
Ratio Mathematica Volume 46, 2023

Some coupled fixed point theorems in
complete E− fuzzy metric spaces

Shahana A R *

Magie Jose†

Abstract
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1 Introduction

L.A.Zadeh [1965] introduced fuzzy set theory. This concept was used in al-
most all branches of mathematics. George.A and P.Veeramani [1994] modified
the notion of fuzzy metric space proposed by O.Kramosil and J.Michalek [1975].
Many authors investigated the idea of contractive mappings and constructed fixed
point theorems on the basis of this fuzzy metric space.
The notion of Generalized metric space was investigated by Mustafa.Z and B.Sims
[2006]. Many researchers proved existence and uniqueness of fixed point of map-
pings under some contractions in G-metric space. The concept of coupled fixed
point for a function F : X2 → X was introduced by Bhaskar.T.G and Laksh-
mikantham.G.V [2006] and proved some coupled fixed point theorems in par-
tially ordered metric space. Also they presented some applications of this in the
existence and uniqueness of a solution of periodic boundary value problems. Lak-
shmikantham.V and Ciric.Lj. [2009] gave the concept of coupled coincidence and
coupled common fixed point for the mappings F : X2 → X and g : X → X and
established some results. Sedghi et al. [2012] discussed a coupled fixed point the-
orem for contractions in fuzzy metric space and as a generalization of this result,
Xin-Qi-Hu [2011] established a common fixed point theorem for mapping under
φ− contraction in fuzzy metric space. Many authors have studied coupled fixed
point theorems in metric space, fuzzy metric space and G- metric space. Using
the concept of G-metric space, Sukanya.K.P and Jose [2017] proposed E-fuzzy
metric space and proved some fixed point theorems in this space.
The purpose of this paper is to establish coupled coincidence fixed point theorems
for the mappings under φ- contraction in complete E-fuzzy metric space. Also
an example to illustrate the theorem is given and an application of this theorem to
integral equations is presented.

2 Preliminaries

Definition 2.1. B.Schweizer and A.Sklar [1983]: A binary operation * : [0, 1]2 →
[0, 1] is a continuous t-norm if it satisfies the following:

1. commutative and associative,

2. continuous,

3. t ∗ 1 = t for all t ∈ [0, 1],

4. t ∗ s ≤ t′ ∗ s′ whenever t ≤ t′ and s ≤ s′ for all t, s, t′, s′ ∈ [0, 1].
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Definition 2.2. Sukanya.K.P and Jose [2017] Let X is an arbitrary set and * is
a continuous t-norm, a 3-tuple (X,E, ∗) is called E- fuzzy metric space if E is a
fuzzy set on X3 × (0,∞) satisfying the following:

1. E(α, β, γ, t) > 0 and E(α, α, β, t) ≤ E(α, β, γ, t) for all α, β, γ ∈ X with
γ 6= β,

2. E(α, β, γ, t) = 1, for all t > 0 if and only if α = β = γ,

3. E(α, β, γ, t) = E(p(α, β, γ), t) (symmetry), where p is a permutation func-
tion,

4. E(α, a, γ, t) ∗ E(a, β, γ, s) ≤ E(α, β, γ, t+ s),

5. E is continuous, ∀α, β, γ, a ∈ X and t, s > 0.

Definition 2.3. Sukanya.K.P and Jose [2022] A sequence {αn} in (X,E, ∗) is
said to be converges to a point α ∈ X if E(αn, α, α, t)→ 1 as n→∞.

Remark 2.1. Shahana.A.R and Jose [in press] A sequence {αn} in (X,E, ∗) is
said to be a cauchy sequence if for each 0 < r < 1 and t > 0 there exists k ∈ N
such that E(αm, αm, αn, t) > 1− r for each m,n ≥ k.

Definition 2.4. Sukanya.K.P and Jose [2022] A complete E-fuzzy metric space is
the E- fuzzy metric space in which every cauchy sequence is convergent.

Remark 2.2. Shahana.A.R and Jose [in press] Let (X1, E1, ∗) and (X2, E2, ∗) be
E-fuzzy metric spaces. A function f : X1 → X2 is continuous at a point α ∈ X1

if and only if every convergent sequence {αn} → α in X1, {f(αn)} → f(α) in
X2.

Definition 2.5. Bhaskar.T.G and Lakshmikantham.G.V [2006] LetX be a nonempty
set, an element (α, β) ∈ X2 is called a coupled fixed point of a mapping F :
X2 → X if F (α, β) = α and F (β, α) = β.

Definition 2.6. Lakshmikantham.V and Ciric.Lj. [2009] LetX be a non empty set,
the element (α, β) ∈ X2 is called a coupled coincidence point of the mappings
F : X2 → X and g : X → X if F (α, β) = gα and F (β, α) = gβ.

Definition 2.7. J.X.Fang [2009] An element α ∈ X is called common fixed point
of the mappings F : X2 → X and g : X → X if F (α, α) = gα = α, then the F
and g.

Definition 2.8. Lakshmikantham.V and Ciric.Lj. [2009] The mappings F : X2 →
X and g : X → X are said to be commutative if gF (α, β) = F (gα, gβ).
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3 Coupled fixed point theorems in E-fuzzy metric
spaces

Let φ be the function , φ : (0,∞) → (0,∞) such that φ(t) < t and for any
t > 0, limn→∞ φn(t) = 0 for any t > 0. Some coupled fixed point theorems for
φ contraction in complete E− fuzzy metric space are established in this section.
In this paper we denote,
[E(α, β, γ, t)]n = E(α, β, γ, t) ∗ E(α, β, γ, t) ∗ ... ∗ E(α, β, γ, t)︸ ︷︷ ︸

n

for all n ∈ N .

Theorem 3.1. Let (X,E, ∗) be a complete E-Fuzzy metric space. Let F : X2 →
X and g : X → X be mappings such that E(F (α, β), F (µ, η), F (γ, ω), φ(t))
≥ E(g(α), g(µ), g(γ), t) ∗ E(g(β), g(η), g(ω), t), ∀α, β, µ, η, γ, ω ∈ X . Suppose
that F and g satisfy the following:

• F (X2) ⊆ g(X)

• g is continuous and commutes with F

Then there exists a unique α in X such that α = gα = F (α, α).

Proof. Since F (X2) ⊆ g(X), we can construct two sequences {gαn} and
{gβn} in X such that g(αn+1) = F (αn, βn), g(βn+1) = F (βn, αn) ∀n ≥ 0. For
any 0 < r < 1 there exists a 0 < s < 1 such that (1− s) ∗ (1− s) ∗ ... ∗ (1− s)︸ ︷︷ ︸

k

>

(1− r) ∀k ∈ N .
We have

lim
t→∞

E(α, β, γ, t) = 1 ∀α, β, γ ∈ X (1)

Thus,
for any t > 0 and s > 0 there exists t0 > 0 such that E(gα0, gα1, gα2, t0) > 1−s,
E(gβ0, gβ1, gβ2, t0) > 1−s andE(gα2, gα1, gα0, t0) > 1−s,E(gβ2, gβ1, gβ0, t0) >
1− s. For a φ function there exists k ∈ N such that

∑∞
n=k0

φn(t0) <
t
2

.
E(gα1, gα2, gα3, φ(t0)) = E(F (α0, β0), F (α1, β1), F (α2, β2), φ(t0))

≥ E(gα0, gα1, gα2, t0) ∗ E(gβ0, gβ1, gβ2, t0).
Similarly,
E(gβ1, gβ2, gβ3, φ(t0)) ≥ E(gβ0, gβ1, gβ2, t0) ∗ E(gα0, gα1, gα2, t0).

Now,
E(gα2, gα3, gα4, φ

2(t0)) = E(F (α1, β1), F (α2, β2), F (α3, β3), φ
2(t0))

≥ E(gα1, gα2, gα3, φ(t0)) ∗ E(gβ1, gβ2, gβ3, φ(t0))
≥ [E(gα0, gα1, gα2, t0)]

2 ∗ [E(gβ0, gβ1, gβ2, t0)]2.
Similarly,
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E(gβ2, gβ3, gβ4, φ
2(t0)) ≥ [E(gβ0, gβ1, gβ2, t0)]

2

∗ [E(g(α0, gα1, gα2, t0))]
2.

Continuing this, we get
E(gαn, gαn+1, gαn+2, φ

n(t0)) ≥ [E(gα0, gα1, gα2, t0)]
2n−1

∗[E(gβ0, gβ1, gβ2, t0))]2
n−1 and

E(gβn, gβn+1, gβn+2, φ
n(t0)) ≥ [E(gβ0, gβ1, gβ2, t0)]

2n−1

∗[E(gα0, gα1, gα2, t0)]
2n−1

.
In the same way,
E(gαn+2, gαn+1, gαn, φ

n(t0)) ≥ [E(gα2, gα1, gα0, t0)]
2n−1

∗[E(gβ2, gβ1, gβ0, t0)]2
n−1 and

E(gβn+2, gβn+1, gβn, φ
n(t0)) ≥ [E(gβ2, gβ1, gβ0, t0)]

2n−1

∗[E(gα2, gα1, gα0, t0)]
2n−1

.
For m,n ∈ N with m > n ≥ k0
E(gαm, gαm, gαn, t) ≥ E(gαn+1, gαm, gαn,

t
2
) ∗ E(gαm, gαn+1, gαn,

t
2
)

≥ E(gαn+1, gαm, gαn,
∑m−2

k=n φ
k(t0)) ∗ E(gαm, gαn+1, gαn,

∑m−2
k=n φ

k(t0))

≥ E(gαn, gαn+1, gαn+2, φ
n(t0)) ∗ E(gαn+1, gαn+2, gαn+3, φ

n+1(t0)) ∗ ...
∗ E(gαm−2, gαm−1, gαm, φm−2(t0)) ∗ E(gαn+2, gαn+1, gαn, φ

n(t0))
∗ E(gαn+3, gαn+2, gαn+1, φ

n+1(t0)) ∗ ...
∗ E(gαm, gαm−1, gαm−2, φm−2(t0))
≥ [E(gα0, gα1, gα2, t0)]

2n−1
[E(gβ0, gβ1, gβ2, t0))]

2n−1

∗ [E(gα0, gα1, gα2, t0)]
2n ∗ [E(gβ0, gβ1, gy2, t0))]2

n

∗ ... ∗ [E(gα0, gα1, gα2, t0)]
2m−3

∗ [E(gβ0, gβ1, gβ2, t0))]2
m−3 ∗ [E(gα2, gα1, gα0, t0)]

2n−1

∗ [E(gβ2, gβ1, gβ0, t0)]2
n−1 ∗ [E(gα2, gα1, gα0, t0)]

2n

∗ [E(gβ2, gβ1, gβ0, t0)]2
n ∗ ... ∗ [E(gα2, gα1, gα0, t0)]

2m−3

∗ [E(gβ2, gβ1, gβ0, t0)]2
m−3

≥ [E(gα0, gα1, gx2, t0)]
2
m−n−1

2 (m+n−4) ∗ [E(gβ0, gβ1, gβ2, t0)]2
m−n−1

2 (m+n−4)

[E(gα2, gα1, gα0, t0)]
2
m−n−1

2 (m+n−4) ∗ [E(gβ2, gβ1, gβ0, t0)]2
m−n−1

2 (m+n−4)

> (1− s) ∗ (1− s) ∗ ...(1− s)︸ ︷︷ ︸
22(m−n−1)(m+n−4)

> (1− r).
Thus {gαn} is a cauchy sequence. Similarly we can show that {gβn} is a cauchy
sequence. Since E is a complete E- fuzzy metric space, we get {gαn} converges
to some α ∈ X and {gβn} converges to some β ∈ X . Thus limn→∞ F (αn, βn) =
limn→∞ g(αn) = α and limn→∞ F (βn, αn) = limn→∞ g(βn) = β.
As g is continuous, we have {ggαn} converges to gα and {ggβn} converges to
gβ.
Also since g and F commute, we have
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E(ggαn+1, F (α, β), F (α, β), t) = E(F (gαn, gβn, F (α, β), F (α, β), t)
≥ E(F (gαn, gβn), F (α, β), F (α, β), φ(t))
≥ E(ggαn, gα, gα, t) ∗ E(ggβn, gβ, gβ, t).

Since E is continuous on its variable and letting n→∞, we get
E(gα, F (α, β), F (α, β), t) ≥ E(gα, gα, gα, t) ∗ E(gβ, gβ, gβ, t).

Hence E(gα, F (α, β), F (α, β), t) = 1. That is F (α, β) = gα.
Similarly we can show F (β, α) = gβ. Thus (α, β) is a coupled coincidence point
of F and g.
Now, for any r > 0 there exists s > 0 such that
(1− s) ∗ (1− s) ∗ ... ∗ (1− s)︸ ︷︷ ︸

k

> (1− r) ∀k ∈ N .

Using (1), for any t > 0 and s > 0 there exists t0 > 0 such that E(gα, β, β, t0) >
1− s and E(gβ, α, α, t0) > 1− s. Since φn(t0)→ 0 there exists k ∈ N such that
φn(t0) < t ∀n ≥ k.
E(gα, gβn+1, gβn+1, φ(t0)) = E(F (α, β), F (βn, αn), F (βn, αn), φ(t0))

≥ E(gα, gβn, gβn, t0) ∗ E(gβ, gαn, gαn, t0).
As n→∞
E(gα, β, β, φ(t0)) ≥ E(gα, β, β, t0) ∗ E(gβ, α, α, t0).

Similarly, E(gβ, α, α, φ(t0)) ≥ E(gβ, α, α, t0) ∗ E(gα, β, β, t0).
E(gα, β, β, φ(t0)) ∗ E(gβ, α, α, φ(t0)) ≥ [E(gα, β, β, t0)]

2 ∗ [E(gβ, α, α, t0)]2.

Continuing this process, we get, ∀n ∈ N
E(gα, β, β, φn(t0)) ∗ E(gβ, α, α, φn(t0)) ≥ [E(gα, β, β, t0)]

2n

∗ [E(gβ, α, α, t0)]
2n

Therefore
E(gα, β, β, t) ∗ E(gβ, α, α, t) ≥ E(gα, β, β, φk(t0)) ∗ E(gβ, α, α, φk(t0))

≥ [E(gα, β, β, t0)]
2k ∗ [E(gβ, α, α, t0)]2

k

> (1− s) ∗ (1− s) ∗ ... ∗ (1− s)︸ ︷︷ ︸
22k

> 1− r.
Thus for any r > 0, E(gα, β, β, t) ∗ E(gβ, α, α, t) > 1− r ∀t > 0.
Therefor gα = β and gβ = α. Now for any r > 0 there exists a s > 0 such that
(1− s) ∗ (1− s) ∗ ... ∗ (1− s)︸ ︷︷ ︸

k

> (1− r) ∀k ∈ N .

Using (1), for any t > 0 and s > 0 there exists t0 > 0 such that E(α, β, γ, t0) >
1− s. Since φn(t0)→ 0 there exists k ∈ N such that φn(t0) < t ∀n ≥ K.

E(gαn+1, gβn+1, gβn+1, φ(t0)) = E(F (αn, βn), F (βn, αn), F (βn, αn), φ(t0))
≥ E(gαn, gβn, gβn, t0) ∗ E(gβn, gαn, xn, t0)
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As n→∞, E(α, β, β, φ(t0)) ≥ E(α, β, β, t0) ∗ E(β, α, α, t0)
Continuing this process, we get
E(α, β, β, φn(t0)) ≥ [E(α, β, β, t0)]

n ∗ [E(β, α, α, t0)]n.
Thus
E(α, β, β, t) ≥ E(α, β, β, φn(t0))

≥ [E(α, β, β, t0)]
n ∗ [E(β, α, α, t0)]n

> (1− s) ∗ (1− s) ∗ ... ∗ (1− s)︸ ︷︷ ︸
2k

> 1− r.
Hence for any r > 0, E(α, β, β, t) > 1 − r ∀t, implies α = β, hence g(α) =
F (α, α) = α. Thus (α, α) is the unique common coupled fixed point of F and g.
That is F and g have a unique common fixed point in X .2

Corolary 3.1. Let (X,E, ∗) be a complete E-Fuzzy metric space and F : X2 →
X be a mapping such that E(F (α, β), F (µ, η), F (γ, ω), φ(t)) ≥ E(α, µ, γ, t) ∗
E(β, η, ω, t) ∀α, β, γ, µ, η, ω ∈ X and t > 0. Then there exists a unique α ∈ X
such that α = F (α, α).

Proof. Take g as the identity map in Theorem(3.1), we get the result. 2

Corolary 3.2. Let (X,E, ∗) be a complete E-Fuzzy metric space and F : X2 →
X be a mapping such that E(F (α, β), F (µ, η), F (γ, ω), kt) ≥ E(α, µ, γ, t) ∗
E(β, η, ω, t) α, β, γ, µ, η, ω ∈ X , 0 < k < 1 and t > 0. Then there exists a
unique α ∈ X such that α = F (α, α).

Proof. Define φ(t) = kt. Then by Corollary(3.1) we get the result. 2

Example 3.1. Let X = [0, 1]. Define t ∗ s = ts ∀t, s ∈ X and E : X3 → [0, 1] as
E(α, β, γ, t) = [exp(G(α,β,γ)

t
)]−1 where G(α, β, γ) = |α−β|+ |β− γ|+ |γ−α|.

Let φ(t) = t
6
. Define g : X → X as g(α) = α and F : X2 → X as F (α, β) = αβ

6

∀α, β ∈ X .
Then there exists unique common fixed point of F and g, by Theorem3.1.
G(F (α, β), F (µ, η), F (γ, ω) = |αβ

6
− µη

6
|+ |µη

6
− γω

6
|+ |γω

6
− αβ

6
|

≤ 1
6
{(|α− µ|+ |µ− γ|+ |γ − α|) + (|β − η|

+ |η − ω|+ |ω − β|)}
≤ 1

6
{G(gα, gµ, gγ) +G(gβ, gη, gω)}

E(F (α, β), F (µ, η), F (γ, ω), φ(t)) = [exp(G(F (α,β),F (µ,η),F (γ,ω)
φ(t)

)]−1

≥ [exp
( 1
6
G(gα,gµ,gγ)+ 1

6
G(gβ,gη,gω)

1
6

]−1

≥ [expG(gα,gµ,gγ)
t

]−1 ∗ [expG(gβ,gη,gω)
t

]−1

≥ E(gα, gµ, gγ, t) ∗ E(gβ, gη, gω, t).
It satisfies Theorem(3.1).
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Theorem 3.2. Let (X,E, ∗) be a complete E− fuzzy metric space and let F :
X2 → X and g : X → X be mappings such that ∀ α, β, γ, µ, η, ω ∈ X ,
E(F (α, β), F (µ, η), F (ω, γ), φ(t)) ≥ min{E(gα, gµ, gω, t), E(gβ, gη, gγ, t)} .
Assume that F (X2) ⊆ g(X) and g is continuous and commutes with F . Then
there exists unique α ∈ X such that F (α, α) = g(α) = α.

Proof. The procedure of proof of this theorem is similar to that of theorem(3.1),
except for the implementation of the condition given in this statement.

4 Application
This section presents the existence and uniqueness for the solution of the fol-

lowing integral equation by using the theoretical results discussed in the previous
section.
Let X = C([0, 1]). Define E : X3 × (0,∞) → (0, 1] as E(α, β, γ, t′) =

[exp(G(α,β,γ)
t′

)]−1 where G : X3 → R is G(α, β, γ) = supε∈[0,1]|α(ε) − β(ε)| +
supε∈[0,1]|β(ε) − γ(ε)| + supε∈[0,1]|γ(ε) − α(ε)| and the t−norm ∗ is t ∗ s = ts.
Then (X,E, ∗) is a complete E− fuzzy metric space. Let φ : (0,∞) → (0,∞)
be defined as φ(t′) = rt′, 0 < r < 1 and g : X → X as g(α) = α. Consider the
integral equation,
F (α, β)(ε) = f(ε) +

∫ 1

0
k(ε, δ)h(δ, α(δ), β(δ))dδ, ε ∈ [0, 1]

with the following conditions

1. h : [0, 1]× (0,∞)2 → (0,∞) and f : [0, 1]→ (0,∞) are continuous.

2. there exists 0 < r < 1 such that |h(δ, α, β)−h(δ, µ, η) ≤ r(|α−µ|+|β−η|)
∀α, β, µ, η ∈ (0,∞) and ∀δ ∈ [0, 1].

3. ∀ε, δ ∈ [0, 1], supε∈[0,1]
∫ 1

0
k(ε, δ)dδ < 1.

Then by Theorem(3.1) there exists an unique solution of the integral equation. For
G(F (α, β)(ε), F (µ, η)(ε), F (γ, ω)(ε))
= supε∈[0,1]|F (α, β)(ε)− F (µ, η)(ε)|+ supε∈[0,1]|F (µ, η)(ε)− F (γ, ω)(ε)|

+ supε∈[0,1]|F (γ, ω)(ε)− F (α, β)(ε)|

≤ supε∈[0,1]|
∫ 1

0
k(ε, δ)h(δ, α(δ), β(δ))dδ −

∫ 1

0
k(ε, δ)h(δ, µ(δ), η(δ))dδ|

+ supε∈[0,1]|
∫ 1

0
k(ε, δ)h(δ, µ(δ), η(δ))dδ −

∫ 1

0
k(ε, δ)h(δ, γ(δ), ω(δ))dδ|

+ supε∈[0,1]|
∫ 1

0
k(ε, δ)h(δ, γ(δ), ω(δ))dδ −

∫ 1

0
k(ε, δ)h(δ, α(δ), β(δ))dδ|

≤ supε∈[0,1]|
∫ 1

0
k(ε, δ){|h(δ, α(δ), β(δ)− h(δ, µ(δ), η(δ))}dδ|

+ supε∈[0,1]|
∫ 1

0
k(ε, δ){|h(δ, µ(δ), η(δ))− h(δ, γ(δ), ω(δ))}dδ|
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+ supε∈[0,1]|
∫ 1

0
k(ε, δ){h(δ, γ(δ), ω(δ))− h(δ, α(δ), β(δ))}dδ|

≤ supε∈[0,1]
∫ 1

0
k(ε, δ)dδ {sup|α(ε)−µ(ε)|+ sup|β(ε)− η(ε)|+ sup|µ(ε)− γ(ε)|

+sup|η(ε)−ω(ε)|+sup|γ(ε)−α(ε)|+sup|ω(ε)−β(ε)|}

≤ r{G(α, µ, γ) +G(β, η, ω)}. Then

E(F (α, β)(t), F (µ, η)(t), F (γ, ω)(t), φ(t′)) = [expG(F (α,β)(t),F (µ,η(t),F (γ,ω)(t))
φ(t′)

]−1

≥ [exp r{G(α,µ,γ)+G(β,η,ω)}
rt′

]−1

≥ [expG(α,µ,γ)
t′

]−1[expG(α,µ,γ)
t′

]−1

≥ E(α, µ, γ, t′) ∗ E(β, η, ω, t′).
Hence it satisfies Theorem(3.1) Thus there exists unique α ∈ C[0, 1] as the solu-
tion of the given integral equation.

5 Conclusions
In this work, coupled coincidence fixed point theorems for the mappings under

φ-contraction in complete E-fuzzy metric space are established and applied these
results to show the existence and uniqueness for the solution of the integral equa-
tions. These are the generalization of existing results in the literature of fuzzy
metric spaces. Using different types of contractive conditions, we can develop
coupled fixed point theorems in complete E-fuzzy metric spaces.

References
Bhaskar.T.G and Lakshmikantham.G.V. Fixed point theorems in partially ordred

metric spaces and applications. Nonlinear Analysis, 65:1379–1393, 2006.

B.Schweizer and A.Sklar. Probabilistic metric spaces. 1983.

George.A and P.Veeramani. On some results in fuzzy metric spaces. Fuzzy Sets
Systems, 64:395–399, 1994.

J.X.Fang. Common fixed point theorems of compatible and weakly compatible
maps in menger spaces. Nonlinear analysis, 71:1833–1843, 2009.

Lakshmikantham.V and Ciric.Lj. Coupled fixed point theorems for nonlinear con-
tractions in partially ordered metric spaces. Nonlinear Analysis, 70:4341–4349,
2009.

L.A.Zadeh. Fuzzy sets. Fuzzy Sets. Information and control, 8:338–353, 1965.

42



Shahana A R and Magie Jose

Mustafa.Z and B.Sims. A new approach to generalized metric spaces. J.Nonlinear
Convex Anal., 7:289–297, 2006.

O.Kramosil and J.Michalek. Fuzzy metric and statistical metric spaces. Kyber-
netika, 11:336–344, 1975.

S. Sedghi, I. Altun, and N. Shobe. Coupled fixed point theorems for contractions
in fuzzy metric spaces. Nonlinear Analysis, pages 1298–1304, 2012.

Shahana.A.R and M. Jose. Some fixed point theorems in complete E-fuzzy metric
spaces. in press.

Sukanya.K.P and M. Jose. Generalized fuzzy metric space and its properties.
ijpam, 119(9):31–39, 2017.

Sukanya.K.P and M. Jose. Contraction theorem in E-fuzzy metric space. Interna-
tional Journal of Mathematics Trends and Technology, 68(2):111–118, 2022.

Xin-Qi-Hu. Common coupled fixed point theorems for contractive mappings in
fuzzy metric spaces. Fixed Point Theory and Applications, 2011.

43


