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Abstract
In this paper, some fixed-point theorems are stated and proved in S-multiplicative
metric spaces. We also show in this paper that some fixed-point results for various
S-multiplicative metric spaces are equivalent to those of corresponding fixed-point
results in S-metric spaces. Some examples are presented to validate the originality
and applicability of our main results.
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1 Introduction
In 1922, the Banach contraction principle (BCP) was introduced by Banach [8]. This was
preceded by the introduction of metric spaces by Frechet in 1906 [17]. The BCP was used
as an alternative method to prove the existence and uniqueness of solutions of ODE [8, 16].
Since then, metric space had been a crucial device in functional analysis, nonlinear analy-
sis, and topology. The topological structure of this space with its usefulness in fixed-point
theory has attracted the attention of many mathematicians (see [1–32]). In recent years,
diverse applications of fixed-point theorems have challenged researchers to introduce dif-
ferent generalizations of metric spaces. These generalized spaces include 2-metric spaces,
D-metric spaces, D∗-metric spaces, G-metric spaces, b-metric spaces, quasimetric spaces,
Gb-metric spaces, complex-valued Gb-metric spaces, quaternion-valued G-metric spaces,
S-metric spaces, Sb-metric spaces, complex-valued Sb-metric spaces, A-metric spaces,
γ -generalized quasimetric spaces, Sp-metric spaces and Ap-metric spaces, multiplicative
metric spaces, Gb-multiplicative metric spaces, and most recently, rectangular S-metric
spaces (see [1–3, 5, 7, 16, 21, 26, 28, 31]).

In this paper, some fixed-point theorems are stated and proved in multiplicative S-
metric spaces. We also show that some fixed-point theorems are equivalent in both mul-
tiplicative S-metric spaces and S-metric spaces.

In [17], Frechet defined metric spaces as follows:

Definition 1.1 ([17]) For a nonempty set X and a function d : X2 → [0,∞) satisfying the
following properties:
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(i) d(x, y) ≥ 0 for all x, y ∈ X ;
(ii) d(x, y) = 0 if and only if x = y for all x, y ∈ X ;

(iii) d(x, y) = d(y, x),∀x, y ∈ X ;
(iv) d(x, y) ≤ d(x, z) + d(z, y)∀x, y, z ∈ X .

d is called a metric on X and (X, d) is called a rectangular metric space.

In [28], Sedghi et al. introduced the notion of an S-metric space as follows.

Definition 1.2 ([28]) Let X be a nonempty set and S : X3 → R
+, a function satisfying the

following properties:
(i) S(x, y, z) = 0 if and only if x = y = z;

(ii) S(x, y, z) ≤ S(x, x, a) + S(y, y, a) + S(z, z, a)∀a, x, y, z ∈ X (rectangle inequality).
Then, (X, S) is called a S-metric-metric space.

The following is the definition of Sp-metric spaces, a generalization of both S-metric
spaces and Sb-metric spaces.

Definition 1.3 ([24]) Let X be a nonempty set and S : X3 →R
+, a function with a strictly

increasing continuous function, � : [0,∞) → [0,∞) such that �(t) ≥ t for all t > 0 and
�(0) = 0, satisfying the following properties:

(i) S(x, y, z) = 0 if and only if x = y = z;
(ii) S(x, y, z) ≤ �(S(x, x, a) + S(y, y, a) + S(z, z, a))∀a, x, y, z ∈ X (rectangle inequality).

Then, (X, S) is called an Sp-metric-metric space.

Remark 1.4
(i) If �(z) = z, Sp-metric space reduces to S-metric space.

(ii) If �(z) = bz, Sp-metric space reduces to Sb-metric space.
In 2008, Bashirov et al. [9], introduced multiplicative metric spaces in the following way.

Definition 1.5 ([9]) For a nonempty set X and a function d : X2 → [0,∞) satisfying the
following properties:

(i) d(x, y) ≥ 1 for all x, y ∈ X ;
(ii) d(x, y) = 1 if and only if x = y for all x, y ∈ X ;

(iii) d(x, y) = d(y, x),∀x, y ∈ X ;
(iv) d(x, y) ≤ d(x, z).d(z, y)∀x, y, z ∈ X .

d is called a multiplicative metric on X and (X, d) is called a multiplicative metric space.
By taking logarithms of (iv), the multiplicative metric space is equivalent to the standard
metric space.

2 Main results
We introduce the following definitions:

Definition 2.1 Let X be a nonempty set and S : X3 → R
+, a function satisfying the fol-

lowing properties:
(i) S(x, y, z) = 1 if and only if x = y = z;

(ii) S(x, y, z) ≤ S(x, x, a) × S(y, y, a) × S(z, z, a).
Then, (X, S) is called a S-multiplicative metric space.
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Example 2.2 Let X = Z and define S : X3 → R+ ∪ {0} by

S(x, y, z) =

⎧
⎨

⎩

1, x = y = z;

ex+y+z, otherwise.

Then, (X, S) is a S-multiplicative metric space but neither a S-metric space nor metric
space as

S(0, 1, 2) < S(0, 0, –1).

Example 2.3 Let X = Z and define S : X3 → R+ ∪ {0} by

S(x, y, z) =

⎧
⎨

⎩

1, x = y = z;

ex, otherwise.

Then, (X, S) is a S-multiplicative metric space but neither a S-metric space nor metric
space as

S(–6, –4, –2) < S(–6, –6, 1).

Example 2.4 Let X = N ∪ {0} and define S : X × X × X → R+ ∪ {0} by

S(x, y, z) =

⎧
⎨

⎩

1, x = y = z;

xyz, otherwise.

Then, (X, S) is a S-multiplicative metric space but neither a S-metric space nor metric
space as

S(x, y, z) = S(x, x, y).

Definition 2.5 Let (X, S) be a S-multiplicative metric space. For y ∈ X, r > 0, the S-sphere
with center y and radius r is

S(y, r) =
{

z ∈ X : S(y, z, z) < r
}

.

Definition 2.6 Let (X.S) be a S-multiplicative metric space. A sequence {xn} ⊂ X is S-
convergent to z if it converges to z in the S-multiplicative metric topology.

Definition 2.7 Let (X, S) and (X, S) be two S-multiplicative metric spaces, a function T :
X → X is S-continuous at a point x ∈ X if T–1(SS(T(x), r)) ∈ τ (S), for all r > 1. T is S-
continuous if it is S-continuous at all points of X.

Lemma 2.8 Let (X, S) be a S-multiplicative metric space and {xn} a sequence in X. Then,
{xn} converges to x if and only if S(xn, x, x) → 1 as n → ∞.

Lemma 2.9 Let (X, S) be a S-multiplicative metric space and {xn} a sequence in X. Then,
{xn} is said to be a Cauchy sequence if and only if S(xn, xm, xl) → 1 as n, m, l → ∞.
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Theorem 2.10 Let X be a complete S-multiplicative metric space and T : X → X a map
for which there exist the real number, k satisfying 0 ≤ k < 1 such that for each pair x, y, z ∈ X.

S(Tx, Ty, Tz) ≤ (
S(x, y, z)

)k . (1)

Then, T has a unique fixed point.

Proof Considering (1),

S(Tx, Ty, Ty) ≤ (
S(x, y, y)

)k . (2)

Suppose T satisfies condition (2) and x0 ∈ X is an arbitrary point and define a sequence xn

by xn = Tnx0, then

S(xn, xn, xn+1) = S(Txn–1, Txn–1, Txn) (3)

≤ (
S(xn–1, xn–1, xn)

)k (4)

≤ (
S(xn–2, xn–2, xn–1)

)k2
. (5)

Using this repeatedly, we obtain

S(xn, xn, xn+1) ≤ (
S(x0, x0, x1)

)kn
. (6)

By using (ii) in Definition 2.1, we have

S(xn, xm, xm) ≤ S(xn, xn, xn+1) × (
S(xm, xm, xn+1)

)2 (7)

= S(xn, xn, xn+1)
(
S(xm, xm, xn+1)

)2. (8)

Using this repeatedly with m > n, we obtain

S(xn, xm, xm) ≤ S(xn, xn, xn+1) × S
(
S(xn+1, xn+1, xn+2)

)2 (9)

× (
S(xn+2, xn+2, xn+3)

)4 × .̇.. (10)

× (
S(xm–1, xm–1, xm)

)2n. (11)

From (6) and (11), we have

S(xn, xm, xm) ≤ (
S(x0, x0, x1)

)kn × S
(
S(x0, x0, x1)

)k2n
(12)

× (
S(x0, x0, x1)

)k4n × .̇.. (13)

× (
S(x0, x0, x1)

)k2n2

. (14)

Taking the limit of S(xn, xm, xm) as n, m → ∞, we have

lim
n,m→∞ S(xn, xm, xm) = 1. (15)
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For n, m, l ∈ N with n > m > l,

S(xn, xm, xl) ≤ S(xn, xn, xn–1) + S(xm, xm, xn–1) (16)

+ S(xl, xl, xn–1). (17)

Taking the limit of S(xn, xm, xl) as n, m, l → ∞, we have

lim
n,m,l→∞

S(xn, xm, xl) = 1. (18)

Hence, {xn} is a S-Cauchy sequence.
By the completeness of (X, S), there exist u ∈ X such that xn is S-convergent to u.
Suppose Tu �= u

S(xn, Tu, Tu) ≤ (
S(xn–1, u, u)

)k . (19)

Taking the limit as n → ∞ and using the fact that function is S-continuous in its variables,
we obtain

S(u, Tu, Tu) ≤ (
S(u, u, u)

)k . (20)

Hence,

S(u, Tu, Tu) ≤ 1. (21)

This is a contradiction. Hence, Tu = u.
To show the uniqueness, suppose v �= u is such that Tv = v, then

S(Tu, Tv, Tv) ≤ (
S(u, v, v)

)k . (22)

Since Tu = u and Tv = v, we have

S(u, v, v) ≤ 1, (23)

which implies that v = u. �

Remark 2.11 Let (X, S) be a S-multiplicative metric space and d : X × X → [0,∞) a func-
tion defined by d(x, y) = S(x, y, y), then Theorem 2.10 reduces to the Banach contraction
principle in multiplicative metric space (an analog of the Banach contraction principle in
multiplicative metric space).

Lemma 2.12 Let (X, S) be a S-multiplicative metric space and {xn} a sequence in X. Then,
S(xn, xn+1, xn+1) ≤ S(xn, xn, xn+1).

Proof By (ii) of Definition 2.1,

S(xn, xn+1, xn+1) ≤ S(xn, xn, xn+1) × (
S(xn+1, xn+1, xn+1)

)2 (24)
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≤ S(xn, xn, xn+1) × (1)2 (25)

≤ S(xn, xn, xn+1). (26)
�

Theorem 2.13 Let X be a complete S-multiplicative metric space and T : X → X a map
for which there exist the real number, b satisfying b < –1 such that for each pair x, y, z ∈ X.

S(Tx, Ty, Tz) ≤ [
S(x, Tx, Tx) × S(y, Ty, Ty) × S(z, Tz, Tz)

]b. (27)

Then, T has a unique fixed point.

Proof Suppose T satisfies condition (2) and x0 ∈ X is an arbitrary point and define a se-
quence xn by xn = Tnx0, then

S(xn, xn, xn+1) = S(Txn–1, Txn–1, Txn) (28)

≤ [(
S(xn–1, xn, xn)

)2 × S(xn, xn+1, xn+1)
]b (29)

≤ [(
S(xn–1, xn, xn)

)2 × S(xn, xn, xn+1)
]b (30)

≤ (
S(xn–1, xn, xn)

) 2
1–b . (31)

Using k = 2
1–b and (31) repeatedly, we obtain

S(xn, xn, xn+1) ≤ (
S(x0, x0, x1)

)kn
. (32)

By using (ii) in Definition 2.1, we have

S(xn, xm, xm) ≤ S(xn, xn, xn+1) × (
S(xm, xm, xn+1)

)2 (33)

= S(xn, xn, xn+1)
(
S(xm, xm, xn+1)

)2. (34)

Using this repeatedly with m > n, we obtain

S(xn, xm, xm) ≤ S(xn, xn, xn+1) × S
(
S(xn+1, xn+1, xn+2)

)2 (35)

× (
S(xn+2, xn+2, xn+3)

)4 × .̇.. (36)

× (
S(xm–1, xm–1, xm)

)2n. (37)

From (6) and (11), we have

S(xn, xm, xm) ≤ (
S(x0, x0, x1)

)kn × S
(
S(x0, x0, x1)

)k2n
(38)

× (
S(x0, x0, x1)

)k4n × .̇.. (39)

× (
S(x0, x0, x1)

)k2n2

. (40)

Taking the limit of S(xn, xm, xm) as n, m → ∞, we have

lim
n,m→∞ S(xn, xm, xm) = 1. (41)
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For n, m, l ∈ N with n > m > l,

S(xn, xm, xl) ≤ S(xn, xn, xn–1) + S(xm, xm, xn–1) (42)

+ S(xl, xl, xn–1). (43)

Taking the limit of S(xn, xm, xl) as n, m, l → ∞, we have

lim
n,m,l→∞

S(xn, xm, xl) = 1. (44)

Hence, {xn} is a S-Cauchy sequence.
By the completeness of (X, S), there exist u ∈ X such that xn is S-convergent to u.
Suppose Tu �= u

S(xn, Tu, Tu) ≤ [
S(xn–1, xn, xn) × (

S(u, Tu, Tu)
)2]b. (45)

Taking the limit as n → ∞ and using the fact that function is S-continuous in its variables,
we obtain

S(u, Tu, Tu) ≤ [
S(u, u, u) × (

S(u, Tu, Tu)
)2]b. (46)

Hence,

S(u, Tu, Tu) ≤ 1
1 – 2b

. (47)

This is a contradiction. Hence, Tu = u.
To show the uniqueness, suppose v �= u is such that Tv = v, then

S(Tu, Tv, Tv) ≤ [
S(u, Tu, Tu)) × (

S(v, Tv, Tv)
)2]b. (48)

Since Tu = u and Tv = v, we have

S(u, v, v) ≤ 1, (49)

which implies that v = u. �

Remark 2.14 Let (X, S) be a S-multiplicative metric space and d : X × X → [0,∞) a func-
tion defined by d(x, y) = S(x, y, y), then Theorem 2.10 reduces to the Banach contraction
principle in multiplicative metric space (an analog of the Banach contraction principle in
multiplicative metric space).

The following theorem is the Banach contraction principle in S-metric space.

Theorem 2.15 Let (X, S) be a sequentially compact S-metric space and let f : X −→ X
satisfy the following condition:

S(fx, fy, fz) < kS(x, y, z),

whenever x, y, z ∈ X. and x �= y �= z with k ∈ [0, 1). Then, f has a unique fixed point.



Adewale et al. Fixed Point Theory Algorithms Sci Eng          (2024) 2024:1 Page 8 of 13

Theorem 2.15 in S-multiplicative metric space is as follows:

Theorem 2.16 Let (X, S) be a sequentially compact S-multiplicative metric space and let
f : X −→ X satisfy the following condition:

S(fx, fy, fz) ≤ (
S(x, y, z)

)k ,

whenever x, y, z ∈ X and x �= y �= z with k ∈ [0, 1). Then, f has a unique fixed point.

Remark 2.17 The Banach contraction in S-metric space and S-multiplicative metric space
are equivalent.

Verification:
Let S(x, y, z) = eS(x,y,z). Then,

eS(fx,fy,fz) = S(fx, fy, fz) (50)

≤ (
S(x, y, z)

)k (51)

=
(
eS(x,y,z))k (52)

=
(
ekS(x,y,z)), (53)

which implies S(fx, fy, fz) ≤ kS(x, y, z).
The following theorem is the Edelstein–Nemytskii theorem in S-metric space.

Theorem 2.18 Let (X, S) be a sequentially compact S-metric space and let f : X −→ X
satisfy the following condition:

S(fx, fy, fz) < S(x, y, z),

whenever x, y, z ∈ X and x �= y �= z. Then, f has a unique fixed point.

Theorem 2.18 in S-multiplicative metric space is as follows:

Theorem 2.19 Let (X, S) be a sequentially compact S-multiplicative metric space and let
f : X −→ X satisfy the following condition:

S(fx, fy, fz) < S(x, y, z),

whenever x, y, z ∈ X and x �= y �= z. Then, f has a unique fixed point.

Remark 2.20 The Edelstein–Nemytskii theorem in S-metric space and S-multiplicative
metric space are equivalent.

Verification:
Let S(x, y, z) = eS(x,y,z). Then,

eS(fx,fy,fz) = S(fx, fy, fz) (54)
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≤ S(x, y, z) (55)

= eS(x,y,z), (56)

which implies S(fx, fy, fz) ≤ S(x, y, z).
The following theorem is the Kannan theorem in S-metric space.

Theorem 2.21 Let (X, S) be a sequentially compact S-metric space and let f : X −→ X
satisfy the following condition:

S(fx, fy, fz) ≤ a
[
S(x, fx, fx) + S(y, fy, fy) + S(z, fz, fz)

]
,

whenever x, y, z ∈ X and a ∈ [0, 1
2 ). Then, f has a unique fixed point.

Theorem 2.21 in S-multiplicative metric space is as follows:

Theorem 2.22 Let (X, S) be a sequentially compact S-multiplicative metric space and let
f : X −→ X satisfy the following condition:

S(fx, fy, fz) ≤ [
S(x, fx, fx)S(y, fy, fy)S(z, fz, fz)

]a,

whenever x, y, z ∈ X and x �= y �= z. Then, f has a unique fixed point.

Remark 2.23 The Kannan theorem in S-metric space and S-multiplicative metric space
are equivalent.

Verification:
Let S(x, y, z) = eS(x,y,z). Then,

eS(fx,fy,fz) = S(fx, fy, fz) (57)

≤ [
S(x, fx, fx)S(y, fy, fy)S(z, fz, fz)

]a (58)

=
[
eS(x,fx,fx) × eS(y,fy,fy) × eS(z,fz,fz)]a (59)

=
[
eS(x,fx,fx)+S(y,fy,fy)+S(z,fz,fz)]a (60)

= ea[S(x,fx,fx)+S(y,fy,fy)+S(z,fz,fz)], (61)

which implies S(fx, fy, fz) ≤ a[S(x, fx, fx) + S(y, fy, fy) + S(z, fz, fz)].
The following theorem is a Chatterjea-type theorem in S-metric space.

Theorem 2.24 Let (X, S) be a sequentially compact S-metric space and let f : X −→ X
satisfy the following condition:

S(fx, fy, fz) ≤ a
[
S(x, fy, fy) + S(y, fz, fz) + S(z, fx, fx) (62)

+ S(x, fz, fz) + S(y, fx, fx) + S(z, fy, fy)
]
, (63)

whenever x, y, z ∈ X and a ∈ [0, 1
2 ). Then, f has a unique fixed point.
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Theorem 2.24 in S-multiplicative metric space is as follows:

Theorem 2.25 Let (X, S) be a sequentially compact S-multiplicative metric space and let
f : X −→ X satisfy the following condition:

S(fx, fy, fz) ≤ [
S(x, fy, fy)S(y, fz, fz)S(z, fx, fx)S(x, fz, fz)S(y, fx, fx)S(z, fy, fy)

]a,

whenever x, y, z ∈ X and x �= y �= z. Then, f has a unique fixed point.

Remark 2.26 The Chatterjea-type theorem in S-metric space and S-multiplicative metric
space are equivalent.

Verification:
Let S(x, y, z) = eS(x,y,z). Then,

eS(fx,fy,fz) = S(fx, fy, fz) (64)

≤ [
S(x, fy, fy)S(y, fz, fz)S(z, fx, fx)S(x, fz, fz) (65)

× S(y, fx, fx)S(z, fy, fy)
]a (66)

=
[
eS(x,fy,fy) × eS(y,fz,fz) × eS(z,fx,fx) × eS(x,fz,fz) (67)

× eS(y,fx,fx) × eS(z,fy,fy)]a (68)

=
[
eS(x,fy,fy)+S(y,fz,fz)+S(z,fx,fx)+S(x,fz,fz)+S(y,fx,fx)]a (69)

× eaS(z,fy,fy) (70)

= ea[S(x,fy,fy)+S(y,fz,fz)+S(z,fx,fx)+S(x,fz,fz)+S(y,fx,fx)] (71)

× eaS(z,fy,fy), (72)

which implies S(fx, fy, fz) ≤ a[S(x, fy, fy) + S(y, fz, fz) + S(z, fx, fx) + S(x, fz, fz) + S(y, fx, fx) +
S(z, fy, fy)].

The following theorem is a Boyd and Wong-type contraction in S-metric space.

Theorem 2.27 Let (X, S) be a sequentially compact S-metric space and let f : X −→ X
satisfy the following condition:

S(fx, fy, fz) ≤ φ
(
S(x, y, z)

)
,

where φ : [0,∞] → [0,∞] is upper semicontinuous from the right, satisfying φ(t) < t for
t > 0. Then, f has a unique fixed point.

Theorem 2.27 in S-multiplicative metric space is as follows:

Theorem 2.28 Let (X, S) be a sequentially compact S-multiplicative metric space and let
f : X −→ X satisfy the following condition:

S(fx, fy, fz) ≤ �
(
S(x, y, z)

)
,
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where � : [0,∞] → [0,∞] is upper semicontinuous from the right, satisfying �(t) ≥ t for
t > 0. Then, f has a unique fixed point.

Remark 2.29 The Boyd and Wong-type contraction in S-metric space and S-
multiplicative metric space are equivalent.

Verification:
Let S(x, y, z) = eS(x,y,z). Then,

eS(fx,fy,fz) = S(fx, fy, fz) (73)

≤ φ
(
S(x, y, z)

)
(74)

= φ
(
eS(x,y,z)) (75)

≤ eS(x,y,z) (76)

≤ e�(S(x,y,z)), (77)

which implies S(fx, fy, fz) ≤ �(S(x, y, z))
The following theorem is a generalization of both Kannan- and Chatterjea-type theo-

rems in S-metric spaces.

Theorem 2.30 Let (X, S) be a sequentially compact S-metric space and let f : X −→ X
satisfy the following condition:

S(fx, fy, fz) ≤ a max
{

S(x, y, z), S(z, fz, fz), S(y, fy, fy), (78)

S(x, fx, fx), S(x, fy, fy), S(y, fz, fz), S(z, fx, fx), (79)

S(x, fz, fz), S(y, fx, fx), S(z, fy, fy)
}

(80)

whenever x, y, z ∈ X and a ∈ [0, 1
2 ). Then, f has a unique fixed point.

Theorem 2.30 in S-multiplicative metric space is as follows:

Theorem 2.31 Let (X, S) be a sequentially compact S-multiplicative metric space and let
f : X −→ X satisfy the following condition:

S(fx, fy, fz) ≤ max
{

S(x, y, z), S(z, fz, fz), S(y, fy, fy), (81)

S(x, fx, fx), S(x, fy, fy), S(y, fz, fz), S(z, fx, fx), (82)

S(x, fz, fz), S(y, fx, fx), S(z, fy, fy)
}a, (83)

whenever x, y, z ∈ X. and x �= y �= z. Then, f has a unique fixed point.

Remark 2.32 The generalizations of both Kannan- and Chatterjea-type theorems in S-
metric space and S-multiplicative metric space are equivalent.
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Verification:
Let S(x, y, z) = eS(x,y,z). Then,

eS(fx,fy,fz) = S(fx, fy, fz) (84)

≤ max
{

S(x, y, z), S(z, fz, fz), S(y, fy, fy), (85)

S(x, fx, fx), S(x, fy, fy), S(y, fz, fz), S(z, fx, fx), (86)

S(x, fz, fz), S(y, fx, fx), S(z, fy, fy)
}a (87)

= max
{

eS(x,y,z), eS(z,fz,fz), eS(y,fy,fy), eS(x,fx,fx), eS(x,fy,fy), (88)

eS(y,fz,fz), eS(z,fx,fx), eS(x,fz,fz), eS(y,fx,fx), eS(z,fy,fy)}a (89)

= max
{

eaS(x,y,z), eaS(z,fz,fz), eaS(y,fy,fy), eaS(x,fx,fx), (90)

eaS(x,fy,fy), eaS(y,fz,fz), eaS(z,fx,fx), eaS(x,fz,fz), (91)

eaS(y,fx,fx), eaS(z,fy,fy)}, (92)

which implies S(fx, fy, fz) ≤ a max{S(x, y, z), S(z, fz, fz), S(y, fy, fy), S(x, fx, fx), S(x, fy, fy),
S(y, fz, fz), S(z, fx, fx), S(x, fz, fz), S(y, fx, fx), S(z, fy, fy)}.

3 Conclusion
Some fixed-point theorems are stated and proved in S-multiplicative metric spaces. We
also show that some fixed-point results for various S-multiplicative metric spaces are
equivalent to those of corresponding fixed-point results in S-metric spaces. Some exam-
ples are presented to validate the originality and applicability of our main results.

Acknowledgements
The authors are grateful to the reviewers and editors for their valuable comments and corrections.

Funding
This research received no external funding.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author contributions
The authors contributed equally.

Author details
1Tai Solarin University of Education, Ogun State, Nigeria. 2Bowling Green State University, Ohio, United States. 3Lagos
State University of Science and Technology, Ikorodu, Lagos, Nigeria.

Received: 25 June 2023 Accepted: 21 November 2023



Adewale et al. Fixed Point Theory Algorithms Sci Eng          (2024) 2024:1 Page 13 of 13

References
1. Adewale, O.K., Iluno, C.: Fixed point theorems on rectangular S-metric spaces. Sci. Afr. 16, 1–10 (2022)
2. Adewale, O.K., Olaleru, J.O., Akewe, H.: Fixed point theorems of Zamfirescu’s type in complex valued Gb-metric

spaces. Trans. Niger. Assoc. Math. Phys. 8(1), 5–10 (2019)
3. Adewale, O.K., Olaleru, J.O., Akewe, H.: Fixed point theorems on a quaternion valued G-metric spaces. Commun.

Nonlinear Anal. 7, 73–81 (2019)
4. Adewale, O.K., Olaleru, J.O., Olaoluwa, H., Akewe, H.: Fixed point theorems on a γ -generalized quasi-metric spaces.

Creative Math. Inform. 28, 135–142 (2019)
5. Adewale, O.K., Osawaru, K.: G-cone metric spaces over Banach algebras and some fixed point results. Int. J. Math.

Anal. Optim. 2019(2), 546–557 (2019)
6. Adewale, O.K., Umudu, J.C., Mogbademu, A.A.: Fixed point theorems on Ap-metric spaces with an application. Int. J.

Math. Anal. Optim. 2020(1), 657–668 (2020)
7. Ansari, A.H., Ege, O., Radenovic, S.: Some fixed point results on complex valued Gb-metric spaces. Rev. R. Acad. Cienc.

Exactas Fís. Nat., Ser. A Mat. 112(2), 463–472 (2018)
8. Banach, S.: Sur les operations dans les ensembles abstraits et leur application aux equations integrales. Fundam.

Math., 133–181 (1922)
9. Bashirov, A., Kurpinar, E., Ozyapici, A.: Multiplicative calculus and its applications. J. Math. Anal. Appl. 337(1), 36–48

(2008)
10. Branciari, A.: A fixed point theorem of Banach–Caccippoli type on a class of generalized metric spaces. Publ. Math.

(Debr.) 57, 31–37 (2000)
11. Dhage, B.C.: Generalized metric space and mapping with fixed point. Bull. Calcutta Math. Soc. 84, 329–336 (1992)
12. Ege, O.: Complex valued rectangular b-metric spaces and an application to linear equations. J. Nonlinear Sci. Appl.

8(6), 1014–1021 (2015)
13. Ege, O.: Complex valued Gb-metric spaces. J. Comput. Anal. Appl. 21(2), 363–368 (2016)
14. Ege, O.: Some fixed point theorems in complex valued Gb-metric spaces. J. Nonlinear Convex Anal. 18(11),

1997–2005 (2017)
15. Ege, O., Karaca, I.: Common fixed point results on complex valued Gb-metric spaces. Thai J. Math. 16(3), 775–787

(2018)
16. Ege, O., Park, C., Ansari, A.H.: A different approach to complex valued Gb-metric spaces. Adv. Differ. Equ. 152, 1–13

(2020). https://doi.org/10.1186/s13662-020-02605-0
17. Frechet, M.: Sur quelques points du calcul fonctionnel. Rend. Circ. Mat. Palermo 22, 1–72 (1906)
18. Gahler, S.: 2-Metrische Raume und ihre topologische Struktur. Math. Nachr. 26, 115–148 (1963)
19. Gholidahneh, A., Sedghi, S., Ege, O., Mitrovic, Z.D., De la Sen, M.: The Meir–Keeler type contractions in extended

modular b-metric spaces with an application. AIMS Math. 6(2), 1781–1799 (2021)
20. Iqbal, M., Batool, A., Ege, O., De la Sen, M.: Fixed point of almost contraction in b-metric spaces. J. Math. 3218134, 1–6

(2020). https://doi.org/10.1155/2020/3218134
21. Isik, H., Mohammadi, B., Parvaneh, V., Park, C.: Extended quasi b-metric-like spaces and some fixed point theorems for

contractive mappings. Appl. Math. E-Notes 20, 204–214 (2020)
22. Kannan, R.: Some results on fixed points. Bull. Calcutta Math. Soc. 10, 71–76 (1968)
23. Mitrovic, Z.D., Isik, H., Radenovic, S.: The new results in extended b-metric spaces and applications. Int. J. Nonlinear

Anal. Appl. 11(1), 473–482 (2020)
24. Mustafa, Z., Shahkoohi, R.J., Parvaneh, V., Kadelburg, Z., Jaradat, M.M.M.: Ordered Sp-metric spaces and some fixed

point theorems for contractive mappings with application to periodic boundary value problems. Fixed Point Theory
Appl. 2019, Article ID 16 (2019)

25. Mustafa, Z., Sims, B.: A new approach to generalized metric spaces. J. Nonlinear Convex Anal. 7, 289–297 (2006)
26. Olaleru, J.O.: Common fixed points of three self-mappings in cone metric spaces. Appl. Math. E-Notes 11, 41–49

(2009)
27. Olaleru, J.O., Samet, B.: Some fixed point theorems in cone rectangular metric spaces. J. Niger. Math. Soc. 33, 145–158

(2014)
28. Santosh, K., Terentius, R.: Fixed points for non-self mappings in multiplicative metric spaces. Malaya J. Mat. 6(4),

800–806 (2018)
29. Sedghi, S., Shobe, N., Aliouche, A.: A generalization of fixed point theorem in S-metric spaces. Mat. Vesn. 64, 258–266

(2012)
30. Sedghi, S., Shobe, N., Zhou, H.: A common fixed point theorem in D*-metric spaces. Fixed Point Theory Appl. 2007,

Article ID 027906 (2007)
31. Terentius, R., Santosh, K.: Fixed point theorems for non-self mappings in multiplicative metric spaces. Konuralp J.

Math. 8(1), 1–6 (2020)
32. Zamfirescu, T.: Fixed point theorems in metric spaces. Arch. Math. Log. 23, 292–298 (1972)

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1186/s13662-020-02605-0
https://doi.org/10.1155/2020/3218134

	Equivalence of some results and ﬁxed-point theorems in S-multiplicative metric spaces
	Abstract
	Keywords

	Introduction
	Main results
	Conclusion
	Acknowledgements
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author contributions
	Author details
	References
	Publisher's Note


