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ABSTRACT

The aim of this paper is to prove a fixed point theorem using C'-
class function and ¢, 7 altering distance functions in partial metric
spaces.
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1. INTRODUCTION AND MATHEMATICAL
PRELIMINARIES

The concept of partial metric spaces were introduced by Matthews
in [10] as a part of the study of denotational semantics of data flow
networks. These spaces are generalizations of usual metric spaces
where the self distance for any point need not be equal to zero.
Let X be non-empty set and p : X x X — [0, 00) be a function
such that for all z,y, z € X:

() z =y« p(z,7) = p(x,y) = p(y,y), (To-separation axiom)
(i) p(z,z) < p(z,y),
(iii) p(z,y) = p(y, z), (Symmetry)
i) p(z,y) < p(z,2) + p(z,y) — p(z, z) (Modified Triangular
Inequality)

A partial metric space (for Short PMS) is a pair (X, p) such that X
is a non-empty set and p is a partial metric on X. It is clear that if
p(z,y) =0, then z = y. Butif z = y, p(z,y) may not be 0.

THEOREM 1.1 [10]. Ler (X, p) be a complete partial metric
space and let T' : X — X be a contraction mapping, that is there
exists X € [0, 1) such that p(T'z, Ty) < Ap(z,y), forallz,y € X.
Then T has a unique filed point z € X. Moreover, p(z,z) = 0.

Later on, Abdelijawad [[1]], Acar [2], [3], Altun [4]], Karapinar and
Erhan [14], Oltar and Valero [15] gave some generalizations of the
result of Matthews.

THEOREM 1.2. Let (X,p) be a complete partial metric
space and let T X — X be a map such that
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p(Tz, Ty) < o(M(z,y), for all z,y € X where M(z,y) =

max{p(z,y), p(z,Tx), p(y, Ty), 1/2[p(z, Ty) + p(y, Tx)]} and

p satisfies one of the following:

(i) ¢ : (0,00) — (0,00) is an upper semicontinuous from the
right such that o(t) < t forallt > 0[17].

(i) ¢ : (0,00) = (0,00) is a non decreasing function such that
pn(t) = 0asn — oo forallt > 0[18].

Then T has a unique fixed point z € X. Moreover, p(z,z) = 0.

On the other hand, Dukic et al. [19] proved the following nice
fixed point theorem. Before, we introduce the set S of function
B :1]0,00) — [0, 1) satisfying 3(t,,) — 1 implies ¢,, — O.

THEOREM 1.3. Ler (X, p) be a complete partial metric space
andletT : X — X be a self-map. Suppose that there exists § € S
such that

p(Tz,Ty) < B(p(z,y))p(z, y)

holds for all x,y € X. Then T has a unique fixed point z € X and
for each x € X, the Picard sequence {T™x} converges to z when
n — oo.

THEOREM 1.4 [2]]. Let (X, p) be a complete partial metric
space and let T : X — X be a self-map. Suppose that there exist
B € S such that

p(Tz, Ty) < B(M(z,y))
hold for all x,y € X, where
M(z,y) = max{p(z,y), p(z, Tx), p(y, Ty),
1/2[p(x, Ty) + p(y, Tx)]}-
Then T has a unique fixed point z € X.

In 2014 the concept of C-class functions (see Definition 1) was
introduced by A.H. Ansari in [7] that is pivotal result in fixed point
theory, for example see number (1), (2) from Example 2.

DEFINITION 1 [20]]. A mapping f : [0,00)? — R is called
C-class function if it is continuous and satisfies following axioms:
M f(s,t) < s:

(2) f(s,t) = s implies that either s = 0 ort = 0; for all s,t €
[0, 00).

Note for some f we have that f(0,0) = 0.



We denote C-class functions as C'.

EXAMPLE 2 [20]. The following functions F : [0,00)®> — R
are elements of C, for all s,t € [0, 00):
(1) F(s,t)=s—t F(s,t) =s=1t=0.
2) F(s,t)=ms,0<m<1, F(s,t)=s=s=0;
3) F(s,t) = s(1+t)r; r € (0,00), F(s,t) =s=s=0or
t .

>

4) F(s,t) =log(t+a®)/(1+t),a>1 F(s,t) =s=s=0
ort=0;

(B5) F(s,t)=In(1+a%)/2,a>e F(s,t) =s=s=0;
DEFINITION 3 [21]]. A function 1 : [0, 00) — [0, 00) is called

an altering distance function if the following properties are satis-
fied:

(i) ) is non-decreasing and continuous,
(ii) ¥(t) = 0if and only if t = 0.

DEFINITION 4. A function ¢ : R — R is called total altering
distance function if the following properties are satisfied:

(1) ¥ is non-decreasing and continuous,
(ii) ¢ (t) = 0ifand only if t = 0.

REMARK 5. We denote 1 inf set total altering distance func-
tions.

DEFINITION 6. An ultra altering distance function is a con-
tinuous, nondecreasing mapping ¢ : [0,00) — [0,00) such that
¢(t) > 0,t > 0and $(0) = 0.

REMARK 7. We denote wu set ultra altering distance functions.

DEFINITION 8. A tripled (3, ¢, F) where ) € U, ¢ € ®,, and
F € C is say to be monotone if for any x,y € [0, c0)

<y = F(),é(x) < FPy), ¢(y))
EXAMPLE 9. Let F'(s,t) = s—t, o(z) = /x

)z if0<2 <1,
v(z) = {m2 ifr>1
then (¢, @, F') is monotone.

2

EXAMPLE 10. Let F(s,t) =s—t, p(x) =z

_Jx if0<z <1,
V(@) = {azQ ifr>1
then (¢, @, F) is not monotone.

LEMMA 11 [22]. If {z™} with lim d(x,, Tny1) = 0 is not
n—00
a Cauchy sequence in (X,p), and two sequences {m(k)} and
{n(k)} of positive integers such that n(k) > m(k) > k, then
the following four sequences
p(xm(k)axn(k)+1)7 p(xm(k)yxn(k))a
p(xm(k)flvxn(k)+1)7 p(xm(k)flaxn(k))

tend to € > 0, when k — oo.
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2. MAIN RESULT

THEOREM 2.1. (X, p) be a complete partial metric space and
let f : X — X be a self-map. Suppose that there exist F' € C' such
that

Y(p(fo, fy) < F((M(x,y)), po(M(z,y))) )

holds for all x,y € X, where ¥ € Wiy, p € ©, F' € C, such that
(¥, , F) is monotone and

ol £,)+ (. m]}
2)

N | —

M(x,y):max{p(x,y>,p<m, ). ps £2),

Then f has a unique fixed point z € X.

PROOF. Suppose x is an arbitrary point of X and define the
sequence {z"} in X such that

Tn = fa, 4 = ["(xo) foreveryn e N.

If x, = x,, 41 for some n € N, then z,, is a fixed point of f and
the existence part of the proof is finished. Suppose that z,, # ;41
foreveryn € N.

Then by (I), we have

1/1(P(90m JL'n-',-l)) = 1/J(P(f.zn,1 ) an))
< F(dJ(M(xn*l’ xn)v W(M(mn*h In))
on the other hand, since

o @nrs for) + P fo )

[\]

1
5[0(%—1’ Tpy1) + P(Tn, Tn)]
1

IN
N

[p(xnflv xn) + p(xnv ‘rn+1)}

IA

maX{p(a:n,h xn)7 p(mnv xn+1)}
p(mn—l, xn)

Then
M(-Tnfl ) mn)

= max {p(mn—h xn)a p(xn—h fzn,l )7 p(xna fzn)7
§UP@nsfo) o o1}
= max {p(:pn—l: ‘rn): p(xn—ly zn): p(x'ru xn+1)7
Bl 1) + o)}
= p(xnflwrn)-
So,
V(Pp(Tns Tni1)) < F(p(Tn-1,70)), p(p(Tn-1,74)))

< d)(p(mnflvxn))
= p(-rnyx'nn‘fl) S P(xn—hﬂ?n)- (3)

thus {p(zn,Zn+1)} is a non-increasing sequence of non-negative
real numbers. Hence lim p(z,,z,41) = v > 0 for certain v €
n—o0

[0, 00).



Now, we will prove that v = 0. In the contrary case, from (3) with
letting n — oo

P(r) = F((r), o(r))

So, ¥(r) = 0, or p(r) = 0. Consequently, r = 0.
This contradicts that » = 0.
Therefore, lim p(x,,, pt1) = 0.

n—o0

Now, we show that {z"} is a Cauchy sequence in X i.e.
We prove that lim  p(xy,, z,,) = 0.
n,m—00

In the contrary, we suppose that the sequence {z"} is not a Cauchy
sequence in (X, p), then sequences in Lemma 11 tend to & > 0,
when k — oo.

So we can see that

Jlim M(Zm(ky, Tnk)) = €.

So from ()

w(p(xm(k) ) xn(k))) = d)(p(fzm(k),l ) fzn(k),l ))
< F((M (2 (k)-15 Tn(k)-1)),
(M (T (k)15 Tn()-1)))

with letting k — oo,

¥(e) < F(Y(e), ¢(e))

So, () =0, 0or p(g) = 0.
Consequently, € = 0, this contradicts our assumption that

lim p(zn,x,) =€ > 0.
n,m—o0
Therefore,

lim p(zp, Tm) = 0.
n,m—00

This means that {z"} is a Cauchy sequence in a complete partial
metric space (X, p) and consequently, there exists z € X such that

0= lim p(zn,2m)= lim p(z,,2) = p(z,2).
n,Mm—00 n—00

Now, we will prove that z is a fixed point of f. For this assume

p(z, f2) > 0.
Then, we have

p(Z, fz) < p('Z?f-'En) +p(ffEn7fZ) _p(ffvnaf2n)7

This implies that

w(P(Z, fz) - p(Z7 fln) + p(fzn7 f:vn))
< P(p(fan, £2))
< F(p(M(zn, 2)), p(M(2n, 2)))
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where

M(an, ) = max {p(xn, 20, P for ), P2 £2),

p(en £.) + p(z,fzn)]}

N =

~ max {pm, 2. Pl Tnin) ol £2),

p(en, 1) + 0z, mnm]}

|~

— max {p(z, 2),0(2,2),

oz 10, (ol 1) + oz, z)]/Q}
= p(z, fz)

And so with letting n — oo

Y(p(z, f2)) < F(p(2, f2)), ¢(p(2, f2)))
So, ¥(p(z, f=)) = 0, or p(p(z, f.)) = 0.

Consequently, p(z, f.) = 0, this contradicts the inequality
p(z, f.) > 0,sothat p(z, f,) = 0. Thus z = f,.
Suppose that z and w are fixed points of f then, if z # w, we have

by (1)

P(p(z,w)) = b(p(fz, fw))
< F(Y(M(z,w)), p(M(z,w)))

where
M(z,w) = max {p(z, w), p(z, f2), p(w, fw),
1
§l0Ge f0) + o, 1)1
= max { (e 0) . 2) o ),
$loG0) + ol )1}
= p(sz)'
Thus

P(p(z,w)) < F((p(z,w)), w(p(z,w)))

So, ¥(p(z,w)) = 0, or (p(z,w)) = 0.
Consequently, p(z,w) = 0, a contradiction.
This proves the uniqueness of the fixed point of f. O

3. EXAMPLE

Let X = [0,1] and p(z,y) = max{z, y}. Then (X, p) is a com-
plete partial metric space.
Let F(s,t) =m.5,0<m <1

d’(w) = \/Ea T € [07 1]

Y(x) =z, x€][0,1]
f@)=%, @l

Clearly, F'is a C-class function.
(¢, ¢, F') is a monotone function.



All the conditions of Theorem 2.1 are satisfied. ‘0’ is the unique
fixed point of f.
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