z, the iterates τn(µ0) converge to
µ′. Hence, the integral equation (3.1) admits a unique continuous solution.
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Example 3.1 Let a = 0, b = 1, and consider the Fredholm integral equation

µ(t) =

∫ 1

0

1

2
µ(τ) sin(tτ) dτ + cos(t), t ∈ [0, 1].

Here, the kernel and inhomogeneous term are given by

N(t, τ, µ(τ)) =
1

2
µ(τ) sin(tτ), f(t) = cos(t).

We verify that the kernel satisfies a Lipschitz condition:

|N(t, τ, x)−N(t, τ, y)| = 1

2
| sin(tτ)| · |x− y| ≤ 1

2
|x− y|.

Thus, the Lipschitz constant is M = 1
2 . Taking η ∈ (0, 1], we compute the contraction coefficient:

k =Mη(b− a)η =

(
1

2

)η

< 1.

Using the b-metric
D(µ, ω) = sup

t∈[0,1]

|µ(t)− ω(t)|η,

we conclude that all conditions of Theorem 2.2 are satisfied. Therefore, the operator

τ(µ)(t) =

∫ 1

0

1

2
µ(τ) sin(tτ) dτ + cos(t)

has a unique fixed point µ′ ∈ C[0, 1], which is the unique solution to the integral equation.

Interpretation: This equation models a process where the current state µ(t) depends on a weighted
average of past states modulated by a sinusoidal kernel. The application of Theorem 2.2 ensures that
such a system has a unique stable state and that numerical approximation methods based on successive
iterations will converge to this state.

4. Conclusion

In this paper, we have developed a collection of fixed point theorems for a new class of generalized
contractions in the setting of b-metric spaces. These results offer meaningful extensions and refinements
of existing theorems by introducing broader contraction conditions, including rational-type and product-
type mappings.

To highlight the practical relevance of our theoretical contributions, we have included illustrative ex-
amples that model computational and dynamical systems. Furthermore, we demonstrated an application
of one of the main theorems by establishing the existence and uniqueness of a solution to a Fredholm
integral equation, thereby underscoring the utility of our framework in solving real analytical problems.
Future Work: The flexibility of the contraction frameworks proposed in this study opens up several
promising avenues for future research. These include:

• Extending the results to multivalued (set-valued) mappings in b-metric or other generalized metric
spaces;

• Studying fixed point results under weaker assumptions, such as discontinuous or non-measurable
mappings;

• Applying the developed theorems to a broader class of functional equations, including Hammerstein
and Volterra-type integral equations;

• Investigating algorithmic implementations and convergence behavior of iterative schemes based on
the proposed theoretical models.
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Such developments would not only deepen the theoretical understanding of generalized contractions
but also broaden their applicability in nonlinear analysis and computational mathematics.
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8. Mitrović, Z. D., and Radenović. S. The Banach and Reich contractions in bv(s)-metric spaces, Journal of Fixed Point
Theory and Applications, 19, 3087–3095, (2017). https://doi.org/10.1007/s11784-017-0469-2.

9. Meir, A., and Keeler. E. A theorem on contractive mappings, Journal of Mathematical Analysis and Applications 28,
326–329, (1969).

10. Nadler, Sam B. Multivalued contraction mappings. Pacific Journal of Mathematics, 30, 475–488, (1969).

11. Rhoades, B. E. A comparison of various definitions of contractive mappings, Transactions of the American Mathemat-
ical Society, 226, 257–290, 1977.

12. Rhoades, B. E. Some theorems on weakly contractive maps, Nonlinear Analysis: Theory, Methods and Applications,
47, 4, 2683–2693, (2001).

13. Samet, B., et al. Fixed point theorems for α-ψ-contractive type mappings, Nonlinear Analysis: Theory, Methods and
Applications, 75, 2154–2165, (2012).

14. Wardowski, D. Fixed points of a new type of contractive mappings in complete metric spaces, Fixed Point Theory and
Applications, 2012, 94, (2012).

15. Haranadi, A. A. Metric-like spaces, partial metric spaces and fixed points, Fixed Point Theory and Applications, 2012,
204, (2012).

16. Alghamdi, M. A., et al. Fixed point and coupled fixed point theorems on b-metric-like spaces, Journal of Inequalities
and Applications, 2013, 402.

17. Shukla, S. Partial b-metric spaces and fixed point theorems, Mediterranean Journal of Mathematics, 11, 703–711,
(2014).

18. Jleli, M., et al. Further generalizations of the Banach contraction principle, Journal of Inequalities and Applications,
1, 439, (2014).

19. Jleli, M., and B. Samet. A generalized metric space and related fixed point theorems, Fixed Point Theory and Applica-
tions, 2015, 61.

20. Jleli, M., and B. Samet. On a new generalization of metric spaces, Journal of Fixed Point Theory and Applications,
20, 128, (2018).

21. Bakhtin, I. A. The contraction mapping principle in almost metric spaces, Functional Analysis, 30, 26–37, (1989).

22. Czerwik, S. Contraction mappings in b-metric spaces.Acta Mathematica et Informatica Universitatis Ostraviensis, 30,
5–11, (1993).



Fixed Point Theorems 11

23. Czerwik, S. Nonlinear set-valued contraction mappings in b-metric spaces, Atti del Seminario Matematico e Fisico
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