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Abstract

We prove new theorems for generalized contractions in G-metric

spaces. Our results extend some known results in the literature.

1 Introduction

Mustafa and Sims [9] introduced the concept of G-metric spaces as a gener-
alization of a metric space. Since then, several interesting results for various
contractive conditions in G-metric spaces have been acquired (see ([1]-[4],[6]-
[17]).

Moradlou et. al. [7] and Aggarwal et. al. [2] proved some fixed point
theorems for generalized contractions in G-Metric spaces. Our results extend
those as well as those of Edelstein [5] and Suzuki [18].

We recall some basic definitions and results of G-metric spaces. For details
on the following notions we refer the reader to [5].
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Definition 1.1. Let X be a non empty set and G : X ×X ×X → R+ be a
function satisfying the following axioms:

(G1) G(x, y, z) = 0 if x = y = z,

(G2) 0 < G(x, x, y), for all x, y ∈ X , with x 6= y,

(G3) G(x, x, y) ≤ G(x, y, z), for all x, y, z ∈ X , with z 6= y,
(G4) G(x, y, z) = G(x, z, y) = G(y, z, x) =··· (symmetry in all three

variables),
(G5) G(x, y, z) ≤ G(x, a, a) + G(a, y, z), for all x, y, z, a ∈ X , (triangle

inequality).
Then the function G is called a generalized metric, and the pair (X,G) is
called a G-metric space.

Proposition 1.2. Let (X,G)be a G-metric space. Then for any x, y, z and
a ∈ X,

(1) if G(x, y, z) = 0, then x = y = z,

(2) G(x, y, z) ≤ G(x, x, y) + G(x, x, z),
(3) G(x, y, y) ≤ 2G(y, x, x),
(4) G(x, y, z) ≤ G(x, a, z) +G(a, y, z),
(5) G(x, y, z) ≤ 2

3
(G(x, y, a) +G(x, a, z) +G(a, y, z)),

(6) G(x, y, z) ≤ G(x, a, a) +G(y, a, a) +G(z, a, a).

Definition 1.3. Let (X,G) be a G-metric space, and let (xn) be a sequence
of points of X. we say that (xn) is G-convergent to x if for any ε > 0, there
exists n0 ∈ N such that G(x, xn, xm) < ε, for all n,m ≥ n0.

Proposition 1.4. Let (X,G) be a G-metric space. Then the following are
equivalent:

(1) (xn), is G-convergent to x,
(2) G(xn, xn, x) −→ 0, as n −→ ∞,
(3) G(xn, x, x) −→ 0, as n −→ ∞,
(4) G(xm, xn, x) −→ 0, as m,n −→ ∞.

Definition 1.5. Let (X,G) be a G-metric space. A sequence (xn) is called
G-Cauchy if given ε > 0, there is no ∈ N such that G(xn, xm, xl) < ε, for

all n,m, l ≥ no.

Definition 1.6. Let (X,G) and (X∗, G∗) be G-metric spaces and let f :
(X,G) −→ (X∗, G∗) be a function. Then f is said to be G − continuous

at a point a ∈ X, if given ε > 0, there exists δ > 0 such that x, y ∈
X,G(a, x, y) < δ implies G∗(f (a), f (x), f (y)) < ε.
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Proposition 1.7. Let (X,G) be a G-metric space. Then the function G(x, y, z)
is continuous in all variables.

Definition 1.8. A G-metric space (X,G) is said to be G-complete if every
G-Cauchy sequence in (X,G) is G-convergent in (X,G).

Definition 1.9. A G-metric space (X,G) is said to be a compact G-metric
space if it is G-complete and G-totally bounded.

2 Main results

Theorem 2.1. Let (X,G) be a complete G-metric space and T be a mapping
on X. Suppose that there exist r ∈ [0, 1), (b+ c) ∈ (0, 1

2
), a ∈ [0, 1],

((a+ b+ c)r2 + r) ≤ 1

2
, if r ∈ [

1

6
,
1√
6
],

and

a+ (2a+ b+ c)r ≤ 1, if r ∈ [
1√
6
, 1)

such that

aG(ζ, T ζ, T ζ) + bG(ν, T ζ, T ζ) + cG(z, T ζ, T ζ) ≤ G(ζ, ν, z)

implies
G(Tζ, Tν, T z) ≤ rM(ζ, ν, z), for all ζ, ν, z ∈ X,

where M(ζ, ν, z) = max[G(ζ, ν, z), G(ζ, T ζ, T ζ), G(ν, Tν, Tν), G(z, T z, T z)].
Then there exists a unique fixed point q of T. Moreover, lim

n
T nζ = q for all

ζ ∈ X and T is G-continuous at q.

Proof. Since aG(ζ, T ζ, T ζ)+bG(Tζ, T ζ, T ζ)+cG(Tζ, T ζ, Tζ) = aG(ζ, T ζ, T ζ) ≤
G(ζ, T ζ, T ζ) holds for every ζ ∈ X, by hypothesis, we get

G(Tζ, T 2ζ, T 2ζ) ≤ rM(ζ, T ζ, T ζ),

where
M(ζ, T ζ, T ζ) = max[G(ζ, T ζ, T ζ), G(Tζ, T 2ζ, T 2ζ)].

IfM(ζ, T ζ, T ζ) = G(Tζ.T 2ζ, T 2ζ), thenG(Tζ, T 2ζ, T 2ζ) ≤ rG(Tζx, T 2ζ, T 2ζ).
Thus M(ζ, T ζ, T ζ) = G(ζ, T ζ, T ζ), and

G(Tζ, T 2ζ, T 2ζ) ≤ rG(ζ, T ζ, T ζ), ∀ ζ ∈ X. (2.1)
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Define a sequence (un) in X by un = Tun−1, ..., un = T nu, u ∈ X. Then

G(un, un+1, un+1) = G(T nu, T n+1u, T n+1u) ≤ rG(T n−1u, T nu, T nu) ≤ ...

≤ rnG(u, Tu, Tu).

By a repeated application of the triangle inequality and (2.1)

G(um, um, un) ≤ G(un+1, un+1, un) +G(un+2, un+2, un+1) + ...

+G(um−1, um−1, um−2) +G(um, um, um−1),

≤ (rn + rn+1 + ...+ rm−1)G(u, Tu, Tu),

G(um, um, un) ≤ (
m−1∑

i=n

ri)G(u, Tu, Tu) =
rn

1− r
G(u, Tu, Tu).

Then limG(um, um, un) = 0, as n,m → ∞. For n,m, l ∈ N, (G5) implies
that

G(un, um, ul) ≤ G(un, um, um) +G(um, um, ul).

Letting n,m, l → ∞, we have G(un, um, ul) → 0. So (un) is a G-Cauchy se-
quences as (un) converges to some point q inX. Since lim

n→∞
G(un, Tun, Tun) =

0,

lim
n→∞

G(ζ, Tun, Tun) = lim
n→∞

G(ζ, un, un) = G(ζ, q, q),

there exist a positive integer k such that

G(un, q, q) ≤
1

6
G(ζ, q, q), G(un, un, q) ≤

1

12
G(ζ, q, q) (2.2)

G(ζ, un+1, un+1) ≤
1

6
G(ζ, q, q), (2.3)

for all n ≥ k. By the triangle inequality, Proposition (1.2), and inequalities
(2.2) and (2.3), we get

aG(un, un+1, un+1)+(b+c)G(ζ, un+1, un+1) < G(un, un+1, un+1)+
1

2
G(ζ, un+1, un+1)

≤ G(un, q, q) +G(q, un+1, un+1) +
1

12
G(ζ, q, q) ≤ 2

6
G(ζ, q, q) =

2

5
[G(ζ, q, q)− 1

6
G(ζ, q, q)] <

2

5
G(ζ, un, un) <

4

5
G(un, ζ, ζ) < G(un, ζ, ζ).
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By hypothesis, G(Tun, T ζ, T ζ) ≤ rM(un, ζ, ζ). Letting n tend to ∞, we get
G(q, T ζ, T ζx) ≤ rM(q, ζ, ζ), where

M(q, ζ, ζ) = max[G(q, ζ, ζ), G(ζ, T ζ, T ζ)], ∀ ζ ∈ X.

IfM(q, ζ, ζ) = G(ζ, T ζ, T ζ), thenG(q, T ζ, T ζ) ≤ rG(ζ, T ζ, T ζ), andG(T j+1q, T j+1q, q) ≤
rG(T j+1q, T j+1q, q), which is a contradiction. Thus

G(q, T ζ, T ζ) ≤ rG(q, ζ, ζ). (2.4)

G(uj+1, uj+1, q) = G(T j+1q, T j+1q, q) ≤ rG(T jq, T jq, q) ≤
r2G(T j−1q, T j−1q, q) ≤ ... ≤ rjG(Tq, T q, q). (2.5)

Now,
(1) If 0 ≤ r ≤ 1

6
, then, using the rectangle inequality, Proposition(1.2)

and inequalities (2.1) and (2.4), we have

G(Tq, q, q) ≤ G(Tq, T 2q, T 2q)+G(T 2q, q, q) ≤ G(Tq, T 2q, T 2q)+2G(q, T 2q, T 2q)

≤ 2rG(q, T q, T q)+rG(q, T q, T q)≤ 3rG(q, T q, T q) ≤ 6rG(q, q, T q) ≤ G(q, q, T q),

a contradiction.
(2) If 1

6
≤ r ≤ 1√

6
and

aG(T 2q, T 3q, T 3q) + (b+ c)G(q, T 3q, T 3q) > G(T 2q, q, q),

then
G(Tq, q, q) ≤ G(Tq, T 2q, T 2q) +G(T 2q, q, q)

< rG(q, T q, T q) + [aG(T 2q, T 3q, T 3q) + (b+ c)G(q, T 3q, T 3q)]

< rG(q, T q, T q) + ar2G(q, T q, T q) + (b+ c)r2G(q, T q, T q)

< ((a+b+c)r2+r)G(q, T q, T q) < 2((a+b+c)r2+r)G(q, q, T q) ≤ G(q, q, T q),

which is a contradiction. So,

aG(T 2q, T 3q, T 3q) + (b+ c)G(q, T 3q, T 3q) ≤ G(T 2q, q, q)

G(Tq, q, q) ≤ G(Tq, T 3q, T 3q)+G(T 3q, q, q) ≤ rG(q, T 2q, T 2q)+2G(T 3q, T 3q, q)

≤ r2G(q, T q, T q)+2r2G(q, T q, T q) = 3r2G(q, T q, T q) ≤ 6r2G(Tq, q, q) ≤ G(Tq, q, q).

(3) If 1√
6
≤ r ≤ 1, then there exists an integer λ such that

aG(un, un+1, un+1)+(b+c)G(q, un+1, un+1) > G(un, q, q) for all n ≥ λ. (2.1)
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Then

G(un, q, q) < aG(un, un+1, un+1) + 2(b+ c)G(un+1, q, q)

< aG(un, un+1, un+1)+2(b+c)[aG(un+1, un+2, un+2)+(b+c)G(w, un+2, un+2)]

< (a+ 2r(b+ c)a)G(un, un+1, un+1) + 4(b+ c)2G(un+2, q, q)

< (a+ 2r(b+ c)a)G(un, un+1, un+1) + (2(b+ c))2[aG(un+2, un+3, un+3)+

(b+ c)G(q, un+3, un+3)]

< (a + 2r(b+ c)a)G(un, un+1, un+1) + (2(b+ c))2r2aG(un, un+1, un+1)+

(2(b+ c))3G(q, q, un+3)

< [a+ 2(b+ c)ar + (2(b+ c))2r2a + ...

+a(2(b+ c))p−1rp−1]G(un, un+1, un+1) + (2(b+ c))pG(q, q, un+p)

< a
1 − (2(b+ c)r)p

1− 2(b+ c)r
G(un, un+1, un+1) + (2(b+ c))pG(q, q, un+p),

for all n ≥ λ, p ≥ 1. Letting p → ∞ and taking d = 2(b+ c), we obtain

G(un, q, q) <
a

1− dr
G(un, un+1, un+1), for all n ≥ λ.

Thus,

G(un+1, q, q) <
a

1− dr
G(un+1, un+2, un+2) <

ar

1− dr
G(un, un+1, un+1), for all n ≥ λ,

so,

G(un, un+1, un+1) ≤ G(un, q, q) +G(q, un+1, un+1)

<
a

1− dr
G(un, un+1, un+1)+2G(q, q, un+1) < [

a

1− dr
+

2ar

1− dr
]G(un, un+1, un+1)

≤ G(un, un+1, un+1), for all n ≥ λ,

a contradiction. So there exists a subsequence (unk
) of (un) such that

aG(unk
, unk+1

, unk+1
) + dG(q, unk+1

, unk+1
) ≤ G(unk

, q, q), for all k ≥ 1.

By hypothesis, G(Tunk
, T q, T q) ≤ rM(unk

, q, q), for all k ≥ 1, where

M(unk
, q, q) = max[G(unk

, q, q), G(unk
, Tunk

, Tunk
), G(q, T q, T q)].



New Fixed Point Theorems in G-metric Spaces 909

By taking k→ ∞, we obtain G(q, T q, T q) ≤ rG(q, T q, T q), so G(q, T q, T q) =
0, that is Tq = q which is a contradiction. Thus there exists an integer j
such that T jq = q. By (2.1), we get

G(q, T q, T q) = G(T jq, T j+1q, T j+1q) ≤ rjG(q, T q, T q),

so G(q, T q, T q) = 0; that is, Tq = q. Now suppose that ν is another fixed
point of T. Then

aG(ν, Tν, Tν) + (b+ c)G(q, Tν, Tν) ≤ G(q, ν, ν),

implies G(Tq, Tν, Tν) ≤ rM(q, ν, ν) = rG(q, ν, ν). Hence G(q, ν, ν) = 0,
which is a contradiction. To see that T is G-continuous at a fixed point q.
Let (νn) be a sequence such that lim

n→∞
νn = q. Then

aG(q, T q, T q) + dG(νn, T q, T q) <
1

2
G(νn, T q, T q) < G(νn, νn, q)

By hypothesis, we get

G(Tνn, T νn, T q) ≤ rM(νn, νn, q),

where

M(νn, νn, q) = max[G(νn, νn, q), G(νn, T νn, T νn), G(q, T q, T q)]

= max[G(νn, νn, q), G(νn, q, q) +G(q, Tνn, T νn)].

If M(νn, νn, q) = G(νn, q, q) +G(q, Tνn, T νn), we get

G(Tνn, T νn, Tw) ≤ r(G(νn, q, q) +G(q, Tνn, T νn))

G(Tνn, T νn, q) ≤
r

1− r
G(νn, q, q). (2.6)

If M(νn, νn, q) = G(νn, νn, q), then

G(Tνn, T νn, q) ≤ rG(νn, q, q). (2.7)

In each of the inequalities (2.6) and (2.8), take the limit as n → ∞ to see
that G(Tνn, T νn, q) → 0. So, by Proposition(1.4), the sequence (Tνn) is G-
convergent to q = Tq. Consequently, T is G-continuous at q.

We now give a fixed point theorem on compact G-metric spaces.



910 G. M. Abd-Elhamed

Theorem 2.2. Let (X,G) be a compact G-metric space and let T be a map-
ping on X. Assume that

aG(ζ, T ζ, T ζ) + bG(ν, T ζ, T ζ) + cG(z, T ζ, T ζ) < G(ζ, ν, z)

implies
G(Tζ, Tν, T z) < M(ζ, ν, z), for all ζ, ν, z ∈ X,

where M(ζ, ν, z) = max[G(ζ, ν, z), G(ζ, T ζ, T ζ), G(ν, Tν, Tν), G(z, T z, T z)]
and a > 0, b > 0, c > 0, 3a+ 2(b+ c) < 1, 2(b+ c) < 1. Then T has a unique
fixed point.

Proof. If we consider β = inf{G(ζ, T ζ, T ζ) : ζ ∈ X}, then there exists a
sequence (ζn) in X such that lim

n→∞
G(ζn, T ζn, T ζn) = β. Since X is compact

G- metric space, there exists v, q ∈ X such that a sequence (ζn) G-converges
to v ∈ X , and (Tζn) G-converges to q∈ X . We assume β > 0. Hence, by
the continuity of the function G, we have

β = lim
n→∞

G(ζn, T ζn, T ζn) = G(v, q, q) = lim
n→∞

G(ζn, q, q).

Since

lim
n→∞

[aG(ζn, T ζn, T ζn) + (b+ c)G(q, T ζn, T ζn)] = aβ < lim
n→∞

G(ζn, q, q) = β,

we can choose a positive integer N such that

aG(ζn, T ζn, T ζn) + (b+ c)G(q, T ζn, T ζn) < G(ζn, q, q), for all n ≥ N.

By hypothesis, G(Tζn, T q, T q) < M(ζn, q, q), holds for n ≥ N, where

M(ζn, q, q) = max[G(ζn, q, q), G(ζn, T ζn, T ζn), G(q, T q, T q)],

this implies
G(q, T q, T q) = lim

n→∞
G(Tζn, T q, T q) < lim

n→∞
M(ζn, q, q) = max[β,G(q, T q, T q)],

if max[β,G(q, T q, T q)] = G(q, T q, T q), which is impossible. As a result,
G(q, T q, T q) < β. From the definition of β we obtain β = G(q, T q, T q). Since

aG(q, T q, T q) + (b+ c)G(Tq, T q, T q) < G(q, T q, T q),

we haveG(Tq, T 2q, T 2q) < M(q, T q, T q) = max[G(q, T q, T q), G(Tq, T 2q, T 2q)] =
G(q, T q, T q) = β, which contradicts the definition of β. Therefore β = 0, and

lim
n→∞

G(ζn, q, q) = lim
n→∞

G(ζn, T ζn, T ζn) = lim
n→∞

G(v, T ζn, T ζn) = G(v, q, q) = 0,
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so v = q. Thus lim
n→∞

ζn = lim
n→∞

Tζn. Next, we show that T has a fixed point.

Suppose, on the contrary, that T does not have a fixed point. Since

aG(ζn, T ζn, T ζn) + (b+ c)G(Tζn, T ζn, T ζn) < G(ζn, T ζn, T ζn), for all n ≥ 1

we get
G(Tζn, T

2ζn, T
2ζn) < M(ζn, T ζn, T ζn) = max[G(ζn, T ζn, T ζn), G(Tζn, T

2ζn, T
2ζn)] =

G(ζn, T ζn, T ζn). By using the triangle inequality, we have

G(q, T 2ζn, T
2ζn) ≤ G(q, T ζn, T ζn)+G(Tζn, T

2ζn, T
2ζn) < G(q, T ζn, T ζn)+G(ζn, T ζn, T ζn)

lim
n→∞

G(q, T 2ζn, T
2ζn) < lim

n→∞
(G(q, T ζn, T ζn) +G(ζn, T ζn, T ζn)) = 0.

Thus (T 2ζn) is G-convergent to q. By induction, we obtain

G(T pζn, T
p+1ζn, T

p+1ζn) ≤ G(T p−1ζn, T
pζn, T

pζn) ≤ ... ≤ G(ζn, T ζn, T ζn)

G(q, T pζn, T
pζn) ≤ G(q, T p−1ζn, T

p−1ζn) +G(T p−1ζn, T
pζn, T

pvn)

lim
n→∞

G(q, T pζn, T
pζn) < lim

n→∞
(G(q, T p−1ζn, T

p−1ζn) +G(v, T ζn, T ζn))

because lim
n→∞

T pζn = q, for all p ≥ 1. If there exists an integer p ≥ 1 and a

subsequence (ζnk
) of (ζn) such that

aG(T p−1ζnk
, T pζnk

, T pζnk
)+(b+c)G(q, T pζnk

, T pζnk
) < G(T p−1ζnk

, q, q), for all k ≥ 1.

By hypothesis, we have

G(T pζnk
, T q, T q) < M(T p−1ζnk

, q, q) =

max[G(T p−1ζnk
, q, qw), G(T p−1ζnk

, T pζnk
, T pxnk

), G(q, T q, T q)].

Taking the limit as k → ∞, G(q, T q, T q) = 0, q = Tq which is a contra-
diction. Hence, we can assume that for every m ≥ 1, there exists an integer
n(m) ≥ 1 such that

aG(Tm−1ζnk
, Tmζn, T

mζn)+(b+c)G(q, Tmxn, T
mxn) ≥ G(Tm−1ζn, q, q), for all n ≥ n(m)

(2.11)
Put γ = max[n(1), n(2), ..., n(p)]. Then by inequality (2.11) we have

G(ζn, q, q) ≤ aG(ζn, T ζn, T ζn)+(b+c)G(q, T ζn, T ζn) ≤ aG(ζn, T ζn, T ζn)+2(b+c)G(q, q, T ζn)

≤ aG(ζn, T ζn, T ζn) + 2(b+ c)(aG(Tζn, T
2ζn, T

2ζn) + (b+ c)G(q, T 2ζn, T
2ζn))
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≤ aG(ζn, T ζn, T ζn) + 2a(b+ c)G(Tζn, T
2ζn, T

2ζn) + (2(b+ c))2G(q, q, T 2ζn)

≤ aG(ζn, T ζn, T ζn) + 2a(b+ c)G(Tζn, T
2ζn, T

2ζn)+

(2(b+ c))2(aG(T 2ζn, T
3ζn, T

3ζn) + (b+ c)G(q, T 3ζn, T
3ζn)) ≤ ...

≤ aG(ζn, T ζn, T ζn) + 2a(b+ c)G(Tζn, T
2ζn, T

2ζn) + ...+

a(2(b+ c))p−1G(T p−1ζn, T
pζn, T

pζn) + (2(b+ c))pG(q, q, T 2ζn)

≤ a(1+2(b+c)+(2(b+c))2+...+(2(b+c))p−1)G(ζn, T ζn, T ζn)+(2(b+c))pG(q, q, T pζn)

G(ζn, q, q) ≤
a(1− dp)

1− d
G(ζn, T ζn, T ζn) + dpG(q, q, T pζn), where d = 2(b+ c).

(2.12)
Using the triangle inequality and Proposition (1.2), we get

G(T pζn, q, q) ≤ G(T pζn, ζn, ζn)+G(ζn, q, q) ≤ 2G(T pζn, T
pζn, ζn)+G(ζn, q, q)

≤ 2(G(ζn, T ζn, T ζn)+G(Tζn, T
2ζn, T

2ζn)+...+G(T
p−1ζn, T

pζn, T
pζn))+G(ζn, q, q)

≤ 2pG(ζn, T ζn, T ζn) +G(v, q, q) (2.13)

Substituting (2.13) into (2.12), we get

G(ζn, q, q) ≤
a(1− dp)

1− d
G(ζn, T ζn, T v) + dp(2pG(ζn, T ζn, T ζn) +G(ζn, q, q))

(1− dp)G(ζn, q, q) ≤ (
a(1− dp)

1− d
+ 2pdp)G(ζn, T ζn, T ζn)

G(ζn, q, q) ≤ (
a

1− d
+

2pdp

1− dp
)G(ζn, T ζn, T ζn), for all n ≥ γ (2.14)

Similarly,

G(Tζn, q, q) ≤ (
a

1− d
+

2(p− 1)dp−1

1− dp−1
)G(Tζn, T

2ζn, T
2ζn)

≤ (
a

1− d
+

2(p− 1)dp−1

1− dp−1
)G(ζn, T ζn, T ζn). (2.15)

SinceG(ζn, T ζn, T ζn) ≤ G(ζn, q, q)+G(q, T ζn, T ζn) ≤ G(ζn, q, q)+2G(q, q, T v),
by using inequalities (2.14) and (2.15),

G(ζn, T ζn, T ζn) ≤ (
a

1− d
+

2pdp

1− dp
+

2a

1− d
+

4(p− 1)dp−1

1− dp−1
)G(ζn, T ζn, T ζn)
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≤ (
3a

1− d
+

2pdp

1− dp
+

4(p− 1)dp−1

1− dp−1
)G(ζn, T ζn, T ζn)), for all n ≥ γ

Since lim
p→∞

2pdp

1−dp
= 0, and 3a

1−d
< 1, we can choose p satisfying 3a

1−d
+ 2pdp

1−dp
+

4(p−1)dp−1

1−dp−1 < 1. Then

G(ζn, T ζn, T ζn) < G(ζn, T ζn, T ζn)

which is not the case. So there exists z ∈ X such that Tz = z. Fix ν ∈ X

with ν 6= ζ. Then aG(ζ, T ζ, T ζ) + (b + c)G(ν, T ζ, T ζ) = (b + c)G(ν, ζ, v) ≤
2(b+ c)G(ζ, ν, ν) < G(ζ, ν, ν).
G(Tζ, Tν, Tν) < M(ζ, ν, ν) = max[G(ζ, ν, ν), G(ζ, T ζ, T ζ), G(v, Tν, Tν)] =
G(ζ, ν, v). Hence ν is not a fixed point of T. Consequently, T has a unique
fixed point.

Acknowledgment. This project was supported by the Deanship of Sci-
entific Research at Sattam Bin Abdulaziz University, KSA, under research
project No. 2015/01/4152.

References

[1] R. Agarwal, E. Karapınar, Further fixed point results on G-metric
spaces, Fixed Point Theory Appl., (2013), Article ID 154.

[2] M. Aggarwal, R. Chugh, R. Kamal, Suzuki-type fixed points in G-metric
spaces and application, Int. Journal of computer Appl., 47, no. 12,
(2012), 14–17.

[3] M. A. Alghamdi, E. Karapınar, G-β-ψ contractive type mappings and
related fixed point theorems, J. Inequal. Appl., (2013), Article ID 70.

[4] M. A. Alghamdi, E. Karapınar, G-β-ψ contractive type mappings in
G-metric spaces, Fixed Point Theory Appl., (2013), Article ID 123.

[5] M. Edelstein, On fixed and periodic points under contractive mappings,
J. London Math. Soc., 37, (1962), 74–79.

[6] M. Jleli, B. Samet, Remarks on G-metric spaces and fixed point theo-
rems, Fixed Point Theory Appl., (2012) Article ID 210.

[7] F. Moradlou, P. Vetro, Some new extensions of Edelstein-Suzuki type
fixed point theorem to G-metric and G-cone metric spaces, 4, (2013),
1049–1058.



914 G. M. Abd-Elhamed

[8] Z. Mustafa, A new structure for generalized metric spaces with appli-
cations to fixed point theory, PhD thesis, The University of Newcastle,
Australia, (2005).

[9] Z. Mustafa, B. Sims, A new approach to generalized metric spaces. J.
Nonlinear Convex Anal., 7, 289–297.

[10] Z. Mustafa, B. Sims, Fixed point theorems for contractive mappings in
complete G-metric spaces, Fixed Point Theory Appl., (2009), Article ID
917175.

[11] Z. Mustafa, H. Obiedat, F. Awawdeh, Some fixed point theorem for map-
ping on complete G-metric spaces, Fixed Point Theory Appl., (2008),
Article ID 189870.

[12] Z. Mustafa, W. Shatanawi, M. Bataineh Existence of fixed point results
in G-metric spaces, Int. J. Math. Sci., (2009), Article ID 283028.

[13] Z. Mustafa, M. Khandaqji, W. Shatanawi, Fixed point results on com-
plete G-metric spaces, Studia Sci. Math. Hung.,48, (2011),304–319.

[14] Z. Mustafa, Common fixed points of weakly compatible mappings in
G-metric spaces, Appl. Math. Sci., 6, no. 92, (2012), 4589–4600.

[15] Z. Mustafa, Some new common fixed point theorems under strict con-
tractive conditions in G-metric spaces, J. Appl. Math., (2012), Article
ID 248937.

[16] Z. Mustafa, H. Aydi, E. Karapınar, Generalized Meir Keeler type con-
tractions on G-metric spaces, Appl. Math. Comput., 21, no. 219, (2013),
10441–10447.

[17] K. P. R. Rao, K. Bhanu Lakshmi, Z. Mustafa, Fixed and related fixed
point theorems for three maps in G-metric space, J. Adv. Stud. Topol.,
3, no. 4, (2012), 12–19.

[18] T. Suzuki, A new type of fixed point theorem in metric spaces, Nonlinear
Anal., 71, (2009), 5313–5317.


