International Journal of Mathematical Archive-5(6), 2014, 147-152
@gm Available online through www.ijma.info ISSN 2229 - 5046

FIXED POINTS FOR FOUR SELF-MAPPINGS IN CONE METRIC SPACES

S. Vijaya Lakshmi* and J. Sucharitha

Department of Mathematics,
University College of Science, Osmania University, Hyderabad, Telangana State, India.

(Received on: 20-05-14; Revised & Accepted on: 06-06-14)

ABSTRACT
In this paper we prove a unique common fixed point theorem for four self- mappings in cone metric spaces without
using the commutativity condition in cone metric spaces. Our results generalize and extend several results existing in
the literature.
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1. INTRODUCTION AND PRELIMINARIES

The study of common fixed points of mappings satisfying certain contractive conditions has been at the centre of
vigorous research activity, being the applications of fixed point very important in several areas of Mathematics. Huang
and Zhang [12] have generalized the concept of a metric space, replacing the set of real numbers by an ordered Banach
space and obtained some fixed point theorems for mapping satisfying different contractive conditions. Subsequently,
Abbas and Jungck [1] and Abbas and Rhoades [2], Ilic and Rakocevic [13], Rezapour and Hamlbarani[14] and Vetro
[17] studied fixed point theorems for contractive type mappings in cone metric spaces .

In this paper we prove a uniqgue common fixed point theorem for four self-mappings in cone metric spaces without
using the commutativity condition. Our result generalized and extends the results of [11].

In all that follows B is a real Banach Space, and € denotes the zero element of B.

For the mapping f, g: X — X, let C (f, g) denote the set of coincidence points of f and g, that is
C(f,g) ={z € X: fz=gz}.

The following definitions are due to Huang and Zhang [12].

Definition 1.1: Let B be a real Banach Space and P a subset of B .The set P is called a cone if and only if:
(a). P is closed, non —empty and P = {6};

(b).a,beR,a,b>0,xy € P implies axtbye P;

(c).xePand-xe Pimpliesx=6.

Definition 1.2: Let P be a cone in a Banach Space B, define partial ordering * <’ with respect to P by x < y if and only
if y-xe P . We shall write x<y to indicate x<'Y but x # Yy while X<<y will stand for y-x € Int P, where Int P
denotes the interior of the set P. This Cone P is called an order cone.

Definition 1.3: Let B be a Banach Space and P — B be an order cone. The order cone P is called normal if there exists
L>0 such that for all x, y €B,

6 < x <y implies || x| <L|y]|.
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The least positive number L satisfying the above inequality is called the normal constant of P.

Definition 1.4: Let X be a honempty set of B .Suppose that the map d: X x X — B satisfies:
(d1). 8<d(x,y) forallx,y € X and d(x,y) = € ifand only if x = y;

(d2).d(x,y) =d(y,x) forallx,ye X ;
(d3).d(x, y) <d(x, z) + d(y, z) forallx,y,ze X .

Then d is called a cone metric on X and (X, d) is called a cone metric space.
The concept of a cone metric space is more general than that of a metric space.

Example 1.5: ([12]). Let E =R? P = {(x, y) € E such that : x, y > 0} = R? X = Rand d: X x X—E such that
d(x,y)=(|x-y|,a |x-y|), where o> 0 is a constant. Then (X, d) is a cone metric space.

Definition 1.6: Let (X, d) be a cone metric space. We say that {x,} is
(i) a Cauchy sequence if for every c in B with ¢c>> @, there is N such that for all n, m>N, d(x,, X,)<<c;
(ii) Convergent sequence if for any ¢ >> @, there is an N such that for all n>N, d(x,, x)<<c, for some fixed x in X.
We denote this X, —»X (asn—> o).

Lemma 1.7: Let (X, d) be a cone metric space, and let P be a normal cone with normal constant K.
Let {x,} be a sequence in X .Then

(i). {xn} convergesto x if and only if d(x, ,X)— 0 (n—> 0).

(ii). {x,} is a Cauchy sequence if and only if d (X, , X, )—0 (as n, m—0).
2. MAIN RESULT

In this section we prove, a unique common fixed point theorem for four self-mappings in cone metric spaces without
commutativity condition. Our result generalizes and extends the results of Guangxing Song et.al [11].

The following Theorem is extend and improve the Theorem 2.1of Guangxing Song et.al [11].

Theorem 2.1: Let (X, d) be a complete cone metric space and normal cone with normal constant L. Suppose that the
mappings S, T, f, g are four self-maps such that T(x) < f(x), S(X) = g(x) and S(X) = T(X). Satisfying

d(Sx, Ty) <a; d(fx, gy) + a; [d(Sx, £X)+ azd(Ty, gy)] + a,[d(fx, Ty)+ asd(Sx, gy)] ... @
for all x, y € X, where a;>0 (i= 1,2,3,4,5)be constants with a;+ a, + a3 +2 as+ as<1.
If {S, f} and {T, g} have a coincidence point. Then S, T, f and g have a unique common fixed point.

Proof: Suppose X, is an arbitrary point of X and define the sequence {y,} in X such that
Yon= SXon= OXon+1,

Yonet = TXonet = TXonao,
By (1) we have
d(Yan, Yan+1) = d(SXan, TX2n+1)
< a; d(fXan, OXan+1) + @2 A(SXon ,Xon) + 83 A(TXon+1 , OXon+1) + 84 A(FXan, TXon+1)+ asA(SXon , GXon+1 )
< a10d(Yan-1, Y2n) + 820(Y2n, Yon-1) + @sd(Yanet, Y2n) + s d(Yon-1,Y2n41) + @5 d(Y2n,Y2n)
< a10d(Yan-1, Yon) + @2 A(Yan, Yon-1) + 830(Yonss, Yan) + 84 [A(Y2n-1,Y2n) +d(Yan, Yane1)]+ @s d(Yan,Y2n),
< (a1t ay+ag) d(Yan-1,Y2n) +( 83+ 84 )d(Yan, Yansa),
which implies that
a, +a,+a

4 d(yan-1,Y2n)

d(y2n, y2n+1) <
1- (a3 + a4)
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(or)
d(yZn, Yon+1 ) < A d(YZn—l:yZH)-

a, +a, +a .
172 74 < 1. Since, a;+ a,+as+2 a,+ as<l.

1-(a,+a,)

Where, A=

Similarly, it can be shown that

d(Yans1, Yanrz ) < A d(YanY2nea)-

Therefore, for all n,

d(Yner, Yaez ) <A d(YnYner) < -..< 2" d(Yo,y1).

Now, for any m > n,

d(Yn, Ym) = d(yn, Yne1 ) + d(Yneg, Yarz ) + o #d(Yima, Ym)
<A+ LA™ d(Yo,h)

m
<

d(Yo,y1).
1-21 (Yoy1)

By the definition of (1.3), we have

m

ldeyn, ym) || < L[l d@voyn) |-

1-4

Which implies that d(y, Ym )— 0 as n, m—co. Hence {yn} is a Cauchy sequence in T(X) which is complete, there exists
ze T(X) such that y, — z. Since T(X)  f(X), then there exist a point p € X such that z = fp. Let us prove that z = Sp.
Then by triangle inequality and (1), we have

d(Sp, z) < d(Sp,TXzn1) + d(TXzn-1, Z)
< a, d(fp, gXan-1) + 8, d(Sp, fp) + a3 d(TXzn.1, 9Xon-1) + a4 A(fP, TXzn.1) + 85 A(SP,OX2n.1) + d(Z,TX2n-1)

By (1.3), we have

ld(sp, 2)|| <L(ay || d(fp, gxona)

+ap ” d(Sp, fp) ” + ag | d(TXzn.1, X2n-1) ” +ay || d(fp,Tx2n.1) ||
+ 25 | d(Sp,g%2n.1) || +

d(z,Txn) )

Letting n —oo,

ld(Sp, 2)|| SL(a ||dz 2)|| + a2 || d(Sp, 2) ||+ as [|d(z 2) || + a4 [|d(z, 2)|| + 25 || d(Sp, 2) ||+ ||d(z, 2)|)
<1L(a,+25)||d(Sp, 2) |, which is a contradiction .

Since, a;+ a, +az +2 as+ as<l.

Hence, Sp = z.

Therefore, Sp = fp = z, p is a coincidence point of {S, f}. 2

Since, S(X) < g(X) there exists a point g € X such that z = gq. We shall show that Tq = z.

Then by (1), we have
d(z,Tq) = d(Sp,Ta)

< a,d(fp, ga)+ a; d(fp, Sp) + azd(Tq, ga) + a,d(fp,Tq) + as d(Sp, ga),
< a d(z, 2)+ ayd(z, z) + a;d(Tq, z) + a,d(z, Tq) + as d(z, z) ,

<(as +ay) d(z, Ta),
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which is a contradiction. Since, a;+ a, +az+2 az+ as<1.
Implies Tq=z.
Therefore, Tq = gq (=2), q is a coincidence point of {T, g}. 3)
From (2) and (3) it follows that
Sp =fp=Tq=9q (=2). (4)
Now using (1), we have
d(ffp, fp) = d(ffp, yans1)+ d( Yane1,fp)
= d(ffp, Yan+1)+ d(TXzne1, SP)
= d(ffp, Yan+1)+ d(Sp, Txan+1)
< d(ffp, Yone1)+ 81 d(FP, OXon+1) + 82 A(SP, Tp) + a3d(TXon+1, GXon+1) + 84d(fP, TXone1) + 8sd( SP, GXon+1)s

< d(ffp, Yans1)+ a1 [d(fp, Tp)+d(fp, OXans1) 1+ @2 A(SP, Tp) + a3d(TXzn+1, OXans1)
+ a, [d(fp,Sp)+d(Sp, TXzn+1) 1+ a5 [d( Sp,fp)+d(fp, gXzns1)],

< d(ffp, Yansa)+ a1 d(fp, fp)+( @z +a4 + a5 ) d(fp,Sp) + a1 d(fp, gXan+1)+ 3d(TXzn+1, GXane1)
+a4d(Sp, TXzne1) + asd(fP, 9Xans1) -

Which from (1.3), implies

| d(ffp, yonsa) ||+ a1 [|d(fp, ) || +( a2 +au + 85 ) || d(tp,Sp)[| + a1 [[d(fp, 2)[|+ as]| d(z, 2) ||

[l d(tf, ) || <L{
[d(Sp, 2)[|+ a5 || d(tp, 2)]|

+ay,

Letting n—o0, we get that

| d(tfp, fo) || <LL|| d(fp, 2) ||+ a [|d(tp, fp) || +( a2 +as + as) || d(fp, Sp)|| + a1 || d(fp, 2)|| + as]| d(z, 2) ||

+a, [[d(Sp,2) ||+ as [|dctp, 2)| 3.
<L{J| d(ftp, tp)[|+ a1 [|d(z 2)[[+( a2 +as + as) [[d(z, 2)[| + a1 [|d(z, 2)|| + as]| d(z, 2) || + a4 [ d(z, 2)|
+ a5 d(Za Z) || }5

<L detfp, ) |-
Implies, (1-L) || d(ffp, tp)||<0.
Hence, ffp = fp (=2).
Therefore, fp(=2) is a fixed point of f. (5)
d(SSp,Sp) = d(SSp, Tq)
< a; d(fSp, gq)+ a, d(SSp, fSp) + a;d(Tq, gq) + a,d(fSp,Tq) + asd(SSp, gq),

< a,d(SSp, Sp)+ a,d(SSp, Sp) + a, d(Sp, SSp) + a;d(Tq, Tq) + a,d(SSp,Sp) + asd(SSp, Sp),

IN

(a1 + 2a,+ a4 + a5 )d(SSp, Sp).
Which, using the definition of partial ordering of cone P, gives d(SSp, Sp) = 0 and SSp = Sp(=2).

Therefore, SSp = Sp(= z), Sp(=z) is a fixed point of S. (6)
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Now,
d(999, 9g) = d(ggd, Yzn) + d( Y2n ,99)

= d(990, Yan) + d(Sx2n ,T0)
< d(999, Y2n) + a1 d(fXzn, 90) + @2 d(SXan, fXan) + a3d(Td, 90) + a4d(fXan, Tq) + asd(Sxzn, 9a),
< d(990, Yzn) + a1 d(fXan, 90) + @, [d(Sxan, 9a)+d(ga, fxzn) I+ ad(Ta, Ta) + a,d(fxzn, Tq) + asd(Sxzn, 9a),
< d(994, Yan) * (a1 + a2)d(Xan, 90) + (a2 + @5 )d(SXzn, 90) + asd(fXzn, T0).
Which from (1.3) implies that
ldcega. g | LN diged, yan) [+ (a2 + 22) [|d(fan, 90) || + (a2 + 26) [| d(Sxzn, gO) ||+ 2 [|d(Bxan, TO) |13 -
Letting, n—oo, we get that
ldcega. g | <LL|| degea. 2) |+ (as + 22) [|d(z, 9) |+ (a2 + 29) || d(z, g0) ||+ s [| d(z, Ta) |3
<L| d(ega. 29 |-
Hence, ggq = gq(= 2), gq(= z) is a fixed point of g. @)

Now,
d(Tq,TTq) = d(Sp, TTq)

=d(SSp,TTq)

IA

a; d(fSp, gTaq)+ a,d(SSp, fSp) + a;d(TTq, gTq) + a,d(fSp,TTq) + asd(SSp, gTq),

IN

a,d(gTq, gTq)+ a,d(SSp, SSp) + a;d(gTq, gTq) + a,d(SSp, SSp) + as d(SSp, SSp,
<0.
Hence, TTq =Tq(= 2), Tq (=2) is a fixed point of T. (8)
Since, Sp =fp =Tq =gq( = 2).
Therefore, from (5), (6), (7) and (8), we get that
S, T, f, and g have a common fixed point namely z.
Uniqueness, let W be another common fixed point of S, T, f and g, then

d(z, w) = d(Sz, Tw)

IA

a; d(fz, gw) + a, d(Sz, fz) + az d(Tw, gw) + a, [d(fz, Tw) + a5 d(Sz, gw),

IN

a;d(z, w) + a,d(z, z) + asd(w, w) + a,d(z, w) + asd(z, w),

<(a;t as+ as)d(z, w), since, a;+ a, + az +2 a4+ as<1.
From the above it is easy to obtain that d(z,w) = d(Sz, Tw) = 0. That is, z = w.
Therefore, S, T, f and g have a unique common fixed point in X.
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