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By using the weaker Meir-Keeler function ¢ and the triangular x-admissible mapping &, we introduce the notion of (& — ¢)-weaker
Meir-Keeler contractive mappings and prove a theorem which assures the existence of a periodic point for these mappings on

generalized quasimetric spaces.

1. Introduction and Preliminaries

Let X be anonempty setandletd : X xX — [0,00). Thend
is called a distance function if for every x, y, z € X, satisfies

(d,) d(x,x) = 0;

(dy) d(x,9) =d(y,x) =0 = x = y;
(ds) d(x, y) = d(y, x);

(dy) d(x,z) <d(x, y) +d(y,2).

If d satisfies conditions (d;)-(d,), then d is called a metric
on X. If d satisfies conditions (d;), (d,), and (d,), then d
is called a quasimetric on X. If d satisfies conditions (d,),
(ds), and (d,), then d is called a dislocated metric on X. If d
satisfies conditions (d,) and (d,), then d is called a dislocated
quasimetric on X.

In 2000, Branciari [1] introduced the notion of general-
ized metric as a natural extension of the concept of a metric,
where the triangle inequality condition of a metric had
been replaced by a weaker condition, namely, quadrilateral
inequality. At the first glance, both metric and generalized
metric seem to have almost the same topological properties.
Despite the first impression, the generalized metric does
possess some fundamental topological feature, such as

(P1) generalized metric needs not to be continuous;

(P2) a convergent sequence in generalized metric space
needs not to be Cauchy;

(P3) generalized metric space needs not to be Haussdorf
and hence the uniqueness of limits cannot be guaran-
teed.

The question whether the analog of existing fixed point results
in the literature are still valid in generalized metric space
without assuming an extra conditions, such as, continuity
of generalized metric function, and/or Hausdorftness of the
corresponding space, and so forth. Several authors worked on
this interesting questions and this space (e.g., [1-18]).

Definition 1 (see [1]). Let X be a nonempty set and let d :
X xX — [0,00) be a mapping such that for all x, y € X and
for all distinct points u, v € X, each of them different from x
and y, one has

(i) d(x, y) = 0ifand only if x = y;
(ii) d(x, y) = d(y, x);
(iii) d(x, y) < d(x,u) + d(u,v) + d(v, y) (quadrilateral
inequality).

Then (X, d) is called a generalized metric space (or shortly
g.m.s).
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We present an example to show that not every generalized
metric on a set X is a metric on X.

Example 2. Let X = {t,2t,3t,4t, 5t} with t > 0 as a constant,
and we defined : X x X — [0, 00) by

(1) d(x,x) =0, forall x € X;

(2) d(x, y) =d(y,x), forall x, y € X;

(3) d(t,2t) = 3y;

(4) d(t,3t) = d(2t,3t) = y;

(5) d(t,4t) = d(2t,4t) = d(3t,4t) = 2y;

(6) d(t,5t) = d(2t,5t) = d(3t,5t) = d(4t,5t) = (3/2)y,

where y > 0 is a constant. Then, let (X, d) be a generalized
metric space, but it is not a metric space because

d(t,2t) = 3y > d (t,3t) + d (3t,2t) = 2y. 1)

We now introduce the new notion of generalized quasi-
metric space as follows.

Definition 3. Let X be a nonempty setandletd : X x X —
[0, c0) be a mapping such that for all x, y € X and for all
distinct point u, v € X, each of them different from x and y,
one has

(i) d(x, y) = 0ifand only if x = y;

(ii) d(x, y) < d(e,u) + d(u,v) + d(v, y).

Then (X,d) is called a generalized quasimetric space (or
shortly g.q.m.s).

Remark 4. Any generalized metric space is a generalized
quasimetric space, but the converse is not true in general.

We present an example to show that not every generalized
quasimetric on a set X is a generalized metric on X.

Example 5. Let X = {t,2t,3t,4t, 5t} with t > 0 as a constant,
and we defined : X x X — [0, 00) by

(1) d(x,x) =0, forall x € X;

(2) d(t,2t) = d(2t,t) = 3y;

(3) d(t,3t) = d(2t,3t) = d(3t,t) = d(3t,2t) = y;

(4) d(t,4t) = d(2t, 4t) = d(3t,4t) = d(4t,t) = d(4t,2t) =
d(4t, 3t) = 2y;

(5) d(t,5¢t) = d(2t,5t) = d(3t, 5t) = d(4t, 5t) = (3/2)y;
(6) d(5t,t) = d(5¢,2t) = d(5¢,3t) = d(5¢,4t) = (5/4)y,
where y > 0 is a constant. Then, let (X, d) be a generalized

quasimetric space, but it is not a generalized metric space
because

d(t,5t) = %yq&d(St,t) = Zy. @)

We next give the definitions of convergence and com-
pleteness on generalized quasimetric spaces.
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Definition 6. Let (X, d) be a g.q.m.s, let {x,} be a sequence in
X, and let x € X. We say that {x,} is g.q.m.s convergent to x
if and only if

lim d (x,,x) = lim d (x,x,) = 0. 3)

n— 00

Definition 7. Let (X, d) be a g.q.m.s and let {x,} be a sequence
in X. We say that {x,} is left-Cauchy if and only if, for every
€ > 0, there exits k € N such that d(x,,,x,,) < eforalln >
m > k.

Definition 8. Let (X, d) beag.q.m.sand let {x,} be a sequence
in X. We say that {x,,} is right-Cauchy if and only if, for every
€ > 0, there exits k € N such that d(x,, x,,) < eforallm >
n> k.

Definition 9. Let (X, d) beag.q.m.sand let {x,} be a sequence
in X. We say that {x,,} is Cauchy if and only if, for every e > 0,
there exits k € N such that d(x,, x,,,) < € forallm,n > k.

Remark 10. A sequence {x,} in a g.q.m.s is Cauchy if and only
if it is left-Cauchy and right-Cauchy.

Definition 11. Let (X, d) be a g.q.m.s. We say that
(1) (X, d) is left-complete if and only if each left-Cauchy
sequence in X is convergent;

(2) (X,d) is right-complete if and only if each right-
Cauchy sequence in X is convergent;

(3) (X, d) is complete if and only if each Cauchy sequence
in X is convergent.

In the sequel, we let the function ¢ : [0,00) — [0,00)
satisfy the following conditions:

(¢;) ¢ : [0,00) — [0,00) is a nondecreasing weaker
Meir-Keeler function;

(¢,) ¢(t) > 0 for t > 0 and ¢(0) = 0;

(¢p5) for all t € (0,00), {¢" ()}, is decreasing;

(¢y) for t > 0, if lim, ,¢"(t) = 0, then
lim, _, o, Y, @' (t) = 0, where m > n.

Now, we recall the notion of a-admissible mappings. The
following definition was introduced in [3].

Definition 12. Let f : X — X be a self-mapping of a set X
anda: X x X — R".Then f is called a a-admissible if

a(x,y)21=a(fx, fy)=1. (4)

In the sequel, we use the notion of triangular a-admissible
which was defined in [4] as follows.

x,y€X,

Definition 13. Let f : X — Xanda : X x X — [0,00).
The mapping f is said to be a triangular a-admissible if, for
all x, y,z € X, we have

(1) forall x, y € X, a(x, y) > 1 implies ( fx, fy) > 1;

(2) forall x, ¥,z € X, a(x, y) = 1 and a(y, z) > 1 imply
a(x,z) > 1.
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2. Main Results

In this section we state our main result. First we introduce the
notion of (« — ¢)-weaker Meir-Keeler contractive mappings
via the weaker Meir-Keeler function ¢ and the triangular o-
admissible mapping «.

Definition 14. Let (X,d) bea g.qms,leta: X x X — R,
andlet f: X — X be a function satisfying

a(xy)d(fx fy) <¢(d(x ), )

for all x, y € X. Then f is said to be a (« — ¢)-weaker Meir-
Keeler contractive mapping.

Now, we state our main periodic point theorems as fol-
lows.

Theorem 15. Let (X, d) be a Hausdor{f and complete g.q.m.s,
andlet f: X — X bea(a—¢)-weaker Meir-Keeler contractive
mapping. Suppose that

(i) f is triangular a-admissible;
(ii) there exists x, € X such that «(x,, fx,) > 1 and
al fxg, x9) = 1

(iil) f is continuous.

Then f has a periodic point in X; that is, there exists au € X
such that u = fF(u) for some p € N.

Proof. Regarding the assumption (ii) of the theorem, we let
X, € X be an arbitrary point such that a(x,, fx,) > 1 and
alxy, fxo) = 1. We will construct a sequence {x,} in X by
Xpo1 = X, = [ x, forall n > 0. If we have Xy = Xy 41> fOT
some ng, then u = x,, is a fixed point of f; thatis, u = x,,
is a periodic point in X. Hence, for the rest of the proof, we
presume that

X, #F X, VN (6)

Since f is triangular «-admissible, we also have

a (xg, %) = & (%0, fxg) 2 1

7)
= a(fxg, fx) = a(x,x,) > 1.
Utilizing the expression above, we obtain that
a(xpx,0) 21, Vn=0,1,.... (8)

By repeating the same steps with starting with the assumption
ax,, xg) = a(fxg, x9) = 1, we conclude that

a(Xpppx,) 21, Vn=0,1,.... 9)
Since, f is triangular «-admissible, we derive that

a(xgx;) > 1, a(x;,%,) 21 = a(xyx,)=1. (10)
Recursively, we get that

a(xpxpp) 21, Vn=0,1,..., k=12,.... (1)

Analogously, we can easily derive that
a(XppoX,) =1, Vn=0,1,..., k=12,.... (12)

In the sequel, we prove that the sequence {x,,} is Cauchy; that
is, {x,,} is both right-Cauchy and left-Cauchy.

Step 1. We first assert that
lim d (x,, x,,,,) = 0. (13)
Regarding (5) and (8), we deduce that
d (% Xp11) = d (fx15 f%,)
< o (X %) d (o fx) - (14)
< ¢ (d (x,-1%,))»

for all n > 1. Since ¢ is nondecreasing, by iteration, we derive
the following inequality:

d (%, Xpi1) < ¢ (d (%01, %,))
< ¢ (¢(d (%20 %,1)))
= ¢ (d (x5 %,)) <+
< ¢" (d (x0,x1)) -

Since {¢"(d(xg, X))}, is decreasing, it must converge to
some # > 0. We claim that # = 0. Suppose that, on the
contrary, 77 > 0. Then by the definition of weaker Meir-Keeler
function ¢, corresponding to the given #, there exists § > 0
such that, for x, x; € X with#n < d(xy, x,) < §+1,andn; € N
such that ¢ (d(x,, x;)) < #. Sincelim,, _, . ¢"(d(xy, %)) =4,
there exists p, € N such that 7 < ¢*(d(x, x,)) < 8 +7, for all
P = po. Thus, we conclude that ¢ (d(x,, x,)) < 1, which
is a contradiction. Therefore lim,, _, . ¢"(d(x,, x;)) = 0; that
is,

(15)

nh_?god (xn’ xn+1) = 0. (16)
Step 2. We will show that
Jim d (%, X,12) = 0. (17)

We repeat the same argument that was used in Step 1. On
account of (5) and (11), we observe that

d (%, Xp12)
= d (fxp1 fXi1)
< @ (X40%,1) d (fX01 fXi1)
< ¢ (d (X1 X011)) 5

for all n > 1. Since ¢ is nondecreasing, by iteration, we derive
the following inequality:

d (% Xp12) < G (d (15 %,41))
< (9 (d (x,2%,)
= ¢ (d (x5, %,1)) <+
< ¢" (d (x5 x3)) -

(18)

(19)



Since {¢"(d(xg, x,))},c i decreasing, it must converge to
some 1 > 0. We claim that # = 0. Suppose that, on the
contrary, # > 0. Then by the definition of weaker Meir-
Keeler function ¢, corresponding to the given #, there exists
0 > 0 such that, for x5, x, € X with < d(x,x,) <
8 + 1, and n, € N such that ¢™(d(x,,x,)) < 7. Since
lim,, _, ,¢"(@(d(x,,x,))) = #, there exists p, € N such that
1 < ¢F(d(xy, x,)) < 8 + 1, forall p > p,. Thus, we conclude
that P (d(x,, x,)) < 1, which is a contradiction. Therefore
lim,, , ..¢"(d(x,, x,)) = 0; that is,

Jim d (x,,x,.,) = 0. (20)
Step 3. We next will prove that the sequence {x,} is right-

Cauchy by standard technique. For this purpose, it is suffi-
cient to examine two cases.

Case (I). Suppose that k > 2 and k is odd. Let k = 2m + 1,
k > 1. Then, by using the quadrilateral inequality, we have

d (%, Xi1) = A (%0 Xy 2m01)
< d (% X)) + d (X415 X12)
+d (X420 X2me1)
< d (% X)) + A (X415 X42)
+d (X Xy3) + 00

+d (%12 Xniams1)
= d (fxpr fx,) + A ([ f11)
+d (1> [ia) + -
+d(fXiam-1> Xnsom)
< a (X, x,) d (fx0, fx,)
& (5 X1 ) A (f55 fX001)
+ & (%11 %012) A (Xpa1s i)
+ & (%1215 o) & (fXiam-1 Xnram)
<97 (d (x0,x,))
+¢" (d (x0,%1))
¢ (d (x0,x0)) + o+ ¢ (d (%00 %1))

IN

2m .
< 28" (d (x0,x1)).
i=0
(21)

Letn — oo. Then, by using condition ¢, we have

nleréod (%> Xpex) = 0. (22)
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Case (I1). Suppose that k > 2 and k is even. Letk = 2m, k > 1.
Then, by using the quadrilateral inequality, we also have

d (x> Xpax) = d (X Xp42m)
< d (% Xpi2) + d (X420 Xppa)
+d (X040 Xpaom)
< d (% X12) + d (X0 X1s)
+d (Xpsa Xnr6) + o+ d (om0 Xsom)
=d (fxy 1> fXp1) + A (X115 fp3)
+d (fXpi3 fXpas) +
+d (fXpiom-3 fXnsam-)
< o (X1 Xpi1) d (X015 fXp01)
+ 0 (X1 Xpa3) d (15 fXi3)
+ 0 (X3 Xps) d (30 [ps) + 0o
+ 0 (X 2m-30 Xi2m-1)
X d (fXpiom-3> [Xpsomo1) <
< ¢" (d (x,x,))
+¢"2 (d (0, x,))
+ 9" (d (xg, %)) + -+ ¢ (d (0, %))

m
< 29" (d (%0, x))
i=0
(23)
Letn — o0. Then, by using condition ¢,, we have
nlglgod (xn’ xn+k) =0. (24)
By above argument, we get that {x,} is a right-Cauchy
sequence.

Analogously, we derive that the sequence {x,} is left-
Cauchy. Consequently, the sequence {x,} is Cauchy. Since X
is a complete g.q.m.s, there exists u € X such that

Jim d (x,,u) = lim d (u,x,) = 0. (25)
Step 4. We claim that f has a periodic point in X. Suppose

that, on the contrary, f has no periodic point. Since f is con-
tinuous, we obtain from (25) that

lim d (01, f1) = lim d (fx,, fu) =0,

i d (fuo%,,1) = Jim d (fus f,) =

(26)

From (25) and (26), we get immediately that lim,, _, ., f"x, =
lim,_, . fx, = fu. As (X, d) is Hausdorft, we conclude that
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u = fu which contradicts the assumption that f has no peri-
odic point. Therefore, there exists u € X such thatu = f(u)
for some p € N. So f has a periodic point in X. O

Following the proof of Theorem 15, we can easily get the
following periodic point theorem.

Theorem 16. Let (X, d) be a Hausdorff and complete g.q.m.s,
andlet f : X — X bea (« — ¢ — ¢)-weaker Meir-Keeler
contractive mapping. Suppose that

(i) f is triangular a-admissible;

(ii) there exists x, € X such that a(x,, fx,) > 1 and
a( fxg, x9) = 1;

(i) if {x,,} is a sequence in X such that «(x,, x,,,,) = 1 and
a(x,,1,%,) = 1forallnand x, — x € Xasn — oo,
then a(x,,, x) > 1 and o(x, x,,) > 1 for all n.

Then f has a periodic point in X.

Proof. Following the proof of Theorem 15, we know that the
sequence {x,} defined by x,,,; = fx,,, for alln > 0, converges
for some u € X. From (25) and condition (iii), there exists a
subsequence {x,,} of {x,} such that a(x,,), ) > 1 for all k.
Applying (5), for all k, we get that

d (xn(k)+1’ fu)=d (fxn(k)’ fu)
< & (%09, ) d (fX00> f14)
< ¢ (d (x40 1)) »

(27)
d (fu, xn(k)+1) =d (f“) fxn(k))
< (U, %,00) A (fubs fX00)
< ¢ (ud (x,0)) -
Letting k — oo in the above equality, we find that
d (Xu(y41> f11) = klirrgod (fXury» fur) = 0,
(28)

A (fut Xyer) = lim d (fut f0) = 0

Therefore, we have lim; ., f"®x, = lim, ., fxuw = fu
As (X,d) is Hausdorft, we conclude that 4 = fu which
contradicts the assumption that f has no periodic point.
Therefore, there exists u € X such that u = f*(u) for some
p € N.So f has a periodic point in X. O

3. Consequences

Using the weaker Meir-Keeler function ¢, we introduce the
notion of ¢-weaker Meir-Keeler contractive mappings and
prove a theorem which assures the existence of a periodic
point for these mappings on generalized quasimetric spaces.

Definition 17. Let (X,d) beag.qm.s,andlet f: X — Xbea
function satistying

d(fx fy) <¢(d(xy)) (29)

for all x, y € X. Then f is said to be a ¢-weaker Meir-Keeler
contractive mapping.

Theorem 18. Let (X, d) be a Hausdorff and complete g.q.m.s,
and let f be a ¢-weaker Meir-Keeler contractive mapping.
Suppose that f is continuous. Then f has a periodic point u
in X; that is, there exists u € X such that u = fu for some
peN.

Proof. 1t is sufficient to take a(x, y) = 1, forall x, y € X, in
Theorem 15. O

Theorem 19. Let (X, d) be a Hausdorff and complete g.q.m.s.
Suppose that f is continuous and there exists k € [0,1) such
that

d(fx, fy) <kd(x,y), (30)

forall x,y € X. Then f has a periodic point u in X; that is,
there exists u € X such that u = fPu for some p € N.

Proof. 1t is sufficient to take ¢(t) = kt, for all x,y € X, in
Theorem 18, where k € [0, 1). O

Definition 20. Let (X, <) be a partially ordered set and let T':
X — X be a given mapping. We say that T' is nondecreasing
with respect to < if

xyeX, x2y=Tx=<Ty. (31

Definition 21. Let (X, <) be a partially ordered set. A sequence
{x,} ¢ X issaid to be nondecreasing with respect to < if x,, <

X, for all n.

Definition 22. Let (X, <) be a partially ordered set and let d
be a metric on X. We say that (X, <, d) is regular if, for every
nondecreasing sequence {x,} ¢ X such that x, — x € X as
n — 00, we have x,, < x for all n.

We have the following result.

Corollary 23. Let (X, <) be a partially ordered set and let d be
a metric on X such that (X, d) is complete. Let f: X — X be
a nondecreasing mapping with respect to <. Suppose that there
exists a function ¢ such that

d(fx, fy) <¢(d(x)), (32)

forall x,y € X with x = y. Suppose also that the following
conditions hold:

(i) there exists x, € X such that x, < fx;

(ii) f is continuous or (X, <,d) is regular.
Then f has a periodic point.

Proof. Define the mapping o : X x X — [0, c0) by

1 ifx<yorxxy,
V) = 33
« (%) {0 otherwise. (33)



It is evident that f is a (o — ¢) contractive mapping; that is,

a(xy)d(fx fy) <vw(d(xy)), (34)

forall x, y € X. From condition (i), we have that a(x,, fx,) >
1 and «(fxy, x,) = 1. Moreover, for all x, y € X, from the
monotone property of f, we have

a(x,y)2l=x>yorx=<y
— fexfyorfe<fy ()
= a(fx, fy) > 1.

Thus f is a-admissible. Now, if f is continuous, the existence
of a fixed point follows from Theorem 15. Suppose now that
(X, %,d) is regular. Let {x,} be a sequence in X such that
a(x,,%x,,;) = lforallmand x, — x € Xasn — oo.
From the regularity hypothesis, we have x,, < x for all n.
This implies from the definition of « that a(x,,x) > 1 for
all n. In this case, the existence of a fixed point follows from
Theorem 16. O

Corollary 24. Let (X, <) be a partially ordered set and let d be
a metric on X such that (X, d) is complete. Let f : X — X be
a nondecreasing mapping with respect to <. Suppose that there
exists a function k € (0, 1) such that

d(fx, fy) < kd(x,y), (36)

forall x,y € X with x > y. Suppose also that the following
conditions hold:

(i) there exists x, € X such that x, < fx;

(ii) f is continuous or (X, <,d) is regular.
Then f has a periodic point.

Proof. It is sufficient to take ¢(t) = kt, for all x, y € X, in the
corollary above, where k € [0, 1). O

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] A. Branciari, “A fixed point theorem of Banach-Caccioppoli
type on a class of generalized metric spaces,” Publicationes
Mathematicae Debrecen, vol. 57, no. 1-2, pp. 31-37, 2000.

[2] E. Karapiar, “Discussion on -y contractions on generalized
metric spaces,” Abstract and Applied Analysis, vol. 2014, Article
ID 962784, 7 pages, 2014.

[3] B. Samet, C. Vetro, and P. Vetro, “Fixed point theorems for
a-y-contractive type mappings,” Nonlinear Analysis: Theory,
Methods & Applications, vol. 75, no. 4, pp. 2154-2165, 2012.

[4] E. Karapinar, P. Kumam, and P. Salimi, “On «-y-Meir-Keeler
contractive mappings,” Fixed Point Theory and Applications, vol.
2013, article 94, 2013.

Abstract and Applied Analysis

[5] A. Azam and M. Arshad, “Kannan fixed point theorem on gen-
eralized metric spaces,” Journal of Nonlinear Sciences and Its
Applications, vol. 1, no. 1, pp. 45-48, 2008.

[6] M. A. Alghamdi, C.-M. Chen, and E. Karapinar, “The gener-
alized weaker (a-¢-¢)-contractive mappings and related fixed
point results in complete generalized metric spaces;,” Abstract
and Applied Analysis, vol. 2014, Article ID 985080, 10 pages,
2014.

[7] P. Das, “A fixed point theorem on a class of generalized metric

spaces,” Korean Journal of Mathematical Sciences, vol. 9, pp. 29—
33,2002.

[8] I. M. Erhan, E. Karapinar, and T. Sekulic, “Fixed points of (v, ¢)
contractions on rectangular metric spaces,” Fixed Point Theory
and Applications, vol. 2012, article 138, 2012.

[9] D. Mihet, “On Kannan fixed point principle in generalized
metric spaces,” Journal of Nonlinear Science and Its Applications,
vol. 2, no. 2, pp. 92-96, 2009.

[10] B. Samet, “A fixed point theorem in a generalized metric space
for mappings satisfying a contractive condition of integral type,”
International Journal of Mathematical Analysis, vol. 3, no. 25-28,
pp. 1265-1271, 2009.

[11] B. Samet, “Discussion on ‘a fixed point theorem of Banach-
Caccioppoli type on a class of generalized metric spaces;
Publicationes Mathematicae Debrecen, vol. 76, no. 3-4, pp. 493-
494, 2010.

[12] H. Lakzian and B. Samet, “Fixed points for (y,¢)-weakly
contractive mappings in generalized metric spaces,” Applied
Mathematics Letters, vol. 25, no. 5, pp. 902-906, 2012.

[13] M.S. Khan, M. Swaleh, and S. Sessa, “Fixed point theorems by
altering distances between the points,” Bulletin of the Australian
Mathematical Society, vol. 30, no. 1, pp. 1-9, 1984.

[14] A. Meir and E. Keeler, “A theorem on contraction mappings,”
Journal of Mathematical Analysis and Applications, vol. 28, pp.
326-329, 1969.

[15] A. A. Eldred and P. Veeramani, “Existence and convergence of
best proximity points,” Journal of Mathematical Analysis and
Applications, vol. 323, no. 2, pp. 1001-1006, 2006.

[16] M. de la Sen, “Linking contractive self-mappings and cyclic
Meir-Keeler contractions with Kannan self-mappings,” Fixed
Point Theory and Applications, vol. 2010, Article ID 572057, 23
pages, 2010.

[17] M. Jleli and B. Samet, “The Kannan’s fixed point theorem in a
cone rectangular metric space,” Journal of Nonlinear Science and
Its Applications, vol. 2, no. 3, pp. 161-167, 2009.

[18] W. A. Kirk and N. Shahzad, “Generalized metrics and Caristis
theorem,” Fixed Point Theory and Applications, vol. 2013, article
129, 2013.



