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COINCIDENCE POINT RESULTS UNDER GERAGHTY-TYPE
CONTRACTION

Amrish Handa

Abstract. The main aim of this research article is to establish some coincidence
point theorem for G-non-decreasing mappings under Geraghty-type contraction on
partially ordered metric spaces. Furthermore, we derive some multidimensional re-
sults with the help of our unidimensional results. Our results improve and generalize
various well-known results in the literature.

1. Introduction

As the Banach contraction principle is a powerful tool for solving many problems
in applied mathematics and sciences, it has been improved and extended in many
ways. In particular, Geraghty [9] proved in 1973, an interesting generalization of
Banach contraction principle which had a lot of applications.

The concept of multidimensional fixed/coincidence point was introduced by Roldan
et al. in [18] which is an extension of Berzig and Samet’s notion given in [2]. For
more details, one can consult [1, 3-8, 10-13, 15-23].

In this research paper, we establish some coincidence point theorem for G-non-
decreasing mappings under Geraghty-type contraction on partially ordered metric
spaces. With the help of our unidimensional results, we obtain some multidimen-
sional results. The results we obtain generalize, extend and improve several classical
and very recent related results in the literature of metric spaces.

2. Preliminaries

If X is a non-empty set, then we denote X ×X × ...×X (n times) by Xn, where
n ∈ N with n ≥ 2. Let {A, B} be a partition of the set Λn = {1, 2, ..., n}, that is, A
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and B are non-empty subsets of Λn such that A ∪B = Λn and A ∩B = ∅. Denote

ΩA, B = {σ : Λn → Λn : σ(A) ⊆ A, σ(B) ⊆ B}

and

Ω
′
A, B = {σ : Λn → Λn : σ(A) ⊆ B, σ(B) ⊆ A}.

Hence, let σ1, σ2, ..., σn be n mappings from Λn into itself and let Υ be the n−tuple
(σ1, σ2, ..., σn).

Let F : Xn → X and G : X → X be two mappings. For simplicity, we denote
G(ε) by Gε where ε ∈ X.

A partial order ¹ on X can be extended to a partial order v on Xn in the
following way. If (X, ¹) be a partially ordered space, ε, δ ∈ X and i ∈ Λn, we will
use the following notations:

(2.1) ε ¹i δ ⇒
{

ε ¹ δ, if i ∈ A,
ε º δ, if i ∈ B.

Consider on the product space Xn the following partial order: for Y = (ε1, ε2, ...,

εi, ..., εn), V = (δ1, δ2, ..., δi, ..., δn) ∈ Xn,

(2.2) Y v V ⇔ εi ¹i δi.

Note that v depends on A and B. We say that two points Y and V are comparable,
if Y v V or V v Y. Obviously, (Xn, v) is a partially ordered set.

Definition 2.1 ([15, 18, 20]). A point (ε1, ε2, ..., εn) ∈ Xn is called a Υ−coincidence
point of the mappings F : Xn → X and G : X → X if

F (εσi(1), εσi(2), ..., εσi(n)) = Gεi, for all i ∈ Λn.

If G is the identity mapping on ε, then (ε1, ε2, ..., εn) ∈ Xn is called a Υ−fixed point
of the mapping F.

If we represent a mapping σ : Λn → Λn throughout its ordered image, that is,
σ = (σ(1), σ (2), ..., σ (n)), then

(i) Gnana-Bhaskar and Lakshmikantham’s coupled fixed points occur when n =
2, σ1 = (1, 2) and σ2 = (2, 1),

(ii) Berinde and Borcut’s tripled fixed points are associated with n = 3, σ1 = (1,

2, 3), σ2 = (2, 1, 2) and σ3 = (3, 2, 1),
(iii) Karapinar’s quadruple fixed points are considered when n = 4, σ1 = (1, 2,

3, 4), σ2 = (2, 3, 4, 1), σ3 = (3, 4, 1, 2) and σ4 = (4, 1, 2, 3).
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These cases consider A as the odd numbers in {1, 2, ..., n} and B as its even
numbers. However, Berzig and Samet [2] use A = {1, 2, ..., m}, B = {m + 1, ..., n}
and arbitrary mappings.

Definition 2.2 ([18]). Let (X, ¹) be a partially ordered space. We say that F

has the mixed (G, ¹)-monotone property if F is G-monotone non-decreasing in
arguments of A and G-monotone non-increasing in arguments of B, that is, for all
ε1, ε2, ..., εn, δ, τ ∈ X and all i,

Gδ ¹ Gτ ⇒ F (ε1, ..., εi−1, δ, εi+1, ..., εn) ¹i F (ε1, ..., εi−1, τ, εi+1, ..., εn).

Definition 2.3 ([20, 22]). Let (X, d) be a metric space and define ∆n, ρn : Xn ×
Xn → [0, +∞), for Y = (ε1, ε2, ..., εn), V = (δ1, δ2, ..., δn) ∈ Xn, by

∆n(Y, V ) =
1
n

n∑

i=1

d(εi, δi) and ρn(Y, V ) = max
1≤i≤n

d(εi, δi).

Then ∆n and ρn are metrics on Xn and (X, d) is complete if and only if (Xn, ∆n)
are complete. Similarly, (X, d) is complete if and only if (Xn, ρn) are complete. It
is easy to see that

∆n(Y k, Y ) → 0 (as k →∞) ⇔ d(εk
i , εi) → 0 (as k →∞),

and ρn(Y k, Y ) → 0 (as k →∞) ⇔ d(εk
i , εi) → 0 (as k →∞), i ∈ Λn,

where Y k = (εk
1, εk

2, ..., εk
n) and Y = (ε1, ε2, ..., εn) ∈ Xn.

Definition 2.4 ([18]). We will say that two mappings F, G : X → X are commuting
if GFε = FGε for all ε ∈ X. We will say that F : Xn → X and G : X → X are
commuting if GF (ε1, ε2, ..., εn) = F (Gε1, Gε2, ..., Gεn) for all ε1, ε2, ..., εn ∈ X.

Definition 2.5 ([16]). Let (X, d, ¹) be a partially ordered metric space and let
F : Xn → X and G : X → X be two mappings. Let Υ = (σ1, σ2, ..., σn) be an
n−tuple of mappings Λn into itself verifying σi ∈ ΩA, B if i ∈ A and σi ∈ Ω

′
A, B if

i ∈ B. We will say that (F, G) is an (O, Υ)−compatible pair if, for all i ∈ Λn,

lim
m→∞ d(GF (εσi(1)

m , εσi(2)
m , ..., εσi(n)

m ), F (Gεσi(1)
m , Gεσi(2)

m , ..., Gεσi(n)
m )) = 0,

whenever {ε1
m}, {ε2

m}, ..., {εn
m} are sequences in X such that {Gε1

m}, {Gε2
m}, ...,

{Gεn
m} are ¹ −monotone and

lim
m→∞F (εσi(1)

m , εσi(2)
m , ..., εσi(n)

m ) = lim
n→∞Gεi

m ∈ X, for all i ∈ Λn.
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Lemma 2.1 ([1, 20, 22, 23]). Let (X, d, ¹) be a partially ordered metric space and
let F : Xn → X and G : X → X be two mappings. Let Υ = (σ1, σ2, ..., σn) be an
n−tuple of mappings from Λn into itself verifying σi ∈ ΩA, B if i ∈ A and σi ∈ Ω

′
A, B

if i ∈ B. Define FΥ, GΥ : Xn → Xn, for all ε1, ε2, ..., εn ∈ X, by

FΥ(ε1, ε2, ..., εn) =




F (εσ1(1), εσ1(2), ..., εσ1(n)),
F (εσ2(1), εσ2(2), ..., εσ2(n)),

..., F (εσn(1), εσn(2), ..., εσn(n))


 ,

GΥ(ε1, ε2, ..., εn) = (Gε1, Gε2, ..., Gεn).(2.3)

(1) If F has the mixed (G, ¹)−monotone property, then FΥ is monotone (G,

v)−non-decreasing.
(2) If F is d−continuous, then FΥ is ∆n−continuous and ρn−continuous.
(3) If G is d−continuous, then GΥ is ∆n−continuous and ρn−continuous.
(4) A point (ε1, ε2, ..., εn) ∈ Xn is a Υ−fixed point of F if and only if (ε1, ε2,

..., εn) is a fixed point of FΥ.

(5) A point (ε1, ε2, ..., εn) ∈ Xn is a Υ−coincidence point of F and G if and
only if (ε1, ε2, ..., εn) is a coincidence point of FΥ and GΥ.

(6) If (X, d, ¹) is regular, then (Xn, ∆n, v) and (Xn, ρn, v) are also regular.
(7) If F and G are (O, Υ)-compatible, then FΥ and GΥ are O-compatible.
(8) If there exist ε1

0, ε2
0, ..., εn

0 ∈ X verifying Gεi
0 ¹i F (εσi(1)

0 , ε
σi(2)
0 , ..., ε

σi(n)
0 ), for

all i ∈ Λn, then there exists Y0 = (ε1
0, ε2

0, ..., εn
0 ) ∈ Xn such that GΥ(Y0) v FΥ(Y0).

3. Main Results

In [14], Kadelburg et al. introduced, denoted by Θ, the class of all functions θ : [0,

+∞) → [0, 1) satisfying that for any sequence {sn} of non-negative real numbers,
θ(sn) → 1 implies that sn → 0.

Theorem 3.1. Let (X, d, ¹) be a partially ordered metric space and F, G : X → X

be two mappings satisfying
(i) F is (G, ¹)-non-decreasing and F (X) ⊆ G(X),
(ii) there exists ε0 ∈ X such that Gε0 ¹ Fε0,

(iii) there exists θ ∈ Θ such that

d(Fε, Fδ) ≤ θ(d(Gε, Gδ))d(Gε, Gδ),

for all ε, δ ∈ X where Gε ¹ Gδ. Also assume that one of the following conditions
holds.
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(a) (X, d) is complete, F and G are continuous and the pair (F, G) is O-
compatible,

(b) (G(X), d) is complete and (X, d, ¹) is non-decreasing-regular,
(c) (X, d) is complete, G is continuous and monotone non-decreasing, the pair

(F, G) is O-compatible and (X, d, ¹) is non-decreasing-regular.
Then F and G have a coincidence point.

Proof. Let ε0 ∈ X be arbitrary. By (i), we have F (X) ⊆ G(X), and so there exists
ε1 ∈ X such that Fε0 = Gε1. Then, by (ii), Gε0 ¹ Fε0 = Gε1. Since F is (G, ¹)-
non-decreasing, Fε0 ¹ Fε1. Repeating this argument, we get a sequence {εn}n≥0

such that {Gεn} is ¹-non-decreasing, Gεn+1 = Fεn ¹ Fεn+1 = Gεn+2 and

(3.1) Gεn+1 = Fεn, for all n ≥ 0.

Let ζn = d(Gεn, Gεn+1) for all n ≥ 0. By using contractive condition (iii), we
have

d(Gεn+1, Gεn+2) = d(Fεn, Fεn+1)(3.2)

≤ θ(d(Gεn, Gεn+1))d(Gεn, Gεn+1).

It follows from the fact θ < 1 that

d(Gεn+1, Gεn+2) < d(Gεn, Gεn+1), that is, ζn+1 < ζn for all n ≥ 0.

Thus the sequence {ζn}n≥0 is decreasing. Hence there exists ζ ≥ 0 such that

(3.3) lim
n→∞ ζn = lim

n→∞ d(Gεn, Gεn+1) = ζ.

Suppose ζ > 0. Then, from (3.2), we obtain that

d(Gεn+1, Gεn+2)
d(Gεn, Gεn+1)

≤ θ(d(Gεn, Gεn+1)) < 1.

Taking the limit as n →∞, we get

θ(d(Gεn, Gεn+1)) → 1 as n →∞.

Using the properties of function θ, we have

ζn = d(Gεn, Gεn+1) → 0 as n →∞.

which contradicts the fact that ζ > 0. Hence, by (3.2), we get

(3.4) lim
n→∞ ζn = lim

n→∞ d(Gεn, Gεn+1) = 0.

We now prove that {Gεn}n≥0 is a Cauchy sequence in (X, d). Suppose, to the
contrary, that the sequence {Gεn}n≥0 is not a Cauchy sequence. Then there exists
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an η > 0 for which we can find subsequences {εn(k)}, {εm(k)} of {εn}n≥0
with n(k) >

m(k) ≥ k such that

(3.5) d(Gεn(k), Gεm(k)) ≥ η.

We can choose n(k) to be the smallest positive integer satisfying (3.5). Then

(3.6) d(Gεn(k)−1, Gεm(k)) < η.

By using (3.5), (3.6) and triangle inequality, we have

η ≤ ωk = d(Gεn(k), Gεm(k))

≤ d(Gεn(k), Gεn(k)−1) + d(Gεn(k)−1, Gεm(k))

< d(Gεn(k), Gεn(k)−1) + η.

Letting k →∞ in the above inequality and using (3.4), we get

(3.7) lim
k→∞

ωk = lim
k→∞

d(Gεn(k), Gεm(k)) = η.

By using triangle inequality, we have

ωk = d(Gεn(k), Gεm(k))

≤ d(Gεn(k), Gεn(k)+1) + d(Gεn(k)+1, Gεm(k)+1) + d(Gεm(k)+1, Gεm(k))

≤ ζn(k) + ζm(k) + d(Fεn(k), Fεm(k))

≤ ζn(k) + ζm(k) + θ(d(Gεn(k), Gεm(k)))d(Gεn(k), Gεm(k))

≤ ζn(k) + ζm(k) + ωk.

This shows that

ωk ≤ ζn(k) + ζm(k) + θ(ωk)ωk ≤ ζn(k) + ζm(k) + ωk.

Taking the limit as n →∞ in the above inequality, by using (3.4) and (3.7), we get

θ(ωk) → 1.

Using the properties of function θ, we obtain

ωk = d(Gεn(k), Gεm(k)) → 0 as k →∞,

which implies that

lim
k→∞

ωk = lim
k→∞

d(Gεn(k), Gεm(k)) = 0,

which contradicts the fact that η > 0. Therefore, {Gεn}n≥0 is a Cauchy sequence in
X.

Now, we claim that F and G have a coincidence point for the cases (a)–(c).
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Suppose (a) holds, that is, (X, d) is complete, F and G are continuous and the
pair (F, G) is O−compatible. Since (X, d) is complete, there exists ε ∈ X such that
{Gεn} → ε and it follows from (3.1) that {Fεn} → ε, since F and G are continuous,
{FGεn} → Fε and {GGεn} → Gε. Since the pair (F, G) is O-compatible, we
conclude that

d(Gε, Fε) = lim
n→∞ d(GGεn+1, FGεn) = lim

n→∞ d(GFεn, FGεn) = 0,

that is, ε is a coincidence point of F and G.

Now suppose (b) holds, that is, (G(X), d) is complete and (X, d, ¹) is non-
decreasing-regular. Since {Gεn}n≥0 is a Cauchy sequence in the complete space
(G(X), d), there exists δ ∈ G(X) such that {Gεn} → δ. Let ε ∈ X be any point
such that δ = Gε. Then {Gεn} → Gε. Since (X, d, ¹) is non-decreasing-regular and
{Gεn} is ¹-non-decreasing and converging to Gε, we have Gεn ¹ Gε for all n ≥ 0.

By using the contractive condition (iii),

d(Gεn+1, Fε) = d(Fεn, Fε) ≤ θ(d(Gεn, Gε))d(Gεn, Gε).

It follows from the fact θ < 1 that

d(Gεn+1, Fε) < d(Gεn, Gε).

Letting n →∞ in the above inequality and using Gεn → Gε, we get d(Gε, Fε) = 0,

that is, ε is a coincidence point of F and G.

Suppose now that (c) holds, that is, (X, d) is complete, G is continuous and
monotone non-decreasing, the pair (F, G) is O−compatible and (X, d, ¹) is non-
decreasing-regular. Since (X, d) is complete, there exists ε ∈ X such that {Gεn} →
ε and it follows from (3.1) that {Fεn} → ε, since G is continuous, {GGεn} → Gε.

Since the pair (F, G) is O−compatible, we have

lim
n→∞ d(GGεn+1, FGεn) = lim

n→∞ d(GFεn, FGεn) = 0.

The above fact and {GGεn} → Gε together imply that {FGεn} → Gε.

Since (X, d, ¹) is non-decreasing-regular and {Gεn} is ¹-non-decreasing and
converging to ε, we have that Gεn ¹ ε, which, by the monotonicity of G, implies
GGεn ¹ Gε. Then by using the contractive condition (3.1), we get

d(FGεn, Fε) ≤ θ(d(GGεn, Gε))d(GGεn, Gε),

which, by the fact θ < 1, implies

d(FGεn, Fε) < d(GGεn, Gε).
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Taking the limit as n →∞ in the above inequality, by using the facts {GGεn} → Gε

and {FGεn} → Gε, we get d(Gε, Fε) = 0, that is, ε is a coincidence point of F and
G. ¤

Putting θ(s) = k with k ∈ [0, 1) for all s ∈ [0, ∞) in Theorem 3.1, we obtain the
following corollary:

Corollary 3.2. Let (X, d, ¹) be a partially ordered metric space and let F, G : X →
X be two mappings satisfying conditions (i) and (ii) of Theorem 3.1 and assume that
there exists k ∈ [0, 1) such that

d(Fε, Fδ) ≤ kd(Gε, Gδ),

for all ε, δ ∈ X where Gε ¹ Gδ. Also assume that one of the conditions (a)− (c) of
Theorem 3.1 holds. Then F and G have a coincidence point.

Example 3.1. Suppose that X = R, equipped with the usual metric d : X2 → [0,

b+∞) with the natural ordering of real numbers ≤ . Let F, G : X → X be defined
as

Fε = ln
(
1 + ε2

)
and Gε = ε2, for all ε ∈ X.

Define θ : [0, +∞) → [0, 1) as follows

θ(s) =

{ ln(1 + s)
s

, s > 0,

0, s = 0.

First, we shall show that the contractive condition of Theorem 3.1 holds for the
mappings F and G. Let ε, δ ∈ X be such that Gε ¹ Gδ. Then we have

d(Fε, Fδ) = |Fε− Fδ|
=

∣∣ln (
1 + ε2

)− ln
(
1 + δ2

)∣∣

=
∣∣∣∣ln

1 + ε2

1 + δ2

∣∣∣∣

=
∣∣∣∣ln

(
1 +

ε2 − δ2

1 + δ2

)∣∣∣∣
≤ ln

(
1 +

∣∣ε2 − δ2
∣∣)

≤ ln (1 + |Gε−Gδ|)
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≤ ln (1 + |Gε−Gδ|)
|Gε−Gδ| × |Gε−Gδ|

≤ ln (1 + d(Gε, Gδ))
d(Gε, Gδ)

× d(Gε, Gδ)

≤ θ(d(Gε, Gδ))d(Gε, Gδ).

This shows that the contractive condition of Theorem 3.1 holds with the function
θ. In addition, all the other conditions of Theorem 3.1 are satisfied and z = 0 is a
coincidence point of F and G.

4. Multidimensional Coincidence Point Results

Next we give an n−dimensional fixed point theorem for mixed monotone map-
pings. For brevity, (ε1, ε2, ..., εn), (δ1, δ2, ..., δn) and (ε1

0, ε2
0, ..., εn

0 ) will be denoted
by Y, V and Y0 respectively.

Theorem 4.1. Let (X, ¹) be a partially ordered set and suppose that there is a
metric d on X such that (X, d) is a complete metric space. Let F : Xn → X and
G : X → X be two mappings and Υ = (σ1, σ2, ..., σn) be an n−tuple of mappings
from Λn into itself verifying σi ∈ ΩA, B if i ∈ A and σi ∈ Ω

′
A, B if i ∈ B. Suppose

that the following properties are fulfilled:
(i) F (Xn) ⊆ G(X),
(ii) F has the mixed G-monotone property,
(iii) there exist ε1

0, ε2
0, ..., εn

0 ∈ X verifying Gεi
0 ¹i F (εσi(1)

0 , ε
σi(2)
0 , ..., ε

σi(n)
0 ), for

all i ∈ Λn,

(iv) there exists θ ∈ Θ such that

d(F (ε1, ε2, ..., εn), F (δ1, δ2, ..., δn))(4.1)

≤ θ

(
max
1≤i≤n

d(Gεi, Gδi)
)(

max
1≤i≤n

d(Gεi, Gδi)
)

,

for all ε1, ε2, ..., εn, δ1, δ2, ..., δn ∈ X with εi ¹i δi, for i ∈ Λn. Also assume that
one of the following conditions holds,

(a) (X, d) is complete, F and G are continuous and the pair (F, G) is (O, Υ)-
compatible,

(b) (G(X), d) is complete and (X, d, ¹) is non-decreasing-regular,
(c) (X, d) is complete, G is continuous and monotone non-decreasing, the pair

(F, G) is (O, Υ)−compatible and (X, d, ¹) is non-decreasing-regular.
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Then F and G have a Υ−coincidence point.

Proof. For fixed i ∈ A, we have Gεσi(t) ¹t Gδσi(t) for t ∈ Λn. From (4.1), we have

d(F (εσi(1), εσi(2), ..., εσi(n)), F (δσi(1), δσi(2), ..., δσi(n)))

≤ θ

(
max
1≤i≤n

d(Gεi, Gδi)
)(

max
1≤i≤n

d(Gεi, Gδi)
)

,(4.2)

for all i ∈ A. Similarly, for fixed i ∈ B, we have Gδσi(t) ºt Gvσi(t) for t ∈ Λn. It
follows from (4.1) that

d(F (δσi(1), δσi(2), ..., δσi(n)), F (εσi(1), εσi(2), ..., εσi(n)))

= d(F (εσi(1), εσi(2), ..., εσi(n)), F (δσi(1), δσi(2), ..., δσi(n)))

≤ θ

(
max
1≤i≤n

d(Gεi, Gδi)
)(

max
1≤i≤n

d(Gεi, Gδi)
)

,(4.3)

for all i ∈ B. By (2.2), (2.3), (4.2) and (4.3), we have

ρn(FΥ(Y ), FΥ(V )) ≤ θ(ρn(GΥ(Y ), GΥ(V )))ρn(GΥ(Y ), GΥ(V )),

for all Y, V ∈ Xn with GΥ(Y ) v GΥ(V ). It is only necessary to apply Theorem 3.1
to the mappings F = FΥ and G = GΥ in the ordered metric space (Xn, ρn, v) by
taking all items of Lemma 2.1. ¤

In a similar way, we may state the result analog of Corollary 2.2.

References

1. S.A. Al-Mezel, H. Alsulami, E. Karapinar & A. Roldan: Discussion on multidimensional
coincidence points via recent publications. Abstr. Appl. Anal. 2014 (2014), Article ID
287492. https://doi.org/10.1155/2014/287492

2. M. Berzig & B. Samet: An extension of coupled fixed points concept in higher di-
mension and applications. Comput. Math. Appl. 63 (2012), no. 8, 1319-1334. https://
doi.org/10.1016/j.camwa.2012.01.018

3. B. Deshpande & A. Handa: Coincidence point results for weak ψ − ϕ contraction on
partially ordered metric spaces with application. Facta Universitatis Ser. Math. Inform.
30 (2015), no. 5, 623-648.

4. B. Deshpande & A. Handa: On coincidence point theorem for new contractive condition
with application. Facta Universitatis Ser. Math. Inform. 32 (2017), no. 2, 209-229.
https://doi.org/10.22190/FUMI1702209D



COINCIDENCE POINT RESULTS UNDER GERAGHTY-TYPE CONTRACTION 335

5. B. Deshpande & A. Handa: Multidimensional coincidence point results for generalized
(ψ, θ, ϕ)-contraction on ordered metric spaces. J. Nonlinear Anal. Appl. 2017 (2017),
no. 2, 132-143. https://doi.org/10.5899/2017/jnaa-00314

6. B. Deshpande & A. Handa: Utilizing isotone mappings under Geraghty-type contrac-
tion to prove multidimensional fixed point theorems with application. J. Korean Soc.
Math. Educ. Ser. B: Pure Appl. Math. 25 (2018), no. 4, 279-295. https://doi.org/
10.7468/jksmeb.2018.25.4.279

7. B. Deshpande, A. Handa & S.A. Thoker: Existence of coincidence point under gener-
alized nonlinear contraction with applications. East Asian Math. J. 32 (2016), no. 3,
333-354. https://doi.org/10.7858/eamj.2016.025

8. I.M. Erhan, E. Karapinar, A. Roldan & N. Shahzad: Remarks on coupled coincidence
point results for a generalized compatible pair with applications. Fixed Point Theory
Appl. 2014 (2014), Paper No. 207. https://doi.org/10.1186/1687-1812-2014-207

9. M. Geraghty: On contractive mappings. Proc. Amer. Math. Soc. 40 (1973), 604-608.
10. A. Handa: Multidimensional coincidence point results for contraction mapping princi-

ple. J. Korean Soc. Math. Educ. Ser. B: Pure Appl. Math. 26 (2019), no. 4, 277-288.
https://doi.org/10.7468/jksmeb.2019.26.4.277

11. A. Handa, R. Shrivastava & V.K. Sharma: Multidimensional coincidence point re-
sults for generalized (ψ, θ, ϕ)−contraction on partially ordered metric spaces. Pra-
mana Research Journal 9 (2019), no. 3, 708-720. https://www.pramanaresearch.org/
gallery/prj-p641.pdf

12. A. Handa, R. Shrivastava & V.K. Sharma: Multidimensional coincidence point re-
sults for new contractive condition on partially ordered metric spaces. The Interna-
tional J. Anal. and Experimental Modal Anal. XI (2019) no. IX, 3820-3832. https://
doi.org/18.0002.IJAEMA.2019.V11I9.208301.3586

13. A. Handa, R. Shrivastava & V.K. Sharma: Multidimensional coincidence point theorem
under Mizoguchi-Takahashi contraction on partially ordered metric spaces, J. Inform.
Comput. Sci. 9 (2019), no. 10, 811-827. https://joics.org/VOL-9-ISSUE-10-2019

14. Z. Kadelburg, P. Kumam, S. Radenovic & W. Sintunavarat: Common coupled fixed
point theorems for Geraghty-type contraction mappings using monotone property.
Fixed Point Theory Appl. 2015 (2015), Paper No. 27. https://doi.org/10.1186/
s13663-015-0278-5

15. E. Karapinar, A. Roldan, J. Martinez-Moreno & C. Roldan: Meir-Keeler type multi-
dimensional fixed point theorems in partially ordered metric spaces. Abstr. Appl. Anal.
2013 (2013), Article ID 406026. https://dx.doi.org/10.1155/2013/406026

16. E. Karapinar, A. Roldan, N. Shahzad & W. Sintunavarat: Discussion on coupled and
tripled coincidence point theorems for φ−contractive mappings without the mixed g-
monotone property. Fixed Point Theory Appl. 2014 (2014), Paper No. 92. https://
doi.org/10.1186/1687-1812-2014-92



336 Amrish Handa

17. A. Roldan & E. Karapinar: Some multidimensional fixed point theorems on par-
tially preordered G∗−metric spaces under (ψ, ϕ)−contractivity conditions. Fixed
Point Theory Appl. 2013 (2013), Paper No. 158. https://doi.org/10.1186/1687-
1812-2013-158

18. A. Roldan, J. Martinez-Moreno & C. Roldan: Multidimensional fixed point theorems
in partially ordered metric spaces. J. Math. Anal. Appl. 396 (2012), 536-545. https://
doi.org/10.1016/j.jmaa.2012.06.049

19. A. Roldan, J. Martinez-Moreno, C. Roldan & E. Karapinar: Multidimensional
fixed-point theorems in partially ordered complete partial metric spaces under (ψ,

ϕ)−contractivity conditions. Abstr. Appl. Anal. 2013 (2013), Article ID 634371.
https://dx. doi.org/10.1155/2013/634371

20. A. Roldan, J. Martinez-Moreno, C. Roldan & E. Karapinar: Some remarks on multi-
dimensional fixed point theorems. Fixed Point Theory 15 (2014), no. 2, 545-558.

21. F. Shaddad, M.S.M. Noorani, S.M. Alsulami & H. Akhadkulov: Coupled point results
in partially ordered metric spaces without compatibility. Fixed Point Theory Appl.
2014 (2014), Paper No. 204. https://doi.org/10.1186/1687-1812-2014-204

22. S. Wang: Coincidence point theorems for G-isotone mappings in partially ordered
metric spaces. Fixed Point Theory Appl. 2013 (2013), Paper No. 96. https://doi.
org/10.1186/1687-1812-2013-96

23. S. Wang: Multidimensional fixed point theorems for isotone mappings in partially or-
dered metric spaces. Fixed Point Theory Appl. 2014 (2014), Paper No. 137. https://
doi.org/10.1186/1687-1812-2014-137

Professor: Department of Mathematics, Govt. P. G. Arts and Science College, Rat-
lam (M. P.), India
Email address: amrishhanda83@gmail.com


