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Abstract

The purpose of this paper is to generalize and to unify common fixed theorems of Bennani et al. [S. Bennani,
H. Bourijal, S. Mhanna, D. El Moutawakil, J. Nonlinear Sci Appl., 8 (2015), 86-92] on dislocated metric
spaces. (©2015 All rights reserved.
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1. Introduction and Preliminaries

In 2000, Hitzler [7] introduced the concept of dislocated metric spaces as a generalization of metric spaces
and presented variants of Banach contraction principle in such spaces. Amini-Haradi [2] re-introduced the
dislocated space under the name of a metric-like space and proved some fixed theorems in this space. Very
recently, Bennani et al. [4] established two new common fixed point theorems for four self maps on dislocated
metric spaces, which improved the results of Panthi and Jha [9] without any continuity requirement.

In this paper, we establish a common fixed point theorem satisfying a contraction of Ciri¢ type in
dislocated metric spaces. Our result unifies and generalizes the two theorems of Bennani et al. [4]. As
further application, we give some common fixed theorems in 0-complete weak partial metric spaces.

Now, let us recall some basic concepts and facts about dislocated metric spaces.

Definition 1.1. [2| [7] A mapping d : X x X — [0,+00), where X is a nonempty set, is said to be a
dislocated metric (in short, a d-metric) on X if the following conditions hold:

(d1) d(z,y) = d(y, =),
(d2) if d(z,y) = d(y,z) = 0 then z =y,
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(d3) d(z,y) < d(x,z) +d(z,y),
for all z,y,z € X. The pair (X, d) is called a dislocated metric space (in short, a d-metric space).

It is clear that a d-metric space (X, d) satisfies all of the conditions of a metric except that d(z,z) may
be positive for x € X.

Definition 1.2. [7] Let (X, d) be a d-metric space. Then

(1) A sequence {z,} in X converges to x € X if and only if lim,,_,  d(z, z,) = 0.
(2) A sequence {z,} in X is called a Cauchy sequence if and only if d(zy,2m,) — 0 as m,n — +oo.
(3) The space (X,d) is said to be complete if every Cauchy sequence {z,,} in X converges.

Remark 1.3. [4] It can be verified that in d-metric spaces, the following statements hold.

(i) A subsequence of a Cauchy sequence is a Cauchy sequence.
(ii) A Cauchy sequence which possesses a convergent subsequence, converges.
(iii) Limits of a convergent sequence are unique.

(iv) A d-metric d is continuous, that is, {z,} converges to x and {y,} converges to y imply d(xn,yn) —
d(z,y) as n — 0.

Definition 1.4. Let A and S be self maps of a set X. If Ax = Sz for some z € X, then x is called a
coincidence point of A and S. The pair A, S of self maps is weakly compatible if they commute at their
coincidence points.

2. Main results
Now we can state our main results.

Theorem 2.1. Let (X,d) be a d-metric space and let A, B,T and S be four self maps on X such that
TX C AX and SX C BX. Suppose that there exists a real number A\ with A € [0, %), satisfying for all
z,y € X

d(Sz,Ty) < AM (z,y), (2.1)

where

M(z,y) = max{d(Az,Ty),d(By, Sz),d(Az, Sz),d(By, Ty), 2d(Az, By)}.
If the range of one of the mappings A, B, S and T is a complete subspace of X, then

(i) B and T have a coincidence point u,
(i) A and S have a coincidence point v, and

(i1i) Av = Sv = Bu=Tu.

Moreover, if the pairs {A, S} and {B,T} are weakly compatible, then A, B, S and T have a unique common
fized point y and d(y,y) = 0.

Proof. Let xg be an arbitrary point in X. Since SX C BX, there exists 1 € X such that Bx; = Sxg. Since
TX C AX, there exists o € X such that Azy = Txy. Continuing this process, we can construct sequences
{z,} and {y,} in X defined by

Yon = STop = Bxani1, Yont1 = TTont1 = Axopia, Vn € N (2.2)

We claim that {y,} is a Cauchy sequence in (X, d).
First we prove that for each n > 1,

d(yna yn+1) < 5d(yn—17 yn)a (23)
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where § = max{ 25, 2A}.

Using (2.1)), we obtain
d(Yon, Yon+1) = d(Szop, Txont1) < AM (22p, Tan41),
where

M (x2n, Tont1)

max{d(Azxan, Txon+t1), d(Bropi1, Sxon), d(Axon, Stay), d(Bxopi1, Tront1), 2d(Axay, Brani1)}
max{d(y2n—1,Y2n+1), A(Y2n, Y2n), d(Y2n—1, y2n), d(Y2n; Y2n+1), 2d(Y2n—1, Y2n) }
max{d(Y2n—1,Y2n+1); A(Y2n, Y2n—1) + d(Y2n—1,Y2n), A(Y2n—1, Y2n), d(Y2n, Y2n+1), 2d(Y2n—1, Y2n) }
= max{d(y2n—1, Y2n+1); 2d(Y2n—1,Y2n), d(Y2n: Y2n+1) }-

IN

Thus, we get the following three cases.
Case 1. If d(y2n, Y2n+1) < AMd(y2n—1, Y2n+1), then

A(Y2n, Yan+1) < Ad(Yan—1,Y2n) + Ad(Y2n, Y2n+1)-

From this , we deduce
A
d(yan, Yan+1) < ﬁd(y2n71>y2n) < 8d(yan—1,Yan)-

Case ii. If d(yan, yon+1) < A~ 2d(y2n—1, Y2n), then
d(Yon, Yon+1) < 2Md(yan—1,Y2n) < 0d(Y2n—1, Y2n)-

Case iii. If d(yon, Yon+1) < Ad(Y2n, Yon+1), then by A € [0, %) we have d(yan, Yon+1) = 0 < 0d(yon—1, Yon)-

So, we have shown that d(yon, yan+1) < 0d(y2n—1, yon) for all n > 1. By similar arguments we can deduce
that d(yon—1,v2n) < 0d(yan—2,yan—1) for all n > 1. Therefore, holds for each n. That is , for n > 1 we
have d(yn, Yn+1) < 0d(Yn—1,yn). From this, we see that for each n > 1

AYn Ynt1) < 0d(Yn—1,Yn) < 02d(Yn—2,Yn—1) < --- < 6"d(yo, y1)- (2.4)

By the triangle inequality, for m > n we obtain

d(yna ym) < d(yna yn+1) + d(ynJrl, yn+2) + -+ d(ymfla ym)
< (68 0™ Dd(yo, 1)
< 750, y1)- (2.5)

Notice that § = max{;25,2\} € [0,1) because A € [0, 3). From , it follows that {y,} is a Cauchy se-
quence. According to Remark (i), {Szaon}, {Brant1}, {Txan+1} and {Axg, 12} are also Cauchy sequence.

Now we can suppose, without loss of generality, that SX is a complete subspace of X. Then the sequence
{Sz3,} converges to some Sa such that a € X. By Remark [L.3[ii), we see that {y,}, {Bzont1}, {TT2n41}
and {Axg,42} converge to Sa. Since SX C BX, there exists u € X such that Sa = Bu. By the triangle
inequality, we obtain d(Bu, Bu) = d(Sa, Sa) < d(Sa,y,) + d(yn, Sa) = 2d(Sa,yy). Since d(Sa,y,) — 0, we
see d(Bu, Bu) = 0. We claim that d(Bu,Tu) = 0. Suppose, to the contrary, that d(Bu,Tu) > 0. By (d3)
and we get

d(Bu,Tu) < d(Bu, Sza,) + d(Szopn, Tu) < d(Bu, Sxay) + AM (z2y, u), (2.6)
where

M (zon,u) = max{d(Azxa,,Tu),d(Bu,Sxay,),d(Axan, Stoy),d(Bu, Tw), 2d(Azay,, Bu)}
= max{d(y2n—la Tu)a d(Bu, y2n)a d(an—la y2n)> d(Bua TU), 2d(y2n—17 Bu)}
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Letting n — oo in (2.6), by Remark [L.3|(iv) we deduce that
d(Bu,Tu) < d(Bu,Bu)+ Amax{d(Bu,Tu),d(Bu,Bu),d(Bu, Bu),d(Bu,Tu),2d(Bu, Bu)}
1
= Md(Bu,Tu) < §d(Bu,Tu),

which is a contradiction. Thus we obtain that d(Bu,Tu) = 0 and Bu = T'u, that is, u is a coincidence point
of B and T. So we proved (i).
Since TX C AX, there exists v € X such that Tu = Av. We show that Sv = Av. Indeed, using
and d(Bu, Bu)=0, we have
d(Sv, Av) = d(Sv,Tu) < AM (v, u),

where
M(v,u) = max{d(Av,Tu),d(Bu,Sv),d(Av, Sv),d(Bu,Tu),2d(Av, Bu)}
= max{d(Bu, Bu),d(Av, Sv),d(Av, Sv),d(Bu, Bu), 2d(Bu, Bu)}
= d(Av, Sv).

From this and A € [0, 1), we see that d(Sv, Av) = 0 and Sv = Av. Thus, v is a coincidence point of S and
A. So we proved (ii). Since Bu = Tu, Tu = Av and Av = Sv, we see that (iii) holds.
Now, we assume that the pairs {4, S} and {B,T'} are weakly compatible. Then

AAv = ASv = SAv=SSv, BBu=BTu=TBu=TTu.
Let y = Bu = Tu = Av = Sv. We show that y is a fixed point of 7. From (2.1 and d(y,y) = 0, we obtain
d(y, Ty) = d(Sv,Ty) < AM(v,y),

Where
M(v,y) = max{d(Av,Ty),d(By,Sv),d(Av,Sv),d(By,Ty),2d(Av, By)}
= max{d(y, Ty),d(Ty,y), d(y,y),d(Ty, Ty),2d(y, Ty)}
= 2d(y, Ty).
Since 2\ € [0, 1), we have d(y,T'y) = 0, which implies Ty = y, that is, y is a fixed point of T". It follows that

By = BBu =TTu =Ty =y, which implies that y is a fixed point of B.
On the other hand, by (2.1]) we get

d(Sy,y) = d(Sy,Ty) < XM (y,y),

Where
M(y,y) = max{d(Ay,Ty),d(By,Sy),d(Ay, Sy),d(By,Ty),2d(Ay, By)}
= max{d(Sy,y),d(y, Sy),d(Sy, Sy),d(y,y),2d(Sy,y)}
= 2d(Sy,y).
Since 2\ € [0,1), we see d(Sy,y) = 0, which implies Sy = y, that is, y is a fixed point of S. It follows that
Ay = ASv = SAv = Sy = y, which implies that y is also a fixed point of A. Hence, we have shown that y
is a common fixed point of S, T, A and B and d(y,y) = d(y, Ty) = 0.

Finally to prove the uniqueness, suppose that there exists u,v € X such that Su=Tu = Au= Bu=u
and Sv =Tv = Av = Bv = v. By (2.1), we get

d(u,v) = d(Su,Tv) < M(u,v),
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where
M(u,v) = max{d(Au,Tv),d(Bv,Su), D(Au,Su),d(Bv,Tv),2d(Au, Bv)}
= max{d(u,v),d(v,u),d(u,u),d(v,v),2d(u,v)}
= 2d(u,v).
Since 2X € [0, 1), it follows that d(u,v) =0 and u = v. O

From Theorem [2.1] we obtain the following corollary, which unifies the two theorems of Bennani [4].

Corollary 2.2. Let (X,d) be a d-metric space and let A, B, T and S be four self maps on X such that
TX C AX and SX C BX. Suppose that there exist real numbers «, 5,y with o, 3,7 > 0 and 2a+25—|—% < %,
satisfying for all x,y € X

d(Sz,Ty) < a(d(Ax,Ty) + d(By, Sz)) + B(d(Az, Sz)) + d(By,Ty)) + vd(Ax, By). (2.7)

If the range of one of the mappings A, B, S and T is a complete subspace of X, then

(i) A and S have a coincidence point , and
(ii) B and T have a coincidence point.

Moreover, if the pairs {A,S} and {B,T} are weakly compatible, then A, B,S and T have a unique common
fized point y and d(y,y) = 0.

Proof. Let A = 2o+ 23+ 3. Since o, 8,7 > 0 and 200 +28 + 3 < %, we have A € [0, %) Using 1) for all
z,y € X we see

d(Sz,Ty) < «(d(Az,Ty) + d(By, Sx)) + B(d(Ax, Sz)) + d(By, Ty)) + vd(Ax, By)
< (204284 2)M(@,y)

= AM(z,y)
where M (z,y) = max{d(Az,Ty),d(By, Sx),d(Ax,Sx),d(By,Ty),2d(Az, By)}. From Theorem the
conclusion follows immediately. O

Remark 2.3. Let o, 8,y > 0. f a+ 8+v< %, then

vl 11 1.1

20 +28+ 1 == Lol oL

at+28+5 =cllat+B+)+3a+h <5 (;+3 7)) =3
va>0andoz+ﬁ+7§i,thena+5<iand

v 1 1 1.1

20 +28+ 2 == 3 (- 43-0)=-.

at28+5=sllarBbry)+3a+p<g-(+3-7)=3

Consequently, Corollary [2.2| unifies the two theorems of Bennani et al. [4].
Using the same arguments as in Corollary we obtain the following result.

Corollary 2.4. Let (X, d) be a d-metric space and let A, B, T and S be four self maps on X such that TX C
AX and SX C BX. Suppose that there exist real numbers aq, ag, a3, oy and as with aq, oo, ag, oy, a5 > 0
and o1 + g + a3 + ag + % < L, satisfying for all z,y € X

d(Sz,Ty) < and(Az, Ty) + azd(By, Sz) + asd(Ax, Sx) + cud(By, Ty) + asd(Azx, By).

If the range of one of the mappings A, B, S and T is a complete subspace of X, then

(i) A and S have a coincidence point , and
(ii) B and T have a coincidence point.
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Moreover, if the pairs {A, S} and {B,T} are weakly compatible, then A, B, S and T have a unique common
fized point y and d(y,y) = 0.

Putting A = B and S = T in Theorem [2.1] we obtain the following corollary.

Corollary 2.5. Let (X,d) be a d-metric space and let A and T be two self maps on X such that TX C AX.
Suppose that there exists a real number \ with A € [0, %), satisfying for all x,y € X

d(Tz, Ty) < AM(z,y),
where
M (z,y) = max{d(Ax, Ty),d(Ay, Tx), d(Az, Tz),d(Ay, Ty), 2d(Az, Ay) }.

If AX or TX is a complete subspace of X, then A and T have a coincidence point in X. Moreover, if the
pair {A, T} is weakly compatible, then A and T have a unique common fized point y in X and d(y,y) = 0.

Putting A = B = Ix in Theorem where Iy is the identity mapping on X, we obtain the following
corollary.

Corollary 2.6. Let (X, d) be a d-metric space and let T and S be two self maps on X. Suppose that there
exists a real number A with A € [0, %), satisfying for all x,y € X

d(Sz,Ty) < AM(z,y),
where
M (z,y) = max{d(z, Ty), d(y, Sx), d(z, Sx),d(y, Ty), 2d(z, y)}.
Then S and T have a unique common fized point y in X and d(y,y) = 0.

Putting S = T = Ix in Theorem where Iy is the identity mapping on X, we obtain the following
corollary.

Corollary 2.7. Let (X,d) be a complete d-metric space and let A and B be two surjective self maps on X.
Suppose that there exists a real number A with A € [0, %), satisfying for all x,y € X

d(a:,y) < AM(ZL’,y),

where
M (x,y) = max{d(Az,y),d(By, z),d(Az,x),d(By,y), 2d(Az, By)}.

Then A and B have a unique common fized point y in X and d(y,y) = 0.

3. Application to weak partial metric spaces

In 1992, Matthews [8] introduced the notion of partial metric space as a part of the study of denotational
semantics of dataflow networks. Further, Matthews showed that the Banach Contraction principle is valid
in partial metric spaces and can be applied in program verification. After that, many authors studied and
generalized the results of Matthews (see, for example, [I], 3, [5 [6]).

First, let us shortly recall some definitions and facts about weak partial metric spaces. For more details,
we can refer to [I], ].

Definition 3.1. Let p : X x X — [0,+00) be a function where X is nonempty set. If the function p
satisfies the following conditions for all x,y,z € X:

(pml) z =y if and only if p(z, ) = p(y,y) = p(z,y),

(pm2) p(z,z) < p(,y),
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(pm3) p(z,y) = p(y, z),
(pm4) p(z,y) < p(z,2) +p(2,y) — p(2, 2),
then p is called a partial metric on X and the pair (X, p) is called a partial metric space. If the function p

satisfies (pml), (pm3) and (pm4), then p is called a weak partial metric on X and the pair (X, p) is called
a weak partial metric space.

It is clear that the partial metric space is a weak partial metric space, but the converse may not be true;
see [0, Example 12].

Definition 3.2. [I], 6] Let (X, p) be a weak partial metric space. Then:

(i) a sequence {z,} in X converges to z € X if and only if p(zn,x) — p(z,z) as n — oo;
(ii) a sequence {z,} in X is called a Cauchy sequence if and only if lim, n—00 pP(@n, Tm) exists (and are
finite);
(iii) a sequence {x,} in X is called a 0-Cauchy sequence if and only if p(zy, ) — 0 as m,n — oo;
(iv) the space (X, p) is said to be complete if every Cauchy sequence {z,} in X converges;

(v) the space (X,p) is said to be 0-complete if every 0-Cauchy sequence {x,} in X converges to a point
x € X such that p(x,z) = 0.

It is not hard to see that if (X, p) be a O-complete weak partial metric space, then (X, p) is a complete
dislocated metric space. Consequently, using Theorem we obtain the following result.

Corollary 3.3. Let (X, p) be a weak partial metric space and let A, B, T and S be four self maps on X such
that TX C AX and SX C BX. Suppose that there exists a real number A with A € [0, %), satisfying for all
z,y € X

p(Sz,Ty) < AM(z,y),

where
M (z,y) = max{p(Az,Ty), p(By, Sx),p(Ax, Sz),p(By, Ty), 2p(Az, By)}.

If the range of one of the mappings A, B, S and T is a complete subspace of X, then

(i) A and S have a coincidence point, and
(ii) B and T have a coincidence point.

Moreover, if the pairs {A, S} and {B, T} are weakly compatible, then A, B,S and T have a unique common
fized point.
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