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ABSTRACT— In this paper, we prove a unique common fixed point theorem for asymptotically regular self-maps in
cone metric spaces without appealing to commutativity condition and which extends metric space into cone metric
space. These results extend and generalize several well-known comparable results in the literature.
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1. INTRODUCTION AND PRELIMINARIES

In 2007 Huang and Zhang [7] 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] have studied common fixed point theorems in cone
metric spaces (see also [7], [12] and the references mentioned therein). Isak Altun, G.Durmaz,[3] have proved some fixed
point theorems on ordered cone metric spaces. In 2009, M.Abbas, B.E.Rhoades [2] have proved common fixed point
theorems for mappings without appealing to commutativity conditions in cone metric spaces. S.L.Singh et al. [16] have
obtained coincidence point result for two mappings in metric spaces. In this paper, we prove a common fixed point
theorem for asymptotically regular self-mappings in cone metric spaces without appealing to commutativity condition
and which is an extension of metric spaces into cone metric spaces.

Through this section R,,denotes the set of all nonnegative real numbers, B, is a real Banach space,
N={1,2,3,...,}, the set of all natural numbers. 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) ={zeX: fz = gz}.

The following definitions and lemma are due to Huang and Zhang [7].
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:

(@). Pis closed , non—empty andP= {0} ;
(b).a, b€ R ,a,b>0,x,y€ P implies ax+by € P ;
(c).xeP,-xe P = x=0.

Definition 1.2. Let P be a cone in a Banach space E, define partial ordering ¢ = * with respect to P by x <y if and only if

y-x € P .We shall write x<y to indicate x <y but x #y 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, ye B,

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

Definition 1.4. Let X be a nonempty set of B .Suppose that the map d: X < X—B satisfies:

d1). O=d(XY) foralix, ye X and
d(x,y)=0ifandonlyifx=y;

(d2). d(x, y) =d(y, x) forallx,y€ X ;

(d3). d(x, y) = d(x, 2) +d(z, y) for all x, y, z€ X
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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. ([7]). Let B =R? P = {(x, y) € B such that: x, y > 0} R? X = Rand d: X x X—B such that
dx, y)=( | X - y| , 0 | 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 ¢ >>0,there is N such that
for all n, m>N, d(x,, Xm)<<C;
(if) a convergent sequence if for any c>>0,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
(as n—oo).

Lemma 1.1.[7] Let (X, d) be a cone metric space, and let P be a normal cone with normal constant L .Let {x,} be a
sequence in X . Then

(i). {xn} converges to x if and only if d(x, ,x)— 0 (n—w0).

(ii). {xn} is a Cauchy sequence if and only if d (Xn, Xm )—0 (n, m— oo0).

The following definitions are due to Sastry et al. [14] and S.L.Sing et al. [15].

Definition 1.7. Let T, f be maps on X with values in a cone metric space (X, d).The pair (T, f) is said to be
asymptotically regular at xo € X if there exists {X,} in X Such that  Tx, = X+, n=0,1,2,... and

d(fX, fXn41) =0.
n— oo

If f is identity map on X, then we get the usual definition of asymptotic regular for a map T due to Browder and
Pteryshyn [6].

2. COMMON FIXED POINT THEOREM

In this section, we prove a unique common fixed point theorem for asymptotically regular self-mappings in cone metric
spaces without appealing to commutativity condition, and also which extends metric space to cone metric space.

The following theorem extends and generalizes the Theorem 2.5 [16].

Theorem 2.1. Let (X, d) be cone metric space and P be a normal cone with normal constant L. And T, f be self-mappings, (T, f)
is asymptotically regular at xo € X, then

(AL): d(Tx, Ty)<e (g (x,y)) forallx,yeX,
where, g(x,y) =d(fx, fy) +y[d(fx ,Ty) +d(fy Ty)], 0<y<l and ¢.R,— R, continuous.

If the range of f contains the range of T and T(X) or f(X) is a complete subspace of X, (T, f) have a coincidence
point in X, then T, f have a unique common fixed point in X.

Proof: Let x o€ X define a sequence {y.} by
Yo+t = TXn= X n1, n=0,1,2,..., this can be done since the range of f contains the range of T. Since the pair (T, f) is
lim
asymptotically regular, d(yn , Yn+1) = 0.
n— oo

First we shall show that {y,} is Cauchy sequence. Suppose {y,} is not Cauchy sequence. Then there exists u > 0 and
increasing sequences {my} and {ny} of positive integers such that For all n<my <ny
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d(Ym, . Yo, )2p and d(ym,, Yo, ;)<H.

By the triangle inequality,
d(Ymk y yﬂ Kk )Sd(ymk f yﬂ k-1 )+d(yr| k-1 ,yn K )

Making k— oo,
d(Ym, . Yn, )<u.

Thus, d(ymk . Yn, )—u ask—oo. Now by (Al),

d(Ym keao I k+l) = d(Tka ' TX”k )

<¢ (g(Xm, . %n, ))
=0 (d(fxmk , fxnk )+ Y[d(mek . Tka )+ d(ank . TXnk ).
Letting k— oo,

p<e (u) <up, acontradiction.
Therefore, {y.} is a Cauchy sequence. Suppose f(X) is complete. Then {y,} being contained in f(X) has a limit in f(X).
Callitz. Letuef "z Thenfu=z
Using (A1),
d(Tu, TX))<e (d(fu, fX,) +y [d(Tu, fu) + d(TX,, fX)]).
Letting n— oo,
d(Tu, 2)<¢ (y d(Tu, 2)) < d(Tu, z), a contradiction.
Therefore, Tu =z = fu, u is a coincidence point of T and f. (D)

Now using (A1), and triangle inequality
d(TTu, Tu) = d(TTU, Yne1) + d(Yos1, TU),
= d(TTU, Yns) + d(TX,, Tu),

= d(TTU, Yner) +¢ (d(fxn, fu) +y [d(Fxn, TXn,) + d(fu, Tu)]).
From (1.3),

| d(TTu, Tu) || <L(]| d(TTw,yne) +¢ (d(fxn, fu) +y [d(fxn, TX,) + d(fa, Tu)] )])

<L( || d(TTu,ynes) [| (|| d(fxn, ) ||+ [|| d(Bxn, Tx0) ||+ ]| dfr, Tu) || 1)),
as n—oo, we get that

| d(TTu, Tw)|| = L(|d(TTu, 2) || +o (|| dz, 2)||+v [|dz 2) |+ | d(z 2| 1)
<L " d(TTu, Tu) " < " d(TTu, Tu) || , which is a contradiction.
Therefore, TTu= Tu( = z). 2
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And d(fu, ffu) = d(Tu, Tfu) (since, fu = Tu),
<o (d(fu, ffu) +y[d(fu, Tu) + d(ffu, Tfu)]),
<o (d(fu, ffu) +y[d(z, z) + d(Tfu, Tfu)])  (since, fu = Tu),
< o(d(fu, ffu)) <d(fu, ffu), which is a contradiction.
Therefore, ffu = fu (=z). 3)
From (2) and (3) it follows that,
T and f have common fixed point.
Uniqueness, let z; be another common fixed point of T and f.

d(z, z;) = d(Tz,Tzy)

= ¢ (2(z, 72))

< ¢ (d(fz, fz0) +y [d(fz, Tz) + d(fz1, Tz)]),

S ¢ (d(z, 22) +y [d(z, 2) + d(za, 22)]),
=< ¢ (d(z, z1)) < d(z, z;), which is a contradiction.
Hence, z=1z;
Therefore, T and f have a unique common fixed point.
3. CONCLUSION

Finally we conclude that in cone metric spaces we can get common fixed points with out using the commutativity
condition with the help of normal cone with normal constant.

4. ACKNOWLEDGEMENT

The author is thankful to the referee for careful reading of my manuscript and giving valuable suggestions to improve
the quality of the paper.

5. REFERENCES

[1] M. Abbas and G. Jungck, Common fixed point results for non commuting mappings without continuity in cone
metric spaces, J. Math. Anal. Appl. 341(2008) 416-420.

[2] M.Abbas and B.E.Rhoades, Fixed and periodic point results in cone metric spaces, Appl. Math. Lett. 22 (2009),
511-515.

[3] I.Altun, G.Durmaz, Some fixed point theorems on ordered cone metric spaces, Rend. Circ. Mat. Palermo 58 (2009)
319-325.

[4] A.Azam, M.Arshad, P.Vetro, Some common fixed point results in cone metric spaces, Fixed Point Theory Appl,
2009, 11, Article ID 493965, doi: 10.1155/2009/493965.

Asian Online Journals (www.ajouronline.com) 15




Asian Journal of Fuzzy and Applied Mathematics (ISSN: 2321 — 564X)
Volume 02 — Issue 01, February 2014

[5] A.Azam, M.Arshad, 1.Beg, Common fixed points of two maps in cone metric spaces, Rend. Cric. Math. Palermo 57
(2008) 433-441.

[6] F.E.Browder and W.V.Petryshyn, The solution by iteration of nonlinear functional equations in Banach spaces, Bull.
Amer. Math. Soc. 72(1966), 571-575.

[7] L.G.Huang, X.Zhang, Cone metric spaces and fixed point theorems of contractive mappings, J.Math. Anal. Appl.
332(2) (2007)1468-1476.

[8] G.Jungck, Commuting maps and fixed points, Internat. J.Maths. Sci.9 (4) (1986) 771- 779.

[9] G.Jungck, Common fixed points for non continuous non self maps on non-metric spaces, Far East
J.Math.Sci.(FEJMS) 4(1996) 199-215.

[10] G. Jungck and B.E.Rhoades, Fixed point for set valued functions without continuity, Indian J. Pure
Appl.Math.29(3)(1998) 227-238.

[11] R.Kannan, Some results on fixed points, Bull. Calcutta Math. Soc. 60(1968)71-76.

[12] S.Rezapour and Halbarani, Some notes on the paper “cone metric spaces and fixed point theorem of contractive
mappings “, J. Math. Anal. Appl. 345(2008), 719-724.

[13] B.E.Rhoades, A comparison of various definitions of contractive mappings, Trans. Amer. Math. soc. 26(1977)
257-290.

[14] K. P.R. Sastry, S. V. R. Naidu, I. H. N. Rao and K. P. R. Rao, Common fixed points for asymptotically regular
mappings, Indian J. Pure Appl. Math.15, no.8 (1984), 849- 854.

[15] S.L.Singh, K.Ha and Y.J. Cho, Coincidence and fixed point of nonlinear hybrid contractions, Internat. J. Math.
Sci. 12, no.2 (1989), 247-256.

[16] S.L.Singh, A.Hematulin and R.P.Pant, New coincidence and common fixed point Theorems, Applied General
Topology, Vol.10, No.1, (2009),121-130.

Asian Online Journals (www.ajouronline.com) 16




