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Fixed point theorems of generalised
S — [ — 1 contractive type mappings

BuLBuL KHOMDRAM, YUMNAM ROHEN,
YUMNAM MAHENDRA SINGH, MOHAMMAD SAEED KHAN

ABSTRACT. In this paper, we introduce the concept of generalised S —
B — 1 contractive type mappings. For these mappings we prove some
fixed point theorems in the setting of S-metric space.

1. INTRODUCTION

Banach contraction mapping principle is one of the most important result
for finding fixed point. There are various generalisations and extensions of
this theorem. One of the important generalisation is the result obtained
by Samet et. al [2]. They introduced the concept of a-admissible mapping
and defined the notion of a — 1 contractive mappings. Sedghi et. al [9]
generalised the concept of metric space to S-metric space. The concept of
S-metric is also further extended by many researcher. These generalisations
can be seen in [6, 10, 7, 8] and references therein.

In this paper, we extend the notion of a — ¢ contractive mapping to
S — 8 — 1 contractive type mappings in the setting of S-metric space.

Berinde [1] defined (c¢)-comparison function as follows:

Let ¥ be a family of functions ¢ : [0,00) — [0, 00) satisfying the following
conditions.

(i) v is nondecreasing;
(ii) There exists kg € N and a € (0,1) and a convergent series of non
negative terms » -, vx such that

YRFL(t) < agpF(t) + v,
for k > ko and any ¢t € RT, where RT = [0, c0).
Lemma 1.1. [1| If ¢ € U, then the following hold:
(i) (¥™(t))nen converges to 0 as n — oo for all t € RT;
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(i) ¥(t) <t for any t € RT;

(iii) 1 is continuous at 0;

iv) the series >3 *(t) converges for anyt € RT.
k=1

Samet et. al. [2] defined a-admissible as follows.

Definition 1.1. [2| Let 7: X — X and a : X x X — [0,00). Then T is
said to be a-admissible if for all z,y € X,

alz,y) > 1= a(Tz,Ty) > 1.
Karapinar and Samet [3] introduced the following contractive condition.

Definition 1.2. [3] Let (X, d) be a metric space and T': X — X be a given
mapping. We say that T is a generalised a — 1) contractive mapping if there
exist two functions a: X x X — [0,00) and ¢ € ¥ such that

a(z,y)d(Tz,Ty) < Y(M(z,y)),
for all z,y € X, where

M(z,y) = max {d(w,y),

d(z, Tx) + d(y, Ty) d(z,Ty) + d(y, T'z)
2 ’ 2 ’
The concept of [-admissible mapping is introduced by Alghamdi and
Karapinar [4].
Definition 1.3. [4] Let T: X — X and 8: X x X x X — [0,00), then T
is said to be S-admissible if for all x,y,z € X,
B(z,y,2) 21= p(Tz,Ty,Tz) = 1.

Example 1.1. [4] Let X = [0,00) and T : X — X. Define f(zx,y,2) :
X x X xX —1[0,00) by Tz = log(1 + z) and

_Joe ifz>y>z,
@y, 2) = { 0, otherwise.
Then T is called S-admissible.
The definition of S-metric space is as follows.
Definition 1.4. [9] Let X be a nonempty set. An S-metric on X is a
function S : X3 — [0, 00) that satisfies the following conditions.
(S1) S(x,y,z) =0if and only if x =y = 2,
(S2) S(z,y,2) < S(z,2,a) + S(y,y,a) + S(z, 2,a),
for each x,y,2z,a € X.
The pair (X, S) is called S-metric space.
Lemma 1.2. [9] Let (X, S) be an S-metric space. Then
S(x,z,2) <28z, 2,y) + 5y, y, 2)
and  S(z,z,z) <28(x,z,y) + S(z, 2,v),
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forall x,y,z € X.
Also, S(x,z,y) = S(y,y,x) for all x,y € X.

Definition 1.5. [9] Let (X, S) be an S-metric space.
(i) A sequence {z,} in X converges to z if and only if S(zy, zn,z) — 0
as n — oo. That is for each ¢ > 0 there exists ng € N such that
S(xy, Tn,x) < € whenever n > ng and we denote this lim,,_, x, =
.
(ii) A sequence {z,} in X is called Cauchy sequence if for each € > 0,
there exists ng € N such that S(z,, z,,zn) < € for each n,m > ng.
(iii) The S-metric space (X,S) is said to be complete if every Cauchy
sequence is convergent.

Definition 1.6. [5] A mapping 7" : X — X is said to be S-continuous
if {Tx,} is S-convergent to T'z, where {x,} is an S-convergent sequence
converging to x.

2. MAIN RESULTS

Now we introduce the concept of generalised S — 8 — ¢ contractive map-
pings by generalising the concept of a—1) contractive mapping in the setting
of S-metric space.

Definition 2.1. Let (X, S) be a S-metric space and let 7' : X — X be
a given mapping. We say that T is a generalised S — 8 — 1 contractive
mapping of type I if there exist two functions 5: X x X x X — [0, 00) and
1 € W such that for all z,y,z € X, we have

(1) Blz,y,2)S5(Tx, Ty, Tz) < p(M(z,y,2)),
where
M(z,y,2) = max{S(z,y,2), (2, T2), S(s,9,Ty), S(z, 2 T2),
L(S(, 2. Ty) + S(,9,T) + Sz, 2. )}

Definition 2.2. Let (X,S) be a S-metric space and let 7' : X — X be a
given mapping. We say that 7' is a generalised .S ——1) contractive mapping
of type I1 if there exist two functions 8 : X x X x X — [0,00) and ¢ € ¥
such that for all z,y € X, we have

B(x,z,y)S(Tx, Tz, Ty) < p(M(z,z,y)),
where
M(z,z,y) = max{S(z,z,y),S(x,z,Tx),S(y,y,Ty),

i(S(:c,a:,Tm) + S(z,2,Ty) + S(y,y, Tx))}.
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Theorem 2.1. Let (X,S) be a complete S-metric space. Suppose that T :
X — X is a generalised S — B —1 contractive mapping of type I and satisfies
the following conditions.

(i) T is B-admissible;

(ii) There exists xog € X such that B(xo, xo, Txo) > 1;

(iii) T is S-continuous.
Then there exists u € X such that Tu = u.
Proof. Let xg € X be such that S(xo, zg, Tz¢) > 1 (such a point exists from
the condition (ii)). Define the sequence {z,,} in X by x,1 = Tz, for all
n > 0. If xp, = Tpy+1 for some ng, then v = x,, is a fixed point of T'. So,
we can assume that x, # x,41 for all n. Since T is S-admissible, we have

B(xo, o, x1) = B(x0, 0, Tx0) > 1 = B(Tx, Txo,T21) = f(21, 21, 22) > 1.

Inductively, we have

(2) ﬁ(xna$n7$n+l) >1,
foralln =0,1,....

From (1) and (2), it follows that for all n > 1, we have

S(l’n,xn,er_l) = S(Txn—laTxn—laTwn)
B(mnfla$nflvxn)S(TxnflaTxnflaT-Tn)
w(M(xn—lam'n—l’xn))-

[VANVAN

On the other hand, we have

M(xnfla Tn—1, xn) = maX{S(fL‘nfla Tn—1, xn)a S(J:nfl’ Tn—1, Txnfl)a
1
S($n, Ty T.Q?n), Z(S(xnfb Tn—1, Txnfl)
+S(l‘nfla Tn—-1, Txn) + S(:Ena T, Txnfl))

= max{s(xn—lawn—laxn)aS(xn—lawn—lyxn)v

S(‘T’II?xnaxn-i-l) S(xn—laxn—laxn)

1
71(
+S(xn—17 Tn—1, xn—l—l) + S(.Z'n, T, wn))}
ma‘X{S('Inflv :L'Tlfla x’n)a S('In; xn» xn+1)7
1

Z(S(:L‘nfla Tn—1, xn) + 25(137171, Tn—1, :L'n)

+8(Tns Tn, Tny1))}
= maX{S(xn—ly Tn-1, mn): S(n, Tn, xn+1),
1

1(3‘9(3771—17 Tn—1, xn) + S(.’En, Tn, xn—f—l))}

IN
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= max{S(Tn-1,%Tn-1,2Tn), S(Tn, Tn, Tnt1)}-
Thus, we have
S(xn, Tny Tnt1) < Y(max{S(zp_1,Tn—1,Tn), S(Tn, Tn,Tni1)}).
We consider the following two cases:

Case I: If max{S(xp—1,%n—1,%n), S(Tn, Tn,Tnt1)} = S(Tp-1,Tn-1,Tn)
for some n, then

S(:Ena Tn, $n+1) < ",Z)(S(l‘na LTy l'nJrl))
<

S(xm Tn, wn—f—l)a

which is a contradiction.

Case II: It max{S(xn—1,Tn-1,%n), S(Tn, Tn, Tnt1)} = S(Tn-1,Tn-1,Tn),
then

S(mn,$n,mn+1) S lZ)(S(fEn,l,an,l,JTn)),
for all n > 1. Since 9 is nondecreasing by induction, we get
(3) S(@n, Tn, Tn+1) < " (S(20, w0, 21),

for all n > 1.

Using (52) of Definition (1.4) and (3), we have

S(Tn, TnyTm) < 25(Tn, Tny Tnt1) + S (Tnt1, Tntl, Tm)
< 2S(xn, n, Tpt1) + 25(Tn+1, Tl Tnt2)
+S(Tpnt2, Tnt2, Tm)
< 2{S(xn,xn, Tpt1) + S(Tn+1, Tntl, Tnt2) + -

— Tt S(xm—% xm—27$m—1)} + S(xm—lam'm—l,xm)
< 2{S($n7xna$n+1) + S($n+1a$n+1,xn+2) + ...
-t S(mm—% Tm—2, mm—l) + S(mm—la Tm—1, xm)

m—1

= 2% S(w,zx, Th11)

k=n
m—1

< 2 M(S(x0, x0, 21)).
k=n

Since ¥ € ¥ and S(zo,xo, 1) > 0, by Lemma (1.1), we get that

>0 VRS (@0, w0, 1)) < 0.



86 FIXED POINT THEOREMS OF GENERALISED S—[(—1% CONTRACTIVE TYPE MAPPINGS

Thus, we have

lim S(xn,zn, Tm) = 0.
n,M—00

This implies that {x,} is a S-Cauchy sequence in the S-metric space
(X,S). Since (X,S5) is complete, there exists u € X such that {z,} is
S-convergent to w. Since T is S-continuous, it follows that {Tz,} is S-
convergent to Tu. By the uniqueness of the limit, we get u = Tu, that is u
is a fixed point of T. U

Definition 2.3. Let (X, S) be a S-metric space and T': X — X be a given
mapping. We say that T is a § — 3 — ¢ contractive mapping of type I if
there exist two functions §: X x X x X — [0,00) and ¥ € ¥ such that for
all z,y,2 € X, we have

/B(Cca Y, Z)S(Tx7 Ty? TZ) < ¢(5($7 Y, Z))

Corollary 2.1. Let (X,S) be a complete S-metric space. Suppose that T :
X — X is a S — B — 1 contractive mapping of type I and satisfies the
following conditions.
(i) T is B-admissible;
(i) there exists xog € X such that B(xo,xo, Txo) > 1;
(iii) T is S-continuous.
Then there exists u € X such that Tu = u.
Example 2.1. Let X = [0, 00) be endowed with the S-metric
S(z,y,z) = |z +y—2z| for all x,y € X.
DefineT : X - X by Tx =3z forallx € X. Wedefinef: X x X x X —
1 f .
: : _ 9r 1 (w,y,z)¢(0,0,0),
[0,00) in the following way. S(z,y, 2) { 1 otherwise.
One can easily show that

B(x,y,2)S(Tx, Ty, Tz) < =S(x,y, z) for all x,y € X.

Nel i

Then T is a S —  — 1 contractive mapping of the type I with ¢ (t) = %t for
all t € [0,00). Take x,y,z € X such that f(x,y,z) > 1. By the definition
of T, this implies that x = y = z = 0. Then we have f(Tz,Ty,Tz) =
£(0,0,0) =1, and so T' is B-admissible. All the condition of Corollary (2.1)
are satisfied. Here, 0 is the fixed point of 7.

The following results can be easily concluded from Theorem (2.1).

Corollary 2.2. Let (X,S) be a complete S-metric space. Suppose that T :
X — X is a generalised S — 3 —1) contractive mapping of type II and satisfies
the following conditions.
(i) T is B-admissible;
(i) there exists xg € X such that B(xg,xo, Txg) > 1;
(iii) T is S-continuous.
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Then there exists uw € X such that Tu = u.
The next theorem does not require the continuity of 7T'.

Theorem 2.2. Let (X,S) be a complete S-metric space. Suppose that T :
X — X is a generalised S — 8 — 1) contractive mapping of type I such that
¥ is continuous and satisfies the following conditions.
(i) T is B-admissible;
(i) there exists xg € X such that B(xg,xo, Txg) > 1;
(iii) if {zn} is a sequence in X such that [(zyn,Tn,Tnt1) > 1 for all n
and {x,} is a S-convergent to x € X, then B(xy,Tn,x) > 1 for all
n.

Then there exists u € X such that Tu = u.

Proof. Following the proof of Theorem (2.1), we know that the sequence
{z,} defined by z,41 = Tz, for all n > 0, is a S-Cauchy sequence in the
complete S-metric space (X, S) that is S-convergent to u € X. From (2)
and (iii) we have

(4) /8($n733n7u) > 1,
for all m > 0.

Using (4), we have
S(Txy, Txp, Tu)

S(xn—l-l’ Tn+1, TU)

< B, T, w)S(Txp, Trp, Tu)
< P(M(zn, zn,u)),
where
M(zp, xpn,u) = max{S(xn,zn,u),S(Tn, Tn, Try), S(u,u, Tu),

i(S(wn,xn,Txn) + S(zp, xn, Tu) + S(u,u, Txy))
= max{S(xn, Tn,u),S(Tn, Tn, Tni1),S(u,u, Tu)}

1
Z(S(m’ru Tn, $n+1) + S(an, Tn, TU) + S(U, u, xn—l—l))-

Letting n — oo in the following inequality
S(xn—i-la Tn+1, Tu) S ¢(M(xn, Tn, U))
It follows that
S (u,u, Tu) < $(S(u, v, Tw),

which is a contradiction. Thus, we obtain S(u,u,Tu) = 0 and hence u =
Tu. Il

The following corollary can be easily derived from Theorem (2.2).
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Corollary 2.3. Let (X,S) be a complete S-metric space. Suppose that T :
X — X is a generalised S — B — 1 contractive mapping of type I such that
Y is continuous and satisfies the following condition.
(i) T is B-admissible;
(i) there exists xg € X such that B(xo,xo, Txg) > 1;
(ii) If {xn} is a sequence in X such that B(xn, Tp,Tny1) > 1 for alln
and {x,} is a S-convergent to x € X, then f(xy,Tn,x) > 1 for all
n.

Then there exists u € X such that Tu = u.
Theorem 2.3. Adding the following condition to the hypotheses of Theorem

(2.1) (resp. Theorem (2.2), Corollary (2.2), Corollary (2.3)), we obtain the
uniqueness of the fixed point of T.

(iv) Forz € Fix(T), f(xz,x,2) > 1 for all z € X.
Proof. Let u,v € Fix(T) be two fixed points of T. By (iv), we derive
B(u,u,v) > 1. Notice that S(Tu,Tu,Tv) = B(u,u,v) since u and v are
fixed points of T'. Consequently, we have
S(u,u,v) = S(Tu,Tu,Tv)
B(u, 4, 0)S (T, Tu, To) < (M (u, u,v),

N

where
M(u,u,v) = max{S(u,u,v),S(u,u,Tu),S(v,v,Tv),
1
E(S(u, u, Tu) + S(u,u, Tv) + S(v,v,Tu))}

= max{S(u,u,v), i(S(u,u,v) + S(v,v,u))}

= S(u,u,v).
Thus, we get that
S(u,u,v) < P(M(u,u,v))
< P(S(u,u,v))
< S(u,u,v),

which is a contradiction. Therefore, u = v, that is, the fixed point of T is
unique. O

Corollary 2.4. Let (X,S) be a complete S-metric space and T : X — X
be a given mapping. Suppose that there exists a continuous function i € ¥
such that

S(Tz,Ty,Tz) < Y(M(2,y,2)),
forall x,y,z € X. Then T has a unique fixed point.
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Corollary 2.5. Let (X,S) be a complete S-metric space and T : X — X
be a given mapping. Suppose that there exists a continuous function ¢ € W
such that

S(Tz, Ty, Tz) < (S(z,y, 2)),
forall z,y,z € X. Then T has a unique fized point.

Corollary 2.6. Let (X,S) be a complete S-metric space and T : X — X
be a given mapping. Suppose that there exists A € [0,1) such that

S(Tx, Ty, Tz) < Amax{S(z,y,2),S(z,z,Tx),S(y,y,Ty),
1
S(z,2,Tz), 7 (S(z, 2, Ty) + 5(y,y,T2) + 5(2, 2, Tz)) },
forall z,y,z € X. Then T has a unique fized point.

Corollary 2.7. Let (X,S) be a complete S-metric space and let T : X —
X be a given mapping. Suppose that there exist monnegative real numbers
a,b,c,d,e witha+b+c+d+e <1 such that
S(Tx, Ty, Tz) < aS(x,y,z)+bS(z,xz,Tx)
+cS(y,y, Ty) +d(S(z, 2, T2))

+Z(S(I, x,Ty)+ S(y,y, Tz) + S(z,2,Tx)),

forall x,y,z € X. Then T has a unique fixed point.

Corollary 2.8. Let (X,S) be a complete S-metric space and let T : X — X

be a given mapping. Suppose that there exists A € [0,1) such that
S(Tx, Ty, Tz) < A\S(x,y, 2),

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

3. CONSEQUENCES
Fixed point theorems on metric spaces endowed with a partial order.

Definition 3.1. Let (X, <) be a partially ordered set and T': X — X be a
given mapping. We say that T is nondecreasing with respect to < if

zye X, x 2y="Tz Ty.

Definition 3.2. Let (X, <) be a partially ordered set. A sequence {x,} C X
is said to be nondecreasing with respect to < if z,, < x,41 for all n.

Definition 3.3. Let (X, <) be a partially ordered set and S be a S-metric
space on X. We say (X, <, 5) a S-regular if for every nondecreasing sequence
{z,} C X such that z, - x € X as n — oo, z,, < z for all n.

Theorem 3.1. Let (X, =X) be a partially ordered set and < be a S-metric
on X such that (X,S) is a complete S-metric space. Let T : X — X
be a nondecreasing mapping with respect to <. Suppose that there exists a
function b € ¥ such that
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(5) S(Tx, Tz, Ty) (M (z,2,y)),
for all x,y € X with x < y. Suppose also that the following conditions hold.
(i) There exists xg € X such that xg < Txg;
(ii) T is S-continuous or (X, =,S5) is S-regular and 1 is continuous.
Then there exists w € X such that Tu = u. Moreover, if for x € Fix(T),

x =Xz for all z € X, one has the uniqueness of the uniqueness of the fized
point.

Proof. Define the mapping 5 : X x X x X — [0,00) by

. ]., if x = Y,
6(m,x,y) - { 0’ otherwise.

From (5), for all z,y € X, we have
B(x,z,y)S(Tx, Tz, Ty) < (M (z,z,y)).

It follows that T is a generalised S — 8 — v contractive mapping of type I1.
From the condition (ii), we have

ﬂ(l‘o, 130,T$0) Z 1.

By the definition of 8 and since T is a nondecreasing mapping with respect
to <, we have

Blx,z,y) >1 =2 2y=Tr Ty = p(Tz, Tz, Ty) > 1.

Thus T is S-admissible. Moreover, if T' is S-continuous, by Theorem (2.1),
T has a fixed point.

Now, suppose that (X, =<,S) is S-regular. Let {z,,} be a sequence in X
such that S(xy,Tn, Tpy1) > 1 for all n and x,, is S-convergent to x € X.
By Definition (3.3), z,, = x for all n, which gives us S(zy,xn,z) > 1 for all
k. Thus, all the hypothesis of Theorem (2.2) are satisfied and there exists
u € X such that Tu = u. To prove the uniqueness, since u € Fiz(T), we
have, u < z for all z € X. By the definition of 3, we get that 5(u,u,z) > 1
for all z € X. Therefore, the hypothesis (iv) of Theorem (2.3) is satisfied
and deduce the uniqueness of the fixed point.

[

Corollary 3.1. Let (X, =X) be a partially ordered set and S be a S-metric
on X such that (X,S) is a complete S-metric space. Let T : X — X
be a nondecreasing mapping with respect to <. Suppose that there exists a
function b € ¥ such that
S(Tx, Tz, Ty) < (S(x,2,y)),
for all x,y € X with x < y. Suppose also that the following conditions hold.
(i) There exists xo € X such that xog = Txo;
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(ii) T is S-continuous or (X, =<,S) is S-reqular.
Then there exists u € X such that Tu = u. Moreover, if for x € Fix(T),
x =X z for all z € X, one has the uniqueness of the fized point.

Corollary 3.2. Let (x,=) be a partially ordered set and S be a S-metric
space on X such that (X,S) is a complete S-metric space. Let T : X — X
be a mondecreasing mapping with respect to <. Suppose that there exist
nonnegative real numbers a,b,c, and d with a + b+ c+ d < 1 such that

STz, Tz, Ty) < aS(w,x,y)+bS(x,2,Tx) + cS(y,y, Ty)
d
+Z(S(:E’ xz, Tx) + S(CL’, x, Ty) + S(y7 Y, T"E))a
for all x,y € X with x < y. Suppose also that the following conditions hold.
(i) There exists xg € X such that xg < Txo;
(ii) T is S-continuous or (X, =<,S5) is S-reqular.

Then there exists u € X such that Tu = u. Moreover, if for x € Fix(T),
x Xz for all z € X, one has the uniqueness of the fized point.

Corollary 3.3. Let (x,=) be a partially ordered set and S be a S-metric
space on X such that (X,S) is a complete S-metric space. Let T : X — X
15 a nondecreasing mapping with respect to <. Suppose that there exist a
constant X € [0,1) such that

S(Tx, Tz, Ty) < AS(z,z,y),

for all x,y € X with x < y. Suppose also that the following conditions hold.
(i) There exists xg € X such that xg < Txo;
(i1) T is S-continuous or (X, =,S) is S-regular.
Then there exists u € X such that Tu = u. Moreover, if for x € Fix(T),
x Xz for all z € X, one has the uniqueness of the fized point.
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