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§1. Introduction

In the development of nonlinear analysis, fixed point theory plays a very important role. Banach
contraction principle [6] was the starting point for many researchers during the last decades in
the field of nonlinear analysis. The Banach contraction principle with rational expressions have
been expanded and some fixed point and common fixed point theorems have been obtained in
[12], [13], [14], [15].

In the existing literature there are a great number of generalizations of the Banach contrac-
tion principle (see [3, 4] and others). Some generalization of the notion of a metric space have
been proposed by some authors, such as, partial metric spaces, probabilistic metric spaces,
fuzzy metric spaces, D-metric spaces, cone metric spaces, b-metric spaces and cone b-metric
spaces (see, [7, 9, 10, 11, 18, 19, 20, 21, 22, 23, 24, 26, 27, 32, 46]).

Also, as an extension of the fixed point problem there are many results in finding a common
fixed point for two self mappings on different types of metric spaces; see, for example, [2], [41],
[34], [35], [38], [44] and the references therein. But all of these results were found in real valued
metric spaces.

In 2011, Azam et al. [5] introduced the notion of complex valued metric space and es-
tablished sufficient conditions for the existence of common fixed points of a pair of mappings
satisfying a contractive condition. The results proved by Azam et al. [5] and Bhatt et al. [8] via

rational inequality in a complex valued metric space as a contractive condition. Complex valued
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metric space is very useful in many branches of mathematics, including algebraic geometry, num-
ber theory, applied mathematics, applied physics, mechanical engineering, thermodynamics and
electrical engineering. After the establishment of complex valued metric spaces, Rouzkardand
et al. [33] established some common fixed point theorems satisfying certain rational expres-
sions in these spaces which generalize the result of [5]. In 2012, Sintanuvarat and Kumam
[42] extend and improve the results of [5] by replacing the constant of contractive conditions
to some control functions. Verma and Pathak in [44] introduced the notion of (E.A)-property
in complex valued metric space and proved some common fixed point results for two pairs of
weakly compatible mappings satisfying a “max” type contractive condition. After that many
authors have contributed different concepts in this space (see, for example, [29], [36], [37], [42],
[39] and many others).

Recently, Mlaiki [28] (Adv. Fized Point Theory 4(4) (2014), 509-524) introduced the
concept of complex valued S-metric spaces and investigate the existence and uniqueness of a
common fixed point of two self-mappings in such space via various contractive conditions. After
Mlaiki’s results many authors have established a lot of results in complex valued S-metric space
under various contractive conditions (see, for example, [31], [45] and many others).

In this paper, we prove some common fixed point theorems for contractive type conditions
involving rational expressions in the framework of complex valued S-metric spaces. Our results

extend, generalize and enrich several results from the existing literature.

§82. Preliminaries

Let C be the set of complex numbers and z1, z5 € C. Define a partial order = on C as follows:

z1 3 2o if and only if Re(z1) < Re(z2), Im(z1) < Im(z3). It follows that z1 3 2o if one of
the following conditions is satisfied:

i) Re(z1) = Re(z2), Im(z1) < )
1) Re(z1) < Re(z2), Im(z1) );
1i1) Re(z1) < Re(z2), Im(z1) < Im(z2);
iv) Re(z1) = Re(za), Im(z1) = Im(z2).

Im(zo
I Z9
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(

In particular, we will write 21 3 2o if 21 # 22 and one of (i), (4i) and (#44) is satisfied and
we will write z; < 23 if only (#i4) is satisfied. Note that

05 21 o<° 29 = ‘Zl| < |2’2|,

Zl<22, 29 < 23 = 21 < 23.

~

In 2014, the following definition was introduced by Mlaiki in [28].

Definition 2.1([28]) Let X be a nonempty set and C be the set of all complex numbers. A
complex valued S-metric space on X is a function S: X3 — C that satisfies the following
conditions, for all x,y,z,t € X:
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(€S1) 0 3 S(z,y, 2);

(C82) S(x,y,2) =0 if and only if x =y = 2;

(CS3) S(x,y,2) 3 S(w,2,1) + S(y, ¥, ) + S(2, 2, 1).

Then, S is called a complex valued S-metric on X and the pair (X,S) is called a complex

valued S-metric space.

Example 2.2([28]) Let X = C be the set of complex numbers. Define a mapping S: C3 — C
by S(z1, 22,23) = | max{Re(z1), Re(z2)} — Re(z2)| + | max{Im(z1), Im(z2)} — Im(z2)|. Then
it is not difficult to verify that (C,S) is a complex valued S-metric space.

Definition 2.3([28]) If (X,S) is called a complex valued S-metric space, then,

(T'1) A sequence {u,} in X converges to u if and only if for every e € C with 0 < ¢, there
exists ng € N such that for all n > ng, we have S(up, un,u) < € and we denote this by u, — u
or limy, o0 Uy, = U;

(T2) A sequence {un} in X is called a Cauchy sequence if for every e € C with 0 < ¢, there
exists ng € N such that for all n,m > ng, we have S(un, Un, Up) < €;

(T'3) An S-metric space (X, S) is said to be complete if every Cauchy sequence is convergent.

Definition 2.4 Let X be a non-empty set and let R,h: X — X be two self mappings of X.
Then a point v € X is called a

(A1) fized point of operator R if R(v) = v;
(A2) common fized point of R and h if R(v) = h(v) = v.

Definition 2.5([1]) Let P and Q be single valued self-mappings on a set X. If u =Pz = Qz
for some z € X, then z is called a coincidence point point of P and Q, and u is called a point
of coincidence of P and Q.

Definition 2.6([16]) Let P and Q be single valued self-mappings on a set X. Mappings P and
Q are said to be commuting if PQu = QPv for allv € X.

Definition 2.7([17]) Let P and Q be single valued self-mappings on a set X. Mappings P and
Q are said to be weakly compatible if they commute at their coincidence points, i.e., if Pu = Qu
for some u € X implies PQu = QPu.

Definition 2.8([44]) Let (X,d) be a complex valued metric space and let R, Q: X — X be two
self mappings of X. The pair (R, Q) is said to satisfy (E.A)-property if there exists a sequence
{rn} in X such that lim,_, o Rr, = lim, o, Or, = d for some d € X.

Note that weakly compatibility and (E.A)-property are independent of each other (see [30]
for details).

Example 2.9 Let X = C and let R, Q: X — X be defined by R(z) = 4z —2i and Q(z) = z+1
for all z € X. Let {z,} = {i + 2},,>1 be the sequence in X. Then

4
lim Rz, = lim (4¢ T 2i) — 9,
n

n—oo n—oo



4 G. S. Saluja

and

1
lim Qz, = hm (z + — +i) = 23.
n—00 n

Thus there exists a sequence {z,} in X such that lim, oo Rz, = lim,_ 0 Qz, = 2i € X.

Hence R and Q satisfy (F.A)-property.

Liu et al. [25] introduced common (E.A)-property which is an extension of (E.A)-property
were define common (F.A)-property in the complex valued metric space as follows.

Definition 2.10([25]) Let (X,d) be a complex valued metric space and let P,Q, R, T: X — X
be four self mappings of X. The pairs (P,R) and (Q,T) satisfy the common (E.A)-property if
there exist two sequences {un} and {v,} in X such that

lim Pu, = lim Ru, = hm Qu,, = hm Tv, =z € X.

n—oo n— oo

Example 2.11 Let X = C and let d be a complex valued metric and let P, Q,R,7: X — X be
four self-maps defined by P(z2) = 3+iz, Q(2) = —i—32%, R(2) = —i—3z and T (2) = 3+ (2 —2i)
for all z € X. Let {z,} = {1+ t},>1 and {yn} = {% + i}n>1 be two sequences in X. Then

lim Pz, = lim (3—z‘+3) — 34,
n—oo —00 n

lim Rz, = lim (7i+3—§> —3_4,
n

n— oo n—oo
; 1 s ;
lim Qy, = hm <7173(7+z) ) =31,
n— o0 n
and
lim Ty, = hm (3—}—(1—&—2'—2@')) =3-1
n

n—oo
Thus there exist two sequences {x,} and {y,} in X such that

lim Px, = hm Rx, = hm Quyn = hm Ty, =3—i€X.

n—oo

Hence the pairs (P, R) and (Q,T) satisfy common (FE.A)-property.
Now, we redefine the common (E.A)-property in the setting of complex valued S-metric

space as follows.

Definition 2.12 Let (X,S) be a complex valued S-metric space and let P,Q, R, T: X — X be
four self mappings of X. The pairs (P,R) and (Q,T) are said to satisfy the common (E.A)-
property if there exist two sequences {p,} and {q,} in X such that

lim Pp, = hm Rpn = hm Qqn = hm Tqg,=teX.

n— oo

Example 2.13 Let X = C and let S: C* — C be defined by S(z1, 22, 23) = | max{Re(z1), Re(22)} —
Re(zo)| + i| max{Im(z1), Im(z2)} — Im(22)|. Then (C,S) is a complex valued S-metric space.
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Let P,Q,R,T: X — X be four self-maps defined by P(z) = z+1, Q(z) = 2+ (1 +2i), R(2) =
3i—zand T(2) = —z+ (2i—1) for all z € X. Let {p,} = {i+ 2},>1 and {gn} = {-1+ L },>1
be two sequences in X and that Pp, = p, +¢ = 2i + % and Rp, = 3i — p, = 2 — % for all
n € N. This implies that

1 1
S(Ppn, Ppn,0) = S(Qi + g,% + g,O) — 0asn — oo.
This shows that Pp,, — 0 as n — oo and by similar way, we have
o101
S(Rpn, Rpn,0) = 5<22 — 5,21 — E’O) — 0asn — oo.

This shows that Rp, — 0 as n — co. Thus the pair (P, R) satisfies (F.A)-property.
Similarly, note that Qg, = ¢, + (14 2i) =2i+ £ and Tq, = —q, + (20 — 1) = 2i — £ for
all n € N. This implies that

S(Qqn, 9¢n,0) = S(Qi-l- %721'—1- %,0) — 0asn — oco.
This shows that Qg, — 0 as n — oo and by similar way, we have
S(an,an,O):S<—2i7£,72i71,0) —0asn — oo.
n n

This shows that T ¢, — 0 as n — oo. Thus the pair (Q, T) satisfies (E.A)-property. Thus there
exist two sequences {p,} and {g,} in X such that

lim Pp, = ILm Rp, = ILm Qq, = ILm Tqg,=0€ X.

n—oo

Hence the pairs (P,R) and (Q, 7)) satisfy common (F.A)-property.

Lemma 2.14([28]) Let (X,S) be a complex valued S-metric space and let {u,} be a sequence
in X. Then {u,} converges to u if and only if imy,_ oo |S(tUn, tn, u)| =0 or |S(un, un,u)| — 0

as n — o0.

Lemma 2.15([28]) Let (X,S) be a complex valued S-metric space and let {u,} be a sequence
in X. Then {u,} is a Cauchy sequence if and only if lim, m—c0 |S(Un, Un, Untm)| = 0 or

|S(unvun7un+m)| — 0 as n, m — OQ.

Lemma 2.16([28]) Let (X,S) be a complex valued S-metric space, then S(z,z,y) = S(y,y, )
forallz,y e X.

83. Common Fixed Point Theorems

In this section, we shall prove some common fixed point theorems under contractive type con-
ditions involving rational expression and satisfies (E.A) property in the framework of complex

valued S-metric spaces.
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Theorem 3.1 Let (X,S) be a complex valued S-metric space and let A, B, Q, T :
X — X be four self-mappings of X satisfying the following conditions:

(i) For allu,ve X,

S(Au, Au,Bv) 32 r max {S(Qu, Qu, Tv),S(Bv, Bv, Au), S(Bv, Bv, Tv),

~

%[S(Au, Au, Tv) + S(Bv, Bu, Qu)],

S(Bv, Bu, Au)[1 + S(Bv, Bv, Tv)] }

1+ S(Au, Au, Bv)] (3.1)

where r € [0,1) is a constant;
(i3) The pairs (A, Q) and (B,T) are weakly compatible;
(13i) One of the pairs (A, Q) and (B, T) satisfy (E.A) property;

(iv) A(X) C T(X) and B(X) C Q(X).

If the range of one of the mappings Q(X) or T(X) is a complete subspace of (X,S), then
A, B, Q and T have a unique common fized point in X .

Proof First, we suppose that the pair (A, Q) satisfies (E.A) property. Then by Definition
2.8, there exists a sequence {u,} in X such that lim, o Au, = lim, o Qu, =t for some ¢ €
X. Further, since A(X) C T(X), there exists a sequence {v,} in X such that lim, . Au, =
lim,,_.o Tv,. Hence lim, .. Tv, =t. We claim that lim,_.., Bv, = t. If not, then putting

U = Uy, V= v, in inequality (3.1), using Lemma 2.16 and (CS2), we have

~

S(Aup, Aup, Bu,) 3 rmaX{S(Qun,Qun,Tvn),S(an,an,Aun),S(an,an,Tvn),

S8 (A, Aun, Ton) + S(Bun, B, Qu),

S(Bvy, Buy,, Auy,)[1 + S(Buy,, B, Tu,)) }
1+ S(Aup, Auy,, Boy,)]

= 7 max {S(Qun, Quy,, Auy,), S(Buy, Buy, Auy,), S(Buy, Bu,, Auy,),

1

i[S(Aun,Aun,Aun) + S(Buvy, Buy, Auy, )],

S(Bvy, Buy,, Auy,)[1 + S(Bu,, Bu,, Au,)) }
14 S(Aup, Auy,, Bu,)]

= 7 max {0, S(.AUn7 A'Unu an)7 S(-Aunv Aunv an)7

S8 (A, A, B,)], S (Au, A, Bo)
r S( At Aty Buy). (3.2)

A

Thus
|S (At , A, Buy)| < 1 |S (A, Ay, Buy)|,
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which is a contradiction since r € [0,1). Letting n — oo, we have

lim |S(Auy, Auy,, Bu,)| < r.0 =0,

n— o0
which is a contradiction by condition (CS1). Thus, we get lim,, o Au, = lim,— o Bu, = t.

Now, first we assume that 7(X) is a complete subspace of (X,S), then ¢ = Tp for some
p € X. Subsequently, we have

lim Bv, = lim Au, = lim Qu, = lim Tv, =Tp="=.
n—oo n—o0 n—roo n—oo

We claim that Bp = Tp. For this, putting u = u, and v = p in inequality (3.1), using
Lemma 2.16 and (CS2), we have
S(Aun, Aun,Bp) 3 max {S(Quun, Qun, Tp), S(Bp, Bp, Aun), S(Bp, Bp, T),

S 1S(Au A, Tp) + S(Bp, Bp, Quy).

S(Bp, Bp, Auy)[1 + S(Bp, Bp, Tp)] }
1+ S(Auy,, Au,, Bp)] '

Letting n — oo in (3.3), using Lemma 2.16 and (CS2), we get

S(Tp, Tp.Bp) 3 v max {S(Tp, Tp,Tp),S(Bp, By, Tp), S(Bp, Bp, Tp),

1
3 [S(Tp, Tp, Tp) + S(Bp, Bp, Tp)],

S(Bp, Bp, Tp)[1 + S(Bp, Bp, Tp)] }
[1+S(Tp, Tp, Bp)]

= 7 max {o,S(Tp, Tp, Bp), S(Bp, Bp, Tp),

1
SIS(Tp. Tp.Bp)], S(Bp, By, Tp) } 37 S(Tp, Ty, Bp). (34)

Thus, |S(Tp, Tp, Bp)| < r|S(Tp, Tp,Bp)|, which is a contradiction since r € [0,1). Hence, we
have S(Tp, Tp, Bp) =0, that is, Tp = Bp = t. Hence p is a coincidence point of the mappings
B and T, that is, the pair (B,7). Now, the weak compatibility of the pair (B,7) implies that
BTp=TDBpor Bt ="Tt.

On the other hand, since B(X) C Q(X), there exists ¥ € X such that Bp = Qv. Thus
Tp = Bp = Qv =t. Let us show that v is a coincidence point of the pair (A, Q), that is,
Av = Qu =t. If not, then putting v = v and v = p in inequality (3.1), using Lemma 2.16 and
(CS2), we get

S(Av, Av,Bp) 3 max {S(Qv, Qu, Tp), S(Bp, B, Av), S(Bp, Bp, Tp),

1
3 [S(Av, Av, Tp) + S(Bp, Bp, Qv)],

S(Bp, Bp, Av)[1 + S(Bp, Bp, Tp)] }
1+ S(Av, Av, Bp)]
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= r max {O,S(AI/, Av, Bp), 0, w,

S(Av, Av, Bp)}

3 rS(Av, Av, Bp). (3.5)

Thus, |S(Av, Av, Bp)| < r|S(Av, Av, Bp)|, which is a contradiction since r € [0,1). Hence,
we have S(Av, Av, Bp) = 0, that is, S(Av, Av, Qv) = 0 and hence Av = Qv = t. Thus v
is a coincidence point of the mappings A and Q, that is, the pair (A, Q). Further, the weak
compatibility of the pair (A, Q) implies that AQv = QAv or At = Qt. Hence t is a common
coincidence point of A, B, Q and T.

Now to show that ¢ is a common fixed point of A, B, Q and 7. For this, we put v = v and
v =1t1in (3.1), using Lemma 2.16 and (CS2), we get

S(t,t,Bt) = S(Av, Av,Bt)

< 7 max {S(Qu, Qv, Tt), S(Bt, Bt, Av), S(Bt, Bt, Tt),
%[S(Au, Av, Tt) + S(Bt, Bt, Qv)),
S(Bt, Bt, Av)[1 + S(Bt, Bt, Tt)] }
1+ S(Av, Av, Bt)]
— rmax {S(t,t, Bt), S(Bt, Bt, t), S(Bt, Bt, Bt),
%[S(t, t, Bt) + S(Bt, Bt )],
S(Bt, Bt,t)[1 + S(Bt, Bt, Bt)] }
1+ S(¢,t,Bt)]
= 7 max {S(t.t, Bt), S(t,t, Bt), 0, S(t,t, BY),
S(t, t, Bt) }
[+ S(t,t,BL)]
< max {S(t,t, Bt),S(t,t,Bt),0,S(tL,1, Bt),S(t,t,Bt)}
< rS(tt,BY). (3.6)

Thus, |S(¢,t,Bt)| < r|S(t,t,Bt)|, which is a contradiction since r» € [0,1). Hence, we have
S(t,t,Bt) = 0, that is, Bt = t. Consequently, At = Bt = Qt = Tt = t. This shows that ¢ is a
common fixed point of the mappings A, B, Q and T.

Similar argument arises if we assume that Q(X) is a complete subspace of (X, S).
Similarly, the property (E.A) of the pair (B, T) will give the similar result.

Now, we show the uniqueness of the common fixed point. For this, let us assume that ¢’
be another common fixed point of A, B, Q and T with ¢’ # t. From inequality (3.1), using
Lemma 2.16 and (CS2) for u = t' and v = ¢, we have

St t) = S(At, AV, Bt)
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< 7 max {S(Qt’, ot',Tt),S(Bt,Bt, At'), S(Bt, Bt, Tt),

%[S(At/, At' Tt) + S(Bt, Bt, Qt')],

S(Bt, Bt, At')[1 + S(Bt, Bt, Tt)] }
1+ S(At, A, B)]

— rmax {S(t’,t’,t),S(mt,t’),S(t,t,t),

%[S(t’, t't)+S(tt,t),

S(t,t,t)[1 + S(t,¢,1)]
1+ S, #,1)] }

— rmax {S(t’,t’,t),S(t’,t’,t),o,S(tQt”t),

S(t',t',t)
11 +S(t’7t’,t)]}

r max {S(t’,t’,t)ﬁ(t’,t’,t), 0,8(t,¢,1),
S, t, t)}
rS,t,t). (3.7)

1N

A

Thus
ST, 1) <r|SE,t,t)],

which is a contradiction since r € [0,1). Hence, we have
St t) =0,
that is, ¢/ = ¢. Hence At = Bt = Qt = Tt =t and ¢ is the unique common fixed point of A, B,
Q and 7. This completes the proof. O
If we take A =B and Q@ = 7 in Theorem 3.1, then we have the following result.
Corollary 3.2 Let (X,S) be a complex valued S-metric space and let A, Q: X — X be two
self-mappings of X satisfying the following conditions:

(i) For allu,ve X,

~

S(Au, Au, Av) = rmax{S(Qu,Qu,Qv),S(Av,.Av,Au),S(Av,Av,Qv),

%[S(Au, Au, Qu) + S(Av, Av, Qu)],

S(Av, Av, Au)[1 + S(Av, Av, Qu)] }
[+ S(Au, Au, Av)] ’

(3.8)

where r € [0,1) is a constant;
(17) The pairs (A, Q) is weakly compatible;
(731) The pair (A, Q) satisfies (E.A) property;
(iv) A(X) C Q(X).
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If the range of the mapping Q(X) is a complete subspace of (X,S), then A and Q have a

unique common fixed point in X.
Theorem 3.3 Let (X,S) be a complex valued S-metric space and let A, B, Q, T :
X — X be four self-mappings of X satisfying the following conditions:

(1) For allu,ve X,

S(Au, Au, Bv) = ny S(Qu, Qu, Tv) + ny S(Bv, Bu, Au) + ng S(Bv, Bv, Tv)
1+ S(Bv, Bv, Tv)]
+n4 S(Au, Au, Tv) [T S (Au, Au, Bv)
1+ S(Bv, Bv, Tv)]
1+ S(Au, Au, Bv)]’

+n5 S(Bv, Bv, Au)

where ny, Ny, ng, ng,ns > 0 are nonnegative reals with ny + ng + ng + ng +ns < 1;

(i4) The pairs (A, Q) and (B,T) are weakly compatible;

(791) One of the pairs (A, Q) and (B, T) satisfy (E.A) property;

(1v) A(X) C T(X) and B(X) C Q(X).

If the range of one of the mappings Q(X) or T(X) is a complete subspace of (X,S), then
A, B, Q@ and T have a unique common fized point in X .

Proof First, we suppose that the pair (A, Q) satisfies (E.A) property. Then by Definition
2.8, there exists a sequence {u,} in X such that lim,,_, o, Au, = lim, . Qu,, =t for some ¢ €
X. Further, since A(X) C T(X), there exists a sequence {v,} in X such that lim,, . Au, =
limy, o Tv,. Hence lim, o Tv, =t. We claim that lim,_,., Bv, = t. If not, then putting

u = u, and v = v, in inequality (3.9), using Lemma 2.16 and (CS2), we have

S(Aup, Aup, Buy) 3 11 S(Qup, Quy, Toy) + ne S(Buy, Buy, Auy,)

+n3 S(Buy, Buy, Tu,)
[1 4 S(Bvy, Buy, Tvy)]
14 S(Auy, Auy, Bu,)]
(14 S(Bvy, Bu, Tvy,)]
1+ S(Aup, Auy,, Boy,)]
= n18(Qup, Quy, Quy) + na S(Buy, Bu,, Auy,)

+ns3 S(Bvy,, Bu,, Au,)

+n4 S(Aty, Ay, Toy,)

+ns5 S(Buy,, Bu,, Auy,)

[1+4 S(Bv,, Buy, Auy,)]

1+ S(Aup, Au,, Bo,)]
[1+ S(Boy, Buy, Auy)]
14+ S(Auy, Auy, Bu,)]
= n1.0+ ne S(Auy, Auy, Bu,) + ns S(Auy,, Auy,, Buy,)
+nq.0 + ny S(Auy, Auy,, Buy,)

(n2 +nz + ﬂs) S(Auny Aun7 an)

(n1 4 n2 4+ n3 + ng + ns5) S(Auy, Auy,, Boy,)
m S(Auy,, Au,, Bv,)

“+ny S(Aun, Auna Aun)

+ns S(Buy, Bu,, Auy,)

A
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where m = ny +n9 +n3 +nyg +ns < 1. Thus
IS (A, Aun, Bup)| < m[S(Aun, Au,, Boy,)|,
which is a contradiction since m € [0,1). Letting n — oo, we have

lim |S(Aup, Auy, Bu,)| < m.0 =0,

n—oo

which is a contradiction by condition (CS1). Thus, we get lim, o Au, = lim, o Bu, = t.
Now, first we assume that 7(X) is a complete subspace of (X,S), then ¢ = Tp for some
p € X. Subsequently, we have

lim Bv, = lim Au, = lim Qu, = lim Tv, =Tp==".

Rest of the proof follows from Theorem 3.1. This completes the proof. O

Theorem 3.4 Let (X,S) be a complex valued S-metric space and let A, B, Q, T :
X — X be four self-mappings of X satisfying the following conditions:

(i) For allu,v € X,
S(Au, Au, Bv) 3 R1 DG, (u,u,v) + R2 DE, (u, u,v), (3.10)
where R1,R2 > 0 are nonnegative reals with Ry + Ro < 1 and
DS (u,u,v) = max {S(Qu, Qu, Tv), S(Bv, Bv, Au), S(Bv, B, 7'11)},
1+ S(Bv, B, Tv)]
1+ S(Au, Au, Bv)]’

1+ S(Bv, Bv, Tv)] }
(1 + S(Au, Au, Bv)]J”

DS (u,u,v) = max{S(Au,Au,Tv)

S(Bv, Bu, Au)

(17) The pairs (A, Q) and (B, T) are weakly compatible;

(7it) One of the pairs (A, Q) and (B, T) satisfy (E.A) property;

(iv) A(X) CT(X) and B(X) C Q(X).

If the range of one of the mappings Q(X) or T(X) is a complete subspace of (X,S), then
A, B, Q@ and T have a unique common fized point in X .

Proof First, we suppose that the pair (A, Q) satisfies (E.A) property. Then by Definition
2.8, there exists a sequence {u,} in X such that lim, o Au, = lim, o Qu, =t for some ¢ €
X. Further, since A(X) C T(X), there exists a sequence {v,,} in X such that lim, . Au, =
limy, o Tv,. Hence lim, .o Tv, =t. We claim that lim,_., Bv, = t. If not, then putting

u = u, and v = v, in inequality (3.10), using Lemma 2.16 and (CS2), we have

S(Aup, Auy, Bu,) 3 Ry Dgl (Un, Un,Vp) + Ro D(‘i (Upy Uy Un)s (3.11)
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where

Dgl(un,un,vn) =
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max {S(Qun, Quny, Tvn), S(Bon, Buy, Auy,), S(Bug, Bon, Tvn)}
max {S(Qun, Quy,, Quy,), S(Buy, Buy, Auy,), S(Buy,, Buy,, Aun)}
max {O, S(Auy, Auy, Boy,), S(Auy,, Ay, an)}

= S(Atp, Aun, Buy), (3.12)

and

Dé (Up, Up, V) =

(14 S(Bvy, Buy, Tvy,)]
1+ S(Auy, Auy,, Bv,)]’

1+ S(Bvy, Bu,, Tu,)) }
1+ S(Auy, Auy,, Bv,)]
[1 4 S(Buy, Buy, Auy,)]
1+ S(Auy,, Au,, Bvu,)]’

[1 4 S(Boy, Bup, Auy,)] }
1+ S(Auy, Auy, Buy,)]

max {S(Aun, Ay, Tvn)

S(Bvy, Buy, Auy,)

max {S(Aun, Ay, Auy)

S(Bup, Buy, Auy,)

max {O, S(Auy,, Auy, an)}
S(Auy, Auy, Buy). (3.13)

Using equations (3.12) and (3.13) in equation (3.11), we get

S(Aup, Aup, Bu,) 2 RiS(Auy, Auy, Bu,) + Re S(Auy, Auy, Buy,)
= (Ru+Ra) S(Aup, Aun, Buy)
= WS(Au,, Au,, Bu,), (3.14)

where W =R +Ra < 1.
Thus

|S (A, Ay, Buy )| < WS (Auy, Auy,, Buy,)]|

which is a contradiction since

i

W e [0,1). Letting n — oo, we have

lim |S(Aup, Auy, Bu,)| <W.0 =0,

n

— 00

which is a contradiction by condition (CS1). Thus, we get lim, o A, = lim,— o Bu, = t.
Now, first we assume that 7(X) is a complete subspace of (X, S), then ¢t = Tp for some

p € X. Subsequently, we have

lim Bv, = lim Au, = lim Qu, = lim Tv, =Tp=*t.
n— oo

n—oo

Rest of the proof follows from

n— oo n—oo

Theorem 3.1. This completes the proof. g

From Corollary 3.2 we obtain the following special case.

Corollary 3.5 Let (X,S) be

a complete complex valued S-metric space and let A: X — X be
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a self-mapping of X satisfies the contractive condition:
S(Au, Au, Av) = qS(u,u,v),
for all u,v € X, where q € [0,1) is a constant. Then A has a unique fized point in X .

Remark 3.6 Corollary 3.5 extends Theorem 3.1 of Sedghi et al. [40] from complete S-metric
space to the setting of complete complex valued S-metric space.

Remark 3.7 Corollary 3.5 also extends the well-known Banach fixed theorem [6] from complete

metric space to the setting of complete complex valued S-metric space.

Corollary 3.8(]28], Corollary 2.5) Let (X,S) be a complete complex valued S-metric space and
let A: X — X be a self-mapping of X satisfies the contractive condition:

S(A"u, A"u, A™v) 2 qS(u,u,v),

for all u,v € X, where n is some positive integer and q € [0,1) is a constant. Then A has a
unique fized point in X.

Proof By Corollary 3.5, there exists p € X such that A"p = p. Then

S(Ap, Ap,p) S(AA"p, AA"p, A"p)
S(A" Ap, A" Ap, A"p)

qS(Ap, Ap,p).

A

Thus
|S(Ap, Ap,p)| < q|S(Ap, Ap,p)|,

which is a contradiction since 0 < ¢ < 1 and so S(Ap, Ap,p) = 0, that is, Ap = p. This shows
that A4 has a unique fixed point in X. This completes the proof. O
Remark 3.9 (i) Completeness of the space X is relaxed in Theorems 3.1, 3.3 and 3.4.

(74) Continuity of the mappings A, B, Q and T is relaxed in Theorems 3.1, 3.3 and 3.4.

Finally, we give the following example which is an application of Corollary 3.5.
Example 3.10 Let X; = {z € C: Re(z) > 0,Im(z) = 0} and Xy = {z € C : Im(z) >
0, Re(z) = 0}. Now, let X = X; U X5 and define a mapping S: X3 — C By:

max{z1, 2,3} + i max{xy, x2, 3}, if 21, 20, 23 € X7,

max{ylvaa y3} + imax{y17y27y3}a if 21,22, %3 S X27
8(21322723) = . .
(max{zy, 22} + y3) + i(max{zy, 22} +y3), if 21,22 € X1,25 € Xo,

(max{y1,y2} + x3) +i(max{yi,y2} + x3), if 21,20 € X, 23 € X1,

where 21 = x1 +iy1, 22 = x2 +iys and z3 = x3 + iy3. It is very easy to verify that (X,S) is a
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complete complex valued S-metric space.
Now, we define a self-mapping A on X (with z = (z,y)) as

( 70), ifZEXl,

Alz)=1¢ 2 ,
(0,%), if z € Xo.

Now, we show that A satisfies the conditions of Corollary 3.5. Here, we note that
0 2 8(21, 22, 23), S(Az1, Az, Az3).
. Now, let z; = x1 + iy, and 25 = x2 + iy2. Hence, we have the following four cases.

Case 1. If 21,25 € X1, then we have

S(Az, A, Az) = S((5.0).(5.0),(5,0)

r1 T2 . 1 T2 1 T2 .
= _— — _— = — - = 1
ma {1 5 } i {5 5 = max {5 (14

1
= §max{x1,x2}(1+i)j S(z1,21,22) = q¢S(21, 21, 22),

1
2
Case 2. If 21,29 € Xg, then we have

8(A217A217AZ2) = 8((0’ &)7 (0’ yfl), (07 %))

2 2 2
= max{%, :%2} +imax{%,y—22} = max{%, %}(1 +1)
1 . 1
= ima’x{yhy?}(l +Z) j 58(2’1,21722) = QS(Zth,ZQ),

Case 3. If z; € X1, 29 € X5, then we have

S0 (P00, 0.82)) = (B4 YY1 4
S(a, e Az) = S((5.00.(5.0,0.2)) = (5 +2) 1 +i)
1 1
= §($1+y2)(1+i)j§S(Z17Z17‘Z2):qS(ZlaZhZQ)a

Case 4. If zo € X1, z1 € X5, then we have

_ 23 dry (L2
S, An Az) = S((0,9).(0.9),(5.0))

2 2
8(217 21, 22) = qS(Zla 217’22)7

A

- (ﬂ + y—l)(1+i) = %($2+y1)(1+i)
1
2

where ¢ = % If we take 0 < ¢ < 1, then all the conditions of Corollary 3.5 are satisfied. Hence
by applying Corollary 3.5, A has a unique fixed point in X. Indeed, in this case 0 € X is the
unique fixed point.
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Conclusion

In this paper, we prove some common fixed point theorems for contractive type conditions

involving rational expressions and using common (E.A) property in the framework of complex-

valued S-metric spaces. Also, we give an example in support of the result. The results presented

in this paper extend, generalize and enrich several results from the current existing literature.
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