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Abstract

In this work, we construct fixed point theorems utilizing the extendibility of the Banach iteration
approach to specific special contraction mappings with changes in domains has been studied. More
precisely, we study an expanding sequence of subsets of a complete multiplicative metric space such that
one item of the sequence is mapped into the next member by a map such that a contraction condition
is fulfilled. Additionally, multiple fixed point findings are derived for different multiplicative contraction
maps with multiplicative closed graphs.
2020 Mathematical Sciences Classification: 47H10, 54H25
Keywords and Phrases: Multiplicative metric spaces, Multiplicative closed graphs, Iteration
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1 Introduction and Preliminaries
Kirk et al. [8] proposed using a cycle of domains to develop distinct fixed point theorems for metric spaces.
A metric space (Ω,Θ) including progressively more subsets Ω1 ⊆ Ω2 ⊆ · · · and a map ∆ : Ω→ Ω that meets
a contraction requirement, such that ∆ (Ωi) ⊆ Ωi+1,∀i, and Ω =

⋃∞
j=1 Ωj were investigated by Moorthy and

Raj in [9]. Furthermore, some works [15, 17] broaden the fixed point conclusions of [9]. The set of positive
real numbers R+ is incomplete in standard metrics. In order to overcome this challenge, multiplicative metric
spaces were first proposed in the following way by Bashirov et al. [2] in 2008.

Definition 1.1 ([2, 13]). Given a function Θ and a non-empty set Ω, let Θ : Ω × Ω → R+ completing the
requirements listed below:
(i) Θ(ζ, η) ≥ 1 for all ζ, η ∈ Ω and Θ(ζ, η) = 1 if and only if ζ = η;
(ii) Θ(ζ, η) = Θ(η, ζ) for all ζ, η ∈ Ω;
(iii) Θ(ζ, η) ≤ Θ(ζ, z).Θ(z, η) for all ζ, η, z ∈ Ω (multiplicative triangle inequality).
Θ is called a multiplicative metric on Ω and (Ω,Θ) is a multiplicative metric space.

Example 1.1 ([10]). Suppose Rn+ be the collection of all n-tuples of positive real numbers. Suppose
Θ∗ : Rn × Rn → R be defined as follows:

Θ∗(ζ, η) =

(∣∣∣∣
ζ1
η1

∣∣∣∣
∗

·
∣∣∣∣
ζ2
η2

∣∣∣∣
∗

. . .

∣∣∣∣
ζn
ηn

∣∣∣∣
∗)

,

where ζ = (ζ1, . . . , ζn) , η = (η1, . . . , ηn) ∈ Rn+and || : .R+ → R+is defined by

|a|∗ =

{
a if a ≥ 1
1
a if a < 1

.

This makes it clear that the multiplicative metric’s constraints are all fulfilled.
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Example 1.2 ([14]). Suppose Θ : R×R→ [1,∞) be defined as Θ(ζ, η) = a|ζ−η|, where ζ, η ∈ R and a > 1.
Then Θ(ζ, η) is referred to as a multiplicative metric space, and (Ω,Θ) is a multiplicative metric. These may
be referred to as the usual multiplicative metric spaces.

Example 1.3 ([14]). Suppose (Ω,Θ) be a multiplicative metric space . Define a mapping Θa on Ω by
Θa(ζ, η) = aΘ(ζ,η),where a > 1 is a real number and

Θa(ζ, y) = aΘ(ζ,η) =

{
1 if ζ = η
a if ζ 6= η.

When Ω and Θa are combined then Θa(ζ, η) becomes a discrete

multiplicative metric space .

Example 1.4 ([1]). Assume that all real-valued multiplicative continuous functions over [a, b] ⊆ R+ are

collected in Ω = C∗[a, b].Then, for each f, g ∈ Ω, Θ(f, g) = supx∈[a,b]

∣∣∣ f(x)
g(x)

∣∣∣ is a multiplicative metric space

with Θ specified. For a thorough explanation of multiplicative metric topology, see ([10]).

Definition 1.2 ([2]). Let (Ω,Θ) be a metric space that is multiplicative.A sequence {ζn} in Ω is said to be a
(i) multiplicative convergent sequence to ζ, if, for any multiplicative open ball
Bε(ζ) = {η | Θ(ζ, η) < ε}, ε > 1, there exists a natural number N such that ζn ∈ Bε(ζ) for all n ≥ N , i. e,
Θ (ζn, ζ)→ 1 as n→∞.
(ii) multiplicative Cauchy sequence if for all ε > 1, there exists N ∈ N such that
Θ (ζn, ζm) < ε for all m,n > N i. e, Θ (ζn, ζm)→ 1 as n→∞.
(iii) If all multiplicative Cauchy sequences in Ω are multiplicatively convergent to ζ ∈ Ω, then Ω is the
complete multiplicative metric spaces.

The notion of multiplicative contraction mapping was introduced and various fixed point theorems for
these mappings in complete multiplicative metric spaces were shown by Ozavsar [10] in 2012.

Definition 1.3 ([8]). Suppose (Ω,Θ) be a multiplicative metric space. The map f : Ω → Ω is called a
multiplicative contraction if there exists a real constant λ ∈ [0, 1) such that

Θ (f (ζ1) , f (ζ2)) ≤ Θ (ζ1, ζ2)
λ

for all ζ, η ∈ Ω.

Definition 1.4 ([10]). Suppose that ∆ : (Ω,Θ, s)→ (Ω,Θ, s) is a self-mapping on a b− multiplicative metric
space (Ω,Θ, s). If whenever κn → κ0 and ∆κn → ι0 for some sequence {κn} in Ω and some κ0, ι0 in Ω, we
have ι0 = ∆κ0, then ∆ is said to have a multiplicative closed graph.

2 Main Results
Theorem 2.1. Let (Ω,Θ) be a complete multiplicative metric space and suppose that the multiplicative closed
graph of ∆ : Ω→ Ω exists. Let Ω1 ⊆ Ω2 ⊆ · · · be subsets of Ω such that Ω = U∞j=1Ωj ,∆ (Ωi) ⊆ Ωi+1, for all
i, and

Θ(∆κ,∆z) ≤ Θ(κ, z)ai · (Θ(∆z, t))bi · (Θ(∆κ, z))ci · (Θ(∆z, z))di ·
[

Θ(z,∆z)Θ(κ,∆κ)

Θ(κ, z)

]ei
·
[

Θ(z,∆κ)Θ(κ,∆κ)

Θ(κ, z)Θ(z,∆z)

]fi

for all κ, z ∈ Ωi, for all i, where ai, bi, ci, di, ei, fi ∈
(
0, 1

2

)
are real positive constants such that ai + 2bi +

2ci + di + ei + fi < 1, for all i, and
∑∞
n=1 p1p2 . . . pn <∞, where pi = an+1+cn+1+dn+1−fn+1

1−cn+1−en+1−2fn+1
, for all i.

Then ∆ has a unique fixed point in Ω.
Moreover, for any fixed κ1 ∈ Ω, {∆nκ1} multiplicative converges to the unique fixed point.

Proof. Fix κ1 ∈ Ω1, and set κn+1 = ∆κn = ∆nκ1,∀n = 1, 2, 3, . . . Then we have

Θ
(
∆n+1κ1,∆

nκ1

)
≤ Θ

(
∆nκ1,∆

n−1κ1

)an+1 · (Θ (∆nκ1,∆
nκ1))

bn+1

·
(
Θ
(
∆n+1κ1,∆

n−1κ1

))cn+1 ·
(
Θ
(
∆nκ1,∆

n−1κ1

))dn+1 ·
[

Θ
(
∆n−1κ1,∆

nκ1

)
Θ
(
∆nκ1,∆

n+1κ1

)

Θ (∆nκ1,∆n−1κ1)

]en+1

·
[

Θ
(
∆n−1κ1,∆

n+1κ1

)
Θ
(
∆nκ1,∆

n+1κ1

)

Θ (∆nκ1,∆n−1κ1) Θ (∆n−1κ1,∆nκ1)

]fn+1

.
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Since Θ (∆nκ1,∆
nκ1) = 1, we get

Θ
(
∆n+1κ1,∆

nκ1

)
≤ Θ

(
∆nκ1,∆

n−1κ1

)an+1 ·
(
Θ
(
∆n+1κ1,∆

n−1κ1

))cn+1

·
(
Θ
(
∆nκ1,∆

n−1κ1

))dn+1 ·

[
Θ
(
∆nκ1,∆

n+1κ1

)]en+1 ·
[

Θ
(
∆n+1κ1,∆

nκ1

)
Θ
(
∆nκ1,∆

n−1κ1

)
Θ
(
∆nκ1,∆

n+1κ1

)

Θ (∆nκ1,∆n−1κ1) Θ (∆n−1κ1,∆nκ1)

]fn+1

Θ
(
∆n+1κ1,∆

nκ1

)
≤ Θ

(
∆nκ1,∆

n−1κ1

)an+1 ·
(
Θ
(
∆n+1κ1,∆

nκ1

)
Θ
(
∆nκ1,∆

n−1κ1

))cn+1 ·
(
Θ
(
∆nκ1,∆

n−1κ1

))dn+1 ·

[
Θ
(
∆nκ1,∆

n+1κ1

)]en+1 ·
[(

Θ
(
∆nκ1,∆

n+1κ1

))2

Θ (∆n−1κ1,∆nκ1)

]fn+1

Now, we get

Θ
(
∆n+1κ1,∆

nκ1

)
≤ Θ

(
∆nκ1,∆

n−1κ1

)( an+1+cn+1+dn+1−fn+1
1−cn+1−en+1−2fn+1

)
i.e. Θ

(
∆nκ1,∆

n−1κ1

)pn+1 ≤ Θ (∆κ1, κ1)
pn+1pnpn−1...p2 .

Further, for 1 ≤ n < m, we have

Θ (∆mκ1,∆
nκ1) ≤ Θ

(
∆mκ1,∆

m−1κ1

)m−1
Θ
(
∆m−1κ1,∆

m−2κ1

)m−2
. . .Θ

(
∆n+1κ1,∆

nκ1

)n

≤ Θ (∆κ1, κ1)

(
m−1∑

i=n

p2p3 . . . pi+1

)
.

Therefore, Θ (∆mκ1,∆
nκ1) → 1(m,n → ∞). Then {∆mκ1}∞m=1 is an multiplicative Cauchy Sequence in

Ω. Consider that {∆mκ1}∞m=1 in Ω, which is multiplicative complete,multiplicative convergence to κ∗.In

addition, the multiplicative Cauchy sequence
{

∆m+1κ1

}∞
m=1

multiplicative converges to κ∗ in Ω.
Further, ∆κ∗ = κ∗is obtained from the multiplicative closed graph of ∆
Thus, κ∗ represents a fixed point for ∆.
The general scenario, where κ1 ∈ Ωn, for some n, may be handled by these procedures.
If ∆κ∗ = κ∗,∆z∗ = z∗ in ∆, then let κ∗, z∗ ∈ Ωn, for some n, so we have

1 ≤ Θ (κ∗, z∗) = Θ (∆κ∗,∆z∗) ≤ Θ (κ∗, z∗)
ai · (Θ (∆z∗, κ∗))

bi .

(Θ (∆κ∗, z∗))
ci · (Θ (∆z∗, z∗))

di

[
Θ (z∗,∆z∗) Θ (κ∗,∆κ∗)

Θ (κ∗, z∗)

]ei
·
[

Θ (z∗,∆κ∗) Θ (κ∗,∆κ∗)

Θ (κ∗, z∗) Θ (z∗,∆z∗)

]fi

= Θ (κ∗, z∗)
an · (Θ (z∗, κ∗))

bn .

(Θ (κ∗, z∗))
cn · (Θ (z∗, z∗))

dn .
[

Θ (z∗, z∗) Θ (κ∗, κ∗)

Θ (κ∗, z∗)

]en
·
[

Θ (z∗, κ∗) Θ (κ∗, κ∗)

Θ (κ∗, z∗) Θ (z∗, z∗)

]fn

≤ Θ (κ∗, z∗)
(an+bn+cn−en)

.

Then, Θ (κ∗, z∗) ≤ Θ (κ∗, z∗)
(an+bn+cn−en)m

,∀m ∈ N. Since (an + bn + cn − en)
m → 0 as m →

∞,Θ (κ∗, z∗) = 1 and κ∗ = z∗. Hence, ∆ has a unique fixed point.

Corollary 2.1. Putting bi = ci = di = ei = fi = 0 in Theorem 2.1 gives Banach-contraction [11] in
the sense of multiplicative metric spaces. Suppose that (Ω,Θ) is a complete multiplicative metric space,
and ∆ : Ω → Ω have a multiplicative closed graph. Let Ω1 ⊆ Ω2 ⊆ · · · be subsets of Ω such that Ω =⋃∞
j=1 Ωj ,∆ (Ωi) ⊆ Ωi+1,∀i, and Θ(∆κ,∆z) ≤ Θ(κ, z)ai for all x, y ∈ Ω. for all κ, z ∈ Ωi, for all i, where

ai ∈ (0, 1) and
∑∞
n=1 p1p2 . . . pn <∞. Then ∆ has a unique fixed point in Ω.

Moreover, for any fixed κ1 ∈ Ω, {∆nκ1} multiplicative converges to the unique fixed point.
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Corollary 2.2. Putting bi = ci = di = fi = 0, ai = ei in Theorem 2.1 gives Kannan-contraction [11]
in the sense of multiplicative metric spaces. Suppose that (Ω,Θ) is a complete multiplicative metric space,
and ∆ : Ω → Ω have a multiplicative closed graph. Let Ω1 ⊆ Ω2 ⊆ · · · be subsets of Ω such that Ω =
∪∞j=1Ωj ,∆ (Ωi) ⊆ Ωi+1, for all i, and Θ(∆κ,∆z) ≤ (Θ(∆κ, κ)Θ(∆z, z))ai , for all κ, z ∈ Ωi, for all i, where

ai ∈ (0, 1) are real positive constants such that
∑∞
n=1 p1p2 . . . pn <∞, where pi = ai

1−ai ,∀i.
Then ∆ has a unique fixed point in Ω.
Moreover, for any fixed κ1 ∈ Ω, {∆nκ1} multiplicative converges to the unique fixed point.

Corollary 2.3. Putting ai = di = ei = fi = 0, bi = ci in Theorem 2.1 gives Chatterjea-contraction
[11] in the sense of multiplicative metric spaces. Suppose that (Ω,Θ) is a complete multiplicative metric
space, and ∆ : Ω → Ω have a multiplicative closed graph. Let Ω1 ⊆ Ω2 ⊆ · · · be subsets of Ω such that
Ω =

⋃∞
j=1 Ωj ,∆ (Ωi) ⊆ Ωi+1, for all i, and Θ(∆κ,∆z) ≤ (Θ(∆κ, z)Θ(∆z, κ))bi ,∀κ, z ∈ Ωi, for all i, where

bi ∈
(
0, 1

2

)
are real positive constants such that

∑∞
n=1 p1p2 . . . pn <∞, where pi = bi

1−bi , for all i.
Then ∆ has a unique fixed point in Ω.
Moreover, for any fixed κ1 ∈ Ω, {∆nκ1} multiplicative converges to the unique fixed point.

Corollary 2.4. Putting bi = ci = fi = 0 in Theorem 2.1 gives Kholi results [7] in the sense of multiplicative
metric spaces as follows: Suppose that (Ω,Θ) is a complete multiplicative metric spaces, and ∆ : Ω→ Ω have
a multiplicative closed graph. Let Ω1 ⊆ Ω2 ⊆ · · · be subsets of Ω such that Ω =

⋃∞
j=1 Ωj ,∆ (Ωi) ⊆ Ωi+1,

for all i, and Θ(∆κ,∆z) ≤ Θ(κ, z)ai(Θ(∆z, z))di
[

Θ(z,∆z)Θ(κ,∆κ)
Θ(κ,z)

]ei
, for all κ, z ∈ Ωi, for all i, where

ai, di, ei ∈ (0, 1) are real positive constants such that ai + di + ei < 1,∀i, and
∑∞
n=1 p1p2 . . . pn < ∞, where

pi = an+1+dn+1

1−en+1
,∀i.

Then ∆ has a unique fixed point in Ω.
Moreover, for any fixed κ1 ∈ Ω, {∆nκ1} multiplicative converges to the unique fixed point.

Corollary 2.5. Putting di = ei = fi = 0 in Theorem 2.1 gives Isufati results [5] in the sense of multiplicative
metric spaces as follows: Suppose that (Ω,Θ) is a complete multiplicative metric spaces, and ∆ : Ω → Ω
have a multiplicative closed graph. Let Ω1 ⊆ Ω2 ⊆ · · · be subsets of Ω such that Ω = ∪∞j=1Ωj ,∆ (Ωi) ⊆ Ωi+1,

for all i, and Θ(∆κ,∆z) ≤ Θ(κ, z)ai(Θ(∆z, t))bi(Θ(∆κ, z))ci , for all κ, z ∈ Ωi, for all i, where ai, bi, ci ∈
(0, 1) are real positive constants such that ai + 2bi + 2ci < 1, for all i, and

∑∞
n=1 p1p2 . . . pn < ∞, where

pi = an+1+cn+1

1−cn+1
,∀i.

Then ∆ has a unique fixed point in Ω.
Moreover, for any fixed κ1 ∈ Ω, {∆nκ1} multiplicative converges to the unique fixed point.

Corollary 2.6. Putting bi = ci = di = fi = 0 in Theorem 2.1 gives Jaggi results [6] in the sense
of multiplicative metric spaces as follows: Suppose that (Ω,Θ) is a complete multiplicative metric spaces,
and ∆ : Ω → Ω have a multiplicative closed graph. Let Ω1 ⊆ Ω2 ⊆ · · · be subsets of Ω such that Ω =⋃∞
j=1 Ωj ,∆ (Ωi) ⊆ Ωi+1, for all i, and Θ(∆κ,∆z) ≤ Θ(κ, z)ai

[
Θ(z,∆z)Θ(κ,∆κ)

Θ(κ,z)

]ei
, for all κ, z ∈ Ωi, for all i,

where ai, ei ∈ (0, 1) are real positive constants such that ai + ei < 1, for all i, and
∑∞
n=1 p1p2 . . . pn < ∞,

where pi = an+1

1−en+1
,∀i.

Then ∆ has a unique fixed point in Ω.
Moreover, for any fixed κ1 ∈ Ω, {∆nκ1} multiplicative converges to the unique fixed point.

Corollary 2.7. Putting di = ei = fi = 0, bi = ci in Theorem 2.1 gives Reich results [12] in the sense
of multiplicative metric spaces as follows: Suppose that (Ω,Θ) is a complete multiplicative metric spaces,
and ∆ : Ω → Ω have a multiplicative closed graph. Let Ω1 ⊆ Ω2 ⊆ · · · be subsets of Ω such that Ω =⋃∞
j=1 Ωj ,∆ (Ωi) ⊆ Ωi+1, for all i, and Θ(∆κ,∆z) ≤ Θ(κ, z)ai(Θ(∆z, t)Θ(∆κ, z))bi , for all κ, z ∈ Ωi, for all

i, where ai, bi ∈ (0, 1) are real positive constants such that ai + 2bi < 1, for all i, and
∑∞
n=1 p1p2 . . . pn <∞.

Then ∆ has a unique fixed point in Ω.
Moreover, for any fixed κ1 ∈ Ω, {∆nκ1} multiplicative converges to the unique fixed point.

Theorem 2.2. Suppose that (Ω,Θ) is a complete multiplicative metric space, and ∆ : Ω → Ω have a
multiplicative closed graph. Let Ω1 ⊆ Ω2 ⊆ · · · be subsets of Ω such that Ω =

⋃∞
j=1 Ωj ,∆ (Ωi) ⊆ Ωi+1, for

all i, and Θ(∆κ,∆z) ≤ [Θ(t,∆κ) ·Θ(z,∆z)]ai · [Θ(t,∆z) ·Θ(z,∆κ)]bi · [Θ(t, z)]ci ·
[

Θ(t,∆κ)Θ(z,∆z)
Θ(t,z)

]di
·
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{
max

{
Θ(t,∆κ),Θ(z,∆z),Θ(t,∆z),Θ(z,∆κ), Θ(t,∆κ)·Θ(z,∆z)·Θ(z,∆κ).

Θ(t,z)

}}ei
, for all κ, z ∈ Ωi, for all i, where

ai, bi, ci, di, ei ∈
(
0, 1

2

)
are real positive constants such that 2ai + 2bi + ci + di + 3ei < 1, for all i, and∑∞

n=1 p1p2 . . . pn <∞, where pi = ai+bi+ci+ei
1−ai−bi−di−2ei

, for all i. Then ∆ has a unique fixed point in Ω.
Moreover, for any fixed κ1 ∈ Ω, {∆nκ1} multiplicative converges to the unique fixed point.

Proof. Fix κ1 ∈ Ω1, and set κn+1 = ∆κn = ∆nκ1, for all n = 1, 2, 3, . . .. Then we have
Θ
(
∆n+1κ1,∆

nκ1

)
≤[

Θ
(
∆nκ1,∆

n+1κ1

)
.Θ
(
∆n−1κ1,∆

nκ1

)]an+1
.
[
Θ (∆nκ1,∆

nκ1) .Θ
(
∆n−1κ1,∆

n+1κ1

)]bn+1
.

[
Θ
(
∆nκ1,∆

n−1κ1

)]cn+1 ·
[

Θ(∆nκ1,∆
n+1κ1)Θ(∆n−1κ1,∆

nκ1)
Θ(∆nκ1,∆n−1κ1)

]dn+1

.
[

max

{
Θ
(
∆nκ1,∆

n+1κ1

)
,Θ
(
∆n−1κ1,∆

nκ1

)
,Θ (∆nκ1,∆

nκ1) ,Θ
(
∆n−1κ1,∆

n+1κ1

)
Θ(∆nκ1,∆

n+1κ1)·Θ(∆n−1κ1,∆
nκ1)·Θ(∆n−1κ1,∆

n+1κ1)
Θ(∆nκ1,∆n−1κ1)

}]en+1

.

Since Θ (∆nκ1,∆
nκ1) = 1, we get

Θ
(
∆n+1κ1,∆

nκ1

)
≤
[
Θ
(
∆nκ1,∆

n+1κ1

)
.Θ
(
∆n−1κ1,∆

nκ1

)]an+1 ·[
Θ
(
∆n+1κ1,∆

nκ1

)
·Θ
(
∆nκ1,∆

n−1κ1

)]bn+1 ·
[
Θ
(
∆nκ1,∆

n−1κ1

)]cn+1 ·
[
Θ
(
∆nκ1,∆

n+1κ1

)]dn+1 ·
max





Θ
(
∆nκ1,∆

n+1κ1

)
,Θ
(
∆n−1κ1,∆

nκ1

)
, 1,

Θ
(
∆n+1κ1,∆

nκ1

)
·Θ
(
∆nκ1,∆

n−1κ1

)
,

Θ
(
∆nκ1,∆

n+1κ1

)
·Θ
(
∆n+1κ1,∆

nκ1

)
·Θ
(
∆nκ1,∆

n−1κ1

)







en+1

.

Now, we get

Θ
(
∆n+1κ1,∆

nκ1

)
≤ Θ

(
∆nκ1,∆

n−1κ1

)( an+1+bn+1+cn+1+en+1
1−an+1−bn+1−dn+1−2en+1

)
Θ
(
∆nκ1,∆

n−1κ1

)pn+1 ≤ Θ (∆κ1, κ1)
pn+1pnpn−1...p2 .

Further, for 1 ≤ n < m, we have

Θ (∆mκ1,∆
nκ1) ≤ Θ

(
∆mκ1,∆

m−1κ1

)m−1
Θ
(
∆m−1κ1,∆

m−2κ1

)m−2
. . .Θ

(
∆n+1κ1,∆

nκ1

)n

≤ Θ (∆κ1, κ1)

(
m−1∑

i=n

p2p3 . . . pi+1

)
.

Therefore, Θ (∆mκ1,∆
nκ1)→ 1(m,n→∞). Then {∆mκ1}∞m=1 is an multiplicative Cauchy Sequence in Ω.

Let {∆mκ1}∞m=1 multiplicative converge to κ∗ in Ω, which is multiplicative complete. Also,
{

∆m+1κ1

}∞
m=1

is an multiplicative Cauchy Sequence and it multiplicative converges to κ∗ in Ω. Also, multiplicative closed
graph of ∆ gives ∆κ∗ = κ∗. Hence, we obtained a fixed point κ∗ of ∆. These processes can be extended to
the general case: κ1 ∈ Ωn, for some n.
If ∆κ∗ = κ∗,∆z∗ = z∗ in ∆, then let κ∗, z∗ ∈ Ωn, for some n, so we have

1 ≤ Θ (κ∗, z∗) = Θ(∆κ∗,∆z∗) ≤ [Θ(t,∆κ∗) ·Θ(z∗,∆z∗)]ai

·[Θ(t,∆z∗) ·Θ(z∗,∆κ∗)]bi · [Θ(t, z∗)]ci ·
[

Θ(t,∆κ∗)Θ(z∗,∆z∗)

Θ(t, z∗)

]di
·

{
max

{
Θ(t,∆κ∗),Θ(z∗,∆z∗),Θ(t,∆z∗),Θ(z∗,∆κ∗),

Θ(t,∆κ∗) ·Θ(z∗,∆z∗) ·Θ(z∗,∆κ∗).

Θ(t, z∗)

}}ei
.

Then, Θ (κ∗, z∗) ≤ Θ (κ∗, z∗)
(2bn+cn−dn+en)m

, for all m ∈ N.
Since (2bn + cn − dn + en)

m → 0 as m→∞,Θ (κ∗, z∗) = 1 and κ∗ = z∗.
Hence, ∆ has a unique fixed point.

Corollary 2.8. Putting bi = ci = di = ei = 0 in Theorem 2.2 gives Kannan-contraction [11] in the sense
of multiplicative metric spaces.

Corollary 2.9. Putting bi = di = ei = 0 in Theorem 2.2 gives Fisher-contraction [4] in the sense of
multiplicative metric spaces.

Corollary 2.10. Putting ai = ci = di = ei = 0 in Theorem 2.2 gives Chatterjea-contraction [11] in the
sense of multiplicative metric spaces.
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Corollary 2.11. Putting ai = bi = di = ei = 0 in Theorem 2.2 gives Banach-contraction [11] in the sense
of multiplicative metric spaces.

Corollary 2.12. Putting di = ei = 0 in Theorem 2.2 gives Ciric-contraction [3] in the sense of multiplicative
metric spaces.

Corollary 2.13. Putting ai = di = ei = 0 in Theorem 2.2 gives Reich-contraction [12] in the sense of
multiplicative metric spaces.

Corollary 2.14. Putting ai = bi = ei = 0 in Theorem 2.2 gives Jaggi-contraction [6] in the sense of
multiplicative metric spaces.

Example 2.1. Let Ξ =
[

1
4 ,∞

)
and Θ(ζ, η) = a|ζ−η|, where ζ, η ∈ R and a > 1. Then Θ(ζ, η) is referred to

as a multiplicative metric space, and (Ξ,Θ) is a complete multiplicative metric. Assuming that Ξn =
[

1
4 , n
]
,

and ξn = n2

(n+1)2 ∈
[

1
4 , 1
)
, for n = 1, 2, 3, . . .. Then

∑∞
n=1 ξ1ξ2 . . . ξn < ∞. Define P : Ξ → Ξ by Pu = u

1
4 ,

if u ∈ Ξn, for n ∈ N.Then all hypotheses of Theorem 2.1 and Theorem 2.2 are satisfied. Moreover, ∆ has a
unique fixed point 1 .

3 Conclusion
Equations like differential, integral and algebraic equations are typically solved using fixed point iteration
techniques. Thus, with relation to fixed point iteration techniques, we must discover all possible fixed point
results.
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