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Abstract. We present some fixed point theorems for mappings which satisfy certain
cyclic contractive conditions in the setting of S-metric spaces. The results presented in
this paper generalize or improve many existing fixed point theorems in the literature.
At the end of the paper, we give some examples to demonstrate our results.
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1. Introduction

In the field of fixed point theory, to find the solution of fixed point problems,
the contractive conditions on ambient functions play a significant role. The most
fundamental result in metric fixed point theory is Banach Contraction Principle
([4]).

Let (X, d) be a complete metric space and let T: X — X be a self-mapping. If
there exists k € [0,1) such that

(1.1) d(T(x), T(y)) < kd(z,y),
for all z,y € X, then T has a unique fixed point v € X. Moreover, for any =g € X,

the sequence {x,} C X defined by z, 1 = Tz, n € N, is convergent to the fixed
point u. Inequality (1.1) also implies the continuity of T'.
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Over the years, due to its importance and applications in different fields of
science, several authors generalized the well-known Banach Contraction Principle
by introducing a new ambient space or a contractive condition. It is no surprise
that there is a great number of generalizations of this fundamental result.

Cyclic representation and cyclic contraction were introduced by Kirk et al. [14]
in metric spaces and investigated the existence of proximity points and fixed points
for cyclic contraction mappings and further used by several authors to obtain various
fixed point results for not necessary continuous mappings in different spaces (see,
e.g., [3,6,9,11, 12, 13, 16, 17, 18, 19] and others).

Sedghi et al. [24] introduced the notion of S-metric spaces that generalized G-
metric spaces and D*-metric spaces. In [24] the authors proved some properties of
S-metric spaces. They also obtained some fixed point theorems in the setting of
S-metric spaces for a self-map.

Gupta [9] introduced the concept of cyclic contraction in S-metric spaces and
proved some fixed theorems in the said spaces which are proper generalizations of
the results of Sedghi et al. [24].

In this paper, we establish some fixed point theorems for cyclic contractive
mappings in the setting of S-metric spaces. Our results generalize or improve several
existing fixed point theorems in the literature.

2. Preliminaries

The notion of cyclic contraction is as follows:

Definition 2.1. ([14]) Let X be a nonempty set, m € N and let f: X — X be a
self-mapping. Then X = U, A; is a cyclic representation of X with respect to f if
a) A;, i =1,2,...,m are nonempty subsets of X;
b) f(A1) C Ag, f(A2) C Az, f(Am—1) C A, f(Am) C Ay

Kirk et al. [14] proved the following fixed point result via cyclic contraction
which is one of the extraordinary generalizations of the Banach’s contraction prin-
ciple.

Theorem 2.1. ([14]) Let (X, d) be a complete metric space, f: X — X and let
X = UL, A; be a cyclic representation of X with respect to f. Suppose that f
satisfies the following condition:

(2.1) d(fz, fy) < ¢(d(z,y)),

forallx € A;, y € Aiy1, 1 € {1,2,...,m}, where Ap1 = Ay and :[0,00) —
[0,00) is a function, upper semi-continuous from the right and 0 < ¥(t) < ¢t for
t > 0. Then f has a fized point z € N2, A;.

In 2010, Pacurar and Rus [17] introduced the following notion of cyclic weaker
(p-contraction.
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Definition 2.2. ([17]) Let (X,d) be a metric space, m € N, Ay, Ay,..., A, be
closed nonempty subsets of X and X = U], A4;. An operator f: X — X is called a
cyclic weaker @-contraction if

1) X =U, A; is a cyclic representation of X with respect to f;

2) there exists a continuous, nondecreasing function ¢: [0,1) — [0, 1) with ¢(t) >
0 for t € (0,1) and ¢(0) = 0 such that

(2.2) d(fz, fy) < d(z,y) — p(d(z,y)),

forany z € A;, y € A4, i =1,2,...,m, where A,,41 = A;.
They proved the following result.

Theorem 2.2. ([17]) Suppose f is a cyclic weaker p-contraction on a complete
metric space (X,d). Then f has a fized point z € NI, A;.

We need the following definitions and lemmas in the sequel.

Definition 2.3. (]24]) Let X be a nonempty set and S: X3 — [0, 00) be a function
satisfying the following conditions for all z, y, 2z, t € X:

(S1) S(z,y,z) =01if and only if z = y = z;

(52) S(z,y,2) < S(z,z,t) + S(y,y,t) + S(z, 2, ).

Then the function S is called an S-metric on X and the pair (X, .5) is called an
S-metric space or simply SMS.

Example 2.1. ([24]) Let X = R" and ||.|| a norm on X, then S(z,y,2) = ||[y+ 2z —2z| +
ly — z|| is an S-metric on X.

Example 2.2. ([24]) Let X = R™ and ||.|| a norm on X, then S(z,y, 2) = ||z—z||+|ly—=2]|
is an S-metric on X.

Example 2.3. ([25]) Let X = R be the real line. Then S(z,y,2) = |z — z| + |y — z| for
all z,y,z € Ris an S-metric on X. This S-metric on X is called the usual S-metric on X.

Definition 2.4. ([24]) Let (X, S) be an S-metric space.

(al) A sequence {z,} in X converges to x € X if S(xp,zn,z) = 0 as n — oo,
that is, for each € > 0, there exists ng € N such that for all n > ng we have
S(Zn, Tn,z) < €. We denote this by lim,_,cc 2, = & Or ,, = T as n — 0.

(a2) A sequence {x,} in X is called a Cauchy sequence if S(zy, Zpn, Zm) — 0 as
n,m — oo, that is, for each ¢ > 0, there exists ng € N such that for all n,m > ng
we have S(Tn, T, Tm) < €.

(a3) The S-metric space (X, S) is called complete if every Cauchy sequence in
X is convergent in X.



380 G. S. Saluja

Definition 2.5. ([24]) Let (X, S) be an S-metric space. A mapping 7: X — X is
said to be a contraction if there exists a constant 0 < L < 1 such that

(2.3) S(Tz, Ty, Tz) < LS(z,y,z)

for all z,y,z € X. If the S-metric space (X,S) is complete then the mapping
defined as above has a unique fixed point.

Every S-metric on X defines a metric dg on X by

(2.4) ds = S(z,z,y) + S(y,y,x) Va,y € X.

Let 7 be the set of all subsets A of X with x € A if and only if there exists r > 0
such that Bg(z,7) C A. Then 7 is a topology on X. Also, a nonempty subset A in
the S-metric space (X, .5) is S-closed if A = A.

Lemma 2.1. ([24, Lemma 2.5]) In an S-metric space, we have
S(x,z,y) = S(y,y,x) for all z,y € X

Lemma 2.2. ([24, Lemma 2.12]) Let (X, S) be an S-metric space. If the sequence
{z,} converges to x, that is, v, — = as n — oo and the sequence {y,} converges
to y, that is, y, — y as n — oo, then the sequence {S(Zpn,Tn,yn)} converges to
S(z,z,y), that is, S(xn,Tn,yn) = S(z,2,y) as n — co.

Lemma 2.3. ([9, Lemma 8]) Let (X, S) be an S-metric space and A is a nonempty
subset of X. Then A is said to be S-closed if and only if for any sequence {x,} in
A such that x,, — x as n — oo, then x € A.

3. Main Result
In this section, we shall prove some fixed point theorems via certain cyclic con-
tractive conditions in the setting of complete S-metric spaces.

First of all, we shall denote ¥ the set of functions v: [0, 00) — [0, 00) satisfying
the following conditions:

(T4) 9 is continuous; (¥3) ¥(t) < t for all t > 0.
Obviously, if ¥ € ¥, then (0) = 0 and ¢(¢) <t for all ¢ > 0.

Now, we introduce the notion of cyclic generalized g,-contraction in S-metric
space as follows.

Definition 3.1. Let (X,S) be a S-metric space. Let m be a positive integer,
Ai,As, ..., A, be nonempty subsets of X and Y = U[", A;. An operator g:Y — Y
is a cyclic generalized g,-contraction for some ¢ € U, if

(I) Y = U™, A; is a cyclic representation of Y with respect to g;
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(IT) there exists by,be € [0,1) with by + b2 < 1 such that for all (z,y,2) €
Ai X Az X Ai+17 1= ].,27. .., m (Wlth Am+1 = Al)

(31) S(gx’gyvgz) S bl n(x7yaz)+b2N(xayaz)a
where

1+ S(Qy,gy,y))

n(z,y,z) = ¢(S(gz,gz,z) 1+ S(z,y,2)

and

N(z,y,2) = max {@b(S(x, y,2)),v(S(g9z, gz, 2)), ¥ (S(9y, 9y, v)),

D(51S(g2, 92, 2) + 8(g7, 92, 2)]) }.

Now, we are in a position to prove our main result.

Theorem 3.1. Let (X,S) be a complete S-metric space, m € N, Ay, Aa, ..., Ap,
be nonempty closed subsets of X and Y = U, A;. Suppose that g:Y — Y is a
cyclic generalized gy -contraction mapping, for some ¢ € W. Then g has a unique
fized point. Moreover, the fized point of g belongs to NI~  A;.

Proof. Let xy € Ay (such a point exists since A; # ). Define the sequence {z,}
in X by 241 = gzn, n=0,1,2,.... We shall prove that
(3.2) lim S(p41,Tnt1, Tnye) =0.

n—oo
If for some k, we have limy_,o0 S(Zg+1, T+1, Tht2) = 0, then equation (3.2) follows
immediately. So, we can assume that S(zp,4+1, Zp+1, Tny2) > 0 for all n. From the
condition (I), we observe that for all n, there exists i =i, € {1,2,...,m} such that
(Tnt1s Tntl, Tnta) € A; X A; X Ajpq. Then from condition (IT) and using Lemma
2.1, we have

S(ajn+1,xn+1,:pn+2) = S(g:rn,gxn,gxn+1)
b1 n(Xp, Ty Tiy1) + 02 N(2p, Ty Ta1), n=1,2,....

A

(3.3)

On the other hand, we have

1 + S(-rn7xnaxn+1))
1+ S(zp, n, Tpy1)

= Y(S(Tny1; Tnt1, Tnt2)),

n(ﬂ?n,$n,$n+1) = w(5($n+17$n+1a$n+2)

and

1

N(xn»xnu (En+1) = max {w(S(xn, xnyanrl)yw(iS((EnyxnaanrZ))}~
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o If N(x, Ty, Tpg1) = V(S(xn, T, Tnt1), we obtain from (3.3) and the property of
1) that

S<xn+1a$n+laxn+2) S bl Q/J(S(anrlaanrhanrQ)) + b2 Q/J(S(xnvxn7xn+1)
< b1 S((En+1,$n+1,.’£n+2) +b2 S(xn,xn,xnﬂ),
that is,

bo
1-0b;

(3.4) S(Tpt1, Tng1, Tng2) < ( )1/1(5(:cn,xn,xn+1).

o If N(xp,xp, Tpy1) = w(%S(xn, T, xn+2)), we obtain from (3.3) and the property
of ¢ that

1
S($n+1yxn+17xn+2) S bl ¢(S($n+1,$n+1,$n+2)) + b2 ¢(§S($n7$n7$n+2))

1
(35) < bl S(xn+17xn+17xn+2) + b2 §S(xn7xn>xn+2)-

By (52) and Lemma 2.1, we have

S(l‘n, T, mn+2) < 25(3377,7 T, zn—&-l) + S(l'n—&-Za Tn+2, xn+1)

= QS(xn,l'n,an,_l) + S(l‘n+1,$n+1,$n+2).

Therefore, we have

1 1
(36) 55(3371, T,y xn+2) < S(J?n, Tn, xn—&-l) + is(ajn—&-la Tn+1, xn+2)-
Combining (3.5) with (3.6), we obtain

S(anrl» Tn41, xn+2) S bl S(xn+1; Tn+1, xn+2) + b2 [S(.’En, T, xn+1)

1
+§S(xn+17 Tn+1, xn+2)]7

that is,

2bs

(3.7) S(@n+1, Tns1, Tntz) < (m

) [S(zn, Tn, Tnt1)-

b 2b
Define p = max{ 1721)17%} < 1 and let @Qny1 = S(Tnt1,Tnt1, Tnte) and

Qn = S(xp, xn, zyy1). Consequently, it can be concluded that

(3.8) Qni1 S pQn < Quoy <. < Q.

Therefore, since 0 < p < 1, taking the limit as n — oo, we have S(Zp41, Tni1, Tnia) —
0, which is (3.2).
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Thus for all n < m, by using (52), Lemma 2.1 and equation (3.8), we have

S(zn,xn,xm) < 2S(Im1’naxn+1)+S(zmaxm7xn+l)
= 25(Tn, Tn; Tnt+1) + S(Tnt1, Tnt1, Tm)

IN

2™ + ..+ ™S (20, z0, 71)

< (125nﬂ)5’(x07x0,$1)-

Taking the limit as n,m — oo, we get
S(xn, Tn, Tm) — 0,

since 0 < p < 1. Thus, we have S(p, Zn, Tm) — 0 as n,m — .

This shows that the sequence {z,} is a Cauchy sequence in the complete S-
metric space (X, S). Since Y is closed in (X, S), then (Y,S) is also complete and
there exists u € Y = U A;. Notice that the iterative sequence {z,} has an infinite
number of terms in A; for each i = 1,2,...,m. Hence in each A4;, i = 1,2,...,m,
we can construct a subsequence of {x,} that converges to u. Using that each A,
i=1,2,...,m, is closed, we conclude that v € U, 4; and thus U*, A; # O.

Now, we shall prove that w is a fixed point of g (which is possible since u belongs
to each A;). Indeed, since u € UM, A;, so for all n, there exists i(n) € {1,2,...,m}
such that z,, € A;(,), using (IT) and Lemma 2.1, we obtain

S(xn+17xn+l7gu) = S(gxnagxnagu)
(3.9) < bin(zg, Tp,u) + b N(zy, 20, u),

for all n. On the other hand, we have

1 + S(xn-&-la Tn+1, xn))

n(xn7.’1,‘n,u> = 1/)(5(9%9%“) 1 +S($n’xn,u)

on letting n — +o00 and using the continuity of ¥, condition (S1) and Lemma 2.1,
we obtain that

0 (T, Tn,yu) — (S (u, u, gu)),

and

N(:L'n, Tn, u) = Inax {d)(s(xm Tn, u))7 111(5(9%, 9Tn, In))a ¢(5(9117n, 9Tn, :L’n)),

1

¢(§[5(9$n7 9Zn, u) + S(gua gu, .73”)])}

= max { (S (@, s ), U(S(@nt1, T, 20)) (S (@ns1, T, ),
1

¢(§[S($n+1a Tpi1,u) + S(gu, gu, ,))) }
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On letting n — +o0 and using the continuity of v, condition (S1) and Lemma 2.1,
we obtain that

N(xp, Tp,u) — w(M)

On letting n — 400 in (3.9) and using (3.10) and (3.10), we obtain

S(u,u,gu) < by v(S(u,u,gu)) + b2¢(w)

< b1 Yp(S(u,u, gu)) + b2 (S (u, u, gu)).
Suppose that S(u,u,gu) > 0. In this case, using condition (¥5), we get

S(uaU,gu) < bl S(u,u,gu) + b2 S(uauagu)
= (b1 + b2)S(u,u, gu) < S(u,u, gu), since by + by < 1,
which is a contradiction. Hence S(u,u,gu) = 0. Thus, gu = u. This shows that u
is a fixed point of g.

Finally, we prove that u is the unique fixed point of g. Assume that v is another
fixed point of g, that is, gv = v with v # w. From condition (I), this implies that
v e U™, A;. Now, we apply condition (II) for x = y = u and z = v, we obtain

S(u,u,v) = S(gu, gu, gv)

(3.10) < by n(u,u,v) 4+ ba N(u, u,v),
where

_ 1+ S(gu, gu, u)

n(u,u,v) = ¢(5(9U,9U,U)m)

_ 1+ S(u, u,u)

= w<S(U’U’U)1+S(u,u7v)>'
Using the property of ¢ and condition (S1), we get
(3.11) n(u,u,v) — 0,
and

N(u,u,v) = max { (S u0)), v(S(gu gu, ), (S (gu, gu, v)),
¥(5[(gu, gu,v) + S(gv. g0, )}
= max { (S, u,)), (S, 1), (S (s 0, 0),
Y (5180n,0) + S0, 0,0)]) 1
Using Lemma 2.1, condition (S1) and the property of 1, we get
(3.12) N (u, u,v) — S(u,u,v).
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If S(u,u,v) >0, from equations (3.10), (3.11) and (3.12), we get
(3.13) S(u, u,v) < by S(u,u,v) < S(u,u,v),
which is a contradiction. Hence, S(u, u,v) = 0, that is, u = v. Thus we have proved

the uniqueness of the fixed point. This completes the proof. O

Next, we derive some fixed point theorems from Theorem 3.1.

If we take m = 1 and A; = X in Theorem 3.1, then we obtain immediately the
following result.

Corollary 3.1. Let (X,S) be a complete S-metric space and g: X — X satisfies
the following condition: there exists by, by € [0,1) with by + by < 1 and some i € ¥
such that

1+5(gy,gy,y))
1+ 8(x,y,2)

by max {9(S(,y,2)), (S (g, 9. 2)). (S (9y. 99,9)),

¥ (51007, 92,2) + S(g2,92,2)]) 1

for all x,y,z € X. Then g has a unique fixed point.

S(gr,9y,92) < by (S(gz, 9z, %)

Remark 3.1. Corollary 3.1 extends and generalizes many existing fixed point theorems
in the literature to the setting of complete S-metric spaces (see, [7, 12]).

Corollary 3.2. Let (X,S) be a complete S-metric space, m € N, Ay, Aa, ..., Ap,
be nonempty closed subsets of X, Y = U™, A; and g:Y — Y. Suppose that there
ezists a nondecreasing function ¢ € W such that:

(h1) Y = U™, A; is a cyclic representation of Y with respect to g;

(h2) there exist b1,ba € [0,1) with by + by < 1 such that for all (z,y,z) €
Ai X Al X Ai—i—l; 1= 1,2,...,m (wzth Am+1 = Al),

1+S(9yvgy,y))
1+ S(x,y,2)

+bo w(max {S(w, y,2),S(9x, gz, x), S(9y, 9y, y).
(3.14) S15(02,92.2) + S(g2,92,2)]} ).

for all x,y,z € X. Then g has a unique fized point. Moreover, the fixed point of g
belongs to N2, A;.

S(gx?gyagz) S bl w(S(QZ,gZaZ)

Proof. Tt follows from Theorem 3.1 by taking that if ¢y € ¥ is a nondecreasing
function, we have

N(w,y,2) = o(max{S(zy.2).S(gz,92,2), 59y, 99 ),

1

5[5(9%9367 z) + S(gz,gzw)}}).
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O

Remark 3.2. It is clear that the conclusions of the Corollary 3.2 remain valid if in
condition (3.14), the second term of the right-hand side is replaced by one of the following
terms:

b o(S(en )i b G[5(om,00.2) + S(02,92,2)] )
by max {¢(s<ga:,gm,x)>,w<s<gy,gy,y>>};
or by max{W(x,y,z»,w(sm,gm,w»,w<s<gy,gy,y>>}.

Corollary 3.3. Let (X,S) be a complete S-metric space, m € N, Ay, Aa, ..., Ay,
be nonempty closed subsets of X, Y = U™, A; and g:Y — Y. Suppose that there
exist five positive constants dj, j = 1,2,3,4,5 with Z?:1 d; < 1 such that:

(h1) Y = U, A; is a cyclic representation of Y with respect to g;

(h2) for all (z,y,2) € A; X A; X Ajp1,i=1,2,...,m (with A1 = A1),

1+ S(gy, gy,

+d3 S(gz, g7, ) + ds S(9y, 9y, Y)
1
(3.15) +ds i[S(gx,gx, z)+ S(gz, 9z, x)],

)+d25($7y72>

for all x,y,z € X. Then g has a unique fixed point. Moreover, the fixed point of g
belongs to NI, A;.

Proof. Tt follows from Theorem 3.1 with ¥(t) = (dy +do +d3 +ds +ds5)t. O

As special case we obtain S-metric space versions of Banach ([4]), Kannan ([10])
and Chatterjea ([5]) fixed point results (relation (1), (4) and (11) in [23]) in the
cyclic variant from Corollary 3.3.

Corollary 3.4. Let (X,S) be a complete S-metric space, m € N, Ay, As, ..., Ay,
be nonempty closed subsets of X and Y = U2, A;. Let ¢:Y — Y be such that:

(1) Y =U, A is a cyclic representation of Y with respect to g;

(2) there exists 6 € [0,1) such that one of the following conditions hold for all
(ZE,y,Z) S Az X Az X Ai+1; 1=1,2,...,m (’LUZth Am+1 :Al),

S(gz, 9y,92) < 6S(x,y, 2),

| >

S(g9x,9y,92) < 5 [S(x, z,92) + S(y,y, gv)],

| >

S(gr,gy,92) < 5 [S(z,z,9y) + S(y,y, gr)],

forall x,y,z € X. Then g has a unique fized point u € Y.
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Proof. Tt follows from Corollary 3.3 by taking (1) do = dand dy = ds = dy = d5 =0,
(2) d3:d4:gandd1:d2:d520, and (3) ds =dand dy =dy =ds =dy =
0. O

If we take by = 0, b2 = 1 and max {¢(S($a Y, Z))a w(S(ngng LE)), ZZJ(S(QZ/»QZJ, y))v
V(3[S(g9z, gz, 2)+5(g2, gz, x)})} = (S(z,y, z)) in the Theorem 3.1, then we obtain

the following result as corollary.

Corollary 3.5. Let (X,S) be a complete S-metric space, m € N, Ay, As, ..., Ay,
be nonempty closed subsets of X, Y = U2, A;, g:Y — Y an operator and ¥ =
U™, A; is a cyclic representation of Y with respect to g. Suppose that g satisfies
the following condition: for any (x,y,z) € A; x A; X Ajy1, @ = 1,2,...,m with
Apy1 = Ay,

S(gz, 9y, 92) < (S(z,y, 2)).

Then g has a unique fized point. Moreover, the fized point of g belongs to NI~ A;.

Remark 3.3. Corollary 3.4 extends the corresponding result of Kirk et al. [14] to the
setting of S-metric space.

If we take Ay = Ay = ... = A, = X and ¢(¢) = kt, where 0 < k < 1 in the
Corollary 3.4, then we obtain the following result.

Corollary 3.6. ([24]) Let (X,S) be a complete S-metric space and g: X — X be
a mapping such that for any z,y,z € X,

S(gz,9y,92) < kS(z,y,2),

where 0 < k < 1. Then g has a unique fized point in X.

Remark 3.4. Corollary 3.5 also extends the well-known Banach fixed point theorem [4]
form complete metric space to the setting of complete S-metric space.

Now, we give some examples in support of our results.

Example 3.1. Let X = [0,1] and g: X — X be given by g(z) = £. Let A; = [0, 3] and
Ay = [3,1]. Define the function S: X* — [0,00) by S(z,y,2) = max{z,y, z} for all for all
z,y,z € X, then S is an S-metric on X. Now, define the function v: [0, +00) — [0, +00) by
P(t) = £, t € [0,1]. Then 1) has the properties mentioned in Corollary 3.5. Let z >y > z
for all z,y,z € X. It is clear that X = UZ_, A; is a cyclic representation of X with respect

to g.
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(1) Now, consider the inequality of Corollary 3.5, we have

S(gz,9y,92) =

I
nn
RS
|8
LIS
IR
~—

= ¢ SU(S@y.2)) = d(max{z,y,2})
= (@) =3
or
11
87 2

which is true. Thus, all the conditions of Corollary 3.5 are satisfied and u = % € U2 Ay
is a unique fixed point of g.

(2) Again, consider the inequality of Corollary 3.6, we have

S(9z,9y,92) = S(? £y E)

or

If we take 0 < k < 1, then all the conditions of Corollary 3.6 are satisfied and u =0 € X
is a unique fixed point of g.

Example 3.2. Let X = [0,1]. We define S: X* — R, by

O7 if z= Y=z,
S(z,y,2) = { max{z,y,z}, if otherwise,

for all z,y,z € X. Then (X,S) is a complete S-metric space. Suppose A; = [0,1],
Az =0, %] and Y = U?_, A;. Consider the mapping g:Y — Y such that g(z) = ﬁ
all z € Y. Tt is clear that Y = U%_; A; is a cyclic representation of X with respect to g. Let

us suppose that ¢: [0, +00) — [0, +00) be such that (t) = 1%, t € [0,1]. Then ¢ has the
properties mentioned in Theorem 3.1. Moreover, the mapping g is a cyclic representation

of Y with respect to g. Without loss of generality, we assume that x > y > z for all
z,y,z €Y. Then

for

S(gx,9y,92) = max{gz,gy,gz}

xQ y2 22
- max{2(1+x)’ 21+ )’ 2(1—|—z)}
2
T

2(1+2z)’
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S(z,y,z) = max{z,y, 2} = z.

On the other hand,

N(z,y,z)

e fsston (S )
(sl o)
w(% {5(2(1304r 2) 2(1x+ x)7z) + S(ﬁ ﬁ“)])}

= max {w(x),w(ﬂ),w(l/)v¢(% [maX {2(19:7;)2} i mD}
= ().

(Since it was used that the function % is increasing and since x > z, © > Q(fiiz), that
1 z?
5 max{m,z} +z| <z)

Hence in this case

S(gz, 9y,92) < = N(z,y, z)

N

is satisfied for by = 0. Thus, the condition (II) holds for b; = 0 and b, = %

Hence, all conditions of Theorem 3.1 are satisfied (with m = 2) and so g has a unique
fixed point which is in this case is u = 0 € NZ_; A;.

Example 3.3. Let X = [0,1] and S: X®> — Ry be given by

_J le—zl+ly—z] if zy,z€][0,1)
S(;r:,y,z)f{ 1, if r=lory=1lorz=1,

for all z,y,2z € X. Then (X, S) is a complete S-metric space.
If a mapping g: X — X is given by

[ 172, if z,y,z €]0,1)
g(m)_{ 1/6, ifz=y=z=1,

and A; = [0, %}, Ay = [%, 1], then A; UA2 = X is a cyclic representation of X with respect
to g. Now, define the function ¢:[0,00) — [0,1) and ¥(t) = 2, ¢ € [0,1]. Then ¢ has the
properties mentioned in Corollary 3.5. Moreover, the mapping ¢ is a cyclic representation
of Y with respect to g. Without loss of generality, we assume that > y > z for all
x,y,2z € X. Indeed, consider the following cases.

Case I: If z,y € [0,3], z€ [5,1) or 2 € [0, 3], z,y € [1,1). Then

111

P(S(z,y,2)).

IN
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Thus, the inequality of Corollary 3.5 is trivially satisfied.

Case II: If 2,y € [0, 1] and z = 1. Then

2

111 2
S(gzr7gy7gz) - S<§7§76) - §7
S(m’ y? Z) = 17
and
3
Consequently,
2
Slgz,99,92) = 3 <¥(S(z,y,2))
- 3
= T

which is true. Thus, all the conditions of Corollary 3.5 are satisfied.

Case IIL: If 2,z € [0, 1] and y = 1. Then

111 1
S(gxmgymgz) - 5(57655) - ga
S(z,y,2) =1,
and
3
Consequently,
1 3
S(gz,9y,92) = 3 <9(Sxy.2) =7,

which is true. Thus, all the conditions of Corollary 3.5 are satisfied.

Case IV: If y,z € [0, 1] and 2 = 1. Then
111 1
S(g‘r?gy7gz) - 5(67575) - ga

S(z,y,2) =1,

and

(S 2) = 3.
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Consequently,
1 3
S(9z,9y.92) = 3 <¥(S(xy.2) = 7,

which is true. Thus, all the conditions of Corollary 3.5 are satisfied.

Considering all the above cases, we conclude that the inequality used in Corollary 3.5
remains valid for ¢ and g constructed in the above example and consequently by applying
Corollary 3.5, g has a unique fixed point (which is u = % € A1 NA,).

4. Application to well posedness fixed point problem

The notion of well posedness of a fixed point problem has generated much interest
to several mathematicians, for example [1, 2, 8, 15, 20, 21, 22]. Here, we study well
posedness of a fixed point problem of mappings in Theorem 3.1.

Definition 4.1. ([8]) Let (X, d) be a metric space and g: X — X be a mapping.
The fixed point problem of g is said to be well-posed if

(i) g has a unique fixed point u in X;

(ii) for any sequence {x,} of points in X such that lim, o d(gzn, z,) = 0, we
have lim,—, o0 d(2p,u) = 0.

Now, we generalize the above notion in S-metric space.

Definition 4.2. Let (X,S) be a S-metric space and g: X — X be a mapping.
The fixed point problem of g is said to be well-posed if

(i) g has a unique fixed point u in X;

(ii) for any sequence {x,} of points in X such that lim, . S(9Zn, 9Tn, ) =
0 =lim, 00 S(@n, T, gx,), we have lim, o0 S (20, Tp, u) = 0 = lim, 00 S(u, u, z,).

Concerning the well-posedness of the fixed point problem in a S-metric space
satisfying the conditions of Theorem 3.1, we have the following result.

Theorem 4.1. Let g:Y — Y be a self mapping as in Theorem 3.1. Then the fized
point problem for g is well posed.

Proof. From Theorem 3.1, we know that g has a unique fixed point, say, u €
Y. Let {z,} C Y be a sequence in Y such that lim, oo S(2n,Zn,g92,) = 0 =
lim;, 00 S(9Zn, gZn, ). Then using (S1), Lemma 2.1, condition (IT) and the prop-
erty of ¢, we have

S(TpyTn,u) < 258(Xp, Tn, gTn) + S(u, u, g,)
= 2S(xn, zn, gzn) + S(gTn, gTn, gu)
< 25(xp, Tp, gTyn) + b1 (X, Ty, w)
(4.1) +b2 N(2y, 2, ),
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where
1 S ns n» n
n(xy,, Tn,u) = w(S(gu,gu,u) —1|_+ (gan’gxxnﬂg ))
— 1+ S(92n, 9Tn, vn) _
(4.2) = w(S(u,u,u) T r— ) =0,
and
N(zp, Tp,u) = maX{d’(s(mnamnau))7¢(5(gmnag$naxn))aw(s(gxmgxnaxn))a
= max{z/)(S(xn,xn,u)),w(S(g:vn,gxn,xn)),w(S(gxn,gxn,xn)),
0 (58 (gras g ) + S u,2)]) )
= max {Y(S(@n, 20, 1)), Y(S(92n, 90, 7)), V(S (g0, 920, 0)),
1/’(%[25(91%799371717”) + 28 (xn, xn,u)])}
= max {W(S(@ns 2y 0)), Y(S(92ns 90, 70)), Y(S (920, 90, 70)),
(S(gns 9n, n) + S, 7, ) }
(4.3) = Y(S(gzn, gTn,xy)).
From equations (4.1)-(4.3), we obtain
(4.4) S(xp, Tn,u) < 25(xp, T, gon) + b2 V(S (xh, Tn, u)).

Using the property of ¢ in equation (4.4), we obtain
S(:L‘n, Tn, u) < 25(507“ Ly gxn) + b2 S(llfn, Tn, u)a

taking the limit as n — oo in the above inequality, we get S(z,,z,,u) — 0 as
n — oo since by < 1, which is equivalent to saying that x,, — u as n — co. This
completes the proof. [

5. Conclusion
In this paper, we prove some fixed point theorems for generalized g,-cyclic contrac-
tions in the setting of complete S-metric spaces. Also we give some examples in
support of our results. The results presented in this paper extend, generalize and
improve several fixed point results in the literature (see, e.g., [11, 12, 16, 17, 24] and
many others) to the setting of complete S-metric spaces.
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