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Abstract. In this paper, establish a fixed point theorem for a weak contraction condition
(B) map on a complete metric spaces endowed with w- distance. Presented fixed point theorem
generalize some results existing in the literature.

1 Introduction and Preliminaries

The classical Banach’s contraction principle [2] is one of the most useful results in fixed point
theory. But suffer from one drawback the contractive condition forces to be continuous. In 1969,
Kannan [11] proved a fixed point theorem for a map satisfying a contractive condition that didn’t
require continuity at each point. This paper was a genesis for a multitude of fixed point papers
over the next three decades.

On the other hand, Berinde[4] introduced the concept of almost contraction and proved some
fixed point theorems for almost contractions in complete metric spaces. This concept by Berinde
in [3] was called weak contraction, but in [4], Berinde renamed it as almost contraction which
is appropriate. In [3], Berinde shows that any Banach, Kannan, Chatterjea and Zamfirescu map-
pings are weak contraction. The latter has been studied in some other papers [5, 6, 7] for the
case of both single valued and multi valued mappings.

Very recently, Babu et al.[1] considered the class of mappings that satisfy condition (B) and
proved the existence of fixed point theorem for such mappings on complete metric spaces. They
discussed in details about quasi-contraction, almost contraction and the class of mappings that
satisfy condition (B).

Branciari [8] established a fixed point result for an integral-type inequality, which is a gen-
eralization of Banach contraction principle. Vijayaraju et al. [12] obtained a general principle,
which made it possible to prove many fixed point theorems for pairs of integral type maps. In
1996, Kada et al.[10] introduced and studies the concept of w-distance on a metric space and
also give some examples of w-distances and improved Caristi’s fixed point theorem, Ekeland’s
e-variational’s principle, and the convex minimization theorem according to Takahashi.

The following definition is the concept of w-distance on metric space.

Definition 1.1. [10] Let X be a metric space endowed with a metric d. A functionp : X x X —
[0, 00) is called a w-distance on X if it satisfies the following properties:

(w1) p(z,z) < p(r,y) +p(y, 2) forany z,y, 2 € X;
(wy) p is lower semi-continuous in its second variable;

(w3) foreach e > 0, there exists a § > 0 such that p(z,z) < d and p(z,y) < ¢ imply d(z,y) < e.

Example 1.2. [10] Let (X, d) be a metric space. A function p : X x X — [0,00) defined by
p(z,y) = cforevery z,y € X is a w-distance on X, where c is a positive real number. But p is
not a metric since p(z, z) = ¢(> 0) for any z € X.

Lemma 1.3. [/0] Let (X, d) be a metric space and p be a w-distance on metric space X,

(i) if {zn} is a sequence in X such that lim,, p(x,, x) = lim, p(z,,y) = 0 then z = y,
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() if p(zn,yn) < an, p(xn,y) < Bn forany n € N, where {a,} and {8, } are sequences in
[0, 00) converging to 0, then {y,} converges to y,

(iii) let p be a w-distance on a metric space (X, d) and {x,,} be a sequence in X such that, for
each, for each € > 0, there exists an N, € N such that m > n > N, implies p(x,, T) < €
(or limy, », p(@n,xm) = 0), then {x,,} is a Cauchy sequence.

If p(a,b) = p(b,a) = 0 and p(a, a) < p(a,b) + p(b,a) = 0 and by (i) of Lemma 1.3, a = b.

Definition 1.4. Let (X, d) be a metric space. Amap 7T : X — X

(a) is called a weak contraction(or (4, L)-weak contraction) [3] if there exist a constant § €
(0,1) and L > 0 such that

d(Tx,Ty) < dd(z,y) + Ld(y,Tx), forallxz,y€e X (1.1)

(b) is called a almost contraction [4] if there exist a constant § € (0, 1) and L > 0 such that

d(Tx,Ty) < déd(z,y) + L d(z,Tz), forallz,ye X (1.2)

(¢) is called quasi-contraction[9] if there exists h € (0, 1) and for any x,y € X such that

d(Tz,Ty) < hmaz{d(z,y),d(z,Tx),d(y, Ty),d(z, Ty),d(y, Tz)} (1.3)

(d) is said to satisfy condition (B)[1] if there exists 0 < § < 1, L > 0 and for any =,y € X
such that

d(Tz, Ty) < éd(x,y) + Lmin{d(x, Tx),d(y, Ty),d(x, Ty),d(y, Tx)} (1.4)

Remark 1.5. [1] The following observations are very interesting
(z) inequality (1.1)
(i) inequality (1.1)

and (1.2) are independent,
and (1.3) are independent,
(i41) inequality (1.4) implies that (1.1) and (1.2), but its converse not true,

(iv) inequality (1.4) need not be continuous.

The aim of this paper is to establish a fixed point theorem defined on complete metric space
with w-distance and using contractive condition (B).

2 A fixed point theorem

Theorem 2.1. Let p be a w-distance on a complete metric space (X,d) such that p(z,z) =
0 Vz € X. Let T be a selfmap on X satisfying the condition if there exists a 6 € (0, 1) and some
L > 0 such that

p(Tx,Ty) < op(x,y) + Lmin{p(z, Tx), p(z, Ty),p(y, Ty), p(y, Tz)} (2.1)
Vr,y € X. Then T has a unique fixed point in X.

Proof. Let z( be any arbitrary point in X and define the sequence {z,} by z,+1 = Tx, for
each n > 0. It is easy to observe that, if z,,;; = z,, for some n, then z,, is a fixed point of 7.
Therefore, we assume that z,, | # x,, for each n. Now taking z = x,, and y = x,,_; in (2.1), we
obtain that

p($n+1,xn) = p(TxnaTxn—])
(5p(mn,$(:n,1) + L min{p(xn;Twn)ap(xn;Tmnfl)ap(xnflaTmnfl)ap(xnflvT:En)}

5p(xmxn—1) +L miﬂ{p(fn, xn+1)»p(xmxn)7p(xn—lvxn)7p(xn—lvxn+l)}
6p('r‘naxn—1) S e S 5np(3317$0)7

IN

IN
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letting n — oo, we get
p(Tnt1,Tn) = 0asn — oo. (2.2)

Similarly, it can be shown that p(z,,z,+1) =+ 0 as n — oco.

Now, we have to show that lim p(x,,z,,) =0.
n,m— 00

Suppose not. there is a e > 0 and two subsequences {my}, {nx} of {x,} such that
D(Tny, Ty, ) > €, where my, > ny. (2.3)
By (2.2) there exists kg € N such that nj > ko implies that

p(x”k7xnk+]) <€

If ny, > ko by (2.3), my, # ny41. We can assume that my, is a minimal index such that

p(xnkaxmk) Z € bUt p(xnkvxh) < €, h € {nk+17' o amkfl}'
We have
Ggp(xnkal'mk) S p(xnkvl'mk—O+p(1’mk—l»xmk)
< €+p(xmkflaxmk)a
letting £ — oo this implies that

lim p(zy,,Tm,) = €. (2.4)

k—o0

Now, we have to show that klim P(Tng+1, Timpt1) = €.
— 00

p($nk+1,$mk+1) S p(xmk—}—l;mnk) +p(xnkaxmk) +p(xﬂ'wmx’n’bk+1)~

Letting k — oo and using (2.2) and (2.4), then we obtain that

lim p(xnkJr]ax’rnkJrl) <e (25)
k— o0

Now, p(Zn,, Ty ) < P(Tnys Trpt1) + P(@ng 15 Tmpt1) + P(@mg 15 Ty, )

by using (2.2) and letting &k — oo, the get

€ < lm p(Tp, 11, Tmy+1)- (2.6)
k—o0
From (2.5) and (2.6), we have
lim p(xnk+lammk+1) = €. (28)
k—o0

Now, from (2.1), (2.2) and (2.4), we have

P(Tnpt1, Tmpr1) = DT Ty, TTm,)
< 6 p(wny, Tm,,) + Lmin{p(@n,, Tny 1), P(Tnys Tmpt1),
p(xmkammk+l)7p(xmkaxnk+l)}~
On taking limit as £ — oo, we obtain that ¢ < de < ¢, a contradiction. Thus

lim  p(x,, Tm) =0. (2.3)

n,Mm—00

By (iii) of Lemma 1.3, {x,} is a cauchy sequence and since X is complete, there exist a point
t € X such that x,, — t as n — oo.

Finally, we have to show that ¢ is fixed point of 7. By (2.8), for each ¢ > 0 there exists an
N, € N such that n > N, implies p(zn,z,) < €. But 2,, — t and p(z, .) is a lower continuous.
Thus
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p(zn,,t) < liminfp(zy,,x,) < e
n— 00 -

Therefore p(zn_,t) < e. Sete = %, N. = n; and we have

lim p(z,,,t) =0. (2.9)
k—o0

By the Definition 1.1, we can write

P(@n,, Tt) < p(Tny, Tny41) + p(Tng 1, TH).
Again by using the condition (2.1), we get
p(Tn,, Tt) < p(Tn,, Tn,+1) +p(TTp,, Tt)
< p(xnk;xnkJrl) + 6p(xnk?t) =+ Lmin{P(xnvaxnk)vp(xnwTt)»
p(t,Tt), p(t, Twn, )}
P( Ty s Tnpr1) + 0p(@ny, t) + Lmin{p(zp,, Tnys1), D(Tny, T'E),
p(t, Tt), p(t, Tn,11)}-
Letting £ — oo and by using (2.2) and (2.9), we obtain

lim p(z,,,Tt) =0. (2.10)

k—o0

Hence by Lemma 1.3 and (2.9), (2.10) we conclude that ¢t = T't.

Uniqueness: Let ¢ be fixed point of 7". Assume that r be another fixed point of 7. Now, we have
to show that ¢ = r. Suppose not, p(t,r) # 0.

Consider x =t and y = r in (2.1), then we get
0 <p(t,r) =p(Tt, Tr) < p(t,r) + L min{p(t,Tt),p(t,Tr),p(r,Tr),p(r,Tt)}
=4 p(t,r) <p(t,7),
a contradiction. Thus p(¢,r) = 0. Similarly, we get p(r,t) = 0.
Then by (i) of Lemma 1.3, we gett = r. O

Here we give a simple example illustrating Theorem 2.1.
Example 2.2. Let X = [0, 1] which is a complete metric space with usual metric d of reals.
Moreover, by defining p(x,y) = y, if x # y and p(x,y) = 0, if x = y, p is a w—distance on
(X,d) and T be a self map on X defined by Tz = §,Vaz € X. It is easy to verify that the
condition (2.1) holds with § = % and L = 1. We note that O is a fixed point of 7. And also
observe that p # d.

The following example shows that the condition p(z,z) = 0 is necessary in Theorem 2.1.

Example 2.3. Let X = [0, 1] which is a complete metric space with usual metric d of reals and
define p(z,y) = %,Vz,y € X, pis w— distance on (X, d). Let T be a self map on X defined by
Tx = 1,ifx = 0and Tz = 7, if x # 0. Then the condition (2.1) of Theorem 2.1 is satisfies
with for any § € (0,1) and L = 1, but p(z,x) # 0 for any = € X. Clearly, T possesses a no
fixed point in X.

Open problem: What further conditions are necessary, if p(xz,x) = 0 for all © € X is removed
in Theorem 2.1.

3 Some Applications
Denote by Q the set of functions v : Rt — R™ satisfying the following conditions:
a) v is a Lebesgue integrable mapping on each compact subset of R*,

b) for every € > 0, we have [ ~(s) ds > 0.
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Theorem 3.1. Let (X, d) be a complete metric space and let T : X — X be a self-mapping
satisfying the condition if there exists a ¢ € (0, 1) and some L > 0 such that

d(Tz,Ty) z,y) m(z,y)
/ ds<6/ ds+L/ &(s) ds
0 0

Jorall z,y € X, where v,& € Q. Then T has a unique fixed point.(where m(z,y)= second part
of RHS term in (2.1))

Proof. The function ¢ € [0, 00) j;) s) ds and the function ¢ € [0, 00) fo s) ds belongs
to Q. Now, in Theorem 2.1, set p = d.

Taking &(s) = 0 in Theorem 3.1. We obtain the following result.

Corollary 3.2. [8] Let (X, d) be a complete metric space and let T : X — X be a self-mapping
satisfying the condition if there exists a 6 € (0, 1) such that

d(Tw,Ty) z,y)
/ )ds < 5/
0

forall z,y € X, where v € Qand § € [0,1). Then T has a unique fixed point.

Taking v(s) = 1 in corollary 3.2, then we get the following.

Corollary 3.3. [2] Let (X, d) be a complete metric space and let T : X — X be a self-mapping
satisfying
d(Tz,Ty) < dd(z,y)

Sforall v,y € X, and there exists § € (0,1). Then T has a unique fixed point.
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