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1. Introduction

In 1922, the notion of fixed point theorem was introduced by Banach [3]] which plays a significant
role to figure out many complications in mathematical study such as variational inequalities,
hypothesis of presence of solutions of nonlinear differential, functional and integral equations
etc. This principle was amplified and progressed in numerous ways and different fixed point
results were obtained.

The concept of altering distance function was established by Khan et al. [12]] in 1984, for self
mapping on a metric space. In research of fixed point theory Guttia and Kumssa [9] generalized
the notion of altering distance function where they called them control function. Pupa and
Mocanu [16] introduced altering distance and common fixed points under implicit relations.
Using control function many authors extended the Banach Contraction Principle.
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Gabhler [8] in 1960, presented the idea of 2-metric, simply taking as motivation the area
determined by three points. After that more attention were devoted in the generalization
of 2-metric spaces, D*-metric spaces, D-metric spaces etc. Mustafa and Sims [14] in 2003,
declared that some results in D-metric spaces were not correct. In 2006 Mustafa and Sims also
established the concept of a G-metric space by altering axioms of D-metric. Sedghi et al. [19]]
introduced the concept of S-metric and emphasize that S-metric space is a generalization of
G-metric space. Further, Dung et al. [7] appeared that this assertion was inaccurate. However,
S-metric space and G-metric space are independent of each other.

2. Preliminaries

We start by reviewing a few fundamental definitions and come about for S-metric spaces that
will be required within the sequel.

Definition 2.1 ([19]). Let X be a non-empty set. An S-metric on X is a mapping S: X x X xX —
R* which satisfies the following condition:

(S1) S(u,v,w)=0ifand only if u =v =w =0;
(S9) S(u,v,w)<=Sw,u,a)+Sw,v,a)+Sw,w,a), for all u,v,w,a € X.

The pair (X,S) is called an S-metric space.

Example 2.2 ([19]]). Let X = R. Then S(u,v,w) is an S-metric on R given by S(u,v,w) =
|lu —w| + |v —w|, which is known as usual S-metric space on X.

Lemma 2.3 ([19]). If (X,S) is an S-metric space on a non-empty set X, then (X,S) satisfy the
symmetric condition, that is S(u,u,v) =S(,v,u), forall u,ve X.

Definition 2.4 ([8]]). A sequence {u,} in (X,S) is said to be convergent to some point u € X, if

S(u,,u,,u)—0as n— oo.

Definition 2.5 ([11]). A sequence {u,} in (X,S) is said to be Cauchy sequence if S(u,,u,,u,) —
0 as n,m — oo.

Definition 2.6 ([11]). An S-metric space (X, S) is said to be complete if every Cauchy sequence
in X is convergent in X.

Lemma 2.7 ([18]). Let (X,S) be an S-metric space. If u, — u and v,, — v then S(u,,u,,v,) —
S(u,u,v).

Lemma 2.8 ([19]). Let (X,S) be an S-metric space and {u,} is a convergent sequence in X. Then

lim u, is unique.
n—.oo

Lemma 2.9 ([19]). If {u,} is a sequence of elements from S-metric space (X,S) satisfying the
following property S(un,un,un+1) <ASWp-1,Un-1,Uy), for each A €1[0,1) where n €N, then {u,}
is a Cauchy sequence.
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Definition 2.10 ([12]). A function « : R* — R" is called an altering distance function if the

following property is satisfied:

(x1) x(0)=0,

(x2) x is monotonically non-decreasing function,
(x3) « is a continuous function.

By K we denote the set of all altering distance functions.

Definition 2.11 ([12]). Let 6 : R* — R* be a function satisfying the following conditions:
(61) 0 is Lebesgue integrable function on each compact subset of R*.
(682) 6 is nonnegative.
(03) [y 0()dt >0, for each u > 0.

We denote the set of all functions satisfying the conditions of Definition [2.11] by Q.

We obtain a function x € K by using a mapping 0 € 2, which can be shown in the following
lemma:

Lemma 2.12 ([15], [1]). Let 0 € Q. Define k¢ :R™ — R* by

p
K()(p):f 0(t)dt, forall teR".
0
Then kg e K.

Lemma 2.13 ([9], [6]). Let (X,S) be an S-metric space. If {u,} is not a Cauchy sequence in X
then prove the following:

(i) clirgoS(um(c), Um(c)s Un(e)) = &
(i) im S@m(ey+1, Um(e)+1,Un(e) = &
(i) lim S@m(e)-1,Um(e)-1, Un(e)-1) = &,
(v) lim S(m(e) Um(e), Un(e)+1) =&,
(v) Him S(@m(cy+1, Umer+15Un(e)+1) = &
(vi) cli_glos(um(c)+17 Um(c)+15 Un(c)+2) = €
In next section, we begin with the generalization of fixed point results via altering distance
function in S-metric space which was proved by Rakotch [[17]. Furthermore, we prove some
fixed point theorems in S-metric space which are extension of results provided by Das and

Gupta [4] as well as results given by Kumar et al. [[13]. Also, we will use the P property initiated
by Jeong and Rhoades in [[10] on some contractive conditions.

3. Main Results

Theorem 3.1. Let x € K and (X,S) be a complete S-metric space. If T be a self mapping on X
satisfying the condition:

x(S(Tu,Tu,Tv)) < Ax(S(u,u,v)), (3.1)
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for some 0 < A<1andall u,veX. Then we X is a unique fixed point of T such that for each
ueX, lim T"u =w.
n—.oo

Proof. Let uye X be any arbitrary point. We define a sequence {u,} as u,+1 =Tu, = T"uy, for
all n = 1. It follows from (3.1) that

K(SWn,un,Uni1) S AKS W1, Un_1,Un)). (3.2)

Since x is non decreasing function and A € (0,1), then {S(u,,u,,ur+1)}, 1S a non-increasing
sequence, thus there exists some r = 0 such that hm S(un, Up,Uni1)=T.

Now, we show that r = 0. Suppose that r > 0, then by taking limit » — oo in and we
conclude that

0<x(r)< lim supx(S(un,un,up+1)) < lim sup[Ax(S(u,—1,Un—1,un))] <x(r),
n—o00 n—00
which is contradiction. Thus r =0, that is
lim S(u,,u,,u,+1)=0. (8.3)
n—oo
Now, we prove that {u,} is a Cauchy sequence in X. If {u,} is not Cauchy, then for any
e > 0, there exists integers m(c) and n(c) where ¢ > 0 with m(c) > n(c) > ¢ such that

S(um(c), Um(c)» un(c)+1) > ¢ and S(um(c)—la Um(c)-1» un(c)) <Ee.
Thus, from Lemma [2.13} we have

&= 1im S(um(e) Um(e), Un(e)+1) = M SWim(e)+1, Umey+15 Un(e)+2); (3.4)
therefore, from and we deduce that

K(S(Urm(e)+1> Um(e)+15 Un(e)+2)) = AK(S (@m(c), Um(e)s Un(e)+1))-
Taking limit ¢ — oo and using and we conclude that

0<x(e)= Cllrrololsup K(S @ m(c)> Um(c), Un(e)+1)) < K(€),

which is contradiction. Thus, sequence {u,} is a Cauchy sequence. As (X,S) is complete then
there exists w € X such that hm T'u =w.
Now, we are going to prove that Tw = w. By using inequalities (3.1) we have

0 = K(S(un+19 Un+1, TlU)) = AK(S(uny un,w)) < K(S(urh Un, IU)),

where x(S(u,,u,,w))— 0 as n— oo. Thatis, lim x(S(u,41,un+1, Tw))=0
n—o0
Since « € K we have that r}im S(un+1,Un+1, Tw) = 0. Consequently,
—00

Sw,w,Tw)<2S(w,w,uns1)+SWnpsi1,Uns1, Tw)—0, asn— oo,

which means that Tw = w.
At last, we claim that 7" has a unique fixed point. If not so then there exists another fixed point
w’ € X such that

0<x(Sw',w',w))=x(S(Tw', Tw', Tw)) < Ax(SW',w',w)) <x(Sw',w',w)),

which is contradiction. Thus, we have w = w’ and hence T has a unique fixed point. O
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Theorem 3.2. Let T be a self mapping on a complete S-metric space (X,S) that satisfies the
following condition:

xk(S(Tu,Tu,Tv)) <{(S(u,u,v))x(S(u,u,v)), (3.5)
where x € K and ( :R* —[0,1) with
lilr%sup{(x) <1, forallt>O0. (3.6)

Then w € X is a unique fixed point of T such that for each u€ X, lim T"u = w.
n—00

Proof. Let ug € X be any arbitrary point. We define the recurrence relation as u,.1 =Tu, =
T"ug. It follows from (3.5) and (3.6) that

K(S(un, Unp,Unt1)) < ((S(un—l, Un-1, un))K(S(un—la Up-1,Upn)) < K(S(un—la Un—1,Un)). (3.7

Since x is an increasing function, then {S(u,,u,,u,+1)}, 1S a non-increasing sequence, thus
there exists some r = 0 such that lim S(u,,u,,u,.1)=r.

n—oo
Now, we show that r = 0. If » > 0, then taking limit n» — oo in (3.7) and using (3.6) we obtain

0=x(r)= lim supx(S(un,un,n+1))
= lim supl¢(S(up-1,un-1,unIx(S(Un-1,un-1,un))l
< Y}Lrgosup((S(un—l,un—l,un))girglosupK(S(un—l,un—1,un))
< 3161_1”1} sup {(x)x(r) < x(r).
Thus, we get contradiction which implies that r = 0, that is
JLIgOS(un,un,un+1) =0.
Now, we prove that {u,} is a Cauchy sequence in X. If {u,} is not Cauchy, then for any

€ > 0, there exists integers m(c) and n(c) where ¢ > 0 with m(c) > n(c) > ¢ such that
SWmce)s Umie)s Un(e)+1) = € and S(Um(c)-1, Um(c)-1,Un(c)) < €. Thus, from Lemma we have

€= Cliglos(um(c): Um(c)> Un(e)+1) = cli_glos(um(c)ﬂ, Um(e)+1> Un(c)+2)- (3.8)
Therefore, from and we deduce that

K(S(@m(e)+1, Um(e)+1> Un(e)+2)) = (S Wm(c), Umi(e) Un(e)+1IKS @m(e), Um(e), Un(c)+1))

<K(SWm(c), Um(c), Un(c)+1))- 3.9

Taking limit ¢ — oo in and using and we obtain

0 =x(e) = lim supk(S(Um(c)+1,Umc)+15 Un(c)+2))

< lim sup{(S(Um(e) Um(e) Un(e)+1)) I K(SUm(c), Umic) Un(e)+1)) < K(€),

which is contradiction. Thus, {u,} is a Cauchy sequence. Also, as (X,S) is complete therefore

there exists w € X such that r}im T'u =w.
—00

Now, we are going to prove that Tw = w.
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By using inequalities (3.5) and (3.6) we get
0=x(SWn+1,Un+1, Tw)) < {(S(Un, Un, wWNK(S(Up, Un,w)) <K(S(Up,Upn,w)),
where x(S(u,,u,,w)) — 0 as n — co.

That is,

lim x(S(ups1,Une1, Tw)) =0.
n—.oo

Since x € K, we have that r}im S(un+1,Un+1, Tw) = 0. Consequently,
—00

Sw,w,Tw)<2S(w,w,uni1)+SWnpi1,Uni1, Tw)—0, asn— oo,

which means that Tw = w.
Now, we claim that T has a unique fixed point.
Let us assume that T has another fixed point w’ € X then,
0=<x(Sw',w',w)=xS(Tw', Tw', Tw))
<{Sw',w',wHK(Sw',w',w))
<k(Sw',w',w)),

which is contradiction.
That is, w = w’ and hence T has a unique fixed point. O

Corollary 3.3. Let T : X — X be a mapping on a complete S-metric space (X,S) which satisfying
the following inequality

x(S(u,u,v))

x(S(Tu,Tu,Tv))
f H(t)dtS((S(u,u,v))f o()dt, (3.10)
0 0

where k€K, 0 € Q and { :RT —[0,1) with lin}sup((x) <1, forall t >0.

Then T has a unique fixed point w € X such that for each u € X, lim T"u = w.
n—00

Proof. We define k¢ : R* — R* by xo(x) = [y 0(2)d¢ for 0 € Q, then k¢ € K and so inequality (3:10)
becomes

Ko(k(S(Tw,Tu,Tv))) < {(S(u,u,v))xo(x(S(u,u,v))).
Further, we can write it as
K1(S(Tu,Tu,Tv)) < {(S(u,u,v)x1(S(u,u,v)),

where k1 = xgox € K. Hence, from Theorem we deduce that the fixed point we obtain is
unique. O

Example 3.4. Let X =[0,1] and (X,S) be a complete S-metric space defined by

S(u,v,w)=u—-w|+|lv—w|, foreveryu,v,welX.

Let a mapping 7 : X — X be defined as T'u = %u%’fz, for each u € X.

We define a function ¢ : Rt —[0,1) by {(x) = %, for all x € R* and a non-decreasing altering
distance function be defined as x(¢) = 2¢, for all ¢t € R*.
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Then for all u,v € X we have

xk(S(Tu,Tu,Tv))=x2|Tu—-Tv|)

=4|Tu - Tv|
=4 luzeufz - lvzew2
25 25
< —l|u—-v|
25

2 1
< %S(u,u,v) = %K(S(u,u,v))
< {(S(u,u,v)x(S(u,u,v)).
Therefore, Theorem [3.2]is applicable to 7'. Also, T has a fixed point at u = 0.
Theorem 3.5. Let T be a self mapping on a complete S-metric space (X,S) that satisfies the
following inequality:
k(S(Tu,Tu,Tv)) <{(S(u,u,v)x(S(u,u,Tu))+n(S(u,u,v))x(S,v,Tv)), (3.11)
where x €K and {,n:R* —[0,1) with
((t)+n(t)<1forall teR*, 1iI?([)l n(x)<1 }
x— +

lim sup lf(nx()x) <lforallt>0

(3.12)

x—tt

Then w € X is a unique fixed point of T such that for each u € X, nlim T'u = w.
— 00

Proof. Let ug € X be any arbitrary point and sequence {u,} be define by the relation
Un+1=Tu, =T"uy. It follows from (3.11) that
K(SWn, Un,unt1) <CSWp-1,un-1,u ) DK(S(Wp-1,Un—1,Un))
+T](S(un—l;un—l,un))K(S(un,un;un+l))a

which implies that

((S(un—l, un—l, un))
K(S(Un,Un,Uns1)) < T TORP, un))K(S(un—I, Un—1,Un)).

From (3.12) we obtain
K(S(un, un, un+1)) = K(S(un—l, un—l,un))-

In Theorem (3.2 we have already proved that {S(u,,u,,u,+1)}» is a decreasing sequence and it
converges to 0, which implies that

lim S(up,un,uns1)=0. (3.13)

n—oo
Now, we will prove that sequence {u,} is a Cauchy sequence in X. If {u,} is not Cauchy, then
for any € > 0, there exists integers m(c) and n(c) where ¢ > 0 with m(c) > n(c) > ¢ such that
S(Um(c), Umie)s Un(c) = € and S(Ume)-1;Um(c)-1, Un(e)) < €. Thus, from Lemma we have

(}Lrgs(um(c)+17 Um(c)+1> un(o)+2) = €.
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Also, from we get
k(€)= lim supk(S(Um(c)+1, Um(c)+15 Un(c)+2))
< lim sup[{(S(@m(c), Umic), Un(e+1)IK(S Wm(e), Umie), Umic)+1))]
+ lim supln(SWm(e), Umie) Un(e)+1)IK(S n(e)+ 1, Un(e)+15 Un(e)+2))]
< lim sup{(S(m(c); Umic)> Un(e)+1)) im supx(S@mie) Um(c), Um(e)+1))
+ lim sup (S @m(e) Um(e)s Un(e)+1)) M SUPK(S (Un(e)+ 15 Un(e)+ 1> Un(e)+2)
< 0113)10 sup k(S (U m(c), Um(c), Um(c)+1)) + CILI?O supk(S(©n(c)+1, Un(c)+1, Un(e)+2) = 0,

which is contradiction. Hence, sequence {u,} is Cauchy sequence. Also, as (X,S) is a complete
S-metric space therefore there exists w € X such that 731_)120 T"'u =w.

Now, we claim that Tw = w, that is S(w,w,Tw) = 0.

Suppose that S(w,w,Tw) # 0, then from and we have

0<x(S(w,w,Tw)) = ’}LngosupK(S(Tnu, T"u,Tu))
< lim supl{(S(T" 1w, T" " u,w)k(S(T"~ u, T" 1w, T"u))]
+ lim suplp(S(T" " u, T" " u,w)x(S (w,w, Tw))]
= Z}ir{)l+ sup[n(x)x(S(w,w,Tw))] < x(S(w,w, Tw)),
which is impossible. Thus, we conclude that S(w,w,Tw)=0—= w =Tw.

Finally, we claim that 7" has a unique fixed point.
Let us assume that 7" has fixed point w’ with w’ # w and Tw’ = w’ then from (3.11)) we have

0<x(S(w,w,w"))=x(S(Tw,Tw,Tw'))
<{Sw,w,w"NxSw,w,Tw))+n(Sw,w,wNxSw',w', Tw"))
=0,
which is contradiction. Thus, we conclude that w = w’ which implies that T has a unique fixed

point. 0

Corollary 3.6. Let T : X — X be a mapping on a complete S-metric space (X,S) which satisfying
the following inequality

x(S(u,u,Tv)) x(S(v,v,Tv))

o0(t)dt+n(S(x,x, y))[ 0(t)dt,
0
(3.14)

x(S(Tu,Tu,Tv))
f 0(dt < ((S(u, u,v))f
0 0

where k€K, 0 € Q and {,n:R* —[0,1) with
(@) +n(t)<1forall teR*, lir{)l+ n(x) <1 }

. {(x)
xlg% sup 10 < 1forall t>0

Then T has a unique fixed point w € X such that for each u e X, lim T"u = w.
n—00
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Proof. We define ¢ : R* — R* by xo(x) = [5 6()dt for 6 € Q, then x¢ € K and from condition
(3.14) we have

Ko(k(S(Tu,Tu,Tv))) <{(S(u,u,v))xo(x(S(u,u,Tu)))+n(Sw,u,v)xo(x(S(,v,Tv))).
Setting k1 = xg ok € K, from Theorem [3.5| we deduce that T possess a unique fixed point. [

Corollary 3.7. Let (X,S) be a complete S-metric space and let T : X — X be a mapping satisfying
the following condition:

x(S(Tu,Tu,Tv)) x(S(u,u,Tu)) x(S(v,v,Tv))
f 0)dt <{(S(u,u,v)) (f 9(t)dt+f 0(t)dt],
0 0 0

where x €K, 0€ Q and {,n:R* — (O,%] is a function with
{(x)

<1, forallt>0.
Then T has a unique fixed point w e X.
Proof. Proof follows from Corollary [3.6] O

Theorem 3.8. Let (X,S) be a complete S-metric space and let T : X — X be a continuous
mapping. We denote

S Tu) S T
M(u,u,v) =max{ (w,u,Tuw) S©,v, U),S(u,u,v)}, (3.15)
S(u,u,v)
forall u,ve X, u#v. Suppose that T satisfies the following condition:
k(S(Tu,Tu,Tv)) <{(S(u,u,v)x(M(u,u,v)), (3.16)

forall u,veX, xe K and ( :R—[0,1) is a mapping with
lin%sup((x), for all t > 0. (3.17)
x—

Then T possess a fixed point w € X which is unique and lim T"u =w for all u € X.
n—oo

Proof. Let ug€ X be any arbitrary point, we define recurrence relation as u, 1 =Tu, = T"uy,
n = 1. It follows from (3.16) that

K(SWn,un,Un+1)) =xk(S(Tup-1,Tun-1,Tu,))
E ((S(un—la un—la un))K(M(un—I, un—l: un))

By using (3.15) we get,
S(un—b un—laTun—l)S(un, un,Tun)

M(un_l,u,un):max{ ,S(un—l,un—l,un)}

S(up-1, Up—1,Un)
SWn-1,un-1,un)SWUn,Un,Un+1)
S(Un-1,Un-1,un)

= maX{S(una Unp, un+1),S(un—1a Up-1,Un)}

:max{ ,S(un—1,un—1,un)}
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Thus, we obtain

K(S(Un,Un,sun+1)) = {(S(Wp-1,un-1,un)Ix(max{S(u,, un, un+1),S(Wn-1,Un-1,un)}).
Since x is monotonically non decreasing and from (3.17) we have

K(SWn,Un,Un+1)) <k(Max{S(Un,Un,Un+1),SWn-1,Un-1,un)}) = K(SWp-1,Un-1,Un)).

Then it follows that {S(u,,u,,u,+1)}, is non increasing sequence. Consequently, there exists
r =0 such that lim S(u,,u,,u,.+1) =r. Suppose that r > 0, then

n—oo

0=x(r)=x(S(un,un,un+1)) <k(SWp-1,Un-1,Un)).
Taking limit n — co above inequality yields x(r) < x(r) which is contradiction. Therefore r = 0.

So, we get

Lim S(up,un,ups1)=0. (3.18)

n—oo
Now, we prove that {u,} is a Cauchy sequence in X. If {z,,} is not Cauchy, then for any € > 0, there
exists integers m(c) and n(c) where ¢ > 0 with m(c) > n(c) > ¢ such that S(@ (), Um(c), Un(e)) = €
and S(Um(e)-1, Um(c)-1, Un(c)) < €. From Lemma we have

gi%s(um(c)—l, Um(c)-1>Un(c)-1) = €. (3.19)

Now from inequality (3.16) we have

k(&) < k(S Wm(e)> Umic)s Un(c))
=k(S(Tumc)-1, Ttme)-1,TUn(c)-1))
< {(SWm(e)-1, Um(e)-1> Un(e)-IIKM (U m(c)-1, Um(e)-15 Un(e)-1))-

Also, from we have

MU m(e)-1,Um(e)-1Un(c)-1)

SWm(e)-1, Um(e)-1, Um(e)S WUn(e)-1, Un(c)-1, Un(c))

M(um(c)-1, Um(c)-1> Un(c)-1)
Now by taking upper limit as ¢ — oo and using (3.18) and (3.19), we have

= max{ >M(um(c)—1,um(c)—laun(c)—l)}-

x(€) < xmax{0, e} = x(¢),

which is contradiction. Hence, {u,} is a Cauchy sequence in (X,S). Thus, there exists w € X
such that lim T"u = w.

Now we clgi_;g) that T has a fixed point.
0=<x(S(wnst1,Uns1, Tw)) <L(S(un,un,wx(Mu,,u,,w))

where M(u,,u,,w) = max { S(”"’u]’{,i’(‘lf;,llf’(;")’w’Tw),M(un, Un, w)}.

Taking limit n — oo in above inequality, we obtain

x(S(w,w,Tw))=0—= S(w,w,Tw)=0 as ke K.

Hence, we say that Tw = w, which means that T has a fixed point. Now we are going to prove
that this fixed point so obtain is unique. So let w’ be another fixed point of 7' then w’ = Tw' and
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w' #w. Also,

k(Sw,w,w"))=x(S(Tw,Tw,Tw")) < {(Sw,w,wNxMw,w,w')),

n_ Sw,w,Tw) Sw',w' , Tw')
where M(w,w,w') = max{ Swaw)

Thus, we get x(S(w,w,w’)) < «S(w,w,w’), which is contradiction.
Hence, T has a unique fixed point w in X. O

,S(w,w,w')} =max{0,S(w,w,w’)}.

Next, we generalize the results of Das and Gupta [4] in S-metric space which are as follow:

Theorem 3.9. Let T : X — X be a mapping on a complete S-metric space (X,S) such that
S(,v, Tv)[1+S(u,u,Tu)l
1+S(u,u,v)
forall u,ve X, A,n>0, A+n<1. Then T possess a fixed point w € X which is unique.

S(Tu,Tu,Tv)<AS(u,u,v)+n (3.20)

K

Proof. Suppose ug € X be any arbitrary point and {u,} be an iterative sequence defined as
Un+1=Tu, =T"ug, for each n = 1. Then, from (3.20) we have

Swn,un,uns1)=STup-1,Tuy-1,Tu,)

SWn,Un,uns D1+S(Wp-1,un-1,un)]
1+S(up-1,Un-1,un)

<SAS(Up-1,Un-1,Un) +NS(WUp,Upn, Uni1),

<AS(Up_1,Un-1,Un)+1N

(1 - n)S(un, Un, un+1) = AS(un—l, Un-1, un);

SWwn,n,uns1) < —SWUn-1,Un-1,Un)
(1-mn)

1 \2

= (_) S(un—Zyun—Z,un—l)-
1-n

Continuing this way, we obtain

S(unyun’ un+1) = (_) S(uO,UO,ul)-
1-n

A/ n
S(u,,un,unse1) <t S(ug,ug,u1), wheret= (1—) <1.
-n
Thus, using Lemma [2.9| we say that {u,} is a Cauchy sequence on a complete S-metric space
and thus there exists w € X such that lim u, = w.

n—.oo
Now we claim that T possess a fixed point z.

Sw,w,Tw)<2 S(w,w,u,)+Sw,,u,, Tw)
Sw,w, Tw1+Sw,-1,Un-1,un)]
1+S(up-1,Up-1,w) '

<2S(w,w,up)+ASWp-1,Upn-1,w)+7

~ (1 +S(un_1,un_1,un))

1+S(up-1,un-1,w) S(w,w,Tw) =2 S(w’w’un) + AS(un_l,un_l, w).

Now taking limit as n — co we get,

Iim S(w,w,Tw) < T lim S(w,w,u,)+ T ImS(u,_1,Un-1,W)n—co

n—oo — n] n—oo — 17]
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Iim S(w,w,Tw)=0—=>Tw =w,
n—oo

which implies that 7" has a fixed point.

Now we claim that the fixed point we obtain is unique.

Let w' be another fixed point of T such that Tw' = w' with w' # w.
Therefore, (3.20) implies that

Sw,w,w)=8STw,Tw,Tw')
Sw,w,Tw)H1+Sw,w,Tw)]

< AMSw,w,w'))+n 1+S(w,w,w’)

< MSw,w,w")),
which is contradiction as A €(0,1). Hence w = w’'.
Thus, T has unique fixed point. O
Example 3.10. Let (X,S) be a complete S-metric space on X =[0,1) defined by

1
S(u,v,w)= §(|u—w|+ lv—wl), forallu,v,welX.

Let a self-map T on X be defined by Tu = 7. Then for all u,v € X and 1 = %,n = g we have

1
S(Tu,Tv,Tv):’E—B =—|lu-vl|, Su,u,v)=|u-uvl,
4 4 4

S,v,Tv)=lv—-Tv|= ‘v—

v u
ik S(u,u,Tu) = ‘u— Z‘
Therefore,
3oL+l
5 1+ |u—v|
Sw,v, Tv)[1+S(u,u,Tu)]
1+S(u,u,v) '
Hence, T satisfies all condition of Theorem 3.9 and has a fixed point at u = 0.
Here by considering the altering distance function we will generalize the Theorem

1 1
S(Tu,Tu,Tv) = Zlu—vl < Zlu—vl +

<AS(u,u,v)+n

Theorem 3.11. Let k € K and (X,S) be a complete S-metric space. If T be a self mapping on X
satisfying the following condition:

k(S(Tu,Tu,Tv)) < Ax(S(u,u,v)) +nx(M(u,u,v)), (3.21)

forallu,veX, A,n>0, A+n<1land M(u,u,v)=S@w,v,Tv) %

point w € X which is unique and lim T"u =w for all u € X.
n—00

]. Then T possess a fixed

Proof. Suppose ug € X be any arbitrary point and the sequence {u,} define by a relation
Upn+1=Tu, =T"ug, for each n = 1. Then, from (3.21)

K(S(unaun,un+1)) = K(S(Tun—lyTun—lyTun))
< Ak(S(Up-1,Un-1,Un)) + k(M (Up-1,Un-1,Un)),

1+S(un-1,Un-1,Un)
1+S(un-1,Un-1,un)

where, M(up_1,un—1,un) =SWn,Un,Uns1) =SWn,Un,Uns1)-
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Thus, we obtain

K(S(un, Up, Up+1)) < AK(S(un—ly Un-1, up))+ nK(S(un, Un, un+1))’

A
K(S(Wn,Un,Uns1)) < EK(S(un—l,un—lyun))

A 2
= (_) K(S(un—2,Un—2,Un-1)).
1-7

Continue this way we get

A/ n
K(S(Un,Un,Uni1)) < (1_77) k(S(uo,uo,u1)).

Since 1%” €(0,1), we obtain that lim x(S(u,,un,,un+1)) =0.

n—oo

From the fact that x € K, we have
lim S(u,,u,,u,+1)=0. (3.22)

n—oo
Now, we prove that {u,} is a Cauchy sequence in X . If {z,,} is not Cauchy, then for any € > 0, there
exists integers m(c) and n(c) where ¢ > 0 with m(c) > n(c) > ¢ such that S(wn(c), Um(c), Un(ce)) = €
and S(&m(c)-1Um(c)-1, Un(ce)) < €. From Lemma we have

(}LI&S(um(C), Um(c)s Un(c)) =€ (3.23)
and
clij&s(um(cﬂly Um(c)+1> Un(c)+1) = €. (3.24)

For u = u ;) and v = up() from (3.21) we have,

K(S(um(c)+1a Um(c)+1> un(c)+1)) = K(S(Tum(c)a Tum(c), un(c)))

< AK(S (W m(e)s Umie)s Un(e)))
1+ S(um(c): Um(c)s um(c)+1)
1+SWm(c)s Um(c) Un(c))

+ 1K S(un(c), Un(c)s Un(c)+1

)

Using (3.22), (3.23) and (3.24) we conclude

k(€)= lim kLS Wim(cy+1, Umcy+15 Un(e)+1)]
= /lcli_)Ig)K[S(um(c)a Um(c)s un(c))]
< Ax(e).

Thus, we get contradiction as A € (0,1). Hence {u,} is a Cauchy sequence in (X,S), so there
exists w € X such that lim u, =w.

n—oo
Now we claim thatw is a fixed point of T'.

K(S(Wn+1,un+1, Tw)) =x(S(Tup, Tu,, Tw))
1 +S(un7 un,Tun)

S T
(w,w,Tw) 1+Sup,upn,w)

< Ak(S(un,un,w))+nx

)
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which implies that

’}LI{)IOK(S(unﬂ,unﬂ,Tw)) <nx(S(w,w,Tw)),

k(S(w,w,Tw)) < nx(S(w,w, Tw)).
Since 1 €(0,1), then x(S(w,w,Tw)) =0 = S(w,w,Tw) = 0 and thus, we obtain w = Tw, which
means that w is a fixed point of T'.
Next, we claim that the fixed point so obtain is unique.

Let z’ be another fixed point of T such that Tw’ = w’ with w’ # w. Therefore, from (3.21) we
have

k(Sw,w,w") =x(S(Tw,Tw,Tw"))

< (S, w,w") +nx (S(w', w', Tw')

1+S(w,w.Tw) )
1+S(w,w,w") |’

< Ax(S(w,w,w")),

which implies that x(S(w,w,w’)) = 0. Since x € K we obtain S(w,w,w’) =0.
Hence w = w'. Thus, T has unique fixed point. O

Corollary 3.12. Let (X,S) be a S-metric space which is complete and T be a mapping on X into
itself. We assume that for all u,v € X,

1+S(u,u,Tu)

S(Tu,Tu,Tv) S(u,u,v) S(v,v,Tv)[ TH5G.00)
f ot)dt < A f 0(t)dt +n f 0(t)dt, (3.25)
0 0 0

where 0 < A+n<1with A,n>0and 6 :R* — R* be Lebesgue integrable function summable on
each compact subset of [0,+00], non negative such that fog 0(t)dt >0 for all € >0. Then T admits

a fixed point w € X which is unique and for each u € X, lim T"u = w.
n—.oo

Proof. Let 0 :R* — R* be as in the hypothesis, we define x(¢) = fot 0(t)dt, t e R*. It is clear that
x0(0) = 0. x¢ is monotonically increasing and by hypothesis «( is absolutely continuous, which
implies kg is continuous. Hence, kg € K. So, (3.25) becomes

1+Sw,u,T
ko(S(Tu, Tu,Tv)) < Ax(S(u,u,v)) +nx (S(v,v,Tv) (w,u,Tu) )
1+S(u,u,v)
Hence from Theorem 3.11junique fixed point exist such that for each v € X, lim T"u=w. [O

Theorem 3.13. Let (X,S) be a complete S-metric space, we have xk € K. Let T : X — X be a
mapping satisfying the following condition:
S2(u,u, Tu)+S(w,u,Tu) S(,v,Tv)+S2%(w,v, Tv)

1+Sw,u, Tu)+Sw,v,Tv) ’
(3.26)

k(S(Tu,Tu,Tv)) <Ax(S(u,u,v))+nkx

forallu,veX, A,n>0, A +2n< 1.

Then T admits a fixed point w € X which is unique and for each u€ X, lim T"u = w.
n—oo
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Proof. Let ug € X be an arbitrary point and the iterative sequence {u,} be defined as, for every
n=>0, wup.1=Tu=T""u,. (3.27)
Now, from
K(Swn,Un,Un+1))
=x(S(Tup-1,Tun-1,Tuy))

< AK(S(un—ly Up—1,Un))

S2(un—1, Un-1,Tup-1)+SWp-1,un-1,Tun-1) Sun,un, Tun)+S2(un, Un, Tun))

+
e 1+8(un-1,un1, Ttin1) +8n, tn, Ttin)

S AK(S(un—].? un—17 un))

+nK

2 2
S (un-1,Un-1,un) +SWn-1,Un-1,un) SWn,un,un+1)+8S (un,un:un+1))
1+SWp-1,un-1,un) +SWn,un,Un+1)

< Ax(S(up_1,un-1,un))

+ 1K

(S(un-1,Un-1,un)+Swn,u,, un+1))2 —Sunp-1,Un-1,un) Sun,un, un+1))
1+S(un—1,un—1:un)+S(un,un5un+1) ’
which implies that
K(S(Un,Un,Uuns1) SAKS(Wp-1,Un-1,un)) +NK(SWp-1,Un-1,un) +S(Un, Un, Un+1)

A-x(Swn,un,uns1) <A+mMx(S(Up-1,Un-1,Un))

K(S (U, i Un 1)) < (“")x(swn_l,un_l,un»

1-n
A+1n\2

= _77) K(S(up-2,Un-2,Un-1)).
1-n

Continuing like this way we obtain
A+n\"
K(S(n,Un,Un+1)) < (TZ) K(S(Wn-2,Un—2,Un-1)).

. A
Since 1%:7’ <1, we get,

lim x(S(up,un,uns1))=0.
n—oo

From the result given that x € K, we get

lim S(up,un,uns1)=0. (3.28)

n—oo
Now, we prove that {u,} is a Cauchy sequence in X. If {u,} is not Cauchy, then for any
€ > 0, there exists integers m(c) and n(c) where ¢ > 0 with m(c) > n(c) > ¢ such that
S(Um(c), Umie)s Un(c)+1) = € and S(Ume)-1, Um(c)-1,Un(c)) < €. Thus, from Lemma we have

ch—»Ig;S(um(c)’ Um(e)s un(c)) =¢ and (3.29)
cli_glos(um(cﬂla Um(c)+1> Un(c)+1) = €. (3.30)
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Now,

K(SWm(e)+1> Um(e)+1s Un(c)+1))
=Kk(S(TUmc), TUm(c), Tln(c))
S2(Wm(c), Um(c)s Um(c)+1)
+S (WU m(e)s Um(e)s Um(e)+1) SWn(c), Un(e)> Un(e)+1)
+S%(Un(c) Un(e) Un(e)+1)
1+8SWm(e), Um(c)s Um(e)+1) + SWn(e)s Unie), Un(e)+1) |

< AK(S(um(C), Um(c)s un(c))) + 1K

Using (3.27), (3.29) and (3.30) we have

k(e) = cli_)IgloKS(um(cHl, Um(c)+1, un(c)+1) = AK(S(um(c)a Um(c), un(c))) < Ax(¢e).

Since 1 €(0,1), we get a contradiction. Hence, {u,} is a Cauchy sequence in X. As (S,X) is a
complete S-metric space thus there exist w € X such that u, — w as n — oco.
Taking u = u, and v = w in (3.26) we have

x(S(Tu,,Tu,,Tw))

=x(S(wn+1,Un+1, Tw))

< Ax(S(un,un,w))+nx

S2(up,tn, Tun)+SWn,tn, Tuy) Sw,w, Tw)+S2w,w, Tw)
1+Sw,,upn,Tuy)+ Sw,w, Tw) ]

S2(Un, tn, Uni1)+SWn,tn,un+1) Sw,w, Tw)+S2%(w,w, Tw)
1+Swp,tun,uns1)+ Sw,w, Tw) ]

<k(S(un,upn,w))+nx

Taking limit n — co we obtain
k(S(w,w,Tw)) < nx(S(w,w, Tw)).

Since 1 €(0,1), then «(S(w,w,Tw)) =0, which implies that S(w,w,Tw)=0as k€ K.
Hence, T has a fixed point.

Now we claim the uniqueness of the fixed point.
Let T has another fixed point w’ such that w # w’ and w’ = Tw', then by (3.26) we have

k(Sw,w,w") =x(S(Tw,Tw,Tw"))

S2(w,w, Tw)+Sw,w,Tw) Sw',w', Tw")+S%(w',w', Tw')
1+S(w,w, Tw)+Sw',w',Tw’)

< A (S(w,w,w")) +nx
< Ax(S(w,w,w')).
Hence, x(S(w,w,w’)) =0 and so S(w,w,w’) = 0. Thus, we get w =w'. O

Theorem 3.14. Let T : X — X be a mapping on a complete S-metric space be (X,S). Then for
each x,y € X we assume that

K(s2(u,u,Tu)+S(u,,Tu) S(v,v,Tv)+Sz(v,v,Tv))
1+S(u,u,Tu)+ S(,v,Tv)

x(S(u,u,v))
0(t)dt+17f 0(t)dt,
0

x(S(Tu,Tu,Tu))
f ot)dt < ﬂf
0 0

where A+2n <1 and x : R" — R" is a Lebesgue integrable mapping which is Summable on each
compact subset of [0,00), non-negative such that f(f 0(t)dt, for all € > 0.
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Then T possess a fixed point w € X which is unique such that Jim T"u =u, foreach ueX.
—00

Proof. Let x:R* — R be a mapping define as
x(r) :f 0(t)dt, reR*.
0

It is clear that x(0) = 0 and «x is monotonically increasing and K is absolutely continuous by

hypothesis. Thus « is continuous. Therefore, x € K. So, from (3.26) we have

S2(u,u, Tu)+Sw,u,Tu) S,v Tv)+Sz(v,v,Tv)
1+S(w,u,Tu)+ S(,v,Tv)

Hence from Theorem [3.13| we obtain that w € X is a unique fixed point and moreover for each

uEX,r}LrgloTnu:w. O

k(S(Tu,Tu,Tv)) < Ax(S(u,u,v))+nk

Definition 3.15. Let T be a self-mapping of S-metric space (X,S) with a non empty fixed point
set F(T). Then T is said to satisfy the property P if F(¢) = F(T"), for each n € N.

In this section we are going to prove that the mapping satisfying the contractive conditions

(3.1), (3.20), (3.21) and (3.26) fulfill the property P.

Theorem 3.16. Let x € K and (X,S) be a S-metric space which is complete. If T be a self
mapping on X satisfying the condition (3.1) of Theorem Then F(t) # ¢ and T satisfies the
property P.

Proof. We say that T has a fixed point from Theorem therefore F(T™") # ¢ for each n € N.
Fix n > 1 and we assume that w € F(T™) we want to show that w € F(T).
Suppose that w # Tw, using (3.1)),
x(S(w,w,Tw)) = MS(T"w, T"w, T" w))
< (ST Yw, T" 1w, T"w))
< ...

< A", (S(w,w,Tw)).

Since 1 €(0,1), 11m x(S(w,w,Tw)) =0. From the fact that x € K, we conclude that S(w,w,Tw) =
0 and so w = Tw Thus w € F(T) and hence T possess a property P. O

Theorem 3.17. Let (X,S) be a complete S-metric space and let T be a self mapping on X that
satisfy the condition (3.20) of Theorem Then F(t) # ¢ and T possess a property P.

Proof. From Theorem we have T has a fixed point i.e. F(t) # ¢.

Let u € F(t) then T(u)=u

Therefore, T™(u) = T" 1(T(u)) = T" Y(u) = --- = u, which implies that F(T") # ¢ for each n e N.
Now fix n > 1 and we assume that w € F(T") we want to show that w € F(T).

Suppose that w # Tw, using (3.20),

Sw,w,Tw)=S(T"w, T"w,T"  w)
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< AS(T" w, T" w, T"w))

+7|S(T"w, T"w, T" 1w)

1+S(T”‘1w,T”‘1w,T”w)])
1+S(T" 1w, T 1w, T"w)

< MS(T" 1w, T" 1w, T"w)) + n(S(T"w, T"w, T™ w)).
Therefore,

Sw,w, Tw)=S(T"w, T"w,T" w)

y)
< ST 'w, T" 'w, T"w)
1-n

1 2

< (—) ST Yw, T" 'w, T w).
1-n

Continuing this way, we obtain

A n
Sw,w,Tw) < (1—) Sw,w,Tw),

which is contradiction. Consequently, w € F(T') and T has a property P. O

Theorem 3.18. Let x € K and (X,S) be a S-metric space which is complete. If T be a self
mapping on X satisfy the condition (3.21). Then F(t) # ¢ and T satisfies the property P.

Proof. We say that T has a fixed point from Theorem Thus, F(T") # ¢ for every n € N. Fix
n > 1 and assume that w € F(T"). We want to show that w € F(T).
Suppose that w # Tw, using (3.21),

xK(S(w,w,Tw)) =x(S(T"w, T"w, T" w))

< (ST tw, T 1w, T"w))

1+8(T" tw, T 1w, T"w)
1+8(Tr 1w, Tr 1w, Trw)
< Ak(S(T" Yw, T *w, T"w)) + nxS(T"w, T"w, T" " w).

+ 1 [ S(T"w, T"w, T w)

|

Hence,
(1 -(S(T"w, T"w, T 'w)) < AS(T" 'w, T w, T"w))
KSw,w,Tw)) =x(S(T"w,T"w,T" w))
A
(1-7n)

=<

(ST Yw, T 1w, T"w))

1 2

< (—1 ) K(S(T" 2w, T" 2w, T" 1w)).
-n

Proceeding this process, we obtain

x(S(w,w,Tw)) < (%) K(S(w,w,Tw)),

which is contradiction as A +n < 1, therefore x(S(w,w,Tw)) =0, since x € K, we conclude that
S(w,w,Tw) =0, which implies that w € F(T') and hence T satisfy the property P. O
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Theorem 3.19. Let x € K and (X,S) be a S-metric space which is complete. If T be a self
mapping on X satisfying the contractive condition:

S2(u,u, Tu)+S(w,u,Tu) S(v,v,Tv)+S%w,v,Tv)
Tu,Tu,Tv)) < 31
xk(S(Tu,Tu,Tv)) < Ax(S(u,u,v))+nk T S@.a.Twt S.o.T0) , (3.31)

forall u,veX, A,n>0, A+2n<1. Then F(t) # ¢ and t has a property P.

Proof. We say that T has a fixed point from Theorem [3.13] Thus, F(T") # ¢ for every n € N. Fix
n > 1 and assume that w € F(T"). We want to show that w € F(T'). Suppose that w # Tw, then
x(S(w,w,Tw)) = x(S(T"w, T"w, T" *w))
< (ST tw, T 1w, T"w))
ST lw, T" 1w, T w)
+S(T" 1w, T tw, T"w) S(T"w, T"w, T 1w)
+S2(T"w, T"w, T w)
X 1+S(T" lw, T w, T"w)+ S(T"w,T"w,T"* 1w)
< A(S(T" Yw, T w, T"w)) + nx[S(T" Lw, T tw, T"w)
+S(T"w, T"w, T" w)l.

N

Hence,
xk(S(w,w,Tw)) = K(S(an,an,Tn+1w))
) (P)"(S(T’l_lwﬂ ", T"w)
-n

A+1n\2

< (1_77) (ST 2w, T" 2w, T" Tw)).
-1

Continue like this way we obtain

K(Sw,w, Tw)) < (?) K(Sw,w, Tw)).

This is a contradiction. Hence, x(S(w,w,Tw)) =0, since x € K. This conclude that S(w,w,Tw) =
0 and therefore w € F(¢) and ¢ has a property P. O

4. Conclusion

In this attempt, by using the Altering distance function we proved some fixed point results with
different contraction conditions in S-metric space. Our results are generalization and extension
of many existing results in the literature. Finally, we explore the property P on this contractive
conditions.
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