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Abstract

In this attempt we proved results on points of coincidence and common fixed points for three self
mappings satisfying generalized contractive type conditions in cone metric spaces. Our results gen-
eralizes some previous known results in the literature (eg. [5], [6])

Keywords: 1T - Commuting Maps, Cone Metric Spaces, Coincident Point, Common Fixed Point.
2010 MSC: 47H10, 54H25.

1. Introduction and preliminaries

In 2007, Huang and Zhang ([3]) introduced the concept of cone metric spaces which is a gener-
alization of metric spaces, by replacing the set of real numbers by ordered Banach space and proves
some fixed point theorems for some contractive maps in normal cone metric spaces. Subsequently
some other authors (see [1], [2], [6]) studied properties of cone metric spaces and fixed point results
of mappings satisfying contractive type condition in cone metric spaces.

Abbas and Jungck ([I]) studied common fixed points for non-commuting mappings in normal
cone metric spaces. However, there exists non normal cone metric spaces [4].

Recently, Stojan Radenovic [5] has obtained coincidence point results for two mappings in cone
metric spaces which satisfies new contractive conditions. The same concept was further extended by
M. Rangamma and K. Prudhvi ([6]) and proved coincidence point results and common fixed point
results for three self mappings. The aim of this paper is to generalize, extend and improves the
results of (5], [6]).
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The following definitions and results will be needed in the sequel. Also in the following we always
suppose R as a set of real numbers and N as a set of natural number.

Definition 1.1. [3/ Let E be a real Banach space and P be the subset of E. Then, P is called cone
if and only if

(i) P is closed, non empty and P # {0};
(i) a,b €R, a,b>0; 2,y e P=ax+bye P
(ii) x € P and —x € P = x = 0.

Given a cone P C FE, we define a partial ordering < with respect to P by z < y if and only if
y—x € P. We write x < y to indicate that < y but x # y, while x < y will stand for y —x € intP,
intP denotes the interior of P.

Definition 1.2. [3] The cone P is called normal if there is a number K > 0 such that for all
z,y € E, 0 <a <y implies ||z|| < K||y||. The least positive number satisfying above is called the
normal constant of P.

In the following we always suppose F is a Banach Space, P is a cone in F with intP # ¢ and < is
partial ordering with respect to P.

Definition 1.3. [3/ Let X be a non empty set. Suppose the mapping d : X x X — E satisfies:
(1) 0 <d(z,y) for all x,y € X and d(x,y) = 0 if and only if x = y;
(i) d(z,y) =d(y,z) for all xz,y € X ;

(1ii) d(z,y) < d(z,z)+d(y, z) for all z,y € X.

Then d is called a cone metric on X and (X,d) is called a cone metric space.

Example 1.4. Let E = R? and P = {(z,y) € F : z,y > 0} C R?, X = R? and suppose that d :
XxX — Eis defined by d(z,y) = d((x1, 22), (Y1, ¥2)) = (21— y1|[+|22—y2|, @ max{|v1—y1|, [v2—12|})
where a > 0 is a constant. Then (X,d) is a cone metric space. It is easy to see that d is a cone
metric, and hence (X,d) becomes a cone metric space over (E, P).

Definition 1.5. [3/ Let (X, d) be a cone metric space, let {x,} be a sequence in X and x € X. If
for any ¢ € E with ¢ > 0, there is N such that for alln > N, d(x,,x) < ¢, then {z,} is said to be
convergent and {x,} converges to x. (i.e. lim, o T, = 0r T, = T asn — 0.)

Definition 1.6. [3/ Let (X, d) be a cone metric space, let {x,} be a sequence in X, if for any c € E
with ¢ > 0, there is N such that for all n,m > N, d(z,,x,) < ¢, then {x,} is called a Cauchy
sequence in X.

Definition 1.7. [3] Let (X, d) be a cone metric, if every Cauchy sequence is convergent in X then
X 1s called a complete cone metric space.

Definition 1.8. [5/ Let f,g: X — X. Then the pair (f,g) is said to be (IT)-commuting at z € X
if f9(2)) = g(f(2)) with f(z) = g(2).



106 Dubey, Mishra

Definition 1.9. For the mapping f,g: X — X let C(f,g) denotes set of coincidence points of f, g
that is C(f,g) ={z € X : f(2) = g(2)}.

Lemma 1.10. [3] Let (X, d) be a cone metric space, P be a normal cone with normal constant K.
Let {x,} be a sequence in X. Then

(i) {xn} converges to x if and only if d(z,,z) — 0 (n — c0).

(17) {zn} is a Cauchy sequence if and only if d(xy, x,,) — 0, (n,m — c0).

2. Common Fixed Point Theorems

In this section we obtain coincidence points and common fixed point theorems for three maps in
cone metric spaces.

Theorem 2.1. Let (X,d) be a cone metric space, and P be a normal cone with normal constant L.
Suppose the self maps f,g,h : X — X satisfy the condition

d(fz,gy) < ad(hz, hy) + bld(hz, fx) + d(hy, gy)] (2.1)

where a,b are non-negative reals with a +2b < 1. If f(X) U g(X) C h(X) and h(X) is a complete
subspace of X. Then the maps f,g and h have a coincidence point p in X. Moreover, if (f,h) and
(g9,h) are (IT)-commuting at p, then f,g and h have a unique common fized point.

Proof . Let xy be an arbitrary point in X and define the sequence {y, } in X such that yo, = fzo, =
hgni1 and Yoni1 = gTans1 = htonyo for all n =0,1,2,.... By [2.1] we have

d(fTon, 9Tany1)

ad(hxon, hxo,y1) + b[d(hxay,, fra,) + d(hxonst, gToni1)]
ad(gon—1, f2,) + bld(gr2n—1, fr2n) + d(fT2n, gT2011)]
ad(Yan—1, Yan) + 0[d(Y2n—1, Y2n) + d(Y2n, Y2n+1)]-

a+b
1-0
A (Y2n, Yon—1)-

d(yzm y2n+1)

VAR VANRVA

IN

d(y2n y Yon—1 )

IN

Similarly we can show that

d(Y2n+1, Yont2) < Ad(Yan, Yont1)-

Therefore, for all n € N we can get,

A(Ynt1, Ynt2) < A Yn, Yng1) < oo <N d(yo, 11).

Now for any m > n,

d(yna ym) S d(yn7 yn—i—l) + d(yn—‘rlv yn+2) + o + d(yn—la ym)
< N AT A d (Y, o)
A
S d(yh yO)

1—A
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From definition (1.2, we have

n

d(Yn, Ym) <

< T Ky wo)

Thus d(Yn, Ym) — 0 as n,m — oo, (since 0 < A < 1). Hence {y,} is a Cauchy sequence, where
Yn = {hx,}. Therefore {hx,} is a Cauchy sequence. Since h(X) is complete subspace of X, then
there exist ¢ in h(X) such that {hz,} — ¢ as n — oo. Consequently, we can find p € X such
that h(p) = q. We shall show that hp = fp = gp. Note that d(hp, fp) = d(q, fp). Let us estimate
d(hp, fp), for this by the triangle inequality, we have,

d(hp, fp) < d(hp, htania) + d(hzonia, fp) = d(q, haant2) + d(fp, gT2n41) (2.2)

By the Contractive condition [2.1], we get

d(fp, 972n11) < ad(hp, hxg,y1) + bld(hp, fp) + d(hT2ni1, gToni1)]
< ad(hp, hwa,y1) + bld(hp, hxayi1) + d(hxayyq, [p)
+d(hr2n i1, 9T2n41)]
< [ad(hp, hxa,.1) + bd(hp, hae,1)] + bd(fp, groni1)
< Zd(hp, homs)
< M(hp, hxoni1) = Md(q, hrapi1) — 0, as n — oo.

Therefore, for large n, we get

d(hp, fp) < d(q, hron2) < d(q,q) =0

which leads to d(hp, fp) = 0 and hence hp = g = fp, similarly we can show hp = ¢ = gp. Therefore
we have

q=hp=fp=gp (2.3)

i.e. pis a coincidence point of mappings f,g and h. Since (f,h) and (g, h) are (IT)-commuting
at point p therefore by and contractive condition we have,

d(ffp, fp) = d(f fp, gp) Ad(hfp, hp)

<
< d(hfp,hp) = d(fhp, fp) = d(f fp, fp)

ie. d(ffp, fp) <d(ffp, fp), a contradiction (since A <1 and fp = hp). Therefore, ffp = fp.
Hence fp = ffp = fhp = hfp = ffp = hfp = fp = q. Therefore, fp(= ¢) is a common fixed
point of f and h. Similarly we can show that gp = ggp = ghp = hgp = ggp = hgp = gp = q.
Therefore, gp = fp(= q) is a common fixed point of g and h. Hence by the above discussion we
conclude that f, g and h have a common fixed point q. The uniqueness of the common fixed point
q follows contractive condition Indeed, let ¢; be any other fixed point of f, g and h. Consider
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d(Q7 ql) = d(fQ7 QQ1)
< ad(hq, hq1) + bld(hq, fq) + d(hq1, gq1)]
< ad(hq, hq)) + bld(hg, hq,) + d(hq, fq) + d(hqi, 9q1)]
< (a+b)d(hq, hq:) +bd(fq, 9q1)
+b
S - d(hQ7 hql) S )\d(hQ7 hﬁh) = )\d((b q1)7

1-0

a contradiction. Therefore f, g and h have a unique common fixed point. [J

Corollary 2.2. Let (X,d) be a cone metric space, P be a normal cone with normal constant L.
Suppose the self maps f, g and h on X satisfy the condition

d(fx,gy) < ad(ha, hy) + pd(hz, fx) + yd(hy, gy) (2.4)

for all x,y € X where o, B, are non-negative reals with a« + B +~v < 1. If f(X)U g(X) C h(X)
and h(X) is complete subspace of X. Then the maps f, g and h have a coincidence point p in X.
Moreover, if (f,h) and (g, h) are (IT)-commuting at p, then f, g and h have a unique common fized
point.

Proof . The symmetric property of d and the above inequality imply that

Bty

d(fz,gy) < ad(hz, hy) + [d(hz, fr) + d(hy, gy)] (2.5)

By substituting @ = a and % =bin , we obtain the required result as given in Theorem . It
is also a generalization of the Theorem 1 of [§]. OJ

Theorem 2.3. Let (X,d) be a cone metric space, and P be a normal cone with normal constant L.
Suppose the self maps f, g and h on X satisfy the condition

d(fz,gy) < ad(hz, hy) + bld(hz, gy) + d(hy, fz)] (2.6)

for all x,y € X where a,b are non-negative reals with a + 2b < 1. If f(X) U g(X) C h(X)
and h(X) is complete subspace of X. Then the maps f, g and h have a coincidence point p in X.
Moreover, if (f,h) and (g, h) are (IT)-commuting at p, then f, g and h have a unique common fized
point.

Proof . Suppose xy is an arbitrary point of X and define the sequence {y,} in X such that
Yon = fTon = hxgni1 and Yony1 = gTopt1 = htanso for all n =0,1,2, ... By [2.6] we have

d(fT2n, 9T2n+1)

ad(han, htony 1) + bld(ha,, gTons1) + d(hToni1, fTo,)]
ad(gran—1, fron) + 0[d(922n—1, gT2nt1) + d(fT2n, fT2n)]
ad(Yan-1,Y2n) + bd(Y2n—1, Y2nt1)]

ad(Yan—1, Yon) + 0[d(Yon—1,Y2n) + d(Y2n, Yon+1)]
a+b

1—b

d(ana y2n+1)

(VAN VAN VAR VAN

IN

A(Y2n, Yon—1) < Md(Y2n, Yon—1)
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Similarly we can show that

d(Y2n+1, Yont2) < Ad(Yon, Yon+1)-

Therefore, for all n € N we can get,

A(Ynt1, Ynt2) < A (Yns Yni1) < eoee <N d(yo, y1).

Now for any m > n,

d(ym ym) S d(yn? ynJrl) + d(yn+17 yn+2) + o + d(ynq, ym)
< AN A Yd (g o)
A"
S 1 — )\d(yb yO)

From definition [1.2], we have

n

d(Yn, Ym) < Kd(y1,v0)

1=

Thus d(Yn, Ym) — 0 as n,m — oo, (since 0 < A < 1). Hence {y,} is a Cauchy sequence, where
Yn = {hz,}. Therefore {hx,} is a Cauchy sequence. Since h(X) is complete subspace of X, then
there exist ¢ in h(X) such that {hz,} — ¢ as n — oo. Consequently, we can find p € X such
that h(p) = q. We shall show that hp = fp = gp. Note that d(hp, fp) = d(q, fp). Let us estimate
d(hp, fp), for this by the triangle inequality we have,

d(hp: fp) S d(hp: h$2n+2) + d<hx2n+2> fp> = d(Qa hx2n+2> + d(fp> gw2n+1) (27)

By the contractive condition [2.6 we get

d(fp, grant1) < ad(hp, hrsyi1) + bld(hp, gTant1) + d(hazp i1, fp)]
< ad(hp, hroni1) + bld(hp, hroni1) + d(hvonit, 9T2n11)
+d(hzant1, fp)]
< lad(hp, hxon1) + bd(hp, hra, )] + bd(fp, groni1)
< 61L i— Zd(h]% hopi1)
< M(hp, hxoni1) = Ad(q, hwony) — 0, as n — 0.

Therefore, for large n, we get

d(hp7 fp) S d(Q? hx2n+2) S d(Qa q) = 07

which leads to d(hp, fp) = 0 and hence hp = ¢ = fp. Similarly, we can show hp = ¢ = gp.
Therefore p is a coincidence point of f, g and h. Since (f, h) and (g, h) are (IT)-commuting at p and
with the help of contractive condition [2.6| we can show that fp = gp = ¢ is a common fixed point of
f,g and h. Uniqueness of common fixed point ¢ can easily be verified by using contractive condition
2.6] Hence f, g and h have unique common fixed point. [J
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Corollary 2.4. Let (X,d) be a cone metric space, P be a normal cone with normal constant L.
Suppose the self maps f, g and h on X satisfy the condition

d(fz,gy) < ad(hz, hy) + Bd(hx, gy) + ~vd(hy, fx) (2.8)

for all x,y € X where «, B, are non-negative reals with a + f+~v < 1. If f(X)U g(X) C h(X)

and h(X) is complete subspace of X. Then the maps f, g and h have a coincidence point p in X.

Moreover, if (f,h) and (g, h) are (IT)-commuting at p, then f, g and h have a unique common fized
point.

Proof . The symmetric property of d and the above inequality 2.8 imply that

T i, gw) + d(hy, ) (2.9)

By substituting a = a and @ =bin , we obtain the required result as given in Theorem .

d(fz,gy) < ad(hz, hy) +

If & = 0 in the above corollary [2.4] then we have a generalized result of Theorem 5 of [3], The-
orem 2.5 of [I], and Theorem 2.7 of [7]. O

Example 2.5. Let X = {a,b,c} and E = R? and P = {(z,y) € E : ,y > 0}. Define mapping
d: X x X — F as follows

o

35 F vry (0}
B 2 if x#y,x,ye X —{b},
i@ y) = (i) if v#yx,yeX—{c}

(374) Zf m#y,m,yeX—{a},

Define mapping f,g,h: X x X as hx =x, fxr =c and
e if x#b,
g(x)—{ if ©=50

a

)

O ot

and , then fora=0= (3,7 = g we have

0,0) if y#b

d(fex, = (0 ;

=4 &5 V5

ad(ha, hy) + Bd(hz, fz) +vd(hy, gy) = (3,5) if y = b. It follows that all conditions of corollary
are satisfied fora =0 =, v = g and so, f, g and h have a unique common fized point c.
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