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ABSTRACT

In this paper, we establish some fixed point theorems in the framework of cone S-metric
spaces using implicit relation. Our results extend, unify and generalize several results
from the current existing literature. Especially, they extend the corresponding results

of Sedghi and Dung [24] to the setting of complete cone S-metric spaces.

RESUMEN

En este articulo, establecemos algunos teoremas de punto fijo en el marco de espa-
cios S-métricos del cono usando una relacion implicita. Nuestros resultados extienden,
unifican y generalizan diversos resultados de la literatura actual existente. Especial-
mente, extienden los resultados correspondientes de Sedghi y Dung [24] en el contexto

de espacios S-métricos de cono completo.
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1 Introduction and Preliminaries

In 2007, Huang and Zhang [8] introduced the concept of cone metric spaces as a generalization of
metric spaces by replacing the set of real numbers by a general Banach space E which is partially
ordered with respect to a cone P C E and establish some fixed point theorems for contractive

mappings in normal cone metric spaces.

In 2012, Sedghi et al. [23] introduced the concept of S-metric space which is different from
other space and proved fixed point theorems in S-metric space. They also give some examples of

S-metric space which shows that S-metric space is different from other spaces.

In 2016, Rahman and Sarwar [20] have discussed the fixed point results of Altman integral
type mappings in S-metric spaces and in the same year Ozgur and Tas [14] have studied new

contractive conditions of integral type in complete S-spaces.

Recently, Dhamodharan and Krishnakumar [6] introduced the concept of cone S-metric space

and proved some fixed point theorems using various contractive conditions in the above said space.

Due to great importance of the fixed point theory, it is immensely interesting to study fixed
point theorems on different concepts. Many authors studied the fixed points for mappings satisfying
contractive conditions in complete S-metric spaces (see, e.g., [6, 11, 13, 14, 20, 23, 25, 26]) and
others).

Popa [15] and [16], on the other hand, considered an implicit contraction type condition
instead of the usual explicit condition. This direction of research produced a consistent literature
on fixed point and common fixed point theorems in various ambient spaces. For more details see
[1, 2, 3,9, 17, 18, 19, 24].

Motivated and inspired by Popa [15, 16], Sedghi and Dung [24] and others, this paper is aimed
to study and establish some fixed point theorems in the setting of complete cone S-metric spaces
under implicit contractive condition which is used in [24]. Following the current literature there
is ample vicinity to explore and improve this new avenue of research area. Here, we prove an
important result of cone S-metric space and then obtain some classical fixed point theorems as
corollaries, for example, Banach’s contraction mapping principle, Kannan’s fixed point theorem,
Chatterjae’s fixed point theorem, Reich fixed point theorem and Cirié’s fixed point theorem in this
setting. Our results extend and generalize several results from the existing literature, especially,
the results of Sedghi and Dung [24] from complete S-metric spaces to the setting of complete cone

S-metric spaces.

The present work is to encouraged by its possible application, especially in discrete models
for numerical analysis, where iterative schemes are extensively used due to their versatility for

computer simulation. These models play an important role in applied mathematics.
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We need the following definitions and lemmas in the sequel.

Definition 1. (/8]) Let E be a real Banach space. A subset P of E is called a cone whenever the

following conditions hold:
(c1) P is closed, nonempty and P # {0};
(c2) a,b€ R, a,b> 0 and z,y € P imply ax + by € P;
(es) PN (=P) = {0}.
Given a cone P C E, we define a partial ordering < in E with respect to P by x <y if and

only if y —x € P. We shall write x < y to indicate that x <y but x # y, while x K y will stand
for y—x € P°, where P° stands for the interior of P. If P # () then P is called a solid cone (see

[28]).

There exist two kinds of cones- normal (with the normal constant K) and non-normal ones
([7)-

Let E be a real Banach space, P C E a cone and < partial ordering defined by P. Then P is
called normal if there is a number K > 0 such that for all z,y € P,

0 <z <yimply |z] < Kllyl, (1.1)
or equivalently, if (Vn) z, <y, < z, and

lim z, = lim 2, = z imply lim y, = . (1.2)
n—oo n—oo n—oo

The least positive number K satisfying (1.1) is called the normal constant of P.

The cone P is called regular if every increasing sequence which is bounded from above is
convergent, that is, if {z,} is a sequence such that 1 < a9 < --- < a, <--- <y for some y € E,
then there is € E such that ||z, — z|| — 0 as n — co. Equivalently, the cone P is regular if and
only if every decreasing sequence which is bounded from below is convergent. It is well known that
a regular cone is a normal cone. Suppose E is a Banach space, P is a cone in FE with int(P) # 0

and < is partial ordering in E with respect to P.

Example 1. ([12]) Let K > 1 be given. Consider the real vector space

1
E:{ b:a,beR; 6[1——,1”
ar + a T K
with supremum norm and the cone

Pz{agc—i—beE:aZO,bZO}

in E. The cone P is regular and so normal.
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Definition 2. (/8, 29]) Let X be a nonempty set. Suppose that the mapping d: X x X — E

satisfies:

(CMy) 0 <d(z,y) for all z,y € X with x #y and d(z,y) =0 & = =y;
(CMy) d(z,y) = d(y,x) for all x,y € X;
(CMs) d(z,y) < d(x,z) +d(z,y) for all z,y,z € X.

Then d is called a cone metric [8] on X and (X, d) is called a cone metric space [8] or simply
CMS.

The concept of a cone metric space is more general than that of a metric space, because each

metric space is a cone metric space where E = R and P = [0, +00).
Lemma 1. (/22]) Every regular cone is normal.

Example 2. ([§]) Let E=R?, P = {(z,y) e R> : 2 >0,y >0}, X =R andd: X x X - E
defined by d(z,y) = (|Jx — y|, oz — y|), where a > 0 is a constant. Then (X, d) is a cone metric

space with normal cone P where K = 1.

Clearly, the above example shows that the class of cone metric spaces contains the class of

metric spaces.

Definition 3. (/23, 14]) Let X be a nonempty set and S: X3 — [0,00) be a function satisfying
the following conditions for all x, y, z,t € X:

(SMl) S('rvyaz) > O;'
(SMs) S(z,y,2z) =0 if and only if x =y = z;
(SMz) S(x,y,2) < S(x,2,t) + S(y,y,t) + (2, 2,1).

Then the function S is called an S-metric on X and the pair (X, S) is called an S-metric
space or simply SMS.

Example 3. ([27]) Let X be a nonempty set and d be the ordinary metric on X. Then S(x,y,z) =
d(z,z) +d(y, z) is an S-metric on X.

Example 4. (/23]) Let X = R™ and ||.|| a norm on X, then S(z,y,z) = |ly + z — 2z|| + ||y — =||

is an S-metric on X.

Example 5. ([25]) Let X = R" and ||.|| a norm on X, then S(z,y,z) = ||z — z|| + ||y — z|| is an

S-metric on X.

Example 6. (/2/]) Let X = R be the real line. Then S(x,y,2) = ||z — 2| + ||y — 2| for all

z,y,z € R is an S-metric on X. This S-metric on X is called the usual S-metric on X.
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Definition 4. (/6]) Suppose that E is a real Banach space, P is a cone in E with int P # () and
< is partial ordering with respect to P. Let X be a nonempty set and let the function S: X> = E

satisfy the following conditions:
(CSMy) S(x,y,2) 2 0;
(CSMy) S(z,y,2) =0 if and only if ¥ =y = 2;
(CSM3) S(x,y,2) < S(z,2,a) + S(y,y,a) + S(z, 2,a),Vz,y,2,a € X.

Then the function S is called a cone S-metric on X and the pair (X,S) is called a cone

S-metric space or simply CSMS.

Example 7. ([6]) Let E =R? P = {(x,y) e R? : 2 > 0,y > 0}, X = R and d be the ordinary
metric on X. Then the function S: X® — E defined by S(x,y,2) = (d(:v, 2) +d(y, 2), a(d(z, z) +

d(y, z))), where a > 0 is a cone S-metric on X.
Lemma 2. (/6]) Let (X,S) be a cone S-metric space. Then we have S(x,z,y) = S(y,y, ).

Definition 5. (/6]) Let (X, S) be a cone S-metric space.

(1) A sequence {un} in X converges to u if and only if S(un,un,u) — 0 as n — oo, that is,
there exists ng € N such that for all n > ng, S(un,un,u) < ¢ for each ¢ € E, 0 < c. We denote

this by lim, o0 Uy, = w or limy, 00 S(Un, Un, u) = 0.

(73) A sequence {un} in X is called a Cauchy sequence if S(Un,Un,Um) — 0 as n,m — o0,

that is, there exists ng € N such that for all n,m > ng, S(Un, Un, um) <K ¢ for each c€ E, 0 < c.

(iit) The cone S-metric space (X, S) is called complete if every Cauchy sequence is convergent.

In the following lemma, we see the relationship between a cone metric and a cone S-metric.

Lemma 3. ([6]) Let (X,d) be a cone metric space. Then, the following properties are satisfied:
(1) S(u,v,2) = d(u, z) +d(v, z) for all u,v,z € X, is a cone S-metric on X.
(2) up — u in (X, d) if and only if up, — u in (X, Sq).
(3) {un} is Cauchy in (X,d) if and only if {u,} is Cauchy in (X, Sq).
(4) (X,d) is complete if and only if (X, Sq) is complete.
Lemma 4. ([24]) Let f: X — Y be a map from an S-metric space X to an S-metric space Y.

Then f is continuous at © € X if and only if f(x,) — f(x) whenever x, — x.

Now, we introduce an implicit relation to investigate some fixed point theorems on cone S-
metric spaces. Let ¥ be the family of all continuous functions of five variables ¢: Ri — R,4. For

some k € [0,1), we consider the following conditions.
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(A7) For all z,y,z € Ry, if y < ¢(z,x,y,2,0) with z < 2z 4y, then y < kz.

(Az) For all y € Ry, if y < ¢(y,0,0,y,y), then y = 0.

(As) If x; <y, + z; for all ;,y;,2; € Ry, i <5, then
¢($1,...,$5) < ¢(y1,...,y5)+¢(21,...,25).

Moreover, for all y € X, ¢(0,0,2y,y,0) < ky.

Remark 1. Note that the coefficient k in conditions (A1) and (As) may be different, for example,
k1 and ks respectively. But we may assume that they are equal by taking k = max{k1,ks}.

2 Main Results

In this section, we shall prove some fixed point theorems using implicit relation in the setting of

cone S-metric spaces.

Theorem 1. Let T be a self-map on a complete cone S-metric space (X,S), P be a normal cone

with normal constant K and

S$(Te,Ta,Ty) < o(S(@,2,y),S(z,2,Tw), Sy, v, Ty),

S(x,z,Ty), S(y,y,T:c)) (2.1)

for all x,y € X and some ¢ € . Then we have

(1) If ¢ satisfies the condition (A1), then T has a fized point. Moreover, for any xo € X and

the fized point x, we have

2k™
1-k

STy, Ty, x) < ( )S(zo,xo,T:ro).

(2) If ¢ satisfies the condition (A2) and T has a fizxed point, then the fized point is unique.

(3) If ¢ satisfies the condition (As) and T has a fixed point x, then T is continuous at x.
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Proof. (1) For each g € X and n € N, put x,,+1 = Txy. It follows from (2.1) and Lemma 2 that

S(xn-i—lu Tn41, $n+2) = S(T{En,TZCn,T(En+1)

IN

S Tny Tn, TInJrl)a S(InJrla Tn4-1, T'rn))

n

Tny Tn, $n+2), S(xn-i-l y Tn+1, xn-l—l))

= (b(S(,Tn, Ty xn-i—l), S(l‘n,$n,l‘n+1), S($n+lu$n+lu$n+2)a

S(xp, T, Tpy2), O).
By condition (C'SM3) and Lemma 2, we have

S(.’L’n,fﬂn,(En+2) S QS(fn,$n,$n+1) + S($n+27$n+27xn+l)

= 2S($n,$n,$n+1) + S($n+17$n+17$n+2)-

Since ¢ satisfies the condition (A;), there exists k € [0, 1) such that
S(anrh Tn+1, In+2) < kS(Inv T, $n+1) < knJrlS(IOv £, xl)-
Thus for all n < m, by using (C'SM3), Lemma 2 and equation (2.4), we have

S(Inaxmxm) < 2S(xnaxmxn+l)+S(Im7xm7$n+1)

= 25($n,$n,$n+1) + S(,Tn.H,InJ,-l,«Tm)

S 2[kn+"'+km_1]5($0,$0,x1)
2k™

< v

< (l_k)s(ffowo,ivl)-

This implies that
2k"K
1-k

1S (@ns 2ns )| < (T ) IS0, 20, 20
Taking the limit as n,m — oo, we get

||S($n,$n, xm)” _> 07

since 0 < k < 1. Thus, we have S(xy, Tn, Zm) — 0 as n,m — 0.

(b(S(:Cn, Tn, :En-l-l)a S(x’IH Tn s T‘T’n)u S(‘T’n-{-l ) $n+1 ) Txn+l)7

(
(b(S(Ina Tn, InJrl)v S(.In, L, anrl)a S(InJrla Tn+1, In+2)7
(

(2.2)

This shows that the sequence {x,} is a Cauchy sequence in the complete cone S-metric space

(X,S). By the completeness of the space, we have lim,, ooz, = © € X. Moreover, taking the

limit as m — oo we get

2kn+1
1—-k

S(xn, Tn,x) < ( )S(xo,:co,:zrl).
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S

It implies that

2k
1—-k

S(Txp, Ttpn,x) < ( )S(xo,xo,Txo).

Now we prove that z is a fixed point of 7'. By using inequality (2.1) again we obtain

S(Tnt1,Tny1, Tx) = STxn, Tz, Tx)

IN

S(Tn, Tn, Tx), S(z, Txn))

o S xnaxna 7 (.”L'n,xn,T,Tn),S(.”L‘,.”L‘,T,T),

= ¢ Sxmxm , (xnaxmanrl)vS(xvvaI)a

S(Zn, Tn, Tx), S(x,x,gcn+1)).

Note that ¢ € ¥, then using Lemma 3 and taking the limit as n — oo, we get

S(z,z,Tx) < QS(O, 0,S(z,x,Tx),S(x,x, Tx), O).

Since ¢ satisfies the condition (A;), then S(x,z,Tz) < k.0 = 0. This shows that z = Tz. Thus z

is a fixed point of T

(2) Let z1,z2 be fixed points of T. We shall prove that z7 = 2.

(2.1) and Lemma 2 that

S(Il,Il,ZCQ) = S(TIl,TIhTZCQ)

IN

)
S(xl,xl, Txg), S(IQ, IQ,TIl))

W

(21,21, 22), S(:Cg,xg,xl))
- ¢(
(

= ¢

It follows from equation

o\ S(x1, 1, 22), S(21, 21, T21), S(22, 22, T'T2),
(b S(wl,fﬂl,l'g),s(l'l,l'l,fﬂl),S(fEQ,(EQ,l'Q),

S T1,T1,T2 ,0,0,S(Zl,Il,ZCQ),S(ZCQ,ZCQ,Il))

( )
S((El,(El,l’g),0,0,S(l’l,(El,l’g),S(J]l,J]l,(Eg)).

Since ¢ satisfies the condition (Asg), then S(z1,21,22) = 0. This shows that #; = z2. Thus the

fixed point of T' is unique.

(3) Let = be the fixed point of T and y,, — = € X. By Lemma 4, we need to prove that
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Ty, — Tz. It follows from inequality (2.1) and Lemma 2 that

S(z,z,Ty,) = STz, Tx,Ty,)

IN
<
——~
=
8
8
<
<
=
8
8
N
)
2
<

g
<
S
N
<
g

|

<
—~

2
8
8
<
S
}/
2
8
8

8
}/
2
<
S
<
3
S
<
S
}/

- (b(S(I,I,yn),O,S(Tyn,Tyn,yn),
STy, Ty, 7). S(@,,ya) )

Since ¢ satisfies the condition (A3), by Lemma 2 and (C'SM3), we have

S(Tyn, Tyn,yn) < 28(TYn, Tyn, ) + S(Yns Yn, )
= 2S(Tyanyn7x)+S(IaIayn)

then we have

S(z, 2, Tyn)

IN

QS(S(:C, Z,Yn),0,0,0,S(z, z, yn))

+¢(o, 0,28(Tyn, Ty, ), S(Tym, Ty, ), o)
¢(5(a:, 2,yn),0,0,0, S(z, 2, yn))

+kS(Tyn, Tyn, )

= 0(S@2.9),0,0,0,5(a, 2, ) )
+kS(z, 2, Tyy). (byLemma 2)

IN

Therefore

1

S(z,z, Ty,) < (m)(b(S(:zr, Z,Yn),0,0,0, S(x,x,yn)).

Note that ¢ € 1, hence taking the limit as n — oo, we get S(z,z,Ty,) — 0. This shows that

Ty, — x = Tx. This completes the proof.

O

Next, we give some analogues of fixed point theorems in metric spaces for cone S-metric

spaces by combining Theorem 1 with ¢ € 1 and ¢ satisfies the conditions (A4;), (Az2) and (As).

The following corollary is an analogue of Banach’s contraction principle.

Corollary 1. Let (X,S) be a complete cone S-metric space and P be a normal cone with normal

constant K. Suppose that the mapping T: X — X satisfies the following condition:

S(Tx, Tz, Ty) < hS(z,z,y)
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for all z,y € X, where h € [0,1) is a constant. Then T has a unique fixed point in X. Moreover,

T is continuous at the fized point.

Proof. The assertion follows using Theorem 1 with ¢(x,y, z,s,t) = ha for some h € [0,1) and all
z,y,2,8,te€R;. O
The following corollary is an analogue of R. Kannan’s result [10].

Corollary 2. Let (X,S) be a complete cone S-metric space and P be a normal cone with normal

constant K. Suppose that the mapping T: X — X satisfies the following condition:
S(Tx,Tx,Ty) < q[S(x,2,Tx) + S(y,y,Ty)]

for all x,y € X, where q € [0, %) is a constant. Then T has a unique fixed point in X. Moreover,

T is continuous at the fized point.

Proof. The assertion follows using Theorem 1 with ¢(z,y, z,s,t) = q(y + 2) for some ¢ € [0, 3)
and all z,y,z,s,t € Ry. Indeed, ¢ is continuous. First, we have ¢(z,z,y,2,0) = ¢(z + y). So,
if y < ¢(x,2,y,2,0) with 2z < 2z 4y, then y < (ﬁ)x with (%q) < 1. Thus, T satisfies the
condition (Aj).

Next, if y < ¢(y,0,0,y,y), then y = 0. Thus, T satisfies the condition (As).
Finally, if z; < y; 4+ 2z; for i < 5, then
o(z1,...,x5) = q(z2+ 3)
< qllyz +22) + (y3 + 23)]
= ay2 +ys) + q(z2 + 23)
= &y, Y5) + (21, .., 25).

Moreover
$(0,0,2y,y,0) = q(0+2y)=2qy

where 2g < 1. Thus, T satisfies the condition (As). O

The following corollary is an analogue of S. K. Chatterjae’s result [4].

Corollary 3. Let (X,S) be a complete cone S-metric space and P be a normal cone with normal

constant K. Suppose that the mapping T: X — X satisfies the following condition:
S(Tx, T, Ty) < p[S(x,z,Ty) + S(y,y, Tz)]

for all x,y € X, where p € [0, %) is a constant. Then T has a unique fixed point in X. Moreover,

T is continuous at the fized point.
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Proof. The assertion follows using Theorem 1 with ¢(x,y,z,s,t) = p(s +t) for some p € [0, 3)
and all z,y,z,s,t € R;. Indeed, ¢ is continuous. First, we have ¢(z,x,y,2,0) = p(z +0). So,
if y < ¢(z,2,y,2,0) with 2 < 2z 4y, then y < (f”p):z: with ( 2pp) < 1. Thus, T satisfies the
condition (Aj).

Next, if y < ¢(y,0,0,y,y) = 2py, then y = 0 since p < % Thus, T satisfies the condition (As).

Finally, if z; < y; 4+ 2z; for i < 5, then

d(z1,...,x5) = plzg+ x5)
< pl(ya+ 24) + (ys + 25)]
= pya+ys) +p(za+ 25)
= Oy, y5) + B(21,- -, 25).
Moreover
¢(0,0,2y,5,0) = ply+0)=
where p < 1. Thus, T satisfies the condition (As). O

The following corollary is an analogue of S. Reich’s result [21].

Corollary 4. Let (X,S) be a complete cone S-metric space and P be a normal cone with normal

constant K. Suppose that the mapping T: X — X satisfies the following condition:
STz, Tz, Ty) < aS(z,z,y) +bS(x,z,Tx) +cS(y,y,Ty)

for all x,y € X, where a,b,c > 0 are constants with a+b+c < 1. Then T has a unique fized point

in X. Moreover, if c < %, then T is continuous at the fized point.

Proof. The assertion follows using Theorem 1 with ¢(z,y, 2, s,t) = ax + by + cz for some a,b,c > 0
are constants with a + b+ c < 1 and all z,y, z,s,t € R;. Indeed, ¢ is continuous. First, we have
o(z,x,y,2,0) = ar + bx + cy. So, if y < ¢(x,2,y,2,0) with z < 2z + y, then y < (tll+b):1: with
(“+b) < 1. Thus, T satisfies the condition (A;).

Next, if y < ¢(y,0,0,y,y) = ay, then y = 0 since a < 1. Thus, T satisfies the condition (As).

Finally, if x; < y; + 2z; for i < 5, then

o(x1,...,x5) = axy+bry+ cas

IN

a(yr + z1) + b(y2 + 22) + c(ys + 23)
(ay1 + bya + cys) + (az1 + bza + c23)
= ¢(y17"'ay5)+¢(zla"'az5)'
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Moreover

#(0,0,2y,y,0) = a.0+b0+ c.2y=2cy

where 2¢ < 1. Thus, T satisfies the condition (As). O

The following corollary is an analogue of L. B. Cirié’s result [5].

Corollary 5. Let (X,S) be a complete cone S-metric space and P be a normal cone with normal

constant K. Suppose that the mapping T: X — X satisfies the following condition:
S(Ta,Te,Ty) < hmax{S(,2,y),S(x,2,Ta), S(y,y,Ty),
S(z,2,Ty), S(y v, Ta) }

for all x,y € X, where h € [0, %) is a constant. Then T has a unique fized point in X. Moreover,

T is continuous at the fized point.

Proof. The assertion follows using Theorem 1 with ¢(z,y, 2, s,t) = h max{z,

1
» 3
o(z,x,y,2,0) = h max{z,x,y,2,0}. So, if y < ¢(x,z,y,2,0) with z < 2x + y, then y < ha or
y < hz < h(2z +vy). Then y < kx with k& = max {h 2h } < 1. Thus, T satisfies the condition

TR
(A1).

Next, if y < ¢(y,0,0,y,y) = h max{y,0,0,y,y} = hy, then y = 0 since h < L. Thus, T

3
satisfies the condition (As).

y,2,8,t} for some h € [0,z) and all z,y,z,s,t € Ry. Indeed, ¢ is continuous. First, we have

Finally, if x; < y; + 2; for i < 5, then

é(x1,...,25) = hmax{xy,...,z5}
< hmax{y1 +21,...,y5+ 25}
< hmax{yi,...,ys} + h max{z,..., 25}
= ¢(y17---,y5)+¢(217---,25)-
Moreover
¢(07052y7y50) = h maX{Oa()vaay,O} = 2hy
where 2h < 1. Thus, T satisfies the condition (Ag). O

Example 8. Let E = R?, the Euclidean plane, P = {(x,y) € R?> : & > 0,y > 0} a normal cone
in E and X = R. Then the function S: X3 — E defined by S(x,y,2) = |v — 2| + |y — 2| for all
z,y,z € X. Then (X,S) is a cone S-metric space. Now, we consider the mapping T: X — X by

T(z) = £ and {z,} = {3} for alln € N is a sequence converging to zero.
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Result Analysis

(1) Taking x = xp,—1 and y = x,, in inequality (2.1) and using (CSMs3), we have

S(Txnfla T'rnfla T'rn)

S(Ina Tn, In+1)

< o S(@n—1,Tn-1,2Tn), S(Tn-1,Tn-1,Tn-1),S(Xn, Tn, Txy),
S(xn,l,xn,l,Txn),S(a:n,:zrn,T:rn,l))

= & S(@n-1,Zn—1,2n), S(@n-1,Tn-1,%n), S(Tn, Tn, Tni1),
S(xn_l,xn_l,:vn+1),S(:vn,:vn,xn))

= OS(@n-1,Tn-1,2Zn), S(Tn-1,Tn-1,2Zn), S(Tn, Tn, Tni1),
S(xn_l,xn_l,:vn+1),0)

< O S(@n—1,Tn-1,2Tn), S(Tn-1,Tn-1,%n), S(@Tn, Tn, Tni1),

28(:677,717 'r’n,fla In) + S(Ina Inv 'r’n,+1)7 O) .
Since ¢ satisfies the condition (A1), so there exists k € [0,1) such that

S((En,l'n,l'n+1) S kS((En_l,l'n_l,l'n)

or
2(:17n - xn+1)) < k.2(:17n,1 - xn)
or
1 1 1 1
(3 ) =h (5~ 50)
or

k>

DN =

If we take 0 < k < 1, then inequality (2.1) is satisfied. Thus all the conditions of Theorem 1 are
satisfied. Hence by Theorem 1, T has a unique fized point. Here, note that '0’ is the unique fized
point of T.

(2) Let {yn} = {5=} be a sequence in X converging to the fived point z = 0, then we have to
show that Ty, — z as n — oo, that is, T is continuous at the fixed point of T, we have

lim Ty, =T(lim y,)=T(0) =0 = z.
n—00

n—oo
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That 1is,

Ty, — z asn — oo.
Thus, T is continuous at the fized point of T.

Example 9. Let E = R?, the Euclidean plane, P = {(z,y) € R? : 2 > 0,y > 0} a normal cone
in B and X = R. Then the function S: X3 — E defined by S(z,y,2) = |v — 2| + |y — z| for all
x,y,2 € X. Then (X,S) is a cone S-metric space. Now, we consider the mapping T: X — X by
T(x)=%. Then

STz, Tx,Ty) = |Tax—Ty|+ |Tz—Ty|

— 2oy =2|(5) - (4)

= gac—y|
1
= §(2|x—y|)

1
< 5(2|17 - 7J|)
= hS(z,2,y)

where h = % < 1. Thus T satisfies all the conditions of Corollary 1 and clearly 0 € X 1is the unique
fixed point of T.

3 Conclusion

In this paper, we establish some fixed point theorems using implicit relation in the framework of
complete cone S-metric spaces. Our results extend, unify and generalize several results from the
existing literature. Especially, they extend the corresponding results of Sedghi and Dung [24] from
complete S-metric spaces to the setting of complete cone S-metric spaces. However, these results
have vast potential in solving various nonlinear problems in functional analysis, differential and

integral equations, computer science and engineering.
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