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Abstract In this paper, we obtain a unique common coupled fixed point theorem for four self
maps using property(E.A.)in complex valued b-metric spaces. Also we give an example to illustrate
our main theorem.
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1 Introduction and Preliminaries

It is a well-known fact that the mathematical results regarding fixed points of contraction type mappings
are very useful for determining the existence and unigeness of solutions to various mathematical models.

Azam et al.[1] introduced the notion of a complex valued metric space which is a generalization of the
classical metric space and obtained sufficent conditions for the existence of common fixed points of a pair
of mappings satisfying a rational contractive condition.Later several authors proved fixed and common
fixed point theorems in complex valued metric spaces ,for example, refer to [2,3,4,6,9,10,13,15,16,18,25].
Recently some authors,for example[5,12,14,19,21,22,23] obtained coupled and common coupled fixed point
theorems for a pair of mappings in complex valued metric spaces.

In this paper,we prove a unique common coupled fixed point theorem for two pairs of mappings
satisfying a contractive condition of rational type in the frame work of complex valued b-metric spaces
using property(E.A.).

To begin, we recall some basic definitions, notations and results.

Throughout this paper R , RT™ , N and C denote the set of all real numbers, non-negative real
numbers , positive integers and complex numbers respectively.First we refer to the following preliminaries.

Let 21, 29 € C. Define a partial order X on C as follows: 21 3 29 if and only if Re(z1) < Re(zq), Im(z1) <
Im(zg). Thus z1 3 2o if one of the following holds:

Definition 1.1 ([1]) Let X be a non empty set. A function d: X x X — C is called a complez valued
metric on X if for all x,y,z € X the following conditions are satisfied:

(i) 0 2 d(z,y) and d(x,y) = 0 if and only if x = y;

(it) d(z,y) = d(y, z);

(iii) d(w,y) 3 d(z, 2) + d(z, ).

The pair (X, d)is called a complex valued metric space.

Now, we briefly review the notation about complex valued b-metric spaces.
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Definition 1.2 ([7]) Let X be a non empty set and s > 1. A function d : X x X — C is called a complex
valued b- metric on X if for all x,y,z € X the following conditions are satisfied:

(i) 0 3 d(x,y) and d(x,y) = 0 if and only if x = y;

(i) d(x,y) = d(y, v);

(iii) d(z,y) 3 sld(z,z) + d(z,y)].

The pair (X, d)is called a complex valued b- metric space.

Remark 1.3 Let (X,d) be a complex valued b-metric space with s > 1. Then
(i)|d(z, y)|or|d(u,v)] < |1+ s d(x,y) + s d(u,v)|,Vz,y,u,v € X.

(i) If x # y then |d(x,y)| > 0.

(#ii) For 0 <k <1 and z,w € C, if |z| < k|w| and |w| < k|z| then z = w = 0.

Definition 1.4 ([7]) Let (X,d) be a complex valued b-metric space.

(i) A point x € X is called an interior point of a set A C X whenever there exists 0 < r € C such that
B(z,r)={y € X : d(z,y) <r} C A.

(ii) A point x € X is called a limit point of a set A C X whenever there exists 0 < r € C such that
B(z,r)N (X — A) # ¢.

(#i1) A subset B C X is called open whenever each point of B is an interior point of B.

(iv) A subset B C X is called closed whenever each limit point of B is in B.

(v) The family F = {B(z,r) : x € X and 0 < r} is a sub basis for a topology on X. We denote this
complex topology by T.. Indeed, the topology 7. is Hausdorff.

Let {z,,} be a sequence in X and z € X.If for every ¢ € C with 0 < ¢ there is ng € N such that
for all n > ng, d(xy, z) < c,then {z,} is said to be convergent to x and x is the limit point of {z,}.We

denote this by lim x, =z or x,, — x as n — oo. If for every ¢ € C with 0 < ¢ there is ng € M such that
n—oo

for all n > ng, d(Tn, Tnem) < ¢, where m € N then {z,} is called a Cauchy sequence in (X, d). If every
Cauchy sequence is convergent in (X, d) then (X, d) is called a complete complex valued b-metric space.
We require the following lemmas.

Lemma 1.5 ([7]) Let (X,d) be a complex valued b-metric space and let {x,} be a sequence in X.Then
{z,} converges to z if and only if |d(zx,,x)| = 0 as n — oco.

Lemma 1.6 ([7]) Let (X,d) be a complex valued b-metric space and let {x,} be a sequence in X.Then
{zn} is a Cauchy sequence if and only if
|d(x,,, Tntm)| = 0 as n,m — oco.

One can easily prove the following lemma

Lemma 1.7 Let (X,d) be a complex valued b-metric space and let {x,} and {y,} be sequences in X
converging to x and y respectively. Then
(i) % |d(x, 2)| < li_>m |[d(xn, 2)| < s |d(x,2)| for all z € X,

(i) & d(@.y)| < lm |d(a, )] < 52 d(.9)|.

Recently Bhaskar and Lakshmikantham [20] introduced the concept of coupled fixed point and
discussed some problems of the uniqueness of a coupled fixed point and applied their results to the
problems of the existence and uniqueness of a solution for the periodic boundary value problems. Later
Lakshmikantham and Ciric [24] proved some coupled coincidence and coupled common fixed point results
in partially ordered metric spaces.

Definition 1.8 Let X be a non empty set and F : X x X - X and §: X — X.

(i)([24]) An element (x,y) € X x X is called a common coupled fixed point of mappings F and S if
x=8c=F(z,y) andy =Sy = F(y,x) .

(#)([8]) The pair (F,S) is called w-compatible if S(F(x,y)) = F(Sz,Sy) and S(F(y,z)) = F(Sy, Sx),
whenever Sz = F(x,y) and Sy = F(y,x).
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Verma and Pathak [17]defined property(E.A.),like[11]in complex valued metric spaces as follows.

Definition 1.9 ([17]) Let A,S : X — X be two self-maps of a complez-valued metric space (X,d). The
pair (A, S) is said to satisfy property (E.A), if there exists a sequence {x,} in X such that lim Az, =

n— oo
lim Sz, =t for somet € X.
n—oo
In this paper, we define property(E.A.) for two mappings F': X X X — X and S: X — X as follows
in complex valued metric spaces.

Definition 1.10 Let X be a nonempty set and F: X x X — X and S : X — X be two mappings. Then
the pair (F,S) is said to satisfy property(E.A.) if there exist sequences {x,} and {y,} in X such that for
some t,t' € X we have lim F(z,,y,) = lim Sz, =t and lim F(y,,z,) = lim Sy, =t .

n—oo n—oo n—oo n—oo

2 Main Result

Theorem 2.1 Let (X,d) be a complex valued b-metric space with s > 1. Let F,G : X x X — X and
S, T : X — X be mappings satisfying the following :

(2.1.1)
s* d(F(2,y), G(u,v))
S ay d(Sz,Tu) + ag d(Sy,Tv) + a3 d(Sz, F(z,y))
+aq d(Sy, F(y,z)) + a5 d(Tu, G(u,v)) + ag d(Tv,G(v,u))

+a7d(5x, G(U, U)) + an(Sya G(U7 u)) + a9d(TU? F(LU, y)) + alOd(TUa F(ya .’L’))
ray, A8y dTuGluw) |, dTuF(ey) d(S2,Glu0)
145 d(Sz, Tu)+s d(Sy,Tv) 12945 d(Sz, Tu)+s d(Sy,Tv)

i=1
(2.1.2) The pairs (F,S) and (G,T) are w-compatible.
(2.1.3)(a) The pair (F,S) satisfies property(E.A.),F(X x X) CT(X) and S(X) is a closed sub space of
X.
(or)
(2.1.3)(b) The pair (G,T) satisfies property(E.A.),G(X x X) C S(X) and T(X) is a closed sub space of
X.

Then F,G,S and T have a unique common coupled fized point.

Proof. Suppose (2.1.3)(a) holds.

Then there exist sequences {z,} and {y,} in X such that lim F(z,,y,) = lim Sz, = t and
n—oo n—r 00

lim F(y,,2,) = lim Sy, =t for some t and ¢’ in X.

n— o0 n—oo

Since F(X x X) C T(X), there exist sequences {z,} and {w,} in X such that F(x,,y,) = Tz, — t and

F(yn,zn) = Tw, =t as n — co.
Consider

s|d(t, G(zn, wy))|

< s |d(t, F'(xn, yn))| + 5 |d(F (20, Yn ), G(2n, wn))|

< s? |d(t, F'(2n,yn))| + s |d(F (20, yn), G(2n, wn))|, since s > 1

< 2 |d(t, F(zn, yn))| + a1 |[d(Szn, Tzp)| + a2 |d(Syn, Twy)|

+a3 |d(Szy, F(2n, Yn))| + as |d(SYn, F(Yn, xn))| + as |d(Tzn, G(2n, wn))|
+ag |d(Twn, G(Wn, 2n))| + a7 |d(STp, G(2n, wy))| + as |d(Syn, G(Wn, z5))]

+ag |d(TZn7 F(xna yn))| + aio ‘d(Twnv F(y’m xn))|
+a |[d(SZn, F(@n,yn))| |d(T25,G(2n,wn))]|
W T+ sd(San, T2y)+5d(Syn,Twn )|
+a |[d(STn,G (2n, wn))| |d(Tzn, F(Tn,Yn))]
127 T4 sd(Szn,T2n)+5d(Syn,Twn)|
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Letting n — oo and using Lemma 1.7, we get

snILH;O ld(t, G(zn,wn))| < 82(0) + a1(0) + a2(0) + az(0) + a4(0) + a5snlingo |d(t, G(zn, wy))]
+a63nlLrI;o|d(t’,G(wn,zn))| +a75n1LTI;O|d(t7G(men))‘
+ags nhﬁr%o |d(t', G(Wn, zn))| + ag(0) + a10(0) + a11(0) + a12(0)
= (a5 + a7)sn1er;O |d(t, G(zn,wn))| + (as + ag)snlingo |d(t', G(wn, zn))]

Thus

. ae + as . ,
nh—>Holo ‘d(t, G(zmwn))| < 1— a5 — ar nh_{%o |d(t aG(wnv Zn))l .

Similarly, we can show that

OIS i (d(t, Gz, wn))]

. ’ <
nh~>n/olo ‘d(t ,G(wnazﬂ))‘ - 1= as — a7 n—oo

Hence lim |d(t,G(zn,wy))] =0 = lim |[d(t', G(wn, zn))|.
n—oo n—oo
Thus G(z, w,) — t and G(wy, z,) = t' , by Lemma 1.5 .
Since S(X) is a closed sub space of X, there exist u,v € X such that
lim Sz, =t = Suand lim Sy, =t = Sv.
n—oo n—oo

Using(2.1.1) and Lemma 1.7, we have

s |d(F (u,v), Su)| = s*< |d(F(u, v), Su)]
< s* lim |d(F(u,v), G(zn, wn))|,since s > 1
n— oo

ay |d(Su, Tzy)| + a2 |d(Sv, Twy,)| + ag |d(Su, F(u,v))| + a4 |[d(Sv, F(v,u))|
<1 +as |d(T zn, G(zn, wn))| + as |d(Twy, G(wn, 2,))| + a7 |[d(Su, G(zn, wy,))|
im

= 50 +as |d(Sv, G(wy, 20))| + ag |[d(Tzp, Fu,v))| + a1o |[d(Twy, F(v,u))]
+a |[d(Su,F(u,v))| |d(T2n,G(2n,wn))| +a |d(Su,G(zn,wn))| |d(T2n,F (u,v))|
11 1+ sd(Su,Tzn)+sd(Sv, Tw,)]| 127 1+ 5d(Su,Tzn ) +sd(Sv,Tw,)|

< as|d(Su, F(u,v))| + a4 |d(Sv, F(v,u))| + ags |[d(Su, F(u,v))| + a108 |d(Sv, F(v,u))|
< s(ag + ag) |d(Su, F(u,v))| + s(as + a1o) |[d(Sv, F(v,u))|, since s > 1

Thus |d(F(u,v), Su)| < {24540) |4(5y, F(v, u))|.

— l—ag—ag
Similarly, we can show that |d(F(v,u),Sv)| < % |d(Su, F(u,v))|. Hence F(u,v) = Su = t and
Fv,u) = Sv=1t...(1)
Since (F,.S) is w-compatible, we have F'(t,t') = St and F(t',t) = St'.....(2)
Since F(X x X) C T(X), there exist o, f € X such that ¢t = F(u,v) = Ta and t' = F(v,u) = T.

d(t,G(a, B)) < s3d(F(u,v), G(a, B))

< a1d(Su, Ter) + agd(Sv, TH) + azd(Su, F(u,v)) + asd(Sv, F(v,u))
+a5d(TOé, G(Oé, ﬂ)) + aﬁd(Tﬂ7 G(ﬁa Oé)) + a7d(Su7 G(Oé, 5))
+agd(Sv, G(B, a)) + agd(Ta, F(u,v)) + a10d(T8, F(v,u))

d(Su,F(u,v)) d(Te,G(a,p)) d(Ta,F(u,v)) d(Su,G(a,5))
+an 1+sd(Su,Ta)+sd(Sv,TB) + a2 1+sd(Su,Ta)+sd(Sv,TB)

= asd(t, G(, B)) + agd(t', G(B, @) + azd(t, G(a, B)) + asd(t', G(B, a))
= (a5 + a7)d(t,G(c, B)) + (ag + ag)d(t',G(B, ).

Thus |d(t, G(a, B))| < 2422 |d(t', G (B, a))|-

l—as—ar7
Similarly, we can show that |d(t', G(5,a))| < % |d(t, G(a, B))]-
Hence G(,8) =t =Ta and G(B,a) =t =T5.
Since (G, T) is w-compatible, we have G(t,t') = Tt and G(t',t) =Tt ....(3)
Consider
1+ d(St,t) +d(St', 1)
314 sd(St, Tz,) + sd(Tzn, t) + sd(St', Twy,) + sd(Twy, t')

11+ d(St,t) + d(St', t')|
< |1+ sd(St, Tzy,) + sd(St', Twy,)| + s|d(Tzn, t)| + s |d(Twy, t')].
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Letting n — oo and using Lemma 1.5, we get
|1+ d(St,t) +d(St', )| < li_)m |1+ sd(St, Tzy,) + sd(St', Twy)| ....... (4)
n oo
From(2.1.1) and using Lemma 1.7, we get

s2d(St,t)| = 3L |d(F (L, 1), )] < 3 lim |d(F(t,t), G(zp,wy))|
a1 |d(St, Tz,)| + a2 |d(St', Twy,)| + as |[d(St, F(t,t"))| + aq |d(St', F(t', t))]
] +as |d(Tzn, G(zn, wn))| + as |d(Twy,, G(wn, 2,))| + a7 |d(St, G(zn, wy))|
< nh_{go +ag |d(St, G(wp, 2,))| + ag |d(Tzn, F(t, )| + a10 |d(Twn, F(¢',t))]| +
|d(St,F(t,t')| |d(Tzn,G (2n,wn))| |d(St,G (2n,wn)))| |d(T2n, F(t,t)]
11 T 5d(St, T2 ) +5d(SE , Twn)] 012 T 35d(St,T2n ) +5d(ST  Twn)]
< ays|d(St, t)| + azs |d(St', )| + ars |d(St, t)| + ags |[d(S',t')| + ags |d(St, t)|

d(St,t)| s|d(Stt
+ayos|d(St', )| + a1z ‘fLé(St}‘)fd(gt,’tm

< ((11 “+ a7 + ag + a12)52 |d(St, t)| + (G,Q + ag + a10)52 |d(St/, t/)| .
Thus [d(St, 1) < pabestan{d(St 1)
Similarly, we can show that |d(St',¢")| < % |d(St,t)|.
Hence St =t and St' = t/.Thus from (2),
F(t,t') =St =t and F(t',t) = St' = t'.....(5)

Similarly, consider

$21d(t, Tt)| = 5L 1d(t, G(t, )] < 5° tim_|d(F (20, y0), G(t, )]
n—oo
ay |d(Szy,, Tt)| + az |d(Syn, Tt)| + a3 |d(Szpn, F(2n, yn))| + a4 |d(Syn, F(Yn, zn))|
) +as |d(Tt,G(t,t))| + ag |[d(T, G(t', )| + a7 |d(Sz,, G(t,1'))]
< nhﬂngo +ag |d(Syn, G(t', )| + ag |[d(Tt, F(xn, yn))| + a10 |d(Tt , F(yn, xn))| +
|d(Stn, F(2n,yn))| |d(Tt,G(t,t))] |d(Szp,G(t,t)| ATt F (2 ,yn))]|
A1 " [T Tsd(Swn, Tt +5d(Syn, TE)] 127 T sd(Say, Tt)+sd(Syn,Tt)]
< ays|d(t, Tt)| + azs|dt', Tt)| + arzs|d(t, Tt)| + ags |d(t', Tt")| + ags |d(t, T?)|
105 |d(t', TH)| + ara IOl WD L
< (aj + a7+ ag + ai2)s?|d(t, Tt)| + (az + as + ayo)s? |d(t', Tt")| .
Thus |d(t, Tt)| < —%t%tao0__|q(¢' Tt

— l—ai—ar—ag—ai2
Similarly, we can show that |d(t', Tt)| < % |d(t, Tt)]|.
Hence Tt =t and Tt = ¢/.Thus from (3),
Gt,t)=Tt=tand G{t',t) =Tt =t'...(6)
From (5) and (6),it follows that (¢,¢') is a common coupled fixed point of F, G, S and T.Uniqueness of

common coupled fixed point follows easily from (2.1.1). Similarly, we can prove the theorem whenever
(2.1.3)(b) holds.

Now we give an example to illustrate Theorem 2.1
Example 2.2 Let X = [0,1] and d(z,y) = i|z —y|*, V 2,y € X. Then s = 2.
Define F,G : X x X — X by F(z,y) = x2+y2 and G(x, y)—m and S,T : X — X by Sx = 22 and
Te=%
ThenF2(X x X) = [O, 31 C0,1] =T(X) and T(X) is a closed subspace of X.
Let x,, = %,yn = f € X.Then
nhHH;O F(zp,yn) = nhﬁ\rr;o Sz, = nhﬁrr;o F(yn,xn) = nhHH;O Syn, = 0.Thus (2.1.3)(a) holds. Clearly the pairs
(F,S) and (G,T) are w-compatible. Now consider

S (r,9), Gl v)

_ x +1j _ utw
=8 o

= i |2m —u+2y —v|
121 ‘235 —u’ +|2y —v‘
ng _7| +‘y |
5ld(Sz, Tu) —|—d(Sy,Tv)}

|| I/\

Copyright © 2016 Isaac Scientific Publishing AAN



Advances in Analysis, Vol. 1, No. 1, July 2016

Thus (2.1.1) is satisfied with a1 = ay = % and a; = 0 for i = 3,4,....,12. Thus all the conditions of
Theorem 2.1 are satisfied and (0,0) is the unique common coupled fized point of F,G,S and T.

If s =1 in Theorem 2.1, we have the following corollary.

Corollary 2.3 . Let (X,d) be a complex valued metric space. Let F,G: X x X - X and S,T: X - X
be mappings satisfying the following :

(2.3.1)
d(F(z,y), G(u,v))
2 ay d(Sz,Tu) + az d(Sy,Tv) + az d(Sz, F(z,y))
+aq d(Syv F(ya JZ‘)) + as d(Tua G(ua U)) + ag d(TUa G(Ua u))
—|—a7d(Sx, G(U, U)) + a’8d(Sya G(Ua u)) + a’9d(Tu7 F(I, y)) + alod(T’U, F(yv .’,E))
+a d(Sz,F(z,y)) d(Tu,G(u,v)) +a d(Tu,F(z,y)) d(Sz,G(u,v))
71 4(Sz, Tu)+d(Sy, Tv) 12797 4(Sz, Tu)+d(Sy, Tv)
12
for all x,y,u,v € X, where a;,i = 1,2, .....,12 are non-negative real numbers such that > a; < 1.

i=1

(2.3.2) The pairs (F,S) and (G,T) are w-compatible.
(2.3.3)(a) The pair (F,S) satisfies property(E.A.),F(X x X) CT(X) and S(X) is a closed sub space of

X.
(or)

(2.3.3)(b) The pair (G,T) satisfies property(E.A.),G(X x X) C S(X) and T(X) is a closed sub space of

X.

Then F,G,S and T have a unique common coupled fized point.
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