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1 Introduction and preliminaries
In  Geraghty [] introduced the class S of functions β : [,∞) → [, ) satisfying the
following condition:

β(tn) →  implies tn → . ()

The author defined contraction mappings via functions from this class and proved the
following result.

Theorem . (Geraghty []) Let (X,d) be a complete metric space and T : X → X be an
operator. If T satisfies the following inequality:

d(Tx,Ty) ≤ β
(
d(x, y)

)
d(x, y) for any x, y ∈ X, ()

where β ∈ S, then T has a unique fixed point.

Theorem . was generalized in several ways, see e.g. [–]. Recently, Caballero et al. []
introduced the following contraction.

Definition . ([]) LetA, B be two nonempty subsets of ametric space (X,d). Amapping
T : A → B is said to be a Geraghty-contraction if there exists β ∈ S such that

d(Tx,Ty) ≤ β
(
d(x, y)

)
d(x, y) for any x, y ∈ A. ()

For the sake of completeness, we recall some basic definitions and fundamental results.
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Let (X,d) be a metric space and (A,B) a pair of nonempty subsets of X. We consider the
following notations:

d(A,B) := inf
{
d(a,b) : a ∈ A,b ∈ B

}
;

d(x,B) := inf
{
d(x,b) : b ∈ B

}
;

A :=
{
a ∈ A : d(a,b) = d(A,B) for some b ∈ B

}
;

B :=
{
b ∈ B : d(a,b) = d(A,B) for some a ∈ A

}
.

Through this paper, N denotes the set of natural numbers.
In [], Sadiq Basha introduced the following concept.

Definition . We say that B is approximatively compact with respect to A if and only if
every sequence {yn} ⊂ B satisfying the condition that limn→∞ d(x, yn) = d(x,B) for some x
in A, has a convergent subsequence.

Definition . A mapping g : A→ A is called an isometry if

d(gx, gy) = d(x, y), ∀(x, y) ∈ A×A.

Definition . (see e.g. []) Given a mapping T : A → B and an isometry g : A → A, the
mapping T is said to preserve the isometric distance with respect to g if and only if

d
(
T(gx),T(gy)

)
= d(Tx,Ty), ∀(x, y) ∈ A×A.

Denote by� the set of functions ϕ : [,∞) → [,∞) satisfying the following conditions:
(I) ϕ is continuous and nondecreasing;
(II) ϕ() = ;
(III) limt→∞ ϕ(t) = ∞.
The following notions were introduced by Sadiq Basha [].

Definition . A mapping T : A → B is said to be a generalized proximal contraction of
the first kind if and only if

d(u,Tx) = d(A,B)
d(v,Ty) = d(A,B)

}
�⇒ d(u, v) ≤ d(x, y) – ϕ

(
d(x, y)

)
,

where x, y,u, v ∈ A and ϕ ∈ �.

Definition . A mapping T : A → B is said to be a generalized proximal contraction of
the second kind if and only if

d(u,Tx) = d(A,B)
d(v,Ty) = d(A,B)

}
�⇒ d(Tu,Tv) ≤ d(Tx,Ty) – ϕ

(
d(Tx,Ty)

)
,

where x, y,u, v ∈ A and ϕ ∈ �.
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Inspired by these definitions, Amini-Harandi [] introduced the following definition.
Denote by � the set of functions ψ : [,∞) → [,∞) satisfying the following condi-

tions:
(I) ψ is continuous and nondecreasing;
(II) ψ() = ;
(III) t ≤ ψ(t) for each t ≥ .

Definition . A mapping T : A → B is said to be a generalized Geraghty proximal con-
traction of the first kind if and only if

d(u,Tx) = d(A,B)
d(v,Ty) = d(A,B)

}
�⇒ ψ

(
d(u, v)

) ≤ β
(
d(x, y)

)
ψ

(
d(x, y)

)
,

where x, y,u, v ∈ A and ψ ∈ � , β ∈ S.

Definition . A mapping T : A → B is said to be a generalized Geraghty proximal con-
traction of the second kind if and only if

d(u,Tx) = d(A,B)
d(v,Ty) = d(A,B)

}
�⇒ d(Tu,Tv) ≤ β

(
d(Tx,Ty)

)
ψ

(
d(Tx,Ty)

)
,

where x, y,u, v ∈ A and ψ ∈ � , β ∈ S.

The main result in [] is the following.

Theorem. Let A and B be two nonempty closed subsets of a completemetric space (X,d)
such that A �= ∅, B �= ∅ and B is approximatively compact with respect to A. Suppose that
the mappings g : A → A and T : A→ B satisfy the following conditions:

(i) T is a generalized Geraghty proximal contraction of the first kind;
(ii) T(A) ⊆ B;
(iii) g is an isometry;
(iv) A ⊆ g(A).

Then there exists a unique element x∗ ∈ A such that

d
(
gx∗,Tx∗) = d(A,B).

Further, for any fixed element x ∈ A, the iterative sequence {xn} ⊂ A, defined by

d(gxn+,Txn) = d(A,B),

converges to x∗.

In this manuscript, we shall show that Theorem . is a particular case of existing fixed
point theorems in the literature. Hence, the main result of [] is not a real generalization.
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2 Some useful results
Denote by � the set of functions φ : [,∞)→ [,∞) satisfying the following conditions:

(I) φ is continuous and nondecreasing;
(II) φ(t) =  if and only if t = .
First we show that we get the more general form of the main result in [] by replacing

the class of distance functions � by � in Definition ..

Theorem. Let A and B be two nonempty closed subsets of a completemetric space (X,d)
such that A �= ∅, B �= ∅, and B is approximatively compact with respect to A. Suppose that
the mappings g : A → A and T : A→ B satisfy the following conditions:

(i)

d(u,Tx) = d(A,B)
d(v,Ty) = d(A,B)

}
�⇒ ψ

(
d(u, v)

) ≤ β
(
d(x, y)

)
ψ

(
d(x, y)

)
,

where x, y,u, v ∈ A and ψ ∈ �, β ∈ S.
(ii) T(A) ⊆ B;
(iii) g is an isometry;
(iv) A ⊆ g(A).

Then there exists a unique element x∗ ∈ A such that

d
(
gx∗,Tx∗) = d(A,B).

Further, for any fixed element x ∈ A, the iterative sequence {xn} ⊂ A, defined by

d(gxn+,Txn) = d(A,B),

converges to x∗.

Proof By following the lines in the proof of Theorem . in the paper of Amini-Harandi
[], we conclude that

lim
n→∞d(xn,xn+) = . ()

It is sufficient to prove that {xn} is a Cauchy sequence.
Suppose, on the contrary, that {xn} is not a Cauchy sequence. Then there exists ε >  for

which we can find subsequences {xm(k)} and {xn(k)} of {xn} such that n(k) >m(k) > k and

d(xm(k),xn(k))≥ ε. ()

Furthermore, we can choose n(k), associated withm(k), is the smallest integer which sat-
isfies n(k) >m(k) > k and (). Consequently, we have

d(xm(k),xn(k)–) < ε. ()

Due to Lemma ., we conclude that

lim
k→∞

d(xm(k),xn(k)) = lim
k→∞

d(xm(k–),xn(k)–) = ε. ()
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So, we obtain

ψ
(
d(xm(k),xn(k))

)
= ψ

(
d(Txm(k–),Txn(k–))

)
≤ β

(
d(xm(k–),xn(k)–)

)
ψ

(
d(xm(k–),xn(k)–)

)
≤ ψ

(
d(xm(k–),xn(k)–)

)
. ()

Letting k → ∞ in the inequality above, we get

ψ(ε) ≤ β
(
d(xm(k–),xn(k)–)

)
ψ(ε)≤ ψ(ε),

since ψ is continuous and () holds. Due to the property of ψ , ψ(ε) > , we derive

lim
k→∞

β
(
d(xm(k–),xn(k)–)

)
=  ()

from the last inequality above. Since β ∈ S, we conclude that

lim
k→∞

d(xm(k–),xn(k)–) = . ()

Due to () we get ε = , a contradiction. Hence, {xn} is Cauchy.
The rest follows from the corresponding lines in the proof of Theorem . in the paper

of Amini-Harandi []. �

The following theorem is due to [].

Theorem . Let (X,d) be a complete metric space and T : X → X be an operator. If T
satisfies the following inequality:

ψ
(
d(Tx,Ty)

) ≤ β
(
d(x, y)

)
ψ

(
d(x, y)

)
for any x, y ∈ X, ()

where β ∈ S and ψ ∈ �, then T has a unique fixed point.

The following concept was introduced by Ćirić in [].

Definition . Let (X,d) be a metric space and f : X → X be a self-mapping. We say that
X is f -orbitally complete if and only if for any x ∈ X, if {f nx} is a Cauchy sequence, then it
converges to some element in X.

It is evident that in Theorem ., the notion of completeness of the metric space (X,d)
can be replaced by the notion of f -orbitally completeness. Consequently, we derive the
following fixed point result.

Lemma . (cf. []) Let (X,d) be a f -orbitally complete metric space, where f : X → X is a
self-mapping satisfying the following condition:

ψ
(
d(fx, fy)

) ≤ β
(
d(x, y)

)
ψ

(
d(x, y)

)
, ∀(x, y) ∈ X ×X, ()

where ψ ∈ � , β ∈ S. Then f has a unique fixed point x∗ ∈ X. Moreover, for any x ∈ X, the
sequence {f nx} converges to x∗.
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Regarding the analogy with the proof of Lemma . in [].

Lemma . (cf. []) Let (A,B) be a pair of closed subsets of a metric space (X,d). Suppose
that the following conditions hold:

(i) A �= ∅;
(ii) B is approximatively compact with respect to A.

Then the set A is closed.

Lemma. (cf. []) Let A and B be nonempty subsets of ametric space (X,d) such that A �=
∅. Suppose that the mappings g : A → A and T : A→ B satisfy the following conditions:

(i) T is a generalized Geraghty-proximal contraction of the first kind;
(ii) T(A) ⊆ B;
(iii) g is an isometry;
(iv) A ⊆ g(A).

Then there exists a self-mapping f : A → A satisfying the condition:

d
(
Tx, g(fx)

)
= d(A,B), ∀x ∈ A. ()

Regarding the analogy with the proof of Lemma . in [].

Lemma . ([]) Let (X,d) be a metric space and let (xn) be a sequence in X such that
(d(xn+,xn)) is non-increasing and

lim
n→+∞d(xn+,xn) = .

If (xn) is not a Cauchy sequence, then there exist ε >  and two sequences (mk) and (nk)
of positive integers such that mk > nk ≥ k and the following four sequences tend to ε when
k → +∞:

(
d(xmk ,xnk )

)
,

(
d(xnk ,xmk+)

)
,

(
d(xmk ,xnk+)

)
,

(
d(xmk+,xnk+)

)
.

3 Main results
Theorem . Theorem . is a consequence of Theorem ..

Proof Suppose that all the assumptions of Theorem . are satisfied. From Lemma .,
there exists a self-mapping f : A → A satisfying (). Then, for all (x, y) ∈ A × A, we
have

{
d(g(fx),Tx) = d(A,B),
d(g(fy),Ty) = d(A,B).

Since T is a generalized Geraghty-proximal contraction of the first kind and g is an isom-
etry, we obtain

ψ
(
d(fx, fy)

)
= ψ

(
d
(
g(fx), g(fy)

)) ≤ β
(
d(x, y)

)
ψ

(
d(x, y)

)
,

for every pair (x, y) ∈ A ×A. Thus f satisfies inequality ().
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Since (X,d) is complete, (A,d) is also complete. From Theorem ., the self-mapping
h : A → A has a unique fixed point x∗ ∈ A.
Note that from (), since T is a generalized Geraghty-proximal contraction of the first

kind and g is an isometry, we have x∗ ∈ A is a fixed point of f if and only if x∗ ∈ A and
d(gx∗,Tx∗) = d(A,B). Then there exists a unique x∗ ∈ A such that d(gx∗,Tx∗) = d(A,B).
Now, let a ∈ A be an arbitrary point. Consider a sequence {an} ⊂ A satisfying

d(gan+,Tan), ∀n ∈N.

Since T is a generalized Geraghty-proximal contraction of the first kind and g is an isom-
etry, it follows from () that

an+ = fan, ∀n ∈ N.

From Lemma ., we have

lim
n→∞d

(
an,x∗) = .

This ends the proof. �

4 Consequences
Theorem. Let A and B be two nonempty closed subsets of a completemetric space (X,d)
such that A �= ∅ and B �= ∅. Suppose that the mappings g : A → A and T : A → B satisfy
the following conditions:

(i) T is a generalized Geraghty proximal contraction of the first and second kind,

d(u,Tx) = d(A,B)
d(v,Ty) = d(A,B)

}
�⇒ ψ

(
d(u, v)

) ≤ β
(
d(x, y)

)
ψ

(
d(x, y)

)
,

d(u,Tx) = d(A,B)
d(v,Ty) = d(A,B)

}
�⇒ d(Tu,Tv) ≤ β

(
d(Tx,Ty)

)
ψ

(
d(Tx,Ty)

)
,

where x, y,u, v ∈ A and ψ ∈ �, β ∈ S;
(ii) T(A) ⊆ B;
(iii) g is an isometry;
(iv) A ⊆ g(A).

Then there exists a unique element x∗ ∈ A such that

d
(
gx∗,Tx∗) = d(A,B).

Further, for any fixed element x ∈ A, the iterative sequence {xn} ⊂ A, defined by

d(gxn+,Txn) = d(A,B),

converges to x∗.

Theorem . Theorem . is a consequence of Lemma ..
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Proof Suppose that all the assumptions of Theorem . are satisfied. From Lemma .,
there exists a self-mapping f : A → A satisfying (). Then, for all (x, y) ∈ A × A, we
have{

d(g(fx),Tx) = d(A,B),
d(g(fy),Ty) = d(A,B).

Since T is a generalized Geraghty-proximal contraction of the first kind and g is an isom-
etry, we obtain

ψ
(
d(fx, fy)

)
= ψ

(
d
(
g(fx), g(fy)

)) ≤ β
(
d(x, y)

)
ψ

(
d(x, y)

)
,

for every pair (x, y) ∈ A ×A. Thus f satisfies inequality ().
Now, we shall prove that (A,d) is f -orbitally complete. Indeed, let x ∈ A and consider

the sequence {xn} ⊂ A defined by xn = f nx for all n ∈ N. Suppose that {xn} is a Cauchy
sequence, we have to prove that {xn} converges to some element in A. Since (X,d) is
complete and A is closed, there exists some z ∈ A such that

lim
n→∞d(xn, z) = . ()

By the definition of f , for all n ∈N, we have

{
d(g(fxn),Txn) = d(A,B),
d(g(fxn+),Txn+) = d(A,B),

which implies (sinceT is a generalizedGeraghty-proximal contraction of the second kind)
that

ψ
(
d
(
T(gxn+),T(gxn+)

))
= ψ

(
d
(
T

(
g(fxn)

)
,T

(
g(fxn+)

)))
≤ β

(
d(Txn,Txn+)

)
ψ

(
d(Txn,Txn+)

)
,

for all n ∈N. Since T preserves the isometric distance with respect to g , we obtain

ψ
(
d(Txn+,Txn+)

) ≤ β
(
d(Txn,Txn+)

)
ψ

(
d(Txn,Txn+)

)
, ∀n ∈N.

Following the same lines as the proof of Theorem . in [], one can show that {Txn} is a
Cauchy sequence in the complete metric space (X,d). Since B is closed, there exists some
b ∈ B such that

lim
n→∞d(Txn,b) = . ()

Now, using (), (), and the definition of f , we get

d(A,B) = lim
n→∞d

(
g(fxn),Txn

)
= lim

n→∞d(gxn+,Txn) = d(gz,b).

Note that since g is an isometry, it is continuous. Now, we have

d(A,B) = d(gz,b), b ∈ B.

http://www.journalofinequalitiesandapplications.com/content/2014/1/246
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This implies that gz ∈ A. On the other hand, since A ⊆ g(A) and g is an isometry, we
obtain z ∈ A. Thus, we proved that A is f -orbitally complete. Now, applying Lemma .,
we find that f has a unique fixed point x∗ ∈ A.
The rest follows from the lines of the proof of Theorem .. �

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

Authors’ contributions
All authors contributed equally and significantly in writing this article. All authors read and approved the final manuscript.

Author details
1Department of Mathematics, King Saud University, Riyadh, Saudi Arabia. 2Department of Mathematics, Atilim University,
Ankara, 06836, Turkey.

Acknowledgements
The authors thank the Visiting Professor Programming at King Saud University for funding this work. The authors thank to
anonymous referees for their remarkable comments, suggestion and ideas that helps to improve this paper.

Received: 30 April 2014 Accepted: 4 June 2014 Published: 23 June 2014

References
1. Geraghty, M: On contractive mappings. Proc. Am. Math. Soc. 40, 604-608 (1973)
2. Caballero, J, Harjani, J, Sadarangani, K: A best proximity point theorem for Geraghty-contractions. Fixed Point Theory

Appl. 2012, Article ID 231 (2012)
3. Amini-Harandi, A: Best proximity points for proximal generalized contractions in metric spaces. Optim. Lett. 7,

913-921 (2013)
4. Bilgili, N, Karapınar, E, Sadarangani, K: A generalization for the best proximity point of Geraghty-contractions.

J. Inequal. Appl. 2013, Article ID 286 (2013)
5. Karapınar, E: On best proximity point of ψ -Geraghty contractions. Fixed Point Theory Appl. 2013, Article ID 200

(2013)
6. Zhang, J, Su, Y, Cheng, Q: A note on ‘A best proximity point theorem for Geraghty-contractions’. Fixed Point Theory

Appl. 2013, Article ID 99 (2013)
7. Jleli, M, Samet, B: Remarks on the paper: ‘Best proximity point theorems: An exploration of a common solution to

approximation and optimization problems’. Appl. Math. Comput. 228, 366-370 (2014)
8. Sadiq Basha, S: Extensions of Banach’s contraction principle. Numer. Funct. Anal. Optim. 31(4-6), 569-576 (2010)
9. Sadiq Basha, S: Best proximity point theorems: an exploration of a common solution to approximation and

optimization problems. Appl. Math. Comput. 218, 9773-9780 (2012)
10. Caballero, J, Harjani, J, Sadarangani, K: Contractive-like mapping principles in ordered metric spaces and application

to ordinary differential equations. Fixed Point Theory Appl. 2010, Article ID 916064 (2010)
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