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COMMON FIXED POINTS FOR MAPPINGS SATISFYING ¢
AND F-MAPS IN G-CONE METRIC SPACES

(COMMUNICATED BY DENNY LEUNG)

SUSHANTA KUMAR MOHANTA

ABSTRACT. The existence of points of coincidence and common fixed points
for three self mappings satisfying generalized contractive conditions related to
¢ and F-maps in a G-cone metric space is proved. Our results extend and
generalize several well-known comparable results in the existing literature.

1. INTRODUCTION

The study of fixed point theory has been at the centre of vigorous research activ-
ity and it has applications in many important areas such as variational and linear
inequalities, nonlinear and adaptive control systems, parameterize estimation prob-
lems, and fractal image decoding. There has been a number of generalizations of
the usual notion of a metric space. One such generalization is a G-metric space
initiated by Mustafa and Sims [14]. They obtained some fundamental results in
this structure. Another such generalization proposed by Huang and Zhang [11],
replacing the set of real numbers by an ordered Banach space, called cone metric
space and established some fixed point theorems for nonlinear mappings in a nor-
mal cone metric space. Afterwards, Rezapour and Hamlbarani [19] studied some
interesting fixed point theorems in cone metric spaces without assuming the nor-
mality condition. Subsequently, several other authors have generalized the results
of Huang and Zhang and have studied fixed point theorems for normal and non-
normal cones, coupled fixed point for mappings in cone metric spaces. In [20],
Sabetghadam and Masiha introduced the concept of generalized p-mappings and
obtained common fixed points for such mappings. Recently, I. Beg, M. Abbas and
T. Nazir [4] introduced G-cone metric spaces, which is a generalization of G-metric
spaces and cone metric spaces. They later proved some fixed point theorems for
mappings satisfying certain contractive conditions. In this paper, we obtain suffi-
cient conditions for existence of points of coincidence and common fixed points for
three self mappings satisfying generalized contractive conditions related to ¢ and
F-maps in G-cone metric spaces. Finally, some examples are cited in support our
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results.

2. DEFINITIONS AND Basic FAcCTS

In this section, we recall some basic definitions, standard notations and impor-
tant results for G-cone metric spaces that will be needed in the sequel.
Let E be a real Banach Space and let € denote the zero element in E. A cone P is
a subset of E such that

(i) P is closed, nonempty and P # {6},

(it) a,beR, a,b>0, z,y € P implies ax + by € P; More generally if
a,b,ce R, a,b,c >0, z,y,z€ P=ax+by+cz € P,

(tit) PN (—=P)={6}.

For a given cone P C E, we can define a partial ordering < with respect to P by
x < yifand only if y—x € P. Let A be a finite subset of E. If there exists an element
x € A such that x < a for all a € A, we write x = min A. If there is an element
y € A such that a <y for all a € A, we write y = max A. It is to be noted that if
< is a complete ordering on E then min A, max A are always exist. The notation
x < y will stand for z < y and = # y, while x < y will stand for y — x € int P,
where int P denotes the interior of P. A cone P is called normal if there is a number
M > 0 such that for all z,y € E, 0 < z < yimplies || z ||[< M || y ||. The least
positive number satisfying the above inequality is called the normal constant of P.
Razapour and Hamlbarani [19] proved that there are no normal cones with normal
constants M < 1 and for each k > 1 there are cones with normal constants M > k.

Definition 2.1. ([5]) Let P be a cone. A nondecreasing mapping ¢ : P — P is
called a p-map if

(p1) p(0) =0 and 0 < p(w) <w for we P\ {0},
(p2) w— p(w) € int P for every w € int P,
(p3) nlin;o " (w) =0 for every w e P\ {6}.

Definition 2.2. ([20]) Let P be a cone and let (wy,) be a sequence in P. One
says that w, — 0 if for every e € P with 0 < € there exists ng € N such that
wy, K € for allm > ng.

A nondecreasing mapping F : P — P is called a F-map if

(Fy) F(w)=01if and only if w =20,

(Fy) for every w, € P, w, — 0 if and only if F(w,)— 0,

(F3) for every wi,we € P, F(w1 +ws) < F(wi) + F(ws).

Definition 2.3. ([4]) Let X be a nonempty set. Suppose a mapping G : X X
X x X — FE satisfies:
(G1>G(I’,y,2’) =40 Zf r=Y==z,
(G2) 0 < G(x,z,y); whenever xz # vy, for all z,y € X,
(G3) G(z,z,y) < G(x,y,2); whenever y # z,
(G4) G(z,y,2) = G(x, 2,y) = Gy, x, z) = - (Symmetric in all three variables),
(G5) G(x,y,2) < G(z,a,a) + Gla,y,2) for allz,y,z,a € X.
Then G is called a generalized cone metric on X, and X s called a generalized cone
metric space or more specifically a G-cone metric space.
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The concept of a G-cone metric space is more general than that of a G-metric space
and a cone metric space.

Example 2.4. ([4]) Let (X, d) be a cone metric space. Define G: X x X x X —
E, by
G(z,y,2) = d(z,y) + d(y, z) + d(z, ).

Then X is a G-cone metric space.

Definition 2.5. ([4]) Let X be a G-cone metric space and (x,) be a sequence
in X. We say that (z,,) is:

(a) Cauchy sequence if for every c € E with § < ¢, there is ng such that for
all nym,l > ng, G(xn, Tm, ) < cC.

(b) Convergent sequence if for every c in E with 0 < ¢, there is ng such that
for all m,n > ng, G(Xm, Ty, ) K ¢ for some fized x in X. Here x is called

the limit of a sequence (x,) and is denoted by lim =z, =z or x, — x as
n—oo

n — oQ.

A G-cone metric space X is said to be complete if every Cauchy sequence in X is
convergent in X.

Proposition 2.6. ([4]) Let X be a G-cone metric space then the following are
equivalent.
(1) (x,,) converges to .
(1) G(@n, Tp,x) = 0, as n — 0.
(#1) G(xp,x,x) = 0, as n — oco.
(iv) G(xm, Tn,x) = 0, as myn — oco.

Lemma 2.7. ([4]) Let X be a G-cone metric space, (m), (yn), and (z;) be
sequences in X such that x,, — x,y, — y, and z1 — z, then G(Ty,Yn,21) —
G(z,y,z) as m,n,l — oo.

Lemma 2.8. ([4]) Let (xy,) be a sequence in a G-cone metric space X andx € X .
If (z,,) converges to x, and (x,) converges to y, then x =y.

Lemma 2.9. ([4]) Let (z,,) be a sequence in a G-cone metric space X andx € X .
If (z,,) converges to x, then (x,) is a Cauchy sequence.

Lemma 2.10. ([4]) Let (x,) be a sequence in a G-cone metric space X and if
(z,) is a Cauchy sequence in X, then G(xy,, Tn, ;) — 0 as m,n,l — oo.

Proposition 2.11. ([12]) If E is a real Banach space with cone P and if a < Aa
where a € P and 0 < X\ <1 then a = 0.

Definition 2.12. ([3]) Let T and S be self mappings of a set X. If w =T(x) =
S(x) for some x in X, then x is called a coincidence point of T and S and w is
called a point of coincidence of T and S.

Definition 2.13. ([13]) The mappings T,S : X — X are weakly compatible, if
for every x € X, the following holds:

T(S(x)) = S(T(x)) whenever S(x) = T(x).
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Definition 2.14. A mapping T : X — X in a G-cone metric space X is said to
be expansive if there is a real constant ¢ > 1 satisfying

cG(z,y,2) < G(T(x), T(y),T(2))
forallxz,y,z € X.

3. MAIN RESULTS

In the following we always suppose that E is a real Banach space, P is a non
normal cone in FE with int P # () and < is a complete ordering on F with respect
to P. Throughout the paper we denote by N the set of all positive integers.

We first state a lemma which will play a crucial role in the sequel.

Lemma 3.1. ([2]) Let X be a non empty set and the mappings S, T, f : X —
X have a unique point of coincidence v in X. If (S,f) and (T, f) are weakly
compatible, then S, T and f have a unique common fixed point.

Theorem 3.2. Let X be a G-cone metric space and let the mappings S, T, f :
X — X satisfy the following condition:

F(G(S(2), T(y), T(v))),

F(G(T(x),S(y), S(v))),
mazx < e(F(G(f(z), f(v), f(y)))) (3.1)
F(G(T(2),T(y), T(y))),

F(G(S(x),5(y), S(y)))

forallz,y e X. If S(X)UT(X) C f(X) and f(X) is a complete subspace of X,
then S, T and f have a unique point of coincidence. Moreover, if (S, f) and (T, f)
are weakly compatible, then S, T and f have a unique common fixed point.

Proof. Let 2y € X be arbitrary and choose a point z1 € X such that f(z1) =
S(xg) which is possible since S(X) C f(X). Similarly, choose a point z2 € X such
that f(z2) = T(x1). Proceeding in this way, we can define a sequence (f(z,)) in
f(X) by

f(xn) = S(xn—l)v Z.f n is odd
T(xp—1), if n is even.
If n € N is odd, then by using (3.1) we obtain
F(G(f(@n), f(@ni1), f(zni1))) = F(G(S(xn-1),T(zn), T(zn)))
F(G(S(zn-1),T(xn), T (zn))),

F(G(T(xn-1),S(2n), S(2n))),

< mazx
F(G(T(xn-1), T(xn), T(zn)));
F(G(S(xp-1),8(wn), S(zn)))
< @(F(G(f(xn-1), f(zn), f(zn))))
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If n is even, then by (3.1), we have

F(G(f(zn), f(@ns1), f(@n41)) = F(G(T(xn-1),5(xn), S(x0)))
F(G(S(xn—l)vT(xn)vT(‘rn)))’

F(G(T(zn-1), S(xn), S(2n))),
< mazx
F(G(T(zn-1), T(xn), T(xn))),

< p(F(G(f(@n-1), f(xn), f(z0))))-

Thus for any positive integer n, it must be the case that,

F(G(f(zn), f(@n41), f(@n41))) < @(F(G(f(@n-1), f(@n), [ (x2))))- (3.2)
By repeated application of (3.2), we obtain

F(G(f(xn)v f(fnJrl)v f(l'nJrl))) < (pn(F(G(f(xO)v f(xl)v f($1))))
Let 0 < ¢ be given, then c—p(c) € int P. By (p3), nhﬁn;o P (F(G(f(xo), f(x1), f(z1)))) =
f. So, one can find a natural number ng such that

" (F(G(f(mo), f(x1), f(21)))) < ¢ —@(c), for all m > ny.

Consequently, F(G(f (@), f(@m11): f(@mi1)) < ¢ — p(c), for all m > ng.
We show that

F(G(f(xm)v f(anrl)v f($n+1))) <Lc (33)

for a fixed m > ng and n > m.
Clearly, (3.3) holds for n = m. We suppose that (3.3) holds for some n > m. Then
by (G5) and (F3), we obtain
F(G(f(@m), f(@ni2), f(n12))) < F(G(f(@m), f(@mi1), f(@mi1)))
+F(G(f(xmy1), f(@ny2), f(Tny2)))
< FG(f(@m), f(@m+1), [ (@m1)))
F(G(S(zm), T(xn11), T(xn11))),

F(G(T(xm), S(Tnt1), S(Tnt1)))s
+max

F(G(T(2m), T(znt1), T(wn41))),

F(G(S(m), S(xn+1), S(Tn+1)))

< F(G(f(@m), f(@m+1), f(@m+1)))
+o(F(G(f(zm), f(@nt1), f(Tnt1))))

< c—p(c) +¢(c)

Therefore, by induction (3.3) holds for a fixed m > ng and n > m.

Now using (F3), we deduce that (f(z,)) is a Cauchy sequence in f(X). By
completeness of f(X), there exist u,v € X such that f(z,) = v = f(u).
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Again, by (F3), for a fixed § < ¢, there exists a natural number ng such that
F(G(f(u), f(xant1), f(22n41))) < 5 and F(G(f(22n), f(w), f(v))) < 5 for all

n > ng.

Then by (G5) and (F3), we have
F(G(f(u), T(u),T(w)) < F(G(f(u), f(z2nt1), f(x2n+41))) + F(G(f (22n41), T(u), T(u)))

= F(G(f(u), f(zant1), f(#2041))) + F(G(S(220), T (u), T (u)))

< F(G(f(w), f(z2n41); [(22041)))
F(G(S(xan), T(u), T (u))),
F(G(T(x2n),5(u), S(u)),
o F(G(T(x2n), T(u), T(u))),
F(G(S(x2n), S(u), S(u)))
< F(G(f(w), f(2ns1), f(w2n11))) + @(F(G(f(220), f(u), f(u))))

< F(G(f(w), f(zani1), [(@2n+41))) + F(G(f (220), f(u), f(u)))

<

Thus,

F(G(f(w),T(u), T(w))) < ; forall i > 1.

So, ¢ — F(G(f(u),T(u),T(u))) € P, for all i > 1. Since ¢ — 6 as i — oo and P
is closed, —F(G(f(u),T(u),T(u))) € P, and hence F(G(f(u),T(u),T(u))) = 6.
By applying (F}), it follows that G(f(u),T(u),T(u)) = 6 which implies that

T(u) = f(u) =wv.
Similarly, by using
F(G(f(u),S(u),S(u)) < F(G(f(w), f(z2n+2)f(22n+2)))+F(G(f(x2n+2), S(u), S(u)))

we can show that f(u) = S(u) = v. Thus, f(u) = S(u) = T(u) = v and so v
becomes a common point of coincidence of S, T and f.

For uniqueness, let there exists another point w(# v) € X such that f(z) =
S(x) =T () = w for some z € X.
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Then,
F(G(v, w,w))

I
3
2
=
S
=
=
=

5

IN
3
IS]
8

< F(Gv,w,w))

which gives that v = w.
If (S, f) and (T, f) are weakly compatible, then by Lemma 3.1, S, T and f have a
unique common fixed point in X.

Corollary 3.3. Let X be a G-cone metric space and let T, f : X — X satisfy

F(G(T(x),T(y),T(y)) < o(F(G(f(x), f(y), [ ()
forallz,y e X. If T(X) C f(X) and if T(X) or f(X) is a complete subspace of
X, then T and f have a unique point of coincidence. Moreover, if T and f are
weakly compatible, then T and f have a unique common fized point.

Proof. The proof can be obtained from Theorem 3.2 by taking S =T

The following Corollary is an extension of Theorem 2.1 in [1] to G-cone metric
spaces.

Corollary 3.4. Let X be a complete G-cone metric space and let f : X — X be
an onto expansive mapping i.e., f(X) = X and there exists a real constant ¢ > 1
satisfying

cG(x,y,2) < G(f(x), f(y), f(2))
forall x,y,z € X. Then f has a unique fized point in X.

Proof. Taking T'= S = F = I, the identity map and ¢ : P — P by ¢(z) = 1z
where ¢ > 1, the conclusion of the Corollary follows from Theorem 3.2.

Remark 3.5. Taking S =T and F = I in Theorem 3.2, we obtain the result
[18, Theorem 3.1]. Thus, Theorem 3.2 is a generalization of the result [18, Theorem 3.1].
Furthermore, taking T =S, F = f =1 and ¢(x) = kxz, k € [0,1) in Theorem 3.2,
we have Corollary 3.6 which is an extension of Theorem 1 in [11] to G-cone metric
spaces. So, Theorem 3.2 is both an extension and generalization of some results in
the existing literature.

Corollary 3.6. Let X be a complete G-cone metric space and let T : X — X
satisfies

G(T(x),T(y), T(y)) < kG(z,y,y)
forall z,y € X, where 0 < k < 1. Then T has a unique fixed point in X.
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Now we prove Theorems 3.7 and 3.10 by replacing the condition () with the
following:

’

(p1) there exists k € [0,1/2) such that p(w) < kw for w € P\{0} and ¢(6) = 0.

Theorem 3.7. Let X be a G-cone metric space and let the mappings S, T, f :
X — X satisfy one of the following conditions:

{ F(G(5(x), T(y), T(y))), }
F(G(T(x),5(y), 5(y)))
( { F(G(f(x),5(x),5(x))) + F(G(f(y), T(y), T(y))), })
< @ | man (3.4)

F(G(f(2),T(2), T(x))) + F(G(f(y), S(y), 5(y)))
{ F(G(5(x), T(y), T(y))), }
F(G(T(x),5(y), S(y)))
( { F(G(f(z), f(x),5(x))) + F(G(f(y), [(y), T())), })
< @ | min (3.5)

F(G(f(2), f(x), T(x))) + F(G(f(y), f (), S()))

forallz,y € X. If S(X)UT(X) C f(X) and f(X) is a complete subspace of X,
then S, T and f have a unique point of coincidence. Moreover, if (S, f) and (T, f)
are weakly compatible, then S, T and f have a unique common fixed point.

Proof. Let zg € X be arbitrary. As in Theorem 3.2, we define a sequence
(f(xy)) in f(X) by the rule:

flzn) = S(xp_1), if nis odd
= T(xp_1), if nis even.

Suppose the condition (3.4) holds. If n € N is odd, then by using (3.4)

F(G(f(@n), f(2n41), f(@n41))) = F(G(S(@n-1), T (2n), T(zn)))
{ F(G(S(xn-1),T(xn), T(xn))), }
< maz

F(G(T(zn-1), S(zn), S(zn)))

IA

( . { F(G(f(zn-1),8(@n-1),S(n-1))) + F(G(f(2n), T (zn), T (n))),
@ | min

F(G(f(xn—l)a T(xn—l)aT(-rn—l))) + F(G(f(xn)a S(ﬂi‘n), S(xn)))
@ (F(G(f(#n-1), S(@n-1), S(®n-1))) + F(G(f(zn), T(2n), T(x2)))) ,
kF(G(f(xﬂ—l)v f(:rn)7 f(zn))) + kF(G(f(xn)a f(xn—i-l)a f(xn—i-l)))v by (501)
So, it must be the case that
F(G(f(xn)7 f(@ng1), f(anrl))) < hF(G(f(xnfl% f(xn)a f(xn)))

_ k
where h = 17+

INIA

)
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Again, if n € N is even, then by using (3.4)

F(G(f(xn), f(@n+1), f(@n41))) = F(G(T(2n-1), S(@n), S(zn)))
{ F(G(S(xn—l)?T<xn)7T(xn)))’ }
< mazx

F(G(T(zn-1),S(xn), S(74)))
( . { F(G(f(xn—l)ﬂS(zn—l)vs(xn—l))) +F(G(f(xn)7T(xn)aT(xn))), })
o [ min

F(G(f(zn-1),T(xn-1), T(@n-1))) + F(G(f(zn), S(xn), S(xn)))
¢ (F(G(f(zn-1), T(xn-1), T(xn-1))) + F(G(f(2n), S(xn), S(x0))))
kF(G(f(fgnfl)’ f(xn)» f(mn))) + kF(G(f(xn), f(@ng1), f($n+1)))
which implies that

_ _k
where h = 7.

Thus, for any positive integer n, we have

F(G(f(zn), f(@ns1), f(@n41))) < hF(G(f(@n-1), f(2n), f(20))) (3.6)
where 0 < h < 1.
By repeated application of (3.6), we obtain

F(G(f(@n), f(znt1), f(@nt1))) < B F(G(f (w0), f(x1), f(21))- (3.7)

Then, for all n,m € N, n < m, we have by repeated use of (G5), (F5) and (3.7)
that
F(G(f(zn), fxm), f(@m))) < F(G(f(@n), f(@ns1), [(@n11)))
+F(G(f(mn+1)a f(xn+2)7 f(xn+2)))
+ - FF(G(f(m-1), f(@m), [(2m)))
(R" + R Y F(G(f (w0), f (1), f(21)))
< T F(G( (o), fm), f))

So, it must be the case that F(G(f(xyn), f(zm), f(zm))) — 0 as m,n — oo and
hence by (Fz2), G(f(xn), f(zm), f(xm)) — 0 as m,n — co. Now for given 6§ < c,
there exists a natural number ng such that

G(f(zn), f(@m), f(zm)) <K g for all m,n > ng.
For n,m,l € N, (G5) implies that
G(f(xn), f(@m), fm1)) < G(f(@n), f(@m), [(@m)) + G(f(@1), f(@m), f(zm))

<« £4¢
€. c_.
273

IN

IAIA

IN

for all n,m,l > nyg.
Therefore, (f(z,)) is a Cauchy sequence in f(X). Since f(X) is complete, there
exists u,v € X such that f(z,) = v = f(u).
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Now applying (F5), for a fixed § < ¢, there exists a natural number n; such that

c(l—k)

F(G(f(xQn)v f(x2n+1)a f(x2n+1))) < ok

and
c(1—k)

F(G(f(u)7 f(x2n+1)7 f(l'2n+1))) < 5

for all n > n;.

Hence for n > ni, we have

F(G(f(u), T (u), T(u)))

IIA

F(G(f(u), f(z2nt1), f(22n11))) + F(G(f (w2nt1), T (), T(u)))
F(G(f(u), f(zant1), f(z2nt1))) + F(G(S(22n), T(u), T (u)))

IN

F(G(f(u)a f(x2n+1)7 f($2n+1)))
{ F(G(S(x2n), T (u), T(u))), }
+max

F(G(T(22n), S(u), S(u)))

< F(G(f(u), f( $2n+1 f(Z2n41))
( { f(xan), $2n) S(x2n))) + F(G(f(u), T(u), T(u))), })
f(@2n), T(225), T(220))) + F(G(f(u), S(u), S(u)))
< F(G(f(u), f(z2n41), f(T2n41)))

_|_

O(F(G(f(w2n), S(z2n), S(x20))) + F(G(f (), T(u), T (u))))
F(G(f(u), f(z2n+1), f(T2n+1)))
+k F(G(f(z2n), f(T2n+1), f(T2n41))) + k F(G(f(u), T(u), T (u)))

which gives that

IN

FGU@,T@,TW) £ 1 FGU W) S @ansn), fwans)
k

+m F(G(f(x2n), f(z2n+1), f(T2n+1)))

< 5 + 5 = C.
Thus,
F(G(f(w). T(u), T(w))) < 5. for all i >1
which implies that F(G(f(u), T (u),T(v))) = 0 and therefore, T'(u) = f(u) = v.
Similarly, we can prove that f(u) = S(u) =v. Thus, f(u) = S(u) = T(u) = v and
so v becomes a common point of coincidence of S, T and f.

Now we show that S, T" and f have unique point of coincidence. For this we
suppose that there exists another point w € X such that f(z) = S(z) =T(z) = w
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for some x € X. Then,

F(Gv,w,w)) = F(G(S(u),T(z),T(x)))
F(G(S(u), T(z),T(2))),
< mazx

F(G(T(u),S5(x),5(x)))
( _ { F(G(f(u), S(u), S(u))) + F(G(f(x), T(x), T(x))), })
@ | min

F(G(f(w), T(u), T(w))) + F(G(f(x), S(x), S(x)))

<

= 0

which gives that F/(G(v, w,w)) = § and hence v = w. If (S, f) and (T, f) are weakly
compatible, then by Lemma 3.1, S, T and f have a unique common fixed point in
X.

If S, T and f satisfy condition (3.5), then by the same technique as given above we
can obtain the desired conclusion.

Corollary 3.8. Let X be a G-cone metric space and let T, f : X — X satisfy
F(G(T(2), T(y),T(y)) < (F(G(f(z),T(x),T(x))) + F(G(f(y),T(y), T(y))))

F(G(T(2),T(y), T(y))) < p(F(G(f(2), f(z),T(2))) + F(G(f(y), [ (), T(y))))

forallxz,y € X. If T(X) C f(X) and if T(X) or f(X) is a complete subspace of
X, then T and f have a unique point of coincidence. Moreover, if T and f are
weakly compatible, then T and f have a unique common fized point.

Proof. The proof can be obtained from Theorem 3.7 by taking S =T

The following Corollary is an extension of the result [11, Theorem 3] to G-cone
metric spaces.

Corollary 3.9. Let X be a G-cone metric space and let T, f : X — X satisfy
G(T(x),T(y), T(y)) < k(G(f(x),T(x), T(x)) + G(f (). T (), T(y)))
or

G(T(2),T(y), T(y)) < k(G(f(2), f(2), T(2)) + G(f(y), [(y), T(y)))

for all z,y € X, where 0 < k < 3. If T(X) C f(X) and if T(X) or f(X) is a
complete subspace of X, then T and f have a unique point of coincidence. Moreover,

if T and f are weakly compatible, then T and f have a unique common fized point.
Proof. Putting S =T, F =1, p(w) =kw, 0 <k < % in Theorem 3.7, one

can obtain the desired result.

Now, using the same methods as in proof of Theorem 3.7 one can prove the next
result.
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Theorem 3.10. Let X be a G-cone metric space and let the mappings S, T, f :
X — X satisfy one of the following conditions:

{ F(G(S(2),T(y), T(y))), }

F(G(T(2), 5(y), 5()))
( { F(G(f(2), T(y),T(y)) + F(G(f(y),S(x), S(x))), })
< | min

F(G(f(2),5(y),5() + F(G(f(y), T (x), T(x)))

{ F(G(S5(x), T(y), T(y))), }

F(G(T(x), S(y), S(1)))
( { F(G(f(2), f(2), T(y))) + F(G(f(v), [(y), S(2))), })
< | min

F(G(f(z), f(x),S(y))) + F(G(f(y), f(y), T(x)))
forallz,y e X. If S(X)UT(X) C f(X) and f(X) is a complete subspace of X,
then S, T and f have a unique point of coincidence. Moreover, if (S, f) and (T, f)
are weakly compatible, then S, T and f have a unique common fixed point.

Corollary 3.11. Let X be a G-cone metric space and let T, f : X — X satisfy

F(G(T(x), T(y),T(y))) < o(F(G(f(2),T(y),T(y)) + F(G(f(y), T(x),T(x))))
or
F(G(T(2), T(y),T(y)) < o(F(G(f(z), f(2),T(y)) + F(G(f(y), f(y),T(2))))
forallz,y e X. If T(X) C f(X) and if T(X) or f(X) is a complete subspace of
X, then T and f have a unique point of coincidence. Moreover, if T and f are
weakly compatible, then T and f have a unique common fized point.

Proof. Taking S =T in Theorem 3.10 one can obtain the desired result.

The following Corollary is the result [4, Theorem 3.4]. Also, it is an extension
of the result [11, Theorem 3] to G-cone metric spaces.

Corollary 3.12. Let X be a complete G-cone metric space and let T : X — X
be a mapping satisfying one of the conditions:

G(T(z),T(y),T(y)) < k(G(z, T(y), T(y) + Gy, T'(x), T(x)))
G(T(x), T(y),T(y)) < k(G(z,2,T(y)) + Gy,y,T(x)))
forallz,ye X, 0<k< % Then T has a unique fized point.

Proof. The proof follows from Theorem 3.10 by taking S = T, F = f =
I, p(w) = kw, where k € [0,1/2) is a constant.

Note: It is worth mentioning that for the cases S = T' it is sufficient to assume
that < is a partial ordering on E with respect to P instead of a complete ordering.
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We give some examples in support our results.

Example 3.13. Let E = R and P = {& € R : x > 0} be a cone in E. Let
X =[1,00) and define G : X x X x X — E by

Glr,y,z) =lz -y +[y—z|+[z-x] foralzyzcX

Then X is a complete G-cone metric space. Define T, S, f : X — X by T(x) =
S(z) = 3z — 2, f(x) = 4o — 3, forall x € X. Also, define o, F : P — P by
p(w) = 2w and F(w) = jw, for all w € P.

Now,

max = F(G(T(2),T(y), T(y)))

= FQ[T()-T()l)
= [T(x)-T(y) |
= 3lz—yl

3
= 7 | 4z — 4y |

= @(F(G(f(x), f(y), f(W))), forall z,y € X.

Thus the condition (3.1) of Theorem 3.2 is satisfied. Furthermore, we have

(1) S(X)UT(X) C f(X) and f(X) is complete, since f(X) =X,

(1) (S, f) and (T, f) are weakly compatible.

Hence we have all the conditions of Theorem 3.2 and we see that 1 is the unique
common fized point for S, T and f in X.

Example 3.14. Let E, P, X, G are same as in Example 3.13. Define T, S, f :
X = X by T(x) = ()=£+1 () =2z —1, forallz € X. Also, define
@, F : P — P by o(w) = 1w and F(w) = jw, for all w € P.
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Then,
[ FG(f(@),8(x), S(x))) + F(G(f (), T(), Ty

@ | min
F(G(f(2),T(x), T(x))) + F(G(f(y),S(y), S(y)))
= @(F(G(f(2),T(x),T(x))) + F(G(f(y), T(y), T(y)))
= @FQ2|T(x) - f@)D+F2 [T - f) )
= e(FB|lz—-1)+F@By—1])
= w(i w—1|+4|y—1l)
= J(a-1]+ly-1]).

Again,

max = F(G(T(2),T(y),T(y)))

= F2[T()-T(y) )
= Fz-yl)

|z —y|

IA

1
4
1
2 0e=11+]y—1])

F(G(f(2),S(2),5(x))) + F(G(f(y), T(y), T(y))),

F(G(f(2), T(x), T(2))) + F(G(f(y),S(y),S(y)))
Thus we see that the condition (3.4) of Theorem 3.7 is satisfied. Also, we have
() S(X)UT(X) C f(X) and f(X) is complete, since f(X) =X,
(#0) (S, f) and (T, f) are weakly compatible.

Hence all the conditions of Theorem 3.7 are satisfied and 1 is the unique common

fized point for S, T and f in X.

=@ | min

Example 3.15. Let E, P, X, G are same as in Example 3.13. Define T, S, f :
X = XbyT(x)=Sx)=5+1, f(x) =2, forall x € X. Also, define ¢, F
P — P by p(w) = F(w) = fw, for all w € P. Then we have all the conditions of

Theorem 3.10 and we see that 2 is the unique common fixed point for S, T and f
mn X.
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