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Abstract

Recently, some generalized metric spaces have been studied to obtain new fixed-point
theorems. For example, the notion of S-metric space was introduced for this purpose. In
this study, some fixed-point results are proved using different contractive conditions on
S-metric spaces. Various techniques such as Hard-Rogers type contraction, Khan type
contraction, Meir-Keeler-Khan type contraction are used in our theorems to be proved.
These fixed-point results extend some known fixed-point theorems on S-metric spaces.
Also, to illustrate obtained theoretical results, some examples are given using an S-
metric which is not generated by any metric. As an application, a new fixed-circle result
is presented using modified C-Khan type contraction on S-metric spaces.

Keywords: S-metric space, modified Hardy-Rogers type contraction, Khan type
contraction, fixed point, fixed circle.

S-metrik uzaylar tzerinde sabit-nokta teoremlerinin ¢esitli tirleri

Ozet

Son zamanlarda yeni sabit nokta teoremleri elde etmek icin bazi genellestirilmis metrik
uzaylar ¢alisilmaktadir. Ornegin, S-metrik uzay kavrami bu amag icin tanitilmistir. Bu
calismada, S-metrik uzaylar iizerinde farkli daralma kosullar: kullanilarak bazi sabit
nokta sonuclart ispatlanmistir. Ispatlanan teoremlerde Hardy-Rogers tipinde daralma,
Khan tipinde daralma, Meir-Keeler-Khan tipinde daralma gibi c¢esitli teknikler
kullamimistir. Bu sabit nokta sonu¢lari S-metrik uzaylar Uzerindeki bazi bilinen sabit
nokta sonuglarini genellemektedir. Ayrica, herhangi bir metrik tarafindan iiretilemeyen
S-metrik ornekleri kullanilarak elde edilen teorik sonuglart ger¢ekleyecek bazi 6rnekler
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verilmigtir. S-metrik uzaylar Gzerinde bir uygulama olarak degistirilmis C-Khan tipinde
daralma kavrami kullanilarak yeni bir sabit cember sonucu verilmistir.

Anahtar kelimeler: S-metrik uzay, degistirilmis Hardy-Rogers tipinde daralma, Khan
tipinde daralma, sabit nokta, sabit cember.

1. Introduction and preliminaries

It is well-known that fixed-point theory was began with the Banach’s contraction
principle [1]. Using different approaches, this principle has been extended and studied.
One of the used approaches is to generalize the studied contractive conditions. For
example, it was given various contractions such as Hardy-Rogers type contraction [2],
modified Hardy-Rogers type contraction [3], Khan type contraction [4], Meir-Keeler
type contraction [5], Meir-Keeler-Khan type contraction [6] etc.

Another approach is to generalize the used metric spaces. For example, the concept of
an S-metric space was introduced as a generalization of a metric space as follows:

Let X be a nonempty set and S: X x X x X —>[O,oo) be a function satisfying the
following conditions for all u,v,w,te X :

(S1) S(u,v,w)=0 ifandonlyif u=v=w,
(S2) S(u,v,w)<S(u,u,t)+S(v,v,t)+ S(w,w,t).

Then S is called an S-metric on X and the pair (X,S) is called an S-metric space [7].
For an S-metric space, the symmetry condition can be considered as follows:

S(u,u,v) =S(v,v,u), (A)
forall u,ve X [7].

In the literature, there exist some examples of S-metric which is not generated by any
metric (see [8] and [9] for more details). Therefore, it is important to study new fixed-
point theorems on S-metric spaces. Some fixed-point results have been still investigated
using different techniques to generalize some well-known fixed-point theorems (for
example, see [10], [11], [12] and [13] for more details).

Recently, a new approach is being studied to do geometric interpretations for fixed
points which is called fixed-circle problem [14]. The notions of a circle and a fixed
circle were defined on S-metric spaces as follows:

Let (X,S) be an S-metric space, Cfﬂyr :{u e X :S(u,u,%,) = r} be a circle centered at
X, With radius r and T : X — X be a self-mapping. If Tu=u forall u eCXSOVr then the

circle sto,r is called as the fixed circle of T [15].
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Using the above definitions, some fixed-circle results were obtained on S-metric spaces
(see [15] and [16] for more details).

Motivated by the above studies, the aim of this paper is to prove some fixed-point
theorems using different contractive conditions on S-metric spaces. In Section 2, a new
fixed-point result is obtained using the modified Hardy-Rogers type contraction and
some relationships between this result and well-known corollaries are established. In
Section 3, two fixed-point theorems are presented using the Khan type contraction and
the Meir-Keeler-Khan type contraction with some illustrative examples. In Section 4, as
an application of the obtained results, a new fixed-circle result is given on S-metric
spaces.

2. A fixed-point theorem using modified Hardy-Rogers type Contractive condition

In this section, a new fixed-point theorem is obtained using the modified Hardy-Rogers
type contractive condition on a complete S-metric space.

At first, we recall the following definition:

2.1. Definition
Let (X,S) be an S-metric space and {un} be a sequence in X .

(1) A sequence {u,} converges to ue X if S(u,,u,,u)—>0 as n— oo, that is, for
each ¢ >0, there exists n, € N such that for all n>n, we have S(u,,u,,u)<e¢.

(2) A sequence {u,} isa Cauchy sequence if S(u,,u,,u,)—>0 as n,m— oo, that s,
for each £>0, there exists n,eN such that for all nm>n, we have
S(u,,u,,u,)<e.

(3) (X,S) is complete if every Cauchy sequence is a convergent sequence [7].

We give the following definition.

2.2. Definition
Let (X,S) be an S-metric space and T : X — X be a self-mapping. If T satisfies the

following condition

S(v,v, TV)[1+S(u,u,Tu)]
1+S(u,u,v)
1 S(V,Vv,Tv) +S(v,v,Tu) +ﬂS(u,u,Tu)[1+ S(v,v,Tu)]
1+ S(v,v,Tv)S(v,v,Tu) 1+S(u,u,v)+S(v,v,Tv)

S(Tu,Tu,Tv) <aS(u,u,v)+ BS(u,u,Tv) + ¥S(v,v,Tu) + 7

where «a, 8,77, 4, 4>0 with a+3f+y+n+A+u<l for all u,ve X, then T is
called a modified Hardy-Rogers type contraction.
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2.3. Theorem
Let (X,S) be a complete S-metric space and T:X — X be a self-mapping. If T

satisfies the modified Hardy-Rogers type contractive condition, then T has a unique
fixed pointin X .

Proof. Let u, € X and define the sequence {u,} as follows:

Assume that u, #u
condition, we have

for all n. Using the modified Hardy-Rogers type contractive

n+l

S(u,,u,,u.,)=S(Tu,,,Tu ,,Tu )<aS(u, ,,u _,u)+ASWU, U, ,u ,)+ySU.,u.,u)
S(Uy, Uy, Uy, ) [1+S(U, .U, 5, U,)] a S(u,,u,,u,.,)+S(u,,u,,u,)
1+S(u,,,u, ,,u,) 1+S(u,,u,,u,,)S(u,,u,,u.)
S(Uyg: Uy, U,)[1+S(u,, U, U,) ]
1+S(u, ,,u, ,,u)+S,,u.,u )
<(a+2p+u)SWU, ,u. ,u)+(B+n+4)S(u,u,,u.,)

and so

@-g-n-4)S(u,u,u..)<(e+28+u)SU,,,u, ,,u,),

which implies

S(u,,u,,u,.,) SMS(UH_PU”_PU“). (1)
1-pg-n-1
a+2p+u

If we take h= , then we have h<1 since a+38+n+A+u<1. Also we

1-B-n-1
note that 1— S —n— A1 #0 since f+n+ A <1. Using the inequality (1), we obtain

S(u,,u,,u.,)<h"S(u,,uy, ). (2)

Forall n,meN, n<m, using the inequality (2) and the condition (S2), we get

n

2h
S(un’un7um) SES(uO’uO’ul)

and

n

lim S(u,,u,,u,)=0 since lim h S(ug,uy,u;) =0.

n,m—>w »1—h
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Hence {un} is a Cauchy sequence in X . From the completeness hypothesis, there exists

ue X such that u, —»u. Let us consider Tu=u, that is, the point u is not a fixed
point of T . Therefore, we have

S(u,,u,,Tu)=S(Tu, ,,Tu, ,,Tu)<aS(u,,,u,,,u)+ LS, ,,u, ,, Tu)+»S(u,u,u,)

S(u,u, Tu)[1+S(U, .U, 4, U,)] ) S(u,u,Tu)+S(u,u,u,)
1+S(u, ,,u, ,,u) 1+S(u,u,Tu)S(u,u,u,)

S(Uyy Uy, U) [1+S(u,u,u)]

1+S(u, ,,u. ,,u)+S(u,u,Tu)

+Uu

and so taking limit for n — o, we obtain
S(u,u,Tu)<(B+n+1)S(u,u,Tu),

which implies that Tu =u since g+n+ A <1. Finally, we show that u is a unique fixed

point of T . On the contrary, suppose that v is another fixed point of T such that u=v.

Using the modified Hardy-Rogers type contractive condition and symmetry condition,
we get

S(Tu,Tu,Tv) =S(u,u,v) <aS(u,u,v)+ £S(u,u,Tv) + ¥S(v,v,Tu)
S(v,v, Tv)[1+S(u,u,Tu)] 2 S(V,v,Tv)+S(v,v,Tu)
1+S(u,u,v) 1+S(v,v,Tv)S(v,v,Tu)
S(u,u,Tu)[1+S(v,v,Tu)]
1+S(u,u,v)S(v,v,Tv)

=(a+pB+y+2)S(u,u,v),

which implies that u=v since a+ f+y+A4<1. Consequently, u is a unique fixed
pointof T. o

Now we give the following illustrative example of Theorem 2.3.

2.4. Example
Let R be the S-metric space with

S(u,V, W) =|u—w+[u+w-2v],

for all u,v,weR [9]. Notice that this S-metric is not generated by any metric. Let us
define the self-mapping T : R — R by

Tu- u+130 if ue{0,4}
| 125 otherwise '

for all ueR. Then T satisfies the modified Hardy-Rogers type contractive condition

for a=7=%, ﬂ:é and n=A=u=0. Therefore T has a unique fixed point u =125
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in R. But T does not satisfy the condition of Corollary 2.7 (see page 118 in [10])
which is called the Banach’s contraction principle on S-metric spaces. Indeed, if we take
u=0 and v =4 then we obtain

S(Tu,Tu,Tv) =8<LS(u,u,v)=8L,
which is a contradiction since L e [0,1) .

2.5. Remark
(1) If we take =L €[0,1) and f=y=n=A=p=0 in Theorem 2.3, then we get
Corollary 2.7 on page 118 in [10].

(2) If we take ﬂ:y:ae{o,%j and a =n=A4= =0 in Theorem 2.3, then we get

Corollary 2.15 on page 121 in [10].
(3) If we take ¢ =a, f=b, y=c, a+f+y<1, a+3f<land n=A=u=0 Iin
Theorem 2.3, then we get Corollary 2.17 on page 122 in [10].

If we consider a complex valued S-metric space defined in [17], then we obtain the
following theorem.

2.6. Theorem
Let (X,S.) be a complete complex valued S-metric space and T:X — X be a self-

mapping. If T satisfies the following condition

Sc(Tu,Tu,Tv) < @S, (u,u,v)+ BSc (u,u, Tv) +»Sc (v,v,Tu)
S (v,v,TV)[1+ Sc(u,u,Tu)]jL;L Sc (V,V,Tv) + S, (v, v, Tu)
1+S; (u,u,v) 1+ S (v,v,TV)S. (v, v, Tu)
Sc (u,u, Tu)[1+Sc (v, v, Tu)]
1+S. (U, U, V) +Sc (V,v,Tv)

where «, 8,7,n, A, 4>0 with a+38+y+n+A+u<1 forall u,ve X, then T has a
unique fixed pointin X .

Proof. It follows easily by the similar arguments used in the proof of Theorem 2.3 and
using some properties of complex numbers such as convergence of sequences, modulus
of complex numbers etc.o

3. Some fixed-point results with Khan type contractive conditions

In this section, we define the Khan type and Meir-Keeler-Khan type contractive

conditions. Using these new conditions, some new fixed-point theorems are proved on
S-metric spaces.
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3.1. Definition
Let (X,S) be an S-metric space and T : X — X be a self-mapping. If T satisfies the

following condition

S(u,u,Tu)S(u,u, Tv) + S(v,v,TV)S(v,v,Tu) .
h if  S(u,u,Tv)+S(Tu,Tu,v) =0
S(Tu,Tu,Tv) < S(u,u,Tv) + S(Tu, Tu,Vv) ,

0 if  S(u,u,Tv)+S(Tu,Tu,v)=0

where he[0,1) forall u,ve X, then T is called a Khan type contraction.

3.2. Theorem
Let (X,S) be a complete S-metric space and T:X — X be a self-mapping. If T

satisfies the Khan type contractive condition, then T has a unique fixed pointin X .

Proof. Let u, e X and the sequence {u,} be defined as in the proof of Theorem 2.3.

Assume that u, #u,, for all neN. Using the Khan type contractive condition, we
have the following cases:

Case 1. Suppose that

S(,,u,,Tu)+S(Tu,,Tu,,u,) =0,
forall me N-{0} and neN. Then we get

S(u,,u,,u_,)=S(Tu_,,Tu _,,Tu )
S(u,,,u,,,u)S(, ,,u. ., u )+Su,,u.,u ,)Su. ,u.,u.)
S(u,,,u, ;U ,)+S(u,,u ,u)

=hS(u_,,u_,,u).

n-1'*n-1'*n

<h

From the definition of the Khan type contractive condition, we have
S(u,,u,,u,.,) <h"S(uy,uy, ). (3)

For all n,meN, n<m, using the inequality (3) and the condition (S2), we get

n

S(u,,u,,u,) S%S(uo,uo,ul)

and

n

lim S(u_,u,,u_)=0 since lim %S(uo,uo,ul):o.

n,m-—oo
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Hence {un} is a Cauchy sequence in X . By the completeness hypothesis, there exists

ue X such that u, —»u. Let us consider Tu=u, that is, the point u is not a fixed
point of T . Therefore, we have

S(u,,u,,Tu)=S(Tu,_,,Tu_,Tu)
<h S(u,,,u,,,u)S(, ,,u. ,, Tu)+S(u,u,Tu)S(u,u,u,)
S(u,,,u,,,Tu)+S(u,,u,,u)

and so taking the limit for n — oo, we obtain

S(u,u,Tu) <0,

which implies that Tu =u from the condition (S1). Finally, we show that u is a unique
fixed point of T . On the contrary, suppose that v is another fixed point of T such that
u # Vv . Using the Khan type contractive condition, we get

S(Tu,Tu,Tv) =S(u,u,Vv)
S(u,u, Tu)S(u,u,Tv) +S(v,v,TV)S(v,v,Tu) _
S(u,u,Tv)+S(Tu,Tu,Vv) -

<h 0,

which implies that u=v from the condition (S1). Consequently, u is a unique fixed
pointof T .

Case 2: Suppose that

S(,,u,,Tu)+S(Tu,,Tu,,u,)=0,

for all m eN—{O} and neN. Then it can be easily seen that T has a unique fixed
pointin X .o

In the following, we see an example of a self-mapping satisfying the Khan type
contractive condition.

3.3. Example
Let X ={1,2,3} be the S-metric space with

S(1,4,2)=S(2,2,1) =5,
S(2,2,3)=5(3,3,2)=S(,1,3) =S(3,3,1) =2,
S(u,v,w)=0ifu=v=w,
S(u,v,w) =1 otherwise,

for all u,v,we X in [9]. We note that this S-metric is not generated by any metric. Let
us define the self-mapping T : X — X by
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2 if u=1
Tu= ) ,
3 if u=zl

for all ue X . Then T satisfies the Khan type contractive condition for h:%.

Therefore T has a unique fixed point u=3 in X.
If we consider a complex valued S-metric space, then we obtain the following theorem.

3.4. Theorem
Let (X,S.) be a complete complex valued S-metric space and T: X — X be a self-
mapping. If T satisfies the following condition

h S.S(u,u,Tu)S_(u,u, Tv) +S_(v,v,Tv)S_(v, v, Tu)
Sc (Tu, Tu,Tv) < S.(u,u, V) +S_(Tu,Tu,v)

if S (u,u,Tv)+S_(Tu,Tu,v) =0

0 if S (u,u,Tv)+S_(Tu,Tu,v) =0
where he[0,1) forall u,ve X, then T has a unique fixed pointin X .

Proof. It follows easily by the similar arguments used in the proof of Theorem 3.2 and
using some properties of complex numbers such as convergence of sequences, modulus
of complex numbers etc. o

Now we consider the condition that if T:X — X is a self-mapping, then for all
u,ve X,

u=v=S(u,u,Tv)+S(v,v,Tu) #0. ()

3.5. Definition
Let (X,S) be an S-metric space and T : X — X be a self-mapping. Then T is called a

Meir-Keeler-Khan type contraction whenever for each ¢ >0, there exists 6 >0 such
that

c<h S(u,u, Tu)S(u,u,Tv) + S(v,v,Tv)S(v,v,Tu) cetrd(e)= STuTuTvV) <e,
S(u,u, Tv)+S(Tu,Tu,v)

where he[0,1).

Notice that if T is a Meir-Keeler-Khan type contraction on X , then we get

S(u,u, Tu)S(u,u,Tv)+ S(v,v,Tv)S(v,v,Tu)

S(Tu,Tu,Tv)<h
S(u,u,Tv)+S(Tu,Tu,Vv)

(4)
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3.6. Theorem
Let (X,S) be a complete S-metric space and T:X — X be a self-mapping. If T

satisfies the Meir-Keeler-Khan type contractive condition, then T has a unique fixed
pointin X .

Proof. By the similar arguments used in the proof of Theorem 3.2, it can be easily seen
that T has a unique fixed point in X . Indeed, if we consider the condition (#) and the
inequality (4), then we can use the techniques given in Case 1 in the proof of Theorem
3.2.0

If we consider a complex valued S-metric space, then we obtain the following theorem.

3.7. Theorem
Let (X,S.) be a complete complex valued S-metric space and T:X — X be a self-

mapping. If T satisfies the following condition for each & >0, there exists 6 >0 such
that

~h Sc(u,u, Tu)S, (u,u, Tv) + S. (v, v, TV)S. (v, v, Tu)
- Sc (U, u, Tv) +S. (Tu,Tu, V)

<e+0(e)=S.(Tu,Tu,Tv) < ¢,

where h e[O,l) , then T has a unique fixed pointin X.

Proof. It follows easily by the similar arguments used in the proof of Theorem 3.2 and
using some properties of complex numbers such as convergence of sequences, modulus
of complex numbers etc. o

4. An application to fixed-circle problem on S-metric spaces

In this section, we obtain a fixed-circle result using modified C-Khan type contractive
condition on S-metric spaces.

Now we consider the condition ().

4.1. Definition
Let (X,S) be an S-metric space and T : X — X Dbe a self-mapping. Then T is called a

modified C-Khan type contraction if there exists x, € X such that

S(U U, TU)S (U, U, TXg) + S (X, Xgs TXg)S (X, Xg, TU)

S(Tu,Tu,u)<h
S(u,u,Txy) +S(Tu, Tu, x,)

where he[0,1) forall ue X .
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4.2. Theorem
Let (X,S) be an S-metric space, T : X — X be a self-mapping and stoyr be a circle on

X . If T is a modified C-Khan type contraction for all u eCfo'r with Tx, =X,, then T
fixes the circle C; | .

Proof. Let u Esto,r- Assume that u=Tu. Hence using the modified C-Khan type
contractive condition with Tx, = x,, we get

S(U U, TU)S (U, U, TXy) + S (X, Xgs TXg)S (X, Xg, TU)
S(u,u,Tx,) +S(Tu,Tu, x,)

_hrS(u,u,Tu)

Cr+S(Tu,Tu, x,)

S(Tu,Tu,u)<h

Then using the above inequality and the symmetry condition (A ), we get the following
cases:

Case 1. If S(Tu,Tu,x,)=r then we have

hrS(u,u,Tu) _h

S(Tu,Tu,u) < =—
(T ) 2r 2

S(u,u,Tu):gS(Tu,Tu,u),
which implies Tu =u since he[0,1).
Case 2. S(Tu,Tu, X,) >r then we have

S (Tu, Tu,u) < hrS(uZ,u,Tu) _ h

h
—S(u,u,Tu)==S(Tu, Tu,u),
5 ( ) 5 (T )

which implies Tu =u since h[0,1). This is a contradiction since u e CXSOJ.

Case 3. S(Tu,Tu,X,) <r then we have
S(Tu,Tu,u) <hS(u,u,Tu) =hS(Tu,Tu,u),

which implies Tu =u since h<[0,1). This is a contradiction since ueC; .

S
Xg, ¥

Consequently, C> isafixedcircleof T. o

Finally, we give an example of a self-mapping which has a fixed circle.

4.3. Example
Let R be the S-metric space given in Example 2.4 and consider the circle C;,. Let us

define the self-mapping T: R —> R by
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Tu- u if UE{—2,9,2}1
0 otherwise

for all ueR. Then T satisfies the modified C-Khan type contractive condition and
TO0=0. From Theorem 4.2, it is clear that C;, is a fixed circle of T .

5. Conclusion

In this paper, new fixed-point theorems are proved using various types of contractive
conditions such as modified Hardy-Rogers type, Khan type etc. These obtained results
generalize some well-known fixed-point theorems on S-metric spaces. Also, as an
application of our results, a fixed-circle theorem is given with modified C-Khan type
contraction. We expect that this study will help to generate some new researches and
applications about fixed-point or fixed-circle theorems on different generalized metric
spaces. For example, it is possible to study similar results on an Sy,-metric space (see
[18] and [19] for more details about Sp-metric spaces).

Acknowledgement. The author would like to thank the referees for their comments that
helped us improve this article.

References

[1] Banach, S., Sur les operations dans les ensembles abstraits et leur application
aux equations integrals, Fund. Math., 2, 133-181, (1922).

[2] Hardy, G.E. and Rogers, T.D., A generalization of a fixed point theorem of
Reich, Can. Math. Bull., 16, 201-206, (1973).

[3] Kumari, P.S. and Panthi, D., Connecting various types of cyclic contractions and
contractive self-mappings with Hardy-Rogers self-mappings, Fixed Point
Theory Appl., 1, 15, (2016).

[4] Fisher, B., On a theorem of Khan, Riv. Math. Univ. Parma., 4, 135-137,
(1978).

[5] Meir, A. and Keeler, E., A theorem on contraction mapping, J. Math. Anal.
Appl., 28, 326-329, (1969).

[6] Kumar, M. and Araci, S., (¢ —a)-Meir-Keeler-Khan type fixed point theorem
in partial metric spaces, Bol. Soc. Paran. Mat., 36(4), 149-157, (2018).

[7] Sedghi, S., Shobe, N. and Aliouche, A., A generalization of fixed point theorems
in S-metric spaces, Mat. Vesnik, 64(3), 258-266, (2012).

[8] Hieu, N.T., Ly, N.T. and Dung, N.V., A generalization of Ciric quasi-
contractions for maps on S-metric spaces, Thai J. Math., 13(2), 369-380,
(2015).

[9] Ozgir, N.Y. and Tas, N., Some new contractive mappings on S-metric spaces
and their relationships with the mapping (S25), Math. Sci., 11(1), 7-16, (2017).

[10] Sedghi, S. and Dung, N.V., Fixed point theorems on S-metric spaces, Mat.
Vesnik, 66(1), 113-124, (2014).

[11] Ozgir, N.Y. and Tas, N., Some fixed point theorems on S-metric spaces, Mat.
Vesnik, 69(1), 39-52, (2017).

222



[12]

[13]
[14]
[15]
[16]
[17]

[18]

[19]

BAUN Fen Bil. Enst. Dergisi, 20(2), 211-223, (2018)

Ozgiir, N.Y. and Tas, N., Some generalizations of fixed point theorems on S-
metric spaces, Essays in Mathematics and Its Applications in Honor of Vladimir
Arnold, New York, Springer, 2016.

Mlaiki, N., « -y -contractive mapping on S-metric space, Math. Sci. Lett., 4(1),
9-12, (2015).

Ozgiir, N.Y. and Tas, N., Some fixed-circle theorems on metric spaces, Bull.
Malays. Math. Sci. Soc., (2017). https://doi.org/10.1007/s40840-017-0555-z
Ozgiir, N.Y. and Tas, N., Some fixed-circle theorems on S-metric spaces with a
geometric viewpoint, arXiv:1704.08838 [math.MG].

Ozgir, N.Y., Tas, N. and Celik, U., New fixed-circle results on S-metric spaces,
Bull. Math. Anal. Appl., 9(2), 10-23, (2017).

Mlaiki, N., Common fixed points in complex S-metric space, Adv. Fixed Point
Theory, 4(4), 509-524, (2014).

Sedghi, S., Gholidahneh, A., Dosenovic, T., Esfahani, J. and Radenovic, S.,
Common fixed point of four maps in S, -metric spaces, J. Linear Topol.
Algebra, 5(2), 93-104, (2016).

Souayah, N., A fixed point in partial S,-metric spaces, An. Stiint. Univ.
"Ovidius'' Constanta Ser. Mat., 24(3), 351-362, (2016).

223


https://doi.org/10.1007/s40840-017-0555-z

