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COMMON FIXED POINT THEOREMS IN S-METRIC SPACES
INVOLVING CONTROL FUNCTION

GURUCHARAN SINGH SALUJA

ABSTRACT. The aim of this paper is to prove some common fixed point theo-
rems for the pair of weakly compatible self-mappings involving control function
in the framework of S-metric spaces. Furthermore, we provide some conse-
quences as corollaries of the main results. Moreover, we give illustrative exam-
ples in support of the results. The results presented in this paper generalize,
extend, unify and enrich several previously published results from the existing
literature.

1. INTRODUCTION

The Banach Contraction Principle ([3]) (or in short BCP) is a very popular
tool in solving existence problems in many branches of mathematical analysis and
its applications. The statement of this famous result is as follows.

Theorem 1.1. Let (Z,d) be a complete metric space and let T: = — Z be a
self-mapping. If there exists h € [0,1) such that

d(T(x), T(y)) < hd(z,y), (1.1)
for all z,y € =, then T has a unique fized point u € =.

Moreover, for any ey € =, the sequence {e,} C = defined by e,,1 = Te,, n € N,
is convergent to the fixed point u. Inequality (1.1) also implies the continuity of
T.

Most of the works after this was basically a generalization of the work of Ba-
nach. These generalizations include more general metric spaces, or more general
contractions etc. Over last few decades, a number of generalizations of metric
spaces have thus appeared in several papers, such as 2-metric spaces, G-metric
spaces, D*-metric spaces, b-metric spaces, partial metric spaces, cone metric
spaces, Sy-metric space and cone Spy-metric space. These generalizations were
then used to extend the scope of the study of fixed point theory. For more dis-
cussions of such generalizations, we refer to [2, 4, 5, 9, 20, 21, 24, 25, 26] (see,
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also [0], [12], [14], [15], [17], [18], [27]). One of such generalizations is an S-metric
space.
In 2012, Sedghi et al. [20] introduced the concept of an S-metric space and

proved that this concept is a generalization of a G-metric space and D*-metric
space. Also, they have proved properties of S-metric spaces and some fixed point
theorems for a self-map on an S-metric space.

In 2016, Sedghi et al. [22] proved some common fixed point theorems for
the pair of weakly compatible self mappings satisfying some ®-type contractive
conditions in the setting of S-metric spaces. The results presented in this paper
extend, generalize and enrich several results from the exiting literature.

Recently, Sedghi et al. [23] proved some common fixed point theorems for
four mappings satisfying generalized contractive condition in the framework of
S-metric spaces. The results obtained in this paper extend and generalize several
previously published works.

Inspired and motivate by the works of [20, 22, 23] and some others, the purpose
of this paper is to prove some coincidence and common fixed point theorems
using control function and weakly compatible condition. Our results extend and
generalize several results from the existing literature.

2. PRELIMINARIES
We need the following definitions and lemmas in the sequel.

Definition 2.1. ([20]) Let Z # 0 be a set and let S: Z* — [0,00) be a function
satisfying the following conditions for all z, y, z, t € Z:

(S1) S(x,y,z) =0if and only if x =y = z;

(52) S<x7y72> < S(ﬂfa%t) + S(yay?t) + S(szat)'

Then the function S is called an S-metric on = and the pair (£, 5) is called an
S-metric space (in short SMS).

Some examples of such S-metric spaces are as follows.

Example 2.2. ([20])

(1) Let Z=R™ and || - || a norm on =, then S(u,v, z) = ||v+ 2z — 2u|| + ||[v — 2|
is an S-metric on =.
(2) Let Z =R" and || - || a norm on =, then S(u,v,2) = ||lu— z|| + ||lv — z|| is

an S-metric on =.

Example 2.3. ([21]) Let Z = R be the real line. Then S(u,v, z) = |u—z|+|v—z|
for all u,v,z € R is an S-metric on =. This S-metric on = is called the usual
S-metric on =.

Example 2.4. ([13]) Let Z # () be a set and d be an ordinary metric on Z. Then
S(u,v,z) =d(u, z) + d(v, 2) for all u,v,z € R is an S-metric on =.

Example 2.5. ([23]) Let = # () be a set and d;, dy be two ordinary metrics on
=. Then S(u,v, z) = dy(u, z) + da(v, 2) for all u,v,z € = is an S-metric on =.

Definition 2.6. Let (Z,5) be an S-metric space. For r > 0 and e € E we
define the open ball Bg(e,r) and closed ball Bgle,r| with center e and radius r
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as follows, respectively:

Bs(e,r) ={e € Z: S(e,€e,e) <r},

Bgle,r] ={e € Z: S(¢,¢,e) < r}.

Example 2.7. ([21]) Let = =R. Denote S(z,y, z) = |y + 2z — 2x| + |y — 2| for all
x,y,z € R. Then

Bg(1,2) = {e€R:S(e,e,l) <2} ={ecR:|e—1] <1}
= {eecR:0<e<2}=(0,2),
and
Bg[2,4] = {e€R:S(e,e,2) <4} ={ecR:|e—2| <2}
= {eeR:0<e<4} =10,4].

Definition 2.8. ([20], [21]) Let (Z,5) be an S-metric space and A C =.

(1) The subset A is said to be an open subset of =, if for every e € A there
exists r > 0 such that Bg(e,r) C A.

(2) A sequence {e,} in = converges to e € = if S(e,, en,e) — 0 as n — oo,
that is, for each € > 0, there exists ng € N such that for all n > ny we have
S(en, en,e) <e. We denote this by lim,, . €, = e or e, — e as n — o0.

(3) A sequence {e,} in Z is called a Cauchy sequence if S(e,,e,,e,) — 0 as
n, m — oo, that is, for each £ > 0, there exists ng € N such that for all n,m > ng
we have S(ep, en,em) < €.

(4) The S-metric space (Z,.5) is called complete if every Cauchy sequence in
= is convergent in =.

(5) Let 7 be the set of all A C = with e € A and there exists r > 0 such that
Bs(e,r) C A. Then 7 is a topology on = (induced by the S-metric space).

(6) A nonempty subset A of = is S-closed if closure of A coincides with A.

Definition 2.9. ([20]) Let (Z,.5) be an S-metric space. A mapping 7: Z — =
is said to be a contraction if there exists a constant 0 < L < 1 such that

S(Tx, Ty, Tz) < LS(x,y,2) (2.1)
for all z,y, 2z € =.

Note: If the S-metric space (Z,5) is complete then the mapping defined as
above has a unique fixed point (see, [20]).

Definition 2.10. ([20]) Let (Z,.5) and (Z', 5") be two S-metric spaces. A function
f: 2 — Z’ is said to be continuous at a point ey € Z if for every sequence {e, }
in = with S(e,,en, e0) = 0, S’(f(en), f(en), f(eg)) — 0 as n — oo. We say that
f is continuous on Z if f is continuous at every point ey € =.

Definition 2.11. Let = # () be a set and let 7, ¢: £ — = be two self mappings
of =. Then a point e € = is called a

(1) fixed point of operator T if T (e) = e;

(2) common fixed point of 7 and ¢ if T (e) = g(e) = e.
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Definition 2.12. ([!]) Let f and g be single valued self-mappings on a set =. If
¢/ = fe = ge for some e € =, then e is called a coincidence point of f and g, and
¢’ is called a point of coincidence of f and g.

Definition 2.13. ([10]) Let f and g be single valued self-mappings on a set Z.
The mappings f and g are said to be commuting if fge = gfe for all e € =.

Definition 2.14. ([I1]) Let f and g be single valued self-mappings on a set Z.
The mappings f and g are said to be weakly compatible if they commute at their
coincidence points, i.e., if fe = ge for some e € = implies fge = gfe.

Example 2.15. Let = = [0, 3]. Define the mappings f,g: = — = by
(@ if zel0,1), [ 3—a if zel0,1),
flz) = { 3, ifzell,3], 9(w) = { 3, ifzell,3)
Then for any = € [1,3], we have fgz = gfx, showing that f and g are weakly
compatible maps on Z=.

Every S-metric on = defines a metric dg on = by
ds = S(x,z,y)+ S(y,y,x) Yo,y € =. (2.2)

Lemma 2.16. ([20], Lemma 2.5) Let (Z,S) be an S-metric space. Then, we have
S(x,z,y) = S(y,y,x) for all z,y € =.

Lemma 2.17. ([20], Lemma 2.12) Let (=,5) be an S-metric space. If e, — e
and e, — ¢’ as n — oo then S(ey, e,,€l) — S(e, e, €') as n — oco.

Remark 2.18. ([21]) Every S-metric space is topologically equivalent to a B-metric
space.

Lemma 2.19. ([7], Lemma 8) Let (£, S) be an S-metric space and A be a nonempty
subset of =. Then A is said to be S-closed if and only if for any sequence {e,}
m A such that e, — e as n — 0o, then e € A.

Lemma 2.20. ([20]) Let (Z,5) be an S-metric space. If r > 0 and e € =, then
the ball Bs(e,r) is an open subset of Z.

Lemma 2.21. ([21]) The limit of the sequence {e,} in an S-metric space (Z,.5)
1S UNIqUE.

Lemma 2.22. ([20]) Let (Z,5) be an S-metric space. Then the convergent se-
quence {e,} in Z is Cauchy.

Lemma 2.23. ([19],[22]) Let (2, S) be an S-metric space and let {e,} be a se-
quence in it such that

lim S(e,y1,€ne1,6n) =0.
n—0o0

If {e,} is not a Cauchy sequence, then there exists an € > 0 and two sequences
{my} and {ny}, nx > my > k of positive integers such that the following sequences
tend to € when k — oo:

S(emk> emka enk)a S(emka 6mk7 emk+1)> S(emk—ly emk—la enk)a

S(emk—l) emk—lv enk+1)7 S(emk-l—la emk—l-la enk+1)7 s
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In the following lemma we see the relationship between a metric and S-metric.

Lemma 2.24. ([5])
Let (Z,d) be a metric space. Then the following properties are satisfied:
(1) Sq(x,y,2) = d(x, 2) + d(y, z) for all z,y,z € = is an S-metric on Z.
(2) e, —» e in (2,d) if and only if e, — e in (Z,5,).
(3) {en} is Cauchy in (Z,d) if and only if {e,} is Cauchy in (=, S;).
(4) (Z2,d) is complete if and only if (Z,Sy) is complete.

We call the function Sy defined in Lemma 2.24 (1) as the S-metric generated by
the metric d. It can be found an example of an S-metric which is not generated
by any metric in [3, 16].

Proposition 2.25. ([1]) Let f and g be weakly compatible self mappings on a
set Z. If f and g have a unique point of coincidence ¢ = fe = ge, then €' is the
unique common fized point of f and g.

Corollary 2.26. ([21]) Let T: = — Z' be a map from an S-metric space = to
an S-metric space ='. Then T is continuous at e € = if and only if Te, — Te
whenever e, — € as n — 0.

3. COMMON FIXED POINT THEOREMS

In this section, we shall prove some common fixed point theorems involving
control function in the framework of S-metric spaces. Now, to prove our main
result, we use the following:

Let U denote the class of all functions ¢: [0, 00) — [0, 00) such that:

(¥1) ¢ is nondecreasing, continuous;

(Wy) >, ¥"(t) is convergent for each ¢ > 0.

It is clear that ¢™(t) — 0 as n — oo for each t > 0 and hence, we have ¥(t) < t
for each ¢ > 0. Furthermore, if ¢ € ¥, then ¢(0) = 0.

Theorem 3.1. Let (Z,5) be an S-metric space and let f,g: = — Z be two
mappings satisfying the inequality:

S(fa, fy.f2) < o max{S(fx, fr,92), (g, g, [2). S(gy, 9. Jy),

1

S1S(gw, 93, ) + S(92,92 f2)] }) (3.1)

for all x,y,z € Z, where v € V. If the range of g contains the range of f, and
one of f(Z) or g(Z) is a complete subspace of =, then f and g have a unique point
of coincidence in =. Moreover, if f and g are weakly compatible, then f and g
have a unique common fixed point in =.

Proof. First, we assume that f and g satisfy the condition (3.1). Let ey € = be
an arbitrary point. Since the range of g contains the range of f, there exists
e; € = such that ge; = feg. By continuing the process as defined before, we can
construct a sequence {ge, } such that ge, 1 = fe, for all n € N. If there isn € N
such that ge, = ge,.1, then f and g have a point of coincidence. Thus we can
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suppose that ge, # ge,y1 for all n € N. Set ¢, = S(gen, gen, geni1). Therefore,
for each n € N, using (3.1), (S1), (52) and Lemma 2.18, we obtain

Cn = S(gemgemgen+1> = S(fenfb fenfly fen)

gv,b(max {S(fen—la fen—1, gen)a S(gen—la g€n-1, fen—l)a

S(genfla 9€n—1, fenfl)a
1

§[S(gen,1, 9€n—1, fen) + S(gena gn, fenfl)] })

:w(max {S(genu gé€n, gen)? S(genfb gén—1, gen)?

S(gen—h 9€n-1, gen)a
1
2
§¢(maX {S(gen—h 9€n—1, gen)> S(gen—la 9€n—1, gen)a

[S(gen—la 9€n—1, gen—i—l) + S(gena gé€n, gen)] })

1
5[25(9671—17 gén-1, gen) + S(genv gén, g€n+1)]}>
§¢(maX {S(gen—h 9€n—1, gen)a S(gen> g€n, gen-l—l)})

—u(max{¢y1,Ga}). (3.2)

If max{(,_1,(n} = (pn, then from equation (3.2) and using the property of 1, we
have

G S U(G)) < Gy

which leads to a contradiction, since ¢, = S(gen, gen, gens1) > 0. Thus, we
conclude that max{(,_1,(,} = (,—1 for all n. This implies that

Thus, for each n € N, we have

Cn

S(gena gén, gen—‘rl) = S(fen—h fen—lv fen)
< w(S(gem,gem,gen))

V*(S(gen-2, 962 9en 1))

IN

IN

0" (S(ge0, 9e0, ger) ) = ¥"(Go): (3.4)

So, we have lim,, o ¢, = lim, o S(g€n, gen, genr1) = 0. If {ge,} = {fe,_1} is
not Cauchy sequence in S-metric space (Z,5), then there exists an ¢ > 0 and
two sequences {my} and {ng}, ny > my > k of positive integers such that the
following sequences tend to € when k — oo by Lemma 2.23:

S(gemk+17 9€my+1, genk—i-l) and S(gemk7 9€my, genk)-
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Putting x =y = e, 2 = €,, in (3.1), we obtain

S(g€my+1, 9mp+1s 9€npt+1) = S(femy femy, [en,)

<o (max { S(femys femes o) S(9ems gemer fom,).

S(gemk7 gemka femk>7

1

S[S(9emes gmes fen) + S(gens: Gemes fem)] })

§¢<max {S(gekarla 9€my+1, genk)a S(gemkvgemkagekarl)a

S(gemkv 9Cmy,, gemk-‘rl)a

1

§[S(gemka gemkagenk-H) + S(genka 9€ny, gemk-f—l)] })

§¢ < max {S(gemk-i-la gemk-i-la gemk)v S(gemk ) gemk ) genk),
S(GCmy 11, 9emy 1, gm1) } ). (3.5)
If
max {S(gemk—‘rl) 9€my+1, gemk>7 S(gemk y G€my,» genk)a S(gemk-I-lu 9my+1, genk+1>}

= S(gemk-i-l? gemk-i-l? gemk)
and since S(g€m,+1; G€my+1, 9€m, ) > 0, using the property of 1, we have

S(gemy+1s Gemy 115 Geny41) < ¢<5(g€mk,gemk,gemk+1)) < S(9€mys G€my: GEmp+1)-
Letting k — 0o, we obtain
e < ,}LIIOlOQ#(S(gemwgemk,gemw)) <0,
which is a contradiction. Again if
max {5 (9€mu+1, 9€mp+1, 9€my. ), S(G€mys Gemy, G€ny ), S(G€my+1, YEmy+1, genm)}

= S(9€myr 9emy» Gn,,)
and since S(gem, , gem,, gen,) > 0, using the property of ¥, we have

S(gemk—l-l;gemk—i-l;genk-l—l) S ¢(S<g€mk7g€mk7g€nk)> < S(gemmgemkvgenk)'

Letting £ — oo, we obtain
e < klim ¢<S(gemk,gemk,genk)> <eg,
— 00

a contradiction. Similarly, if
max {S(g€mk+1, 9€my+1, gemk>7 S(gemk y 9€my, genk>a S(gemk-i-la 9Cmy+1, gen;ﬁ-l)}

= S(gempt1; Gemp+1, Gens+1)
and since S(g€m,+1, G€my+1, Gn,+1) > 0, again we get a contradiction.
Thus, it follows that {ge,} = {fe,—1} is a Cauchy sequence in =. By the
completeness of g(Z) (or f(Z)), we obtain that {ge,} is convergent to some point,
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say u € g(Z). So there exists v € = such that gv = u. We will show that gv = fv.
Suppose that gv # fv. By equation (3.1), we have

S(genu g€n, f’l}) = S(fenflv fenfla f?))

Sw ( max {S(fen—la fen—h g'U), S(gen—b g€n-1, fen—l)a

S(gen—1,9€n—1, fen_1),

1

518(9en-1, gea-1, fv) + S(gv,gv, fen 1))} )

=1 ( max {S(gem 9en, gv), S(gen—1, gen—1, gen),
S(gen—1,9€n—1, gen),

1

§[S(gen—1v gen-1, fv) + S(gv, gv, 96")]}>

§¢ ( max {S(gen7 g€n, g/U)a S<gen—17 gén—1, gen)7
S(gens gens 1) }). (3.6)

The following cases arise:

Case 1. If max {S(gena gén, gv)a S(gen—la g€n—-1, gen)7 S(g€n7 g€n, fv)}
= S(gen_1,9en_1, gen), using the property of ¥, we obtain that

S(gen, gen, fv) < w(S(genfl,genfl,genD < S(gen—1,9€n-1,9€n).

By taking the limit as n — oo, we have S(gv, gv, fv) = 0 and so gv = fv.

Case 2. If max {S(gen,gen,gv), S(gen,l,gen,l,gen),S(gen,gen,fv)}
= S(gen, gen, gv), we obtain that

S(.gem gCn, fv) <y (S(gem 9€n, gU)).

By taking the limit as n — oo, using the property of ¢ and (S1), we have

S(gv, gv, fv) < w(S(gv,gv,gv)) =1(0) =0,

that is S(gv, gv, fv) = 0 and so gv = fu.
Case 3. If max {S(gen,gen,gv), S(gen,l,gen,l,gen),S(gen,gen,fv)}
= S(gen, gen, fv), we obtain that

S(gen, gen, fv) < w(S(gemgen, fv)>-

By taking the limit as n — oo and using the property of ¢, we have

S(gv, gv, fv) < w(S(gv,gv, fv)> < S(gv, gv, fv),

which leads to a contradiction. Therefore, S(gv, gv, fv) = 0 and so gv = fv.
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Now, we show that f and ¢g have a unique point of coincidence. Suppose that
fq = gq for some q € =. By (3.1) and using the property of 1, it follows that

S(gv,gv,99) = S(fv, fv, fq)

%[S(gv,gv, fa) + S(g9q, 94, f@]})

¢<S(gv,gv,gq)> < S(gv, gv, 9q),

a contradiction. Therefore, gv = gq. This implies that f and g have a unique
point of coincidence. By Proposition 2.25, we can conclude that f and g have a
unique common fixed point. O

IN

—_

Corollary 3.2. Let (Z,5) be an S-metric space and let f,g: E — Z be two
mappings satisfying the inequality:

S(fa.fy, f2) <k max{S(fz, f2,92). S(gw, g, f2). S(gy. gv. f1):

1
§[S(g$,gl’,f2> + S(gZ7gZ7 fx)]}a

for all x,y,z € Z, where 0 < k < 1 is a constant. If the range of g contains the
range of f, and one of f(E) or g(Z) is complete subspace of =, then f and g have
a unique point of coincidence in =. Moreover, if f and g are weakly compatible,
then f and g have a unique common fized point in =.

Proof. Putting ¢ (t) = kt for all t > 0, where 0 < k < 1 in inequality (3.1), the
result follows. O

Example 3.3. Let = = [0, 2] and S(x,y, 2) = max{|z —y|, |y — 2|, |z — x|} for all
z,y,z € Zand ¢ € V. Define f,g: = - Z by f(z) =1 and g(x) = 2 — z for all
x € Z. We obtain that f and g satisfy condition (3.1) in Theorem 3.1. Indeed,
we have

S(fx, fy, fz) =0,

and
w<max {S(fx, fz,92),5(9z, gz, fx), S(9y, 9y, ['Y),
1
5S(9w. g f2) + S(g7. 92, fa)] })
1
= (max {|1 2l [1 = al, 11 = yl, 511 — 2l + [1 - 2[]}).
That is,

S(fa,fy. f2) < o (max{S(f. fz,92), S(gz, gz, f2). S(9y. 9y, f9);
1

SS9, g £2) + S(gz. 92, fo)] } ).

It is obvious that the range of g contains the range of f and ¢g(Z) is a complete
subspace of (Z,S5). Also, f and g are weakly compatible maps. Thus all the
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assumptions in Theorem 3.1 are satisfied. Hence f and g have a unique common
fixed point, say x =1 in =.

Theorem 3.4. Let (£,5) be an S-metric space and let f,g: = — Z be two
mappings satisfying the inequality:

S(fo, fy f2) < max{U(S(fx, fo,92)), (S (gw, o, f2), ¥(S 9y, 9. 1)),

0 (315002, 92, £2) + S92, 92, 1)),

. (S(gy, 9y, f2)[1 + S(gy, 9y, fy)] ) } (3.7)

1+ S(fy, fy, gx)

for all x,y,z € =, where ¥ € V. If the range of g contains the range of f, and
one of f(Z) or g(Z) is complete subspace of =, then f and g have a unique point
of coincidence in =. Moreover, if f and g are weakly compatible, then f and g
have a unique common fized point in =.

Proof. First, we suppose that f and g satisfy the condition (3.7). Let ¢y € =
be an arbitrary point. Since the range of g contains the range of f, there exists
e; € = such that ge; = fey. By continuing the process as defined before, we can
construct a sequence {ge, } such that ge, 1 = fe, for all n € N. If there isn € N
such that ge,, = ge, .1, then f and g have a point of coincidence. Thus we assume
that ge, # ge,y1 for all n € N. Set ¢, = S(gen, gen, geny1). Therefore, for each
n € N, using (3.7), (S1), (52) and Lemma 2.18, we obtain

)
Co = S(gen, gen, gens1) = S(fen—1, fen—1, fen)

< max {w(S(fen_l,fen_l,gen)),w(S(gen_l,gen_l,fen_1)),
¢(S(gen 1, 9€n—1, fen— 1)),

gen—h 9€n-1, fen> + S(gena gen, fen—l)]>7
)

ot

2

(S 9en—1,9€n—1, fen—1)[1 + S(gen_1,gen_1, fen_ 1)])}
1+ S(fen-1, fen-1,9€n-1)

= max { $(S(gen, gen, gea), V(S(gen1. gen1, g¢1))
¢(S(g€n—17 9€n-1, gen))a

gen—la 9€n—1, gen—i—l) + S(gena gé€n, gen)]>7

(Ql\)l»—t

( gen 1,9€n— lagen)[1+s(gen 1,9€n— lagen)]>}
1+S(96n79€n79€n—1)

< max { (S (g, 91, 9e11)). (S (gn-1. gn-1, 9¢1,)) |

= max{¥(Cn), ¥ (Cn-1)}- (3-8)

If max{®(¢,), ¥(Co1)} = ¥((n), then from equation (3.8) and using the property
of v, we have

G S U(G) < G,
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which leads to a contradiction, since (, = S(gen, gen, geni1) > 0. Thus, we
conclude that max{¥(¢,), ¥ ((i—1)} = ¥((u1) for all n. This implies that
Gn < P(Grr)- (3.9)

Thus, for each n € N, we have

Cn

S(gem g€n, gen—H) = S(fen—b fen1, fen)
¢<S(g€n—1agen—1ygen)>

W? (S (9€n—2, gen—2, genfl))

IN

IN

IN

0" (S(ge0. geo, ger) ) = 4" (G). (3.10)

So, we have lim,, oo ¢, = lim, 00 S(g€n, gén, genr1) = 0. Now, we have to show
that {ge,} = {fen—1} is a Cauchy sequence in S-metric space (Z,5). The rest
of the proof is similar to that of Theorem 3.1, so we omit it. This completes the
proof. O

Corollary 3.5. Let (Z,5) be a complete S-metric space and let f: = — Z be a
mapping satisfies the following condition: there exist ai,as € [0,1) with a;+as < 1
and some Y € ¥V such that

S(y,y, fx)[1 + S(y, v, fy)]>
[+ S(x, 2, fy)]

+a max {6 (S(fr, fz.2)) 0(S(, . f2)),

V(8. f0), 0 (5182, 72) + (2.2, 2)]) }

S(fa, fy.£2) < arv(

(3.11)

for all x,y,z € =. Then f has a unique fixed point in =.

Corollary 3.6. Let (Z,5) be a complete S-metric space and let f: = — Z be a
mapping satisfies the following condition: there exist ai,as € [0,1) with a;+as < 1
and some Y € ¥V such that

S(y,y, fr)[1+ S(y,y, fy)]>
1+ S(z,z, fy)]

—|—a2¢(max{5(fx, fx,2),S(x,z, fx),

S
Sy, fo), 518G, £2) + S(z, 2, f)] ),

S(fa. fy.f2) < av(

(3.12)
for all x,y,z € =. Then f has a unique fixed point in =.

Remark 3.7. It is clear that the conclusions of the Corollary 3.6 remain valid if
in condition (3.12), the second term of the right-hand side is replaced by one of
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the following terms:
w2 (S(f, f2,2); a2 (5180, 12) + 5,2, 10))
az max {(S(w, 2, f2)), 0(S (.9, f)) }:

or as max {z/;(S(fa;,fx,z)),z/;(S(x,a:,fa:)), (v, v, [y) }
%

Theorem 3.8. Let (Z,5) be an S-metric space and let f,g: =
mappings satisfying the inequality:

S(fz, fy, fz) < hv(S(gz, gz, fx)) + hatb(S(9y, 9y, fy))
+hs ¥ (S(92, 92, f2))
S 1+ S5
+h4¢< (9y, 9y, fx)[1 + (9y,gy,fy)]>7 (3.13)
1+ S(fy, fy, gz)]

for all x,y,z € =, where v € ¥ and hy, ha, hs, hy are nonnegative constants with
hi+ho+hs+hy < 1. If the range of g contains the range of f, and one of f(Z) or
9(Z2) is complete subspace of =, then f and g have a unique point of coincidence
i Z. Moreover, if f and g are weakly compatible, then f and g have a unique
common fized point in =.

= be two

Proof. First, we assume that f and ¢ satisfy the condition (3.13). Let zy € X
be an arbitrary point. Since the range of g contains the range of f, there exists
e; € = such that ge; = fey. By continuing the process as defined before, we can
construct a sequence {ge, } such that ge, 1 = fe, for all n € N. If there isn € N
such that ge,, = ge, .1, then f and g have a point of coincidence. Thus we assume
that ge, # ge,y1 for all n € N. Set ¢, = S(gen, gen, geny1). Therefore, for each
n € N, using (3.13), (S1), (S2), property of ¢ and Lemma 2.18, we obtain

Cn = S(gemgemgen+1> = S(fenfb fenfly fen)

Shl @/J(S(Qen—l, 9g€n—1, fen—l)) + h? 7y/}(S(gen—la 9én—1, fen—l))
+ h3 w(s(germ g€n, feTL))
S(gen—ly 9€n—1, fen—l)[l + S(gen—la 9€n—1, fen—l)]
+h
41/)< [1 +S(f€n—17f€n—lagen—l)] )
=h, w(S(genfla g€n—1, gen)) + hy w(S(genfla g€n—1, gen))
+ h3 1 (S(gen, gen, gens1))
S(genfl) 9€n—1, gen)[l + S<g€n717 gen-1, gen)]
h
e [1+ S(gen: gens gea1)] )
=(h1 + ha + hy) ¥(S(gen—1, gen-1, gen)) + hs ¥(S(gen, gen, geni1))
S(hl + h2 + h4> 1/1(5(9%71, 9€n-1, gen)) + h3 w(S(gem gen7gen+1>>' (314)

This implies

o<(litlath

- ) (G, (3.15)
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Let p = (%ﬂ) < 1, since hy 4+ hg + hsz + hy < 1. Then from equation (3.15),

we obtain

Cn Sl“ﬂ(fnq) < ¢(<n71) << wn(CO)

This implies that lim,, oo ¢, = limy, 00 S(g€n, g€n, gens1) = 0. If {ge,} = {fen_1}
is not Cauchy sequence in S-metric space (Z,.5), then there exists an £ > 0 and
two sequences {my} and {ng}, nx > my > k of positive integers such that the
following sequences tend to € when k — oo, by Lemma 2.23:

S(gemk+1’ 9Cmy+1, genk+1) and S(gemk 1 9Cmy, s genk)'

Putting x =y = e, 2 = €, in (3.13), we obtain

S(gekarlu 9Emy+1, genk+1> = S(femka femk7 fenk)

Shl w(s(gemk7 gemka femk» + h2 w(s<gemk7gemk7 femk))
+ h3 @Z)(S(genk, 9en,, f@nk))
S(gemy» 9emys fem, )1 + S(gemy, gem,, fem,)]
_|_ h k? k? k k? k? k
o 1+ SU emes Fomer 9m,)] )
:hl w(S(gemk, 9Cmy,, gemk-l-l)) + h2 ¢<S<g€mk,g€mk, gemk—i-l))
+ h3 w(s(genm genka genkJrl))
S(gem y 9€myy 9Em +1))[1 +S(gem y9Cmy > 9Em +1)]
+h k k k k k k )
4w< [1 +S(gemk+lugemk+lagemk)] )

Letting k — oo in the above inequality, we obtain ¢ < 0.

A contradiction. Thus, the sequence {ge,} = {fen—1} is a Cauchy sequence in
=. By the completeness of g(=) (or f(Z)), we obtain that {ge,} is convergent to
some point, say u € g(Z). So there exists v € = such that gv = u. We will show
that gv = fv. Suppose that gv # fv. By equation (3.13), we have

S<gena gen, f?]) = S(fen—la fen—la fU)

<hiY(S(gen—1,gen—1, fen—1)) + ha(S(g9€n-1,gen-1, fen-1))
+ hs ¥(S(gv, gv, fv))
S(gen—la 9€n-1, fen—l)[l + S(gen—h 9€n—1, fen—1>]
+h4¢( [1+S(fen—l7fen—1agen—1)} )
=h ¢(S(g€n71, g€n—1, gen)) + ha ¢(S(g€n71, g€n—1, gen))
+ hs ¥(S(gv, gv, fv))
S(genflv 9€n—1, gen)[l + S(genflu 9€n—1, gen>]
i w( [1+ S(gen, gen, gen—1)] )
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Letting n — oo in the above inequality and using the property of ¥ and (S1), we
obtain

S(gv, gv, fv) <hs(S(gv, gv, fv)) < hs S(gv, gv, fv)
< (hy + ha + hs + hg) S(gv, gv, fv)
< S(gv, gv, fv),

which is a contradiction, since hy + hs + hs + hy < 1. So, gv = fv. The rest of
the proof follows from Theorem 3.1. This completes the proof. |

Remark 3.9. Completeness of the space = is relaxed in Theorem 3.1, Theorem
3.4 and Theorem 3.8.

Example 3.10. Let = = [0, 1]. We define the function S: Z* — [0, 00) by

07 lf T = y - Z’
S(x,y,Z) - { max{.’lj7y’z}, if otherWiSe,

for all x,y, 2z € =, then S is an S-metric on =. Define two self-maps f,g: = — =
on Z by f(z) = § and g(z) = 5 for all » € =Z. Let 2,5,z € Z and we assume that
r >y > z, then we have

ry z T Y z T
S ’ ’ :S<_7_7_): {_7_7_}:_7
(fx, fy, fz) 338 max 38 3 3
T Tz T T z T
S ) ) :S(_a_7_): {_7_7_}:_,
(fx, fr,g2) 339 max L) 8
A A T T x T
S(gxagxafx) - S<§7§7§> —maX{§7§7§} = 57
~S(LLY) —max {U Y0
S(9y, 9y, I'y) 5(2,2,8 max {3, 5. 01 =5
T Tz T Tz T
S(Q%g%fz) - S(§;§7§> = maX{§7§’§} = 5,
Z 2z zZ 2z T
S ) ; :S<_7_7_>: {_7_a_}:_-
(92, 9z, fx) 5'3'3 max 553 3
Now using the inequality of Corollary 3.2, we have
T
rxy lax x}
< — £ |= -
< kmax{8,2,2,2[2+8]
- kmax{f ry 5_33}
82271
_ kf
= 5
that is,
e
8~ 2
or,
1
k> =
_47
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if we take 0 < k < 1, then the assumption for constant in Corollary 3.2 is satisfied.
Also, we have f(Z) C ¢(=), that is, [0,1/8] C [0,1/2] and f(Z) (or g(Z)) is a
complete subspace of = (see, [0,1/8] C [0,1] or [0,1/2] C [0,1]). Thus all the
assumptions of Corollary 3.2 are verified. Hence by application of Corollary 3.2,
f and g have a unique common fixed point, namely 0 € =.

4. CONCLUSION

In this paper, we prove some unique common fixed point theorems in the setting
of S-metric spaces by using weakly compatible condition of the mappings and give
some corollaries of the main results. Moreover, we give illustrative examples in
support of the results. Our results extend, generalize and improve several results
from the existing literature.

Acknowledgement. The author would like to thanks the anonymous learned
referee and the editor for their careful reading and useful suggestions on the
manuscript.
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