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Abstract In this paper a general fixed point theorem which extends the main results from
[31] to G - metric spaces and generalizes Theorem 2.3 [20] and Theorem 3.1 [7] for mappings
with G− (E.A) - property under an implicit relation.

1 Introduction

Let (X, d) be a metric space and let S, T be two self mappings of X . In [10], Jungck defined S
and T to be compatible if

lim
n→∞

d(STxn, TSxn) = 0,

whenever (xn) is a sequence in X such that

lim
n→∞

Sxn = lim
n→∞

Txn = t,

for some t ∈ X .
The concept was frequently used to prove the existence theorems in common fixed point

theory. The study of common fixed points of noncompatible mappings is also interesting. Work
along these lines has been initiated by Pant in [21], [22], [23].

Recently, Aamri and El - Moutawakil [1] introduced a generalization of the concept of non-
compatible mappings.

Definition 1.1 ([1]). Let S and T be two self mappings of a metric space (X, d). We say that S
and T satisfy (E.A) - property if there exists a sequence (xn) in X such that limn→∞ Sxn =
limn→∞ Txn = t for some t ∈ X .

Remark 1.2. It is clear that two self mappings S and T of a metric space (X, d) are noncompat-
ible if there exists a sequence (xn) in X such that limn→∞ Sxn = limn→∞ Txn = t, for some
t ∈ X , but limn→∞ d(STxn, TSxn) is nonzero or non existent.

Therefore, two noncompatible self mappings of a metric space (X, d) satisfy (E.A)− prop-
erty.

Definition 1.3 ([11]). Two self mappings S and T of a metric space (X, d) is said to be weakly
compatible if Su = Tu implies STu = TSu.

Remark 1.4. It is known that the notions of weakly compatible mappings and mappings satisfy-
ing (E.A) - property are independent.

Definition 1.5. Let S and T be two self mappings of a metric space (X, d). A point x ∈ X is
said to be a coincidence point of S and T if Sx = Tx and the point w = Sx = Tx is said to be
a point of coincidence of S and T .

The set of coincidence points of S and T is denoted by C(S, T ).

Lemma 1.6 ([2]). Let f and g be weakly compatible self mappings on a nonempty set X . If f
and g have a unique point of coincidence w = fx = gx, then w is the unique common fixed
point of f and g.

The following theorem is proved in [1].
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Theorem 1.7. Let S and T be weakly compatible mappings of a metric space (X, d) such that:
(i) T and S satisfy (E.A) - property,
(ii)

d(Tx, Ty) < max{d(Sx, Sy), 1
2
[d(Sx, Tx) + d(Sy, Ty)],

1
2
[d(Sx, Ty) + d(Sy, Tx)]},

for all x 6= y ∈ X ,
(iii) T (X) ⊂ S(X).
If S(X) or T (X) is a complete subspace of X , then T and S have a unique common fixed

point.

In [8], [9], Dhage introduced a new class of generalized metric space, named D - metric
space. Mustafa and Sims [13], [14], proved that most of the claims concerning the fundamental
topological structures on D - metric spaces are incorrect and introduced an appropriate notion of
generalized metric space, named G - metric space. In fact, Mustafa and Sims and other authors
studied many fixed point results for self mappings in G - metric spaces under certain conditions
[14], [15], [16], [17], [18], [19], [20], [34], and other papers.

In [24] and [25], the study of fixed points for mappings satisfying an implicit relation was
introduced.

Actually, the method is used in the study of fixed points in metric spaces, symmetric spaces,
quasi - metric spaces, Tychonoff metric spaces, compact metric spaces, paracompact metric
spaces, reflexive metric spaces, probabilistic metric spaces, convex metric spaces, in two or
three metric spaces, for single valued functions, hybrid pairs of functions and set valued func-
tions. Quite recently, the method is used in the study of fixed points for mappings satisfying an
implicit relation of integral type, and fuzzy metric spaces. The method unified different types of
contractive and extensive conditions. With this method, the proofs of some fixed point theorems
are more simple. Also, this method allows the study of local and global properties of fixed point
structures.

2 Preliminaries

Definition 2.1 ([14]). Let X be a nonempty set and G : X3 → R+ be a function satisfying the
following properties:

(G1) : G(x, y, z) = 0 if x = y = z,
(G2) : 0 < G(x, x, y) for all x 6= y ∈ X ,
(G3) : G(x, x, y) ≤ G(x, y, z) for all x, y, z ∈ X with y 6= z,
(G4) : G(x, y, z) = G(y, z, x) = G(z, x, y) = ... (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 (rectangle inequality).
The function G is called a G - metric and the pair (X,G) is said to be a G - metric space.

Note that if G(x, y, z) = 0, then x = y = z.

Definition 2.2 ([14]). Let (X,G) be a G - metric space. A sequence (xn) in X is said to be
a) G - convergent, if for ε > 0, there exists k ∈ N and x ∈ X such that for all m,n ∈ N,

m,n ≥ k, G(xn, xm, x) < ε.
b) G - Cauchy if for ε > 0, there exists k ∈ N such that for all m,n, p ∈ N, n,m, p ≥ k,

G(xn, xm, xp) < ε, that is G(xn, xm, xp)→ 0 as n,m, p→∞.
A G - metric space is said to be G - complete if every G - Cauchy sequence is G - convergent.

Lemma 2.3 ([14]). Let (X,G) be a G - metric space. Then, the following properties are equiva-
lent:

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(xn, xm, x)→ 0 as n,m→∞.

Definition 2.4 ([3]). Let (X,G) be a G - metric space. The pair of functions f, g : (X,G) →
(X,G) is called:

a) G - compatible if limn→∞G(fgxn, fgxn, gfxn) = 0 whenever (xn) is a sequence in
X such that (fxn) and (gxn) are G - convergent to some t ∈ X;

b) G - noncompatible if there exists at least one sequence (xn) in X such that (fxn) and
(gxn) are G - convergent to some t ∈ X , but limn→∞G(fgxn, fgxn, gfxn) is either nonzero or
does not exist.
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Definition 2.5 ([1],[7],[20]). Let (X,G) be a G - metric space. Two self mappings f and g of
X are said to be satisfying condition G − (E.A) - property if there exists a sequence (xn) in X
such that (fxn) and (gxn) are G - convergent to some t ∈ X .

Some fixed point theorems for self mappings in G - metric spaces with G− (E.A) - property
are proved in [1], [7], [20].

Let Φ be the set of all functions φ : [0,∞)→ [0,∞) nondecreasing with limn→∞ φn(t) = 0
for all t ∈ [0,∞). If φ ∈ Φ, then φ is called a Φ - map. If φ is a Φ - map, then is easy to show
that:

(1) φ(t) < t for all t ∈ (0,∞);
(2) φ(0) = 0.
The following theorem is proved in [20].

Theorem 2.6 (Theorem 2.3, [20]). Let (X,G) be a G – metric space. Suppose that the mappings
f, g : X → X are weakly compatible satisfying the following conditions:

(1) f and g satisfy the G− (E.A) property,
(2) g(X) is a closed subspace of X ,

G(fx, fy, fz) ≤ φ(max{G(gx, gy, gy), G(gx, fx, gz), G(gz, fz, gz), G(gy, fy, gz)}), (2.1)

for all x, y, z ∈ X .
Then f and g have a unique common fixed point.

The following theorem is proved in [7].

Theorem 2.7 (Theorem 3.1, [7]). Let f and g be two self mappings of a G - metric space (X,G)
satisfying the inequality:

G(fx, fy, fz) ≤ αG(fx, gy, gz) + βG(gx, fy, gz) + γG(gx, gy, fz) (2.2)

for every x, y, z ∈ X and α, β, γ ≥ 0 with α+ 3β + 3γ < 1,
(2) f and g satisfy G - (E.A) property,
(3) f(X) is a closed subspace of X .
Then f and g have a unique common fixed point in X .

3 Implicit relations

Definition 3.1. Let FG be the set of all real continuous functions F (t1, ..., t6) : R6
+ → R satisfy-

ing the following conditions:
(D1) : F (t, 0, 0, t, t, 0) > 0,∀t > 0,
(D2) : F (t, t, 0, 0, t, t) ≥ 0,∀t > 0.

In [26] a generalization of Theorem 1.7 for mappings satisfying implicit relations is proved.

Theorem 3.2 ([26]). Let T and S be two weakly compatible self mappings of a metric space
(X, d) such that

(i) T and S satisfy (E.A) - property,
(ii)

F (d(Tx, Ty), d(Sx, Sy), d(Sx, Tx), d(Sy, Ty), d(Sx, Ty), d(Sy, Tx)) < 0

for all x 6= y ∈ X and F ∈ FG,
(iii) T (X) ⊂ S(X).
If S(X) or T (X) is a complete subspace of X , then T and S have a unique common fixed

point.

Definition 3.3. An altering distance is a function ψ : [0,∞)→ [0,∞) satisfying:
(ψ1) : ψ is increasing and continuous;
(ψ2) : ψ(t) = 0 if and only if t = 0.

Fixed point problems involving an altering distance have been studied in [12], [28], [32], [33]
and in other papers.

The following result is obtained in [31].



68 Valeriu Popa and Alina-Mihaela Patriciu

Theorem 3.4. Let T and S be two weakly compatible self mappings of a metric space (X, d)
such that

(1) S and T satisfy (E.A) - property,
(2) S and T satisfy the inequality

F (ψ(d(Tx, Ty)), ψ(d(Sx, Sy)), ψ(d(Sx, Tx)), ψ(d(Sy, Ty)), ψ(d(Sx, Ty)), ψ(d(Sy, Tx))) < 0
(3.1)

for all x 6= y ∈ X , where ψ is an altering distance and F ∈ FG,
(iii) T (X) ⊂ S(X).
If S(X) or T (X) is a complete subspace of X , then T and S have a unique common fixed

point.

Definition 3.5. Let FG be the set of all continuous functions F (t1, ..., t6) : R6
+ → R satisfying

the following conditions:
(F1) : F (t, t, 0, t, t, t′) ≤ 0 implies t < t′, ∀t, t′ > 0,
(F2) : F (t, 0, 0, t, 0, t) > 0,∀t > 0.

Example 3.6. F (t1, ..., t6) = t1 − φ(max{t2, t3, t4, t5, t6}), where φ is as in Theorem 3.2.
(F1) : Let t, t′ > 0 be such that F ( t, t, 0, t, t, t′) = t− φ(max{t, t′}) ≤ 0. If t > t′ then

t− φ(t) ≤ 0, a contradiction. Hence t ≤ t′ which implies t ≤ φ(t′) < t′.
(F2) : F (t, 0, 0, t, 0, t) = t− φ(t) > 0,∀t > 0.

Example 3.7. F (t1, ..., t6) = t1−αt4− (β+ γ)t5− at2− bt3− ct6, where α, β, γ, a, b, c ≥ 0 and
α+ β + γ + a+ c < 1.

(F1) : Let t, t′ > 0 be such that F ( t, t, 0, t, t, t′) = t−αt− (β+γ)t−at− ct′ ≤ 0 which
implies t ≤ c

1− (α+ β + γ)− a
t′ < t′.

(F2) : F (t, 0, 0, t, 0, t) = t− αt− ct = t[1− (α+ c)] > 0,∀t > 0.

Example 3.8. F (t1, ..., t6) = t1 − hmax{t2, t3, t4, t5, t6}, where h ∈ (0, 1).
(F1) : Let t, t′ > 0 be such that F ( t, t, 0, t, t, t′) = t − hmax{t, t′} ≤ 0. If t > t′ then

t(1− h) ≤ 0, a contradiction. Hence t ≤ t′ which implies t ≤ ht′ < t′.
(F2) : F (t, 0, 0, t, 0, t) = t(1− h) > 0,∀t > 0.

Example 3.9. F (t1, ..., t6) = t1 − hmax{t2, t3, t4,
t5 + t6

2
}, where h ∈ (0, 1).

(F1) : Let t, t′ > 0 be such that F ( t, t, 0, t, t, t′) = t − hmax{t, t+ t′

2
} ≤ 0. If t > t′

then t(1− h) ≤ 0, a contradiction. Hence t ≤ t′ which implies t ≤ ht′ < t′.
(F2) : F (t, 0, 0, t, 0, t) = t(1− h) > 0,∀t > 0.

Example 3.10. F (t1, ..., t6) = t1 − kmax{t2,
t3 + t4

2
,
t5 + t6

2
}, where k ∈ (0, 1).

(F1) : Let t, t′ > 0 be such that F ( t, t, 0, t, t, t′) = t − kmax{t, t+ t′

2
} ≤ 0 and the

proof is as in Example 3.9.

(F2) : F (t, 0, 0, t, 0, t) =
t

2
> 0,∀t > 0.

Example 3.11. F (t1, ..., t6) = t1 − at2 − bmax{t3, t4} − cmax{t2, t5, t6}, where a, b, c ≥ 0 and
a+ b+ c < 1.

(F1) : Let t, t′ > 0 be such that F ( t, t, 0, t, t, t′) = t−at−bt−cmax{t, t′} ≤ 0. If t > t′

then t(1− (a+ b+ c)) ≤ 0, a contradiction. Hence t ≤ t′ which implies t ≤ c

1− (a+ b)
t′ < t′.

(F2) : F (t, 0, 0, t, 0, t) = t− bt− ct = t(1− (b+ c)) > 0,∀t > 0.

Example 3.12. F (t1, ..., t6) = t1 − at2 − b
√
t3t4 − c

√
t5t6, where a, b, c ≥ 0 and a+ c < 1.

(F1) : Let t, t′ > 0 be such that F ( t, t, 0, t, t, t′) = t − at − ct′ ≤ 0 which implies
t ≤ c

1− a
t′ < t′.

(F2) : F (t, 0, 0, t, 0, t) = t > 0,∀t > 0.

Example 3.13. F (t1, ..., t6) = t1−hmax{t2, t3, t4}−(1−h)(at5+bt6), where h ∈ (0, 1), a, b, c ≥
0 and a+ b < 1.

(F1) : Let t, t′ > 0 be such that F ( t, t, 0, t, t, t′) = t − ht − (1 − h)(at + t′) = (1 −

h)(t− at− bt′) ≤ 0 which implies t− at− bt′ ≤ 0, i.e. t ≤ b

1− a
t′ < t′.

(F2) : F (t, 0, 0, t, 0, t) = t− ht− (1− h)bt = (1− h)(1− b)t > 0,∀t > 0.
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The purpose of this paper is to prove a general fixed point theorem which extend Theorem
3.4 for G - metric space, generalizing Theorem 2.6 and 2.7 and to obtain other particular results.
As applications, in the last part of this paper, a general fixed point theorem in G - metric spaces
for mappings satisfying implicit contractive conditions of integral type is proved.

4 Main results

Theorem 4.1. Let (X,G) be a G - metric space and let f, g : X → X be two functions satisfying
the following inequality

F (ψ(G(fx, fy, fy)), ψ(G(gx, gy, gy)), ψ(G(gy, fy, fy)),

ψ(G(fx, gy, gy)), ψ(G(gx, fy, gy)), ψ(G(fx, gx, gy))) ≤ 0
(4.1)

for all x, y ∈ X , where F satisfies property (F1) and ψ is an altering distance. Then, f and g
have at most one point of coincidence.

Proof. Suppose that f and g have two distinct points of coincidence u = fa = ga and v = fb =
gb. By (4.1) we have successively

F (ψ(G(fa, fb, fb)), ψ(G(ga, gb, gb)), ψ(G(gb, fb, fb)),

ψ(G(fa, gb, gb)), ψ(G(ga, fb, gb)), ψ(G(fa, ga, gb))) ≤ 0,

F (ψ(G(u, v, v)), ψ(G(u, v, v)), 0, ψ(G(u, v, v)), ψ(G(u, v, v)), ψ(G(u, u, v))) ≤ 0.

By (F1) it follows that ψ(G(u, v, v)) < ψ(G(u, u, v)).
Similarly, ψ(G(v, u, u)) < ψ(G(u, v, v)).
Hence,

ψ(G(u, v, v)) < ψ(G(v, u, u)) < ψ(G(u, v, v)),

a contradiction.

Theorem 4.2. Let (X,G) be a G - metric space and let f, g : X → X be two functions satisfying
the inequality (4.1), for all x, y ∈ X , F ∈ FG and ψ is an altering distance. If:

1) f and g satisfy G− (E.A) - property,
2) g(X) is a closed subspace of X ,
then, f and g have a point of coincidence. Moreover, if f and g are weakly compatible, then

f and g have a unique fixed point.

Proof. Since f and g satisfy G − (E.A) - property, there exists a sequence (xn) in X such that
limn→∞ fxn = limn→∞ gxn = t for some t ∈ X . Since g(X) is a closed subspace of X , there
exists p ∈ X such that gp = t. Also, limn→∞ fxn = limn→∞ gxn = gp. We will prove that
fp = gp. Suppose that fp 6= gp. By (4.1) we have

F (ψ(G(fp, fxn, fxn)), ψ(G(gp, gxn, gxn)), ψ(G(gxn, fxn, fxn)),

ψ(G(fp, gxn, gxn)), ψ(G(gp, fxn, gxn)), ψ(G(fp, gp, gxn))) ≤ 0.

Letting n tend to infinity we obtain

F (ψ(G(fp, gp, gp)), 0, 0, ψ(G(fp, gp, gp)), 0, ψ(G(fp, gp, gp))) ≤ 0,

a contradiction of (F2). Hence fp = gp and u = fp = gp is a point of coincidence of f and g.
By Theorem 4.1, u is the unique point of coincidence. By Lemma 1.6 u is the unique common
fixed point of f and g.

If ψ(t) = t, by Theorem 4.2 we obtain

Theorem 4.3. Let (X,G) be a G - metric space and let f, g : X → X be two functions satisfying
the inequality

F (G(fx, fy, fy), G(gx, gy, gy), G(gy, fy, fy),

G(fx, gy, gy), G(fy, gx, gy), G(fx, gx, gy)) ≤ 0

for all x, y ∈ X and F ∈ FG. If:
1) f and g satisfy G− (E.A) - property,
2) g(X) is a closed subspace of X , then, f and g have a point of coincidence. Moreover,

if f and g are weakly compatible, then f and g have a unique fixed point.
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Corollary 4.4 (Theorem 2.1). By (2.1) for y = z we obtain

G(fx, fy, fy) ≤ φ(max{G(gx, gy, gy), G(gy, fy, gy), G(fx, gx, gy)})
≤ φ(max{G(gx, gy, gy), G(gy, fy, fy),

G(fx, gx, gy), G(fy, gx, gy), G(fx, gx, gy)}).

The proof follows from Theorem 4.3 and Example 3.6.

Corollary 4.5 (Theorem 2.2). By (2.2) for y = z we obtain

G(fx, fy, fy) ≤ αG(fx, gy, gy) + (β + γ)G(fy, gx, gy)

≤ αG(fx, gy, gy) + (β + γ)G(fy, gx, gy)+

+aG(gx, gy, gy) + bG(fx, gy, gy) + cG(fx, gx, gz).

The proof follows from Theorem 4.3 and Example 3.7.

Remark 4.6. By Example 3.2 it follows that Corollary 4.5 is true in condition α + β + γ < 1
instead of α+ 3β + 3γ < 1 because a = b = c = 0.

Example 4.7. Let X = [0,∞) be and G : X3 → R be the metric G(x, y, z) = max{|x− y|, |x−
z|, |y − z|} for all x, y, z ∈ X . Then (X,G) is a G - metric space. We define f and g to be the
self mappings

f(x) =


1
2
, x ∈

[
0,

1
2

]
3
5
, x ∈

(
1
2
,∞
) , g(x) =



1
3
+ x, x ∈

[
0,

1
2

)
1
2
, x =

1
2

2
5
, x ∈

(
1
2
,∞
)

Then g(X) =

[
1
2
,

5
6

]
is a closed set. Let xn ∈

[
0,

1
2

]
be such that xn →

1
6

, then

limn→∞ fxn = limn→∞ gxn =
1
2

. Hence, f and g satisfy G− (E.A) - property.

Since C(f, g) =

{
1
6
,

1
2

}
, then f

(
g

(
1
6

))
= f

(
1
2

)
=

1
2

, g
(
f

(
1
6

))
= g

(
1
2

)
=

1
2

and f
(
g

(
1
2

))
= f

(
1
2

)
=

1
2

, g
(
f

(
1
2

))
= g

(
1
2

)
=

1
2

. Therefore, f and g are weakly

compatible.
On the other hand,

g(fx, fy, fy) =



0, x ∈
[

0,
1
2

]
, y ∈

[
0,

1
2

]
1
6
, x ∈

[
0,

1
2

]
, y ∈

(
1
2
,∞
)

1
6
, x ∈

(
1
2
,∞
)
, y ∈

[
0,

1
2

]
0, x ∈

(
1
2
,∞
)
, y ∈

(
1
2
,∞
)

, G(gy, fy, fy) =


∣∣∣∣y − 1

6

∣∣∣∣ , y ∈ [0,
1
2

]
1
5
, y ∈

(
1
2
,∞
)

Then, there exists h ∈
(

5
6
, 1
)

such that

G(fx, fy, fy) ≤ hG(gx, gy, gy),

which implies

G(fx, fy, fy) ≤ hmax{G(gx, gy, gy), G(gy, fy, fy), G(fx, gy, gy), G(gx, fy, fy), G(fx, gx, gy)}.

By Theorem 4.3 and Example 3.8 f and g have a unique common fixed point x =
1
2

.
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5 Consequences

In [6], Branciari established the following theorem which opened the way to the study of fixed
points for mappings satisfying a contractive condition of integral type.

Theorem 5.1 ([6]). Let (X,G) be a complete metric space, c ∈ (0, 1) and f : X → X a mapping
such that for each x, y ∈ X ∫ d(fx,fy)

0
h(t)dt ≤ c

∫ d(x,y)

0
h(t)dt (5.1)

where h : [0,∞) → [0,∞) is a Lebesgue measurable mapping which is summable (i.e. with
finite integral) on each compact subset of [0,∞), such that for ε > 0,

∫ ε

0 h(t)dt > 0. Then f has
a unique fixed point z ∈ X such that for each x ∈ X , limn→∞ fnx = z.

Remark 5.2. Theorem 5.1 has been generalized in several papers. In [5], Aydi initiated the study
of fixed points in G - metric spaces for mappings satisfying contractive conditions of integral
type.

Lemma 5.3 ([28]). Let h(t) as in Theorem 5.1. Then, ψ(t) =
∫ t

0 h(x)dx is an altering distance.

Using the method from [28], we prove the following theorem:

Theorem 5.4. Let (X,G) be a complete metric space f, g : X → X be two mappings satisfying
the inequality:

F
(∫ G(fx,fy,fy)

0 h(t)dt,
∫ G(gx,gy,gy)

0 h(t)dt,
∫ G(gy,fy,fy)

0 h(t)dt,∫ G(fx,gy,gy)

0 h(t)dt,
∫ G(fy,gx,gy)

0 h(t)dt,
∫ G(fx,gx,gy)

0 h(t)dt
)
≤ 0

(5.2)

for all x, y ∈ X , F ∈ FG and h(t) is as in Theorem 5.1. If
1) f and g satisfy G− (E.A) - property,
2) g(X) is a closed subspace of X , then, f and g have a point of coincidence. Moreover,

if f and g are weakly compatible, then f and g have a unique fixed point.

Proof. As in Lemma 5.3,

ψ(G(fx, fy, fy)) =
∫ G(fx,fy,fy)

0 h(t)dt, ψ(G(gx, gy, gy)) =
∫ G(gx,gy,gy)

0 h(t)dt,

ψ(G(gy, fy, fy)) =
∫ G(gy,fy,fy)

0 h(t)dt, ψ(G(fx, gy, gy)) =
∫ G(fx,gy,gy)

0 h(t)dt,

ψ(G(fy, gx, gy)) =
∫ G(fy,gx,gy)

0 h(t)dt, ψ(G(fx, gx, gy)) =
∫ G(fx,gx,gy)

0 h(t)dt.

By (5.2) we obtain

F (ψ(G(fx, fy, fy)), ψ(G(gx, gy, gy)), ψ(G(gy, fy, fy)),

ψ(G(fx, gy, gy)), ψ(G(fy, gx, gy)), ψ(G(fx, gx, gy))) ≤ 0.

Hence, the conditions of Theorem 4.2 are satisfied and the proof follows from Theorem
4.2.

Remark 5.5. If h(t) = 1, then by Theorem 5.4 we obtain Theorem 4.3.
By Theorem 5.4 and Examples 3.6 - 3.13 we obtain new particular results.
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46, 1, 3–24 (2000).

[10] G. Jungck, Compatible mappings and common fixed points, Int. J. Math. Math. Sci. 9, 771–779 (1986).
[11] G. Jungck, Common fixed points for noncontinuous nonself maps on a nonnumeric space, Far East J.

Math. Sci. 4 (2), 199–212 (1996).
[12] M. S. Khan, M. Swaleh and S. Sessa, Fixed point theorem by altering distances between the points, Bull.

Aust. Math. Soc. 30, 1–9 (1984).
[13] Z. Mustafa and B. Sims, Some remarks concerning D - metric spaces, Int. Conf. Fixed Point Theory and

Applications, Valencia (Spain), July 2003, 189–198.
[14] Z. Mustafa and B. Sims, A new approach to generalized metric spaces, J. Nonlinear Convex Anal. 7,

289–296 (2006).
[15] Z. Mustafa, H. Obiedat and F. Awadeh, Some fixed point theorems for mappings on G - metric spaces,

Fixed Point Theory Appl. 2008, Article ID 189870, 12 pages.
[16] Z. Mustafa, W. Shatanawi and M. Bataineh, Fixed point theorem on uncomplete G - metric spaces, J.

Math. Stat. 4 (4), 196–201 (2008).
[17] Z. Mustafa and B. Sims, Fixed point theorems for contractive mappings in complete G - metric space,

Fixed Point Theory Appl., 2009, Article ID 917175, 10 pages.
[18] Z. Mustafa, W. Shatanawi and M. Bataineh, Existence of fixed point results in G - metric spaces, Intern.

J. Math. Math. Sci., 2009, ID 283028, 10 pages.
[19] Z. Mustafa and H. Obiedat, A fixed point theorem of Reich in G - metric spaces, Cubo 12, 83–93 (2010).
[20] Z. Mustafa, H. Aydi and E. Karapinar, On common fixed points in G – metric spaces using (E.A) -

property, J. Comput. Math. Appl., 2012 doi:10.1016/j.camwa, 2012.03051.
[21] R. P. Pant, Common fixed point for contractive maps, J. Math. Anal. Appl. 226, 251–258 (1998).
[22] R. P. Pant, R - weak commutativity and common fixed points of noncompatible map, Ganita 99, 19–27

(1998).
[23] R. P. Pant, R - weak commutativity and common fixed points, Soochow J. Math. 25, 37–42 (1999).
[24] V. Popa, Fixed point theorems for implicit contractive mappings, Stud. Cercet. Ştiinţ., Ser. Mat., Univ.
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