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1. INTRODUCTION

Since the introduction of fuzzy set theory by L. A. Zadeh [16] in 1965, fuzzy logic
has become an important area of research in various branches of mathematics such
as metric and topological spaces, automata theory, optimization, control theory etc.
Fuzzy set theory also found applications for modeling uncertainty and vagueness in
various fields of science and engineering. George and Veeramoni [6], Kramosil and
Michalek [8] have introduced the concept of fuzzy topological spaces induced by fuzzy
metric which have important applications in quantum particle physics particularly
in connections with both string and E-infinity theory.

On the other hand, a number of generalizations of metric spaces have been done
and one such generalization is generalized metric space or D-metric space initiated
by Dhage [4] in 1992. Many other authors viz. Sedghi et al. [14] made a significant
contribution in fixed point theory of D*-metric space which is another generalization
of D-metric space. Recently Sedghi et al. [I3] introduced the concept of M-fuzzy
metric space which is a generalization of fuzzy metric space due to George & Veera-
moni [6]. The author [2] of this paper modify the definition of M-fuzzy metric space
and achieve two decomposition theorems. The idea of cone metric space is relatively
new which is introduced by H. Long-Guang et al. [9] and it is a generalization of
classical metric space. In such space, authors have considered a real Banach space as
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the range set of the cone metric. On cone metric space, many papers have appeared
by different authors ( for references please see |1}, 3| 10, 12, [15] ).

In this paper, idea of fuzzy cone metric space is introduced and some basic defi-
nitions are given. Here the range of fuzzy cone metric is considered as E*(I) where
E is a given real Banach space and E*(I) denotes the set of all non-negative fuzzy
real numbers defined on E. It is seen that fuzzy cone metric space is a generalization
of Kaleva & Seikkala [7] type fuzzy metric space ( when L = min and U = max ).
Some fixed point theorems have been established in such spaces.

The organization of the paper is as follows:

Section 1 comprises some preliminary results which are used in this paper.
Definition of fuzzy cone metric space and some basic properties are discussed in
Section 2. In Section 3, some fixed point theorems for contractive mappings are
established.

2. PRELIMINARIES

A fuzzy number is a mapping = : R — [0, 1] over the set R of all reals. A fuzzy
number z is convex if x(t) > min (x(s) , x(r)) where s < ¢ < r. The a-level set of
a fuzzy real number n denoted by [n], and defined as [n], ={t € R:n(t) > a}. If
there exists a tg € R such that z(tp) = 1, then x is called normal. For0 < o <1, a-
level set of an upper semi continuous convex normal fuzzy number ( denoted by [1]a)
is a closed interval [a, , b,], where a, = —00 and b, = +o0 are admissible. When
a, = —o0, for instance, then [a, , b,] means the interval (—oo , b,]. Similar is the
case when b, = +00. A fuzzy number z is called non-negative if z(t) =0, V¢t < 0.
Kaleva ( Felbin ) denoted the set of all convex, normal, upper semicontinuous fuzzy
real numbers by E ( R(I)) and the set of all non-negative, convex, normal, upper
semicontinuous fuzzy real numbers by G(R*(I)).

A partial ordering ” < ” in E is defined by n =< § if and only if ¢} < a? and

bl < b2 foralla € (0, 1] where [n]o, = [al , bl] and [0], = [aZ , b2]. The
strict inequality in E is defined by n < ¢ if and only if al, < a? and b, < b2 for each
a €(0, 1]

According to Mizumoto and Tanaka [11] , the arithmetic operations &, & ,® on
E x E are defined by

(x ®y)(t) = Supsermin {z(s), y(t—s)}, tER

(xoy)(t) = Supsegmin {z(s), y(s—1t)}, tE€R

(ny)(t) = SupseR,s?mein {.13(5) ) y(é)}v teR
Proposition 2.1 ([11]). Letn, § € E(R(I)) and [n]a = [al , b}
a € (0, 1]. Then

@D da = lag +ad , by +0b3]

| [0 = [a2 . b

a a]7

[ © 0o = [ag — b5 . by — a3]
[77 © 5}0& = [a‘tlxaia bibi}

Definition 2.2 ([7]). A sequence {7, } in E is said to be convergent and converges to
1 denoted by lim 7, =nif lim a], = a, and lim b), = b, where [n,], = [aZ,b]]
and [n]a = [aouba] Va e (07 1}'
Note 2.3 ([7]). Ifn, 6 € G(R*(I)) then n® § € G(R*(I)).
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Note 2.4 ([7]). For any scalar t, the fuzzy real number tn is defined as tn(s) =0 if
t=0 otherwise tn(s) = n($).

Following is the definition of fuzzy metric space introduced by Kaleva et al [6].

Definition 2.5 ([7]). Let X be a nonempty set, d be a mapping from X x X to
G and let the mappings L,U : [0, 1] x [0, 1] — [0, 1] be symmetric, nonde-
creasing in both arguments and satisfy L(0 , 0) = 0 and U(1, 1) = 1. Denote
[d(z,9)]a = Palz,y), palz,y)]forz e X, 0 <a < 1. The quadruple (X,d, L,U)
is called a fuzzy metric space and d is a fuzzy metric if

(i) d(z,y) = Oifand only if x = y;

(i)d(z,y) = d(y,z), Yo,y € X ;

(iii) for all z,y,z € X,

(a) d(z,y)(s+t) > L(d(x, z)(s) , d(z,y)(t)) whenever s < Aq(z,2), t < A1(z,y)
and s+t < A(z,y).

(b) d(z,y)(s+t) <U(d(z,2)(s), d(z,y)(t)) whenever s > Ai(x,z), t > \i(z,y)
and s+t > A\ (z,y).

Remark 2.6 ([7]). Kaleva et al. proved that, if L = A(Min) and U = \/(Max)
then the triangle inequality (iii) in the Definition 1. 1 is equivalent to

dw, y) =d, 2) @ d=, ).
Further A, and p, are crisp metrices on X for each a € (0, 1].

Definition of fuzzy norm on a linear space as introduced by C. Felbin is given
below:

Definition 2.7 ([5]). Let X be a vector space over R. Let || || : X — R*(I) and let
the mappings L,U :[0, 1] x [0, 1] — [0, 1] be symmetric, nondecreasing in both
arguments and satisfy L(0, 0) = Oand U(1, 1) = 1. Write [||z|[]a = [||z||L, ||z]|2]

forz € X, 0 <a <1 and suppose for all x € X, x # 0, there exists ag € (0, 1]
independent of x such that for all @« < ag,

(A) [[2][2 < 0

(B) infl|z||L > 0.

The quadruple (X , || ||, L, U) is called a fuzzy normed linear space and || || is
a fuzzy norm if

(i) [|z]] = Oifand only ifz = 0;

(i)llrzl| = Irlllzll, z€ X, re R

(iii) for all z,y € X,

(a) whenever s < [zlf, ¢ < [lylly and s+t < [lz +ylli, [lz + vll(s +
t) = L(|l=[|(s) , [lyll(£)),

(b) whenever s > |lz|lf, t > [jylly and s +t > [lz +yll1, [l + yll(s +

t) < U(ll=[|(s) 5 [lyll(2)

Remark 2.8 ([5]). Felbin proved that, if L = A(Min) and U = \/(Max) then the
triangle inequality (iii) in the Definition 1. 1 is equivalent to

e +yll < llll P llyll-
Further || ||; i = 1,2 are crisp norms on X for each a € (0, 1].
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Definition 2.9 ([9]). Let E be a real Banach space and P be a subset of E. P is
called a cone if

(i) P is closed, nonempty and P # {0};

(ii) a,b € R, a,b > 0,2,y € P = ax + by € P;

(iii) zre Pand —z € P =z =0.

Given a cone P C F, we define a partial ordering < with respect to P by =z <y
iff y—x € P. On the other hand = < y indicates that z < y but = # y while z << y
will stand for y — 2 €IntP where IntP denotes the interior of P.

The cone P is called normal if there is a number K > 0 such that for all z,y € E,
with 0 < 2 < y implies ||z|| < K||y||. The least positive number satisfying above
is called the normal constant of P. The cone P is called regular if every increasing
sequence which is bounded from above is convergent. That is if {x,} is a sequence
such that o1 < a9 < ........ <z, <...<yfor some y € E, then there is x € E such
that ||z, —z|| — 0 as n — oco. Equivalently, the cone P is regular if every decreasing
sequence which is bounded below is convergent. It is clear that a regular cone is a
normal cone.

In the following we always assume that E is a real Banach space, P is a cone in
E with IntP # ¢ and < is a partial ordering with respect to P.

Definition 2.10 ([9]). Let X be a nonempty set. Suppose the mappingd : X x X —
E satisfies

(dl) 0 < d(zx,y) Yo,y € X and d(z,y) =0 iff x = y;

(d2) d(xvy) = d(yvx) Va,y € X;

(d3) d(x,y) < d(z,z) +d(z,y) Vr,y,z € X.

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

3. Fuzzy CONE METRIC SPACES
In this section an idea of fuzzy cone metric space is introduced.

Definition 3.1. Let (E, || ||) be a fuzzy real Banach space where || || : E — R*(I).
Denote the range of || || by £*(I). Thus E*(I) C R*(I).

Definition 3.2. A member n € R*(I) is said to be an interior point if I > 0 such
that S(n,r) ={6 € R*(I) :ned <7} C R*(I). Set of all interior points of R*(I)
is called interior of R*(I).

Definition 3.3. A subset of F of E*(I) is said to be fuzzy closed if for any sequence
{nn} such that lim 7, = n implies n € F.

Definition 3.4. A subset P of E*(I) is called a fuzzy cone if

(i) P is fuzzy closed, nonempty and P # {0};

(i) a, b€ R, a,b>0, n,6 € P=an®d bd € P;

Given a fuzzy cone P C E*(I), define a partial ordering < with respect to P by
n<Jiff §on € P and n < § indicates that n < § but n # § while n << § will stand
for 6 © n €IntP where IntP denotes the interior of P.

The fuzzy cone P is called normal if there is a number K > 0 such that for all
n,6 € E*(I), with 0 < n < § implies n < KJ. The least positive number satisfying
above is called the normal constant of P. The fuzzy cone P is called regular if every
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increasing sequence which is bounded from above is convergent. That is if {n,} is a
sequence such that m < e < ........ <1, < ... < for some n € E*(I), then there
is § € E*(I) such that n, — § as n — co. Equivalently, the fuzzy cone P is regular
if every decreasing sequence which is bounded below is convergent. It is clear that
a regular fuzzy cone is a normal fuzzy cone.

In the following we always assume that E is a fuzzy real Banach space, P is a
fuzzy cone in E with IntP # ¢ and < is a partial ordering with respect to P.

Definition 3.5. Let X be a nonempty set. Suppose the mapping d: X xX — E*(I)
satisfies

(Fd1) 0 < d(z,y) Vz,y € X and d(z,y) =0 iff z = y;

(Fd2) d(z,y) = d(y,z) Vz,y € X;

(Fd3) d(z,y) < d(z,z) ®d(z,y) Vo,y,2 € X.
Then d is called a fuzzy cone metric and (X, d) is called a fuzzy cone metric space.

Note 3.6. Fuzzy cone metric space is a generalized fuzzy metric space. For, choose
E=Rand P={ne€ E*(I): n =0} and partial ordering < as =< then (X,d) is a
Kaleva & Seikkala type fuzzy metric space when L= min and U=Max.

Example 3.7. Let (E,|| ||") be a Banach space. Define || || : E — R*(I) by
1 ift >|z|)
lello={ 5 ity 2
Then [||z||]a = [l|lz|", |lz]|'] Yo € (0,1]. It is easy to verify that,
(i) ||z =0iff 2 =0
(i) firall = [l i) Il + gl < ll2ll & 1]l
Thus (E, || ||) is a fuzzy normed linear space ( when L=min and U=max ). Let {z,}
be a Cauchy sequence in (E, || ||) So, limy, n—oo ||Tn — Zm|| = 0.
= limy, oo ||@n — Zm|| = 0 = {z,} be a Cauchy sequence in (E,|| ||’). Since
(E, ] 1I") is complete, 3z € E such that lim,, ,—oo ||zn—2|| = 0.1. €. lim,_o ||2n—
x|| = 0. Thus (E, || ||) is a real fuzzy Banach space. Define P = {n € E*(I) :n = 0}.
(i) P is fuzzy closd.
For, consider a sequence {d,,} in P such that lim,, . 6, — .
i.e. lim,.d,) , =4, and
lim,,, 62 ., = 02 where [6,]a = [0},
Now 6,, = 0 Vn.
So, 6} o, > 0and 02 , >0 Va e (0,1].
= limp o0 0, o, > 0 and lim, .o 63 , > 0 Vo € (0,1]
=L >0and §2 >0 Va e (0,1]
=6~ 0.
So § € P. Hence P is fuzzy closed.
(ii) It is obvious that, a,b € R, a,b >0n,0 € P = an® bd € P.
Thus P is a fuzzy cone in E.
Now choose the ordering < as < and define d : E x E — E*(I) by d(z,y) = ||z —yl|.
Then it is easy to verify that d satisfies the conditions (Fd1) to (Fd3). Hence (E , d)
is a fuzzy cone metric space.

62 o) and [0]o = [0} , 62] Va € (0,1].

Definition 3.8. Let (X,d) be a fuzzy cone metric space. Let{z,} be a sequence
in X and z € X. If for every ¢ € E with 0 << ||c|| there is a positive integer N
661
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such that for all n > N, d(z,,z) << ||c||, then {z,} is said to be convergent and
converges to x and z is called the limit of {z,}. We denote it by lim z, = x.

n—oo

Lemma 3.9. Let (X,d) be a fuzzy cone metric space and P be a normal fuzzy cone
with normal constant K. Let{x,} be a sequence in X. Then {x,} converges to x iff
d(zy,x) — 0 as n — oo.

Proof. First we suppose that {x,,} converges to x. For every real ¢ > 0, choose c € E
with 0 << [|c|| and K]||¢|| < €.

Then 3 a natural number N, such that Vn > N, d(z,,z) << ||¢||.

So that when n > N, d(x,,z) = Kl||c|| < € ( since P is normal ).

i. e. d (2, ) <eand d%(z,,7) <eVn e N, Va e (0,1].

i. e. lim d.(zn, ) =0and lim d2(z,,2) =0 Va € (0,1].

n— o0 _ n—oo
i. e. d(zp,x) — 0asn — oo.

Conversely, suppose that d(x,,z) — 0 as n — oo.

For, ¢ € E with 0 << ||c|| , there is § > 0 such that ||z|| < 6.

This implies that ||c|| © ||z|| € IntP.

For this § there is a positive integer N such that Vn > N, d(x,,x) < J.

Let d(xpn, z) = ||ynl|- So |lyn|| < 6 ¥n > N.

i. e |lc]| ©||lynl] € IntP Vn > N

S llynll << [lell Vo > N

= d(zp,x) <<|lc|| ¥n >N

= X, — T as n — oo. O

Lemma 3.10. Let (X, d) be a fuzzy cone metric space and P be a normal fuzzy cone
with normal constant K. Let{x,} be a sequence in X. If {x,} is convergent then its
limit is unique.

Proof. If possible suppose that lim, .., x, = z and lim, .. x, = y. Thus for
any ¢ € E with 0 << ||c||, there exists a natural number N such that Vn >
N, d(zp,z) << ||c|| and d(yn,y) << |||l

We have d(z,y) < d(x,2,) ® d(zn,y) < 2|/l

Hence d(z,y) < 2K||¢||.

Since c is arbitrary, we have d(z,y) = 0. i. e. x = y. O

Definition 3.11. Let (X,d) be a fuzzy cone metric space and {z,} be a sequence
in X. If for any ¢ € E with 0 << ||c||, there exists a natural number N such that
Vm,n > N, d(Tn,zm) << ||c||, then {x,} is called a Cauchy sequence in X.

Definition 3.12. Let (X, d) be a fuzzy cone metric space. If every Cauchy sequence
is convergent in X, then X is called a complete fuzzy cone metric space.

Lemma 3.13. Let (X,d) be a fuzzy cone metric space and {x,} be a sequence in
X. If {x,} is convergent then it is a Cauchy sequence.

Proof. Let {z,} converges to z. So for any ¢ € E with 0 << ||c|| there exists a

natural number N such that Vm,n > N, d(zy,z) << ||§|| and d(zm,z) << ||§].

Hence d(zp, Tm) < d(zp,z) @ d(x,2m) << |l¢|| Ym,n > N.

Thus {z,} is a Cauchy sequence. O
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Lemma 3.14. Let (X, d) be a fuzzy cone metric space, P be a normal fuzzy cone with
normal constant K. Let {x,} be a sequence in X. Then {x,} is a Cauchy sequence
iff d(xn, Tm) — 0 as m,n — oo.

Proof. Let {z,,} be a Cauchy sequence in X. For € > 0 choose ¢ € E with 0 << ||¢||
and K||c|| < € Then there is a natural number N such that Vm,n > N, d(z,, 2,) <<
el

So that when m,n > N, d(x,,zmy) = K||c|| < € ( since P is normal ).

Since € > 0 is arbitrary, it follows that d(z,,zm,) — 0 as m,n — oo.

Conversely suppose that d(zy, z;,) — 0 as m,n — oo.

For ¢ € E with 0 << ||c||, there is § > 0 such that ||z|| < J.

i. e. ||c]|© (llc]] © ||2)|| < o implies ||c|| © ||z|| € IntP. For this § > 0, there exists a
natural number N such that Ym,n > N, d(z,,Zm) < 9.

i. e. ||zmnl| < 6 if we write d(zy, Tp) = ||2m.n|| Where 2y, € E.

= ||d|| & ||zmnl| € IntP ¥Ym,n > N

= zmall << ||| Vm,n >N

= d(Xm, Tn) <<|lc|| Ym,n >N

= {z,} is a Cauchy sequence. O

Lemma 3.15. Let (X, d) be a fuzzy cone metric space , P be a normal fuzzy cone with
normal constant K. Let {x,,} and {y,} be two sequences in X and x,, — x, yp — y
asn — oo. Then d(xy,y,) — Kd(z,y) as n — oo.

Proof. For every € > 0, choose ¢ € E with 0 << ||c|| and ||c|| < (%)

Since z,, — x, y, — y there is a natural number N such that Vn > N,

d(zp,x) << ||c|| and d(yn,y) << |||l

We have d(zn,,yn) < d(zy, ) ® d(x,y) B d(y, yn)

i e d(zn,yn) <d(z,y) ®2||c|]| Vn > N.

Thus d(n,yn) = K(d(z,y) @ 2||c|]) ¥n > N.

= 4L (2ns ) < KdL (2, ) 42K [cl[}, and &2 (@, yn) < K2 (,y)+2K][cl[2. ¥n > N.
= d(zn,yn) < Kd&(z,y) + € and d2 (2, yn) < Kd%(z,y) +€ Vn > N

= limy, o0 dL (T, yn) = KdL(z,y) and lim,, o0 d%(2p, yn) = Kd2(z,y)

= limy,— 00 d(Tn, yn) = Kd(z,y). O

Definition 3.16. Let (X, d) be a fuzzy cone metric space. If for any sequence {z,, }
in X, there exists a sequence {x,, } of {z,} such that {z,, } is convergent in X, then
X is called a sequentially compact fuzzy cone metric space.

4. FIXED POINT THEOREMS IN FUZZY CONE METRIC SPACES

In this Section some fixed point theorems of contractive mappings are established
in fuzzy cone metric spaces.

Theorem 4.1. Let (X,d) be a complete fuzzy cone metric space, P be a normal
fuzzy cone with normal constant K. Suppose the mapping T : X — X satisfies the
contractive condition

d(Tz,Ty) < kd(z,y) Vz,y € X wherek € [0,1) is a constant. Then T has a unique
fized point in X. For any x € X, iterative sequence {T"x} converges to the fized
point.
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Proof. Choose zg € X.
Set 21 = Txg, o =Ta1 =T?x0,........  Tpy1 =Tz, =T g, ...
we have,
d(Tpy1,Tn) = d(Txp, Ty 1) < kd(2n, vn_1) < k2d(2n_1,2n_2) < .... < Ek"d(21,20).
So for n > m, we have
d({En, mm) < d(ﬂ?n, xnfl) 52 d<xn71u Tp— 2) . @ (wm+17 xm)
ioe d(zn,xm) < (k;"_1 +EMZ 4 + km)d(xl,x ).
ie dzp,xm) < f kd(xl,aco)
This implies that d(z,, ;) < %Kd(acl,xo) ( since P is normal )
= limy, oo d(Tn, T) = 0.
= {x,} is a Cauchy sequence in X.
By completeness of X, there is * € X such that z,, — x*.
Now,
d(Tz*,z*) < d(Txp, Tz*) & d(Txn, x*) < kd(z,, 2*) & d(zpe1, ")
= d(Tz*, z*) 2 K{kd(zy,2*) ® d(zpnt1,2%)}
= d(Tx*,z*) =0 ( since d(xp,2*) — 0, d(xp41,2%) — 0 as n — 00)
= Tz* =z*
= z* is a fixed point of T.
Now if y* is another fixed point of T then
d(z*,y*) =d(Tz*,Ty*) < kd(z*,y*)
= d(z*,y*) < de(x*,y*)
= d(z",y") =

:>*—y O

Corollary 4.2. Let (X,d) be a complete fuzzy cone metric space, P be a normal
fuzzy cone with normal constant K. For ¢ € E with 0 << ||c|| and x¢ € X,

set B(xzg,c) ={x € X : d(xo,z) < |||}

Suppose the mapping T : X — X satisfies the contractive condition

d(Tz,Ty) < kd(z,y) Vz,y € B(xg,c) where k € [0,1) is a constant

and d(To,0) < (1— k)lel]:

Then T has a unique fized point in B(xg,c).

Proof. We only need to prove that B(z,c) is complete and Tz € B(xg,c) V& €
B(xg,c).

Let {z,} be a Cauchy sequence in B(z,c). Then {z,} is also a Cauchy sequence in
X. By completeness of X, there is = in X such that z,, — x.

We have, d(xg,z) < d(zpn, o) ® d(zn,x) < d(xh, ) @ ||c||.

Since z,, — z, thus d(z,,z) — 0 and hence d(zo,z) < ||c|].

i. e. ¢ € B(x,c). Hence B(xg, ¢) is complete.

Now, for every x € B(zo, ¢),

d(zg, Tz) < d(Two,x0) ® d(Txo, Tx) < (1 —k)||c|| ® kd(z0,2) < (1 —Fk)||c|| ® k|||
= d(zo, Tz) < ||¢||.

= Tx € B(xg,c¢).

This completes the proof. O

Corollary 4.3. Let (X,d) be a complete fuzzy cone metric space, P be a normal
fuzzy cone with normal constant K. Suppose a mapping T : X — X satisfies for
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some positive integer n, d(T"x, T"y) < kd(z,y) Va,y € X where k € [0,1) is a
constant. Then T has a unique fized point in X.

Proof. From Theorem 4. 1, it follows that 7™ has a unique fixed point z*.

But T™(Tz*) = T(T"x*) = Tx*. So Tz* is a fixed point of T™.

Hence Tx* = x* and thus z* is a fixed point of T.

Since the fixed point of T is also a fixed point of T", so the fixed point of T is
unique. O

Theorem 4.4. Let (X, d) be a sequentially compact fuzzy cone metric space and P
be a reqular fuzzy cone. Suppose the mapping T : X — X satisfies the the contractive
condition d(Tx, Ty) < d(z,y) Vr,y(z £y) e X

Then T has a unique fized point.

Proof. Choose xg € X.

Set x1 = T'xg, o =Tx1 =T?x0, ........ Tpy1 =Tz, =T g, ...

If for some n, x,41 = x, then z,, is a fixed point of T and the proof is complete.
So we assume that for all n, x,,41 # .

Set ||yn|| = d(xp+1,x,) Where y, € E.

Then ||yn41]| = d(@nt1, Tnt2) = d(Tan, Tani1) < d(@n; Tnt1) = [[ynl|

Thus ||y,|| is a decreasing sequence bounded below by 0.

Since P is regular, there is y € E such that ||y|| € E*(I) and ||y,|| — ||y|| as n — .
Since X is sequentially compact, there exists a subsequence {z,} of {z,,} and 2* € X
such that {x,,} — z*.

We have, d(Txy,,, Tx*) < d(x,,,z*), i=1,2,.....

So, d(Txy,, Tx*) = Kd(x,,,z*), i =1,2,...... where K is the normal constant of
E.

i. e. d\(Tx,,,Tz*) < Kd!(x,,,z*) and

& (T, Tx*) < Kd%(zy,,,2*) Ya € (0,1]. (4. 4.

1)
Since {xn,} — *, thus d(z,,,2*) — 0 as n — oc.

i. e. d.(zy,,7*) — 0 and d2(z,,,7*) — 0 Va € (0,1] as n — oo.
Fom (4. 4. 1) we have, d.(Tz,,,Tr*) — 0 and d?(Tx,,,Tz*) — 0 Va € (0,1] as
n — oo.

i. e. d(Txy,,Tz*) — 0 as i — oo.

Hence Tz, — Tx* as i — oo.

Similarly T2z, — T?z* as i — oc.

By using Lemma 3. 15, we have

d(Txp,,tn,) — Kd(Tz*,2*) and d(T%x,,, Tx,,) — Kd(T?z*,Tx*) as i — oo.
Also we have, d(Txp,, Tn,) = ||yn;|| = Klly|| = Kd(Tz*,2*) as i — oo.

Now we shall show that Tx* = z*.

If Ta* # z*, then ||y|| # 0 and then we get

Kl|lyl| = Kd(Tz*,z*) > Kd(T?z*,Tx*) = lim;_ oo d(T?xp,, Txp,) = lim; 0 ||Yn,

K|ly|l.
Which is a contradiction and hence Tx* = x*.
So x* is a fixed point of T. The uniqueness of x* follows easily. O
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Theorem 4.5. Let (X, d) be a complete fuzzy cone metric space and P be a normal
fuzzy cone with normal constant K. Suppose the mapping T : X — X satisfies the the
contractive condition d(Txz,Ty) < k(d(Tz,z)®d(Ty,y)) Vz,y € X, where k € [0, 3)
is a constant. Then T has a unique fized point in X. Also for any x € X, iterative
sequence {T™x} converges to the fized point.

Proof. Choose zy € X.

Set 21 = Txg, o =Tx1 =T?x0,........ yTppr =Tz, =T " ag, ... .

We have,

A xpi1,2n) = d(Txn, Txn_1) < k(d(Tzn,20) & d(Trn—1,2n-1)) = k(d(Tnt1,2n) B
d(Xp, Tp—1)).

So, d(Znt1,2n) < ﬁd(mn,xn,l) = hd(xyn,xn_1) where h = ﬁ

For n > m,

A Xy, ) < d(Xp, Tp—1) B d(Xp_1,Tp—2) B ...... @ d(Tmi1, Tm)-

e d(@n, zm) < (R P4+ A2 4 + h™d(z1,x0) = %d(l’l,l’o).

We have d(xy, Tp) = K%d(ml,xo) ( since P is normal ).

This implies that d(z,,Tm,) — 0 as m,n — oo.

Hence {z,} is a Cauchy sequence. By completeness of X, there is 2* € X such that
T, — T* as n — oo.

Now d(Tx*,z*) < d(Txp, Tx*)Bd(Txpn, x*) < k(d(Txn, 2n)Dd(Tx*, 2*))Bd(n 41, ).
= d(Tz*, 2*) < 727 (kd(Txn, ) ® d(Tpq1, 2%)).

We have,
d(Tz*,2*) 2 K (kd(zn41,20) © d(zpq1,2%)) — 0 as n — oco.
Hence d(Tx*,2*) = 0. i. e. Ta* = z*. So x* is a fixed point of T.

Now if y* is another fixed point of T, then,

d(z*,y*) = d(Tz*, Ty*) < k(d(Tz*,z*) & d(Ty*,y*)) = 0.

i. e. d(z*,y*) =0.

i. e xzf=y".

Thus fixed point of T is unique. O

Note 4.6. The Lemma 3. 15 is not valid in classical sense when k # 1.

For, in Example 3. 7, we see that over the same linear space (real ), (E , || ||') is
a Banach space and (E , || ||) is a fuzzy Banach space ( where L=min and U=maz
Consider this real Banach space (E , || ||') and fuzzy Banach space (E , || |]).

According to Lemma 3. 15, if (X, d) is a fuzzy cone metric space, P is a normal
cone with normal constant k and if {x,} and {y,} be two sequences in X and
Ty — T, Yo — Y as 1 — 00 then d(x, , yn) — kd(z , y) as n — oo.

This Lemma ( Lemma 5 ) is already established in [9] in classical sense.

The statement of the Lemma is as follows:

Let (X , d) be a cone metric space, P be a normal cone with normal constant k.
Let {x,} and {y,} be two sequences in X and x,, — x, y, — y as n — oco. Then
d(zy , yn) = d(x , y) as n — .
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5. CONCLUSION

In this paper, an idea of fuzzy cone metric space is introduced which is a gener-
alization of fuzzy metric space. In fuzzy cone metric space, range of fuzzy metric is
considered as ordering fuzzy real numbers defined on a real fuzzy Banach space. It
is seen that Kaleva et al. type ( max, min ) fuzzy metric space is a particular case
of fuzzy cone metric space. I think that there is a large scope of developing more
results of fuzzy functional analysis in this context.
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