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Abstract
In this work, we introduce a generalized fixed point theorem using a complex C-class
function as a new tool in complex valued Gb-metric spaces. Moreover, we define
α – (F,ψ ,ϕ)-contractive type and α-admissible mapping. Then we prove a fixed point
theorem using these notions and the complex C-class function. The obtained results
generalize some facts in the literature.
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1 Introduction
Fixed point theory has great importance in science and mathematics. Since this area has
been developed very fast over the past two decades due to huge applications in various
fields such as nonlinear analysis, topology and engineering problems, it has attracted con-
siderable attention from researchers.

In 1989, Bakhtin [1] presented b-metric spaces. Since then, researchers have performed
significant studies such as [2–6] in this type metric space. After the complex valued metric
space was defined as a new concept, this idea has been used many times. For example, the
complex valued b-metric spaces are given in [7]. G-metric spaces [8] have been defined
and then researchers have obtained important results (see [9–15]).

After introducing Gb-metric spaces in [16], the Banach and Kannan fixed point theo-
rems [17] were proved for Gb-metric spaces. There are also other significant studies [18–
21] on Gb-metric spaces.

In recent times, Ansari [22] has investigated the notion of C-class function. He has pre-
sented new fixed point results using this function. For some of them, see [23–30].

This paper starts with Sect. 2 which consists of the required background. Then a com-
mon fixed point theorem has been proved and a corollary with an illustrating example is
presented. After introducing the α – (F ,ψ ,ϕ)-contractive type and α-admissible mapping
and complex C-class function, we give the proof of a new fixed point theorem.
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2 Preliminaries
In this part, some useful notions and facts will be given. A partial order � on C, which is
the set of complex numbers, can be defined as follows:

τ1 � τ2 : ⇔ �(τ1) ≤ �(τ2) and �(τ1) ≤ �(τ2).

We write τ1 � τ2 if one of the following holds:
(C1) �(τ1) = �(τ2) and �(τ1) = �(z2),
(C2) �(τ1) = �(τ2) and �(τ1) < �(z2),
(C3) �(τ1) < �(τ2) and �(τ1) = �(z2),
(C4) �(τ1) < �(τ2) and �(τ1) < �(z2).

We use τ1 � τ2 if τ1 �= τ2 and one of (C2), (C3) and (C4) holds and we denote τ1 ≺ τ2 if only
(C4) holds.

(1) If u, v ∈ R with u ≤ v, then uτ ≺ vτ for each τ ∈C.
(2) If 0 � τ1 � τ2, then |τ1| < |τ2|.
(3) If τ1 � τ2 and τ2 ≺ τ3, then τ1 ≺ τ3.

Definition 2.1 ([17]) For a nonempty set X and a real number s ≥ 1, if for a map G :
X × X × X →C holds the following:

(CGb1) G(ξ1, ξ2, ξ3) = 0 if ξ1 = ξ2 = ξ3,
(CGb2) 0 ≺ G(ξ1, ξ1, ξ2) for all ξ1, ξ2 ∈ X with ξ1 �= ξ2,
(CGb3) G(ξ1, ξ1, ξ2) � G(ξ1, ξ2, ξ3) for all ξ1, ξ2, ξ3 ∈ X with ξ2 �= ξ3,
(CGb4) G(ξ1, ξ2, ξ3) = G(ρ{ξ1, ξ2, ξ3}), where ρ is a permutation of ξ1, ξ2, ξ3,
(CGb5) G(ξ1, ξ2, ξ3) � s(G(ξ1,κ ,κ) + G(κ , ξ2, ξ3)) for all ξ1, ξ2, ξ3,κ ∈ X ,

we say that G is a complex valued Gb-metric and the pair (X, G) is a complex valued Gb-
metric space.

Definition 2.2 ([17]) Let {xn} be a sequence in a complex valued Gb-metric space (X, G).
(1) {xn} is complex valued Gb-convergent to ξ if, for every κ ∈C with 0 ≺ κ , there is a

natural number ω such that G(ξ , xn, xm) ≺ κ for all n, m ≥ ω.
(2) {xn} is said to be complex valued Gb-Cauchy if, for every κ ∈C with 0 ≺ κ , there

exists ω ∈N such that G(xn, xm, xl) ≺ κ for all n, m, l ≥ ω.
(3) (X, G) is called complex valued Gb-complete if every complex valued Gb-Cauchy

sequence is complex valued Gb-convergent.

Ege [17] proves that a sequence {xn} in a complex valued Gb-metric space is complex
valued Gb-convergent to ξ iff |G(ξ , xn, xm)| → 0 as n, m → ∞.

Theorem 2.3 ([17]) For a sequence {xn} in a complex valued Gb-metric space (X, G), the
following statements are equivalent:

(1) {xn} is complex valued Gb-convergent to a point ξ .
(2) |G(xn, xn, ξ )| → 0 as n → ∞.
(3) |G(xn, ξ , ξ )| → 0 as n → ∞.
(4) |G(xm, xn, ξ )| → 0 as m, n → ∞.

Theorem 2.4 ([17]) A sequence {xn} is a complex valued Gb-Cauchy sequence if and only
if |G(xn, xm, xl)| → 0 as n, m, l → ∞.
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The notion of a C-class function was presented in [22]. For any μ, t ∈ [0,∞), for a con-
tinuous function F : [0,∞)2 →R holds the following:

(i) F(μ,χ ) ≤ μ;
(ii) F(μ,χ ) = μ implies that either μ = 0 or χ = 0.
Then F is said to be C-class function. C denotes the class of all C-functions.

Example 2.5 ([22]) The following are examples of C-class functions:
(i) F(μ,χ ) = μ – χ .

(ii) F(μ,χ ) = mμ, for some m ∈ (0, 1).
(iii) F(μ,χ ) = μ

(1+χ )r , for a positive real number r.
(iv) F(μ,χ ) = (μ + l)(1/(1+χ )r) – l, where l > 1 for r ∈ (0,∞).
(v) F(μ,χ ) = μ logχ+u u for u > 1.

Let Φu be the class of the continuous functions ϕ : [0,∞) → [0,∞) satisfying ϕ(χ ) > 0
for χ > 0 and ϕ(0) ≥ 0.

Definition 2.6 ([25]) For any μ, t ∈ S = {z ∈C : 0 � z}, if a continuous function F : S2 →C

satisfies the following:
(i) F(μ,χ ) � μ,

(ii) if F(μ,χ ) = μ, then either μ = 0 or χ = 0,
then it is called a complex C-class function. We denote the class of all complex C-class
functions by the same symbol C .

As an example, we can give the following: Let S = {z ∈C : 0 � z}.
(1) F(μ,χ ) = φ(μ) where φ : S → S is continuous, φ(0) = 0 and φ(χ ) � 0 if χ � 0.
(2) F(μ,χ ) = μβ(μ), where β : [0,∞) → [0, 1) is continuous and μ ∈ S.
Let Ψ denote the class of continuous functions ψ : S → S satisfying ψ(χ ) � 0 iff χ � 0

and ϕ(0) = 0.
Φu will denote the class of continuous functions ϕ : S → S satisfying ϕ(χ ) � 0 iff χ � 0

and ϕ(0)  0.
Our aim is to give some different generalizations of the following theorems from the

literature using C-class functions.

Theorem 2.7 ([18]) Let {Tn} be a sequence of self-mappings of a complete complex valued
Gb-metric space (X, G) such that

G
(
Ti(x), Tj(y), Tj(z)

)
� βi,j

[
G

(
x, Ti(x), Ti(x)

)
+ G

(
y, Tj(y), Tj(z)

)]
+ γi,jG(x, y, z)

for x, y, z ∈ X with x �= y, 0 ≤ βi,j,γi,j < 1, i, j = 1, 2, . . . .
If

∑∞
i=1( βi,i+1+γi,i+1

1–βi,i+1
) is an α-series, then {Tn} has a unique common fixed point in X.

Theorem 2.8 ([18]) Let (X, G) be a complete complex valued Gb-metric space and T : X →
X be an α – ψ contractive mapping of type A satisfying the following conditions:

(i) T is α-admissible,
(ii) There exists x0 ∈ X such that α(x0, Tx0, Tx0) ≥ 1,

(iii) If {xn} is a sequence in X such that α(xn, xn+1, xn+1) ≥ 1 for all n and xn → x ∈ X as
n → ∞, then α(xn, x, xn+1) ≥ 1 for all n.
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Consider an element z ∈ X such that α(x, z, z) ≥ 1 and α(y, z, z) ≥ 1 for all x, y ∈ X. Then T
has a unique fixed point.

3 Main results
Theorem 3.1 Let {Tn} be a sequence of self-mappings of a complete complex valued Gb-
metric space (X, G) such that

ψ
(
G

(
Ti(x), Tj(y), Tj(z)

))

� F
(

ψ

(
1

αi,j + βi,j + δi,j

[
αi,jG

(
x, Ti(x), Ti(x)

)
+ βi,jG

(
y, Tj(y), Tj(z)

)

+ δi,jG(x, y, z)
]
)

,

ϕ

(
1

αi,j + βi,j + δi,j

[
αi,jG

(
x, Ti(x), Ti(x)

)
+ βi,jG

(
y, Tj(y), Tj(z)

)

+ δi,jG(x, y, z)
]))

(3.1)

for x, y, z ∈ X with x �= y, 0 ≤ αi,j,βi,j, δi,j and αi,j + βi,j + δi,j > 0, i, j = 1, 2, . . . , where ψ ∈ Ψ ,
F ∈ C and ϕ ∈ Φu. {Tn} has a unique common fixed point in X.

Proof Consider a sequence as xn = Tn(xn–1) for an element x0 ∈ X where n = 1, 2, . . . . If we
use (3.1), we obtain

ψ
(
G(x1, x2, x2)

)

= ψ
(
G

(
T1(x0), T2(x1), T2(x1)

))

� F
(

ψ

(
1

α1,2 + β1,2 + δ1,2

[
α1,2G

(
x0, T1(x0), T1(x0)

)
+ β1,2G

(
x1, T2(x1), T2(x1)

)

+ δ1,2G(x0, x1, x1)
]
)

,

ϕ

(
1

α1,2 + β1,2 + δ1,2

[
α1,2G

(
x0, T1(x0), T1(x0)

)
+ β1,2G

(
x1, T2(x1), T2(x1)

)

+ δ1,2G(x0, x1, x1)
]))

= F
(

ψ

(
1

α1,2 + β1,2 + δ1,2

[
α1,2G(x0, x1, x1) + β1,2G(x1, x2, x2) + δ1,2G(x0, x1, x1)

])
,

ϕ

(
1

α1,2 + β1,2 + δ1,2

[
α1,2G(x0, x1, x1) + β1,2G(x1, x2, x2) + δ1,2G(x0, x1, x1)

]
))

� ψ

(
α1,2 + δ1,2

α1,2 + β1,2 + δ1,2
G(x0, x1, x1) +

β1,2

α1,2 + β1,2 + δ1,2
G(x1, x2, x2)

)
.

From the property of F , ψ and monotonocity increasing of ψ , we get

G(x1, x2, x2) � G(x0, x1, x1).
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Moreover, by the following inequalities:

ψ
(
G(x2, x3, x3)

)

= ψ
(
G

(
T2(x1), T3(x2), T3(x2)

))

� F
(

ψ

(
1

α2,3 + β2,3 + δ2,3

[
α2,3G

(
x1, T2(x1), T2(x1)

)
+ β2,3G

(
x2, T3(x2), T3(x2)

)

+ δ2,3G(x1, x2, x2)
])

,

ϕ

(
1

α2,3 + β2,3 + δ2,3

[
α2,3G

(
x1, T2(x1), T2(x1)

)
+ β2,3G

(
x2, T3(x2), T3(x2)

)

+ δ2,3G(x1, x2, x2)
]
))

= F
(

ψ

(
1

α2,3 + β2,3 + δ2,3

[
α2,3G(x1, x2, x2) + β2,3G(x2, x3, x3) + δ2,3G(x1, x2, x2)

]
)

,

ϕ

(
1

α2,3 + β2,3 + δ2,3

[
α2,3G(x1, x2, x2) + β2,3G(x2, x3, x3) + δ2,3G(x1, x2, x2)

]))

� ψ

(
α2,3 + δ2,3

α2,3 + β2,3 + δ2,3
G(x1, x2, x2) +

β2,3

α2,3 + β2,3 + δ2,3
G(x2, x3, x3)

)
,

we obtain

G(x2, x3, x3) � G(x1, x2, x2).

If the same procedure is applied repeatedly

ψ
(
G(xn, xn+1, xn+1)

)
= ψ

(
G

(
Tn(xn–1), Tn+1(xn), Tn+1(xn)

))

� F
(

ψ

(
1

αn,n+1 + βn,n+1 + δn,n+1

[
αn,n+1G

(
xn–1, Tn(xn–1), Tn(xn–1)

)

+ βn,n+1G
(
xn, Tn+1(xn), Tn+1(xn)

)
+ δn,n+1G(xn–1, xn, xn)

]
)

,

ϕ

(
1

αn,n+1 + βn,n+1 + δn,n+1

[
G

(
xn–1, Tn(xn–1), Tn(xn–1)

)

+ βn,n+1G
(
xn, Tn+1(xn), Tn+1(xn)

)
+ δn,n+1G(xn–1, xn, xn)

]))

= F
(

ψ

(
1

αn,n+1 + βn,n+1 + δn,n+1

[
αn,n+1G(xn–1, xn, xn)

+ βn,n+1G(xn, xn+1, xn+1) + δn,n+1G(xn–1, xn, xn)
]
)

,

ϕ

(
1

αn,n+1 + βn,n+1 + δn,n+1

[
αn,n+1G(xn–1, xn, xn)

+ βn,n+1G(xn, xn+1, xn+1) + δn,n+1G(xn–1, xn, xn)
]))

, (3.2)
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we get G(xn, xn+1, xn+1) � G(xn–1, xn, xn). Thus {G(xn, xn+1, xn+1)} is a decreasing sequence
in C. So we say that it is Gb-convergent to 0 � χ ∈ C. We assert that χ = 0. To show this,
assume that χ � 0. If we take the limit of (3.2), we get

ψ(χ ) � F
(

ψ

(
1

αn,n+1 + βn,n+1 + δn,n+1
[αn,n+1χ + βn,n+1χ + δn,n+1χ ]

)
,

ϕ

(
1

αn,n+1 + βn,n+1 + δn,n+1
[αn,n+1χ + βn,n+1χ + δn,n+1χ ]

))

= F
(
ψ(χ ),ϕ(χ )

)

which implies ψ(χ ) = 0 or ϕ(χ ) = 0, namely χ = 0. But this is a contradiction. So χ = 0.
i.e.,

lim
n→∞ G(xn, xn+1, xn+1) = 0. (3.3)

We will show that the sequence {xn} is a Gb-Cauchy by assuming the contrary. If we use
(3.1), we obtain

ψ
(
G(xn, xm, xm)

)
= ψ

(
G

(
Tn(xn–1), Tm(xm–1), Tm(xm–1)

))

� F
(

ψ

(
1

αn,m + βn,m + δn,m

[
αn,mG

(
xn–1, Tn(xn–1), Tn(xn–1)

)

+ βn,mG
(
xm–1, Tm(xm–1), Tm(xm–1)

)
+ δn,mG(xn–1, xm–1, xm–1)

]
)

,

ϕ

(
1

αn,m + βn,m + δn,m

[
αn,mG

(
xn–1, Tn(xn–1), Tn(xn–1)

)

+ βn,mG
(
xm–1, Tm(xm–1), Tm(xm–1)

)
+ G(xn–1, xm–1, xm–1)

]))

= F
(

ψ

(
1

αn,m + βn,m + δn,m

[
αn,mG(xn–1, xn, xn)

+ βn,mG(xm–1, xm, xm) + δn,mG(xn–1, xm–1, xm–1)
]
)

,

ϕ

(
1

αn,m + βn,m + δn,m

[
αn,mG(xn–1, xn, xn)

+ βn,mG(xm–1, xm, xm) + G(xn–1, xm–1, xm–1)
]))

.

Using the same procedure, we get

ψ(ε) � F
(

ψ

(
1

αn,m + βn,m + δn,m
[αn,mε + βn,mε + δn,mε]

)
,

ϕ

(
1

αn,m + βn,m + δn,m
[αn,mε + βn,mε + δn,mε]

))

= F
(
ψ(ε),ϕ(ε)

)
,

which implies ψ(ε) = 0 or ϕ(ε) = 0. Namely, ε = 0 but this is a contradiction. So {xn} is a
complex valued Gb-Cauchy sequence. By the Gb-completeness of X, {xn} converges to an
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element v in X. From (3.1), we have

ψ
(
G

(
xn, Tm(v), Tm(v)

))
= ψ

(
G

(
Tn(xn–1), Tm(v), Tm(v)

))

� F
(

ψ

(
1

αn,m + βn,m + δn,m

[
αn,mG

(
xn–1, Tn(xn–1), Tn(xn–1)

)

+ βn,mG
(
v, Tm(v), Tm(v)

)
+ δn,mG(xn–1, v, v)

]
)

,

ϕ

(
1

αn,m + βn,m + δn,m

[
αn,mG

(
xn–1, Tn(xn–1), Tn(xn–1)

)

+ βn,mG
(
v, Tm(v), Tm(v)

)
+ δn,mG(xn–1, v, v)

]))

= F
(

ψ

(
1

αn,m + βn,m + δn,m

[
αn,mG(xn–1, xn, xn)

+ βn,mG
(
v, Tm(v), Tm(v)

)
+ δn,mG(xn–1, v, v)

]
)

,

ϕ

(
1

αn,m + βn,m + δn,m

[
αn,mG(xn–1, xn, xn)

+ βn,mG
(
v, Tm(v), Tm(v)

)
+ δn,mG(xn–1, v, v)

]))

for every positive integer m. If we take the limit as n → ∞ and use (CGb1), we have

ψ
(
G

(
v, Tm(v), Tm(v)

))
� F

(
ψ

(
1

αn,m + βn,m + δn,m

[
αn,mG(v, v, v)

+ βn,mG
(
v, Tm(v), Tm(v)

)
+ δn,mG(v, v, v)

])
,

ϕ

(
1

αn,m + βn,m + δn,m

[
αn,mG(v, v, v)

+ βn,mG
(
v, Tm(v), Tm(v)

)
+ δn,mG(v, v, v)

]
))

= F
(

ψ

(
βn,m

αn,m + βn,m + δn,m
G

(
v, Tm(v), Tm(v)

)
)

,

ϕ

(
βn,m

αn,m + βn,m + δn,m
G

(
v, Tm(v), Tm(v)

)))
,

which implies

ψ

(
βn,m

αn,m + βn,m + δn,m
G

(
v, Tm(v), Tm(v)

)
)

= 0 or

ϕ

(
βn,m

αn,m + βn,m + δn,m
G

(
v, Tm(v), Tm(v)

)
)

= 0.

That is, βn,m
αn,m+βn,m+δn,m

G(v, Tm(v), Tm(v)) = 0, we deduce that Tm(v) = v. Therefore, v is a
common fixed point of {Tm}.
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We now prove the uniqueness. Assume that u is a different common fixed point of {Tm}
where u �= v. Then (3.1) gives the following result:

ψ
(
G(v, u, u)

)
= ψ

(
G

(
Tm(v), Tm(u), Tm(u)

))

� F
(

ψ

(
1

αm,m + βm,m + δm,m

× [
αm,mG

(
v, Tm(v), Tm(v)

)
+ βm,mG

(
u, Tm(u), Tm(u)

)

+ δm,mG(v, u, u)
])

,

ϕ

(
1

αm,m + βm,m + δm,m

× [
αm,mG

(
v, Tm(v), Tm(v)

)
+ βm,mG

(
u, Tm(u), Tm(u)

)

+ δm,mG(v, u, u)
]
))

.

By the limit as m → ∞, we obtain

ψ
(
G(v, u, u)

)

� F
(

ψ

(
1

αm,m + βm,m + δm,m

[
αm,mG(v, v, v) + βm,mG(u, u, u) + δm,mG(v, u, u)

]
)

,

ϕ

(
1

αm,m + βm,m + δm,m

[
αm,mG(v, v, v) + βm,mG(u, u, u) + δm,mG(v, u, u)

]))

= F
(

ψ

(
βm,m

αm,m + βm,m + δm,m
G(v, u, u)

)
,ϕ

(
βm,m

αm,m + βm,m + δm,m
G(v, u, u)

))
,

which implies ψ( βm,m
αm,m+βm,m+δm,m

G(v, u, u)) = 0 or ϕ( βm,m
αm,m+βm,m+δm,m

G(v, u, u)) = 0. As a result,
we have v = u. This completes the proof. �

Taking F(μ,χ ) = μη(μ), where η : [0,∞) → [0, 1) is continuous function and μ ∈ S =
{z ∈C : 0 � z} in Theorem 3.1, we have the following.

Corollary 3.2 Let {Tn} be a sequence of self-mappings of complex valued Gb-complete met-
ric space (X, G) such that

ψ
(
G

(
Ti(x), Tj(y), Tj(z)

))

� ψ

(
1

αi,j + βi,j + δi,j

[
αi,jG

(
x, Ti(x), Ti(x)

)
+ βi,jG

(
y, Tj(y), Tj(z)

)

+ δi,jG(x, y, z)
])

η

(
ψ

(
1

αi,j + βi,j + δi,j

[
αi,jG

(
x, Ti(x), Ti(x)

)

+ βi,jG
(
y, Tj(y), Tj(z)

)
+ δi,jG(x, y, z)

]
))

(3.4)

for x, y, z ∈ X with x �= y, 0 ≤ αi,j,βi,j, δi,j and αi,j + βi,j + δi,j > 0, i, j = 1, 2, . . . , where η :
[0,∞) → [0, 1) is continuous and ψ ∈ Ψ . Then {Tn} has a unique common fixed point
in X.
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Example 3.3 Consider the set X = [–1, 1]. (X, G) is a complex valued Gb-metric space [17]
where G : X × X × X →C is defined for all u, v, w ∈ X as follows:

G(u, v, w) =
(|u – v| + |v – w| + |w – u|)2.

Let S = {z ∈C : 0 � z}. Define the following maps:
• F : X × X → X with F(μ,χ ) = μ

2 i, where μ ∈ S.
• Tn(u) = u for all n ∈N and u ∈ X .
• ψ : S → S with ψ(μ) = μ.

Then {Tn} satisfies (3.1) for u, v, w ∈ X with u �= v, 0 ≤ αi,j,βi,j, δi,j and αi,j + βi,j + δi,j > 0,
where i, j = 1, 2, . . . . 0 is the unique common fixed point of {Tn}.

Let us define the α – (F ,ψ ,ϕ)-contractive self-mapping as a new concept in complex
valued Gb-metric space.

Definition 3.4 Let (X, G) be a complex valued Gb-metric space. A mapping T : X → X is
called α – (F ,ψ ,ϕ)-contractive mapping of type A if there exist functions α : X ×X ×X →
[0,∞), F ∈ C, ψ ∈ Ψ (which has a property such that limn→∞ ψn(t) = 0 for t ∈ C) and
ϕ ∈ Φu such that

α(x, y, Tx)ψ
(
G

(
Tx, Ty, T2x

))

� F
(
ψ

(
G(x, y, Tx)

)
,ϕ

(
G(x, y, Tx)

))
for all x, y, z ∈ X. (3.5)

Definition 3.5 ([18]) Let (X, G) be a complex valued Gb-metric space and α : X ×X ×X →
[0,∞) be a given mapping. A mapping T : X → X is said to be α-admissible if x, y ∈ X,
α(x, y, z) ≥ 1 implies α(Tx, Ty, Tz) ≥ 1.

Theorem 3.6 Suppose that (X, G) is a complex valued Gb-complete metric space. Let T :
X → X be an α – (F ,ψ ,ϕ)-contractive mapping of type A and satisfy the following:

(i) T is α-admissible,
(ii) there is an element x0 in X such that α(x0, Tx0, Tx0) ≥ 1,

(iii) if a sequence {xn} in X satisfies α(xn, xn+1, xn+1) ≥ 1 for all n and xn → x ∈ X as
n → ∞, then α(xn, x, xn+1) ≥ 1 for all n.

T has a unique fixed point if there is an element z ∈ X such that α(x, z, z) ≥ 1 and
α(y, z, z) ≥ 1 for all x, y ∈ X.

Proof Assume that there is an element x0 ∈ X such that α(x0, Tx0, Tx0) ≥ 1. Consider a
sequence {xn} in X defined as xn+1 = Txn. If xn = xn+1 for some n ∈ N, since xn is a fixed
point for T , we assume that xn �= xn+1 for all n ∈N.

Using (i), we obtain α(x0, x1, x1) = α(x0, Tx0, Tx0) ≥ 1 implies that α(Tx0, Tx1, Tx1) =
α(x1, x2, x2) ≥ 1. From induction

α(xn, xn+1, xn+1) ≥ 1 for all n ∈N. (3.6)

Since

G(xn, xn+1, xn+1) = G(Txn–1, Txn, Txn) = G
(
Txn–1, Txn, T2xn–1

)
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and by Definition 3.4, we get

ψ
(
G(xn, xn+1, xn+1)

)
� α(xn–1, xn, xn)ψ

(
G(xn, xn+1, xn+1)

)

= α(xn–1, xn, xn)ψ
(
G

(
Txn–1, Txn, T2xn–1

))

� F
(
ψ

(
G(xn–1, xn, xn)

)
,ϕ

(
G(xn–1, xn, xn)

))

� ψ
(
G(xn–1, xn, xn)

)
.

Therefore we get ψ(G(xn, xn+1, xn+1)) � ψ(G(xn–1, xn, xn)) as α(xn–1, xn, xn) ≥ 1. Since ψ is
non-decreasing, we conclude

G(xn, xn+1, xn+1) � G(xn–1, xn, xn) for all n ≥ 1. (3.7)

Hence {G(xn, xn+1, xn+1)} is the decreasing sequence in C and so it is Gb-convergent to
0 � χ ∈C.

We will show that χ = 0. Suppose, to the contrary, that χ � 0. The limit case in (3.2)
shows that

ψ(χ ) � F
(
ψ(χ ),ϕ(χ )

)
,

which implies ψ(χ ) = 0 or ϕ(χ ) = 0. Namely, χ = 0. But it is a contradiction. Thus, χ = 0.
i.e.,

lim
n→∞ G(xn, xn+1, xn+1) = 0. (3.8)

By (CGb5) and (3.7), we get

G(xn, xp, xp) � s
[
G(xn, xn+1, xn+1)

]
+ s2[G(xn+1, xn+2, xn+2)

]
+ · · · + sp–n[G(xp–1, xp, xp)

]

�
p–1∑

k=n

sk–n+1G(xk , xk+1, xk+1)

...

�
p–1∑

k=n

sk–n+1G(x0, x1, x1)

and consequently from (3.8)

lim
n,p→∞

∣
∣G(xn, xp, xp)

∣
∣ = 0.

The sequence {xn} is a complex valued Gb-Cauchy. Since (X, G) is a complex valued Gb-
complete, there is an element υ∗ ∈ X such that xn → υ∗ as n → ∞. Considering (3.6) and
(iii), then we obtain

α
(
xn,υ∗,υ∗) ≥ 1 for all n ≥ 0. (3.9)
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By (3.5) and (3.9), we find

G
(
xn+1, Tυ∗, xn+2

)
= G

(
Txn, Tυ∗, T2xn

)

� α
(
xn,υ∗, xn+1

)
G

(
Txn, Tυ∗, T2xn

)

� F
(
ψ

(
G

(
xn,υ∗, xn+1

))
,ϕ

(
G

(
xn,υ∗, xn+1

)))

� ψ
(
G

(
xn,υ∗, xn+1

))
.

Taking the limit,

G
(
υ∗, Tυ∗,υ∗) � ψ

(
G

(
υ∗,υ∗,υ∗)).

From Theorem 2.3 and (CGb1), we have

lim
n→∞

∣∣G
(
υ∗, Tυ∗,υ∗)∣∣ = 0

as ψ is continuous at χ = 0. As a result, υ∗ = Tυ∗.
To complete the proof, we show the uniqueness. Suppose that ϑ∗ �= υ∗ is another fixed

point of T . Then there is a point z ∈ X such that α(υ∗,υ∗, z) ≥ 1 and α(ϑ∗,ϑ∗, z) ≥ 1. By
induction and (i), we have

α
(
υ∗,υ∗, Tnz

) ≥ 1 and α
(
ϑ∗,ϑ∗, Tnz

) ≥ 1 (3.10)

for all n = 1, 2, . . . . Equations (3.5) and (3.10) give the following result:

G
(
υ∗, Tnz,υ∗) = G

(
Tυ∗, T

(
Tn–1z

)
, T2υ∗)

� α
(
υ∗, Tn–1z, Tυ∗)G

(
Tυ∗, T

(
Tn–1z

)
, T2υ∗)

� F
(
ψ

(
G

(
υ∗, Tn–1z, Tυ∗)),ϕ

(
G

(
υ∗, Tn–1z, Tυ∗)))

� ψ
(
G

(
υ∗, Tn–1z, Tυ∗))

= ψ
(
G

(
υ∗, Tn–1z,υ∗)).

Using induction, we get

G
(
υ∗, Tnz,υ∗) �ψn(G

(
υ∗, z,υ∗))

for all natural numbers n. From (CGb4), we obtain G(υ∗,υ∗, Tnz) � ψn(G(υ∗,υ∗, z)). Tak-
ing the limit, we observe

∣
∣G

(
υ∗,υ∗, Tnz

)∣∣ = 0.

So {Tnz} is Gb-convergent to υ∗. It can be observed that {Tnz} is Gb-convergent to ϑ∗.
The uniqueness of the limit gives υ∗ = ϑ∗. As a result, T has a unique fixed point. �
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4 Conclusions
We have introduced a generalized fixed point theorem using the complex C-class func-
tion as a new tool in complex valued Gb-metric spaces. Moreover, we have defined an
α – (F ,ψ ,ϕ)-contractive type and α-admissible mapping. Then we have proved a fixed
point theorem using these notions and the complex C-class function. The obtained re-
sults generalize some facts in the literature.

Acknowledgements
The authors are thankful to the editor and anonymous referees for their valuable comments and suggestions.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors conceived of the study, participated in its design and coordination, drafted the manuscript, participated in the
sequence alignment, and read and approved the final manuscript.

Author details
1Department of Mathematics, Ege University, Izmir, Turkey. 2Research Institute for Natural Sciences, Hanyang University,
Seoul, Republic of Korea. 3Department of Mathematics, Karaj Branch, Islamic Azad University, Karaj, Iran.

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

Received: 3 November 2019 Accepted: 25 March 2020

References
1. Bakhtin, I.A.: The contraction mapping principle in quasimetric spaces. Funct. Anal. 30, 26–37 (1989)
2. Czerwik, S.: Contraction mappings in b-metric spaces. Acta Math. Inform. Univ. Ostrav. 1, 5–11 (1993)
3. Ege, O.: Complex valued rectangular b-metric spaces and an application to linear equations. J. Nonlinear Sci. Appl. 8,

1014–1021 (2015)
4. Parvaneh, V., Roshan, J.R., Radenovic, S.: Existence of tripled coincidence points in ordered b-metric spaces and an

application to a system of integral equations. Fixed Point Theory Appl. 2013, 130 (2013)
5. Shatanawi, W., Pitea, A., Lazovic, R.: Contraction conditions using comparison functions on b-metric spaces. Fixed

Point Theory Appl. 2014, 135 (2014)
6. Shatanawi, W.: Fixed and common fixed point for mapping satisfying some nonlinear contraction in b-metric spaces.

J. Math. Anal. 7, 1–12 (2016)
7. Rao, K.P.R., Swamy, P.R., Prasad, J.R.: A common fixed point theorem in complex valued b-metric spaces. Bull. Math.

Stat. Res. 1, 1–8 (2013)
8. Mustafa, Z., Sims, B.: A new approach to a generalized metric spaces. J. Nonlinear Convex Anal. 7, 289–297 (2006)
9. Abbas, M., Nazir, T., Vetro, P.: Common fixed point results for three maps in G-metric spaces. Filomat 25(4), 1–17 (2011)
10. Agarwal, R.P., Kadelburg, Z., Radenovic, S.: On coupled fixed point results in asymmetric G-metric spaces. J. Inequal.

Appl. 2013, 528 (2013)
11. Aydi, H., Shatanawi, W., Vetro, C.: On generalized weakly G-contraction mapping in G-metric spaces. Comput. Math.

Appl. 62, 4222–4229 (2011)
12. Kang, S.M., Singh, B., Gupta, V., Kumar, S.: Contraction principle in complex valued G-metric spaces. Int. J. Math. Anal.

7(52), 2549–2556 (2013)
13. Mustafa, Z., Sims, B.: Fixed point theorems for contractive mappings in complete G-metric spaces. Fixed Point Theory

Appl. 2009, Article ID 917175 (2009)
14. Rao, K.P.R., BhanuLakshmi, K., Mustafa, Z., Raju, V.C.C.: Fixed and related fixed point theorems for three maps in

G-metric spaces. J. Adv. Stud. Topol. 3(4), 12–19 (2012)
15. Saadati, R., Vaezpour, S.M., Vetro, P., Rhoades, B.E.: Fixed point theorems in generalized partially ordered G-metric

spaces. Math. Comput. Model. 52, 797–801 (2010)
16. Aghajani, A., Abbas, M., Roshan, J.R.: Common fixed point of generalized weak contractive mappings in partially

ordered Gb-metric spaces. Filomat 28, 1087–1101 (2014)
17. Ege, O.: Complex valued Gb-metric spaces. J. Comput. Anal. Appl. 21, 363–368 (2016)
18. Ege, O.: Some fixed point theorems in complex valued Gb-metric spaces. J. Nonlinear Convex Anal. 18(11), 1997–2005

(2017)
19. Mustafa, Z., Roshan, J.R., Parvaneh, V.: Coupled coincidence point results for (ψ ,ϕ)-weakly contractive mappings in

partially ordered Gb-metric spaces. Fixed Point Theory Appl. 2013, 206 (2013)



Ege et al. Advances in Difference Equations        (2020) 2020:152 Page 13 of 13

20. Mustafa, Z., Roshan, J.R., Parvaneh, V.: Existence of tripled coincidence point in ordered Gb-metric spaces and
applications to a system of integral equations. J. Inequal. Appl. 2013, 453 (2013)

21. Sedghi, S., Shobkolaei, N., Roshan, J.R., Shatanawi, W.: Coupled fixed point theorems in Gb-metric spaces. Mat. Vesn.
66(2), 190–201 (2014)

22. Ansari, A.H.: Note on ϕ–ψ -contractive type mappings and related fixed point. In: The 2nd Regional Conference on
Mathematics and Applications, pp. 377–380. Payame Noor University (2014)

23. Ansari, A.H., Chandok, S., Ionescu, C.: Fixed point theorems on b-metric spaces for weak contractions with auxiliary
functions. J. Inequal. Appl. 2014, 429 (2014)

24. Ansari, A.H., Sangurlu, M., Turkoglu, D.: Coupled fixed point theorems for mixed G-monotone mappings in partially
ordered metric spaces via new functions. Gazi Univ. J. Sci. 29, 149–158 (2016)
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