Kider and Mousa Iragi Journal of Science, 2017, Vol. 58, No.1B, pp: 284-291

Iraqi
Journal of

Science

ISSN: 0067-2904

The Fuzzy Length of Fuzzy Bounded Operator

Jehad R. Kider*, Jaafar Imran Mousa
Department of Mathematics and Computer Applications, School of Applied Science, University of Technology,
Baghdad, Iraqg.

Abstract

In this paper we recall the definition of fuzzy length space on a fuzzy set after
that we recall basic definitions and properties of fuzzy length. We define fuzzy
bounded operator as an introduction to defined fuzzy length of an operator then we
proved that the fuzzy length space FB(A, E) consisting of all fuzzy bounded linear
operators from a fuzzy length space A into a fuzzy length space E is fuzzy complete
if E is fuzzy complete. Also we proved that every finite dimensional fuzzy length
space is fuzzy complete.
Keywords: Fuzzy length space on fuzzy set, Fuzzy bounded operator, Fuzzy
continuous operator, FB (A, R).
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1. Introduction

The theory of fuzzy set was introduced by Zadeh in 1965[1]. In 1984[2], Katsaras is the first one
who introduced the notion of fuzzy norm on a linear space during his studying the notion fuzzy
topological vector spaces. In 1984 Kaleva and Seikkala [3] introduced a fuzzy metric space. In 1992
Felbin [4] introduced the notion of fuzzy norm on a linear space so that the corresponding fuzzy
metric is of Kaleva and Seikkala type Kramosil and Michalek introduced another idea of fuzzy metric
space [5]. In 1994 Cheng and Mordeson [6] introduced the notion fuzzy norm on a linear space so that
the corresponding fuzzy metric is of Kramosil and Michalek type. Bag and Samanta [7] in 2003
studied finite dimensional fuzzy normed linear spaces. In 2005 Saadati and Vaezpour [8] studied some
results on fuzzy complete fuzzy normed spaces. In 2005 Bag and Samanta [9] studied fuzzy bounded
linear proved the fixed point theorems on fuzzy normed linear spaces. In 2009 Sadeqi and Kia [10]
studied fuzzy normed linear space and its topological structure. In 2010 Si, Cao and Yang [11] studied
the continuity in an intuitionistic fuzzy normed space. In 2015 Nadaban [12] studied properties of
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fuzzy continuous mapping on a fuzzy normed linear spaces. The concept of fuzzy norm has been used
in developing the fuzzy functional analysis and its applications and a large number of papers by
different authors have been published, for reference, please see [13 - 22].

In this paper we recall that the definition of fuzzy length on fuzzy set as a modification of the
notion of fuzzy norm on a linear space duo to Bag and Samanta [7].Then we define fuzzy bounded
operator as an introduction to define the fuzzy length of a fuzzy bounded operator. The structure of the
present paper is as follows: In section one we recall basic properties of fuzzy length space on a fuzzy
set that’s will be needed later. In section two we introduce the definition of fuzzy length of fuzzy
bounded linear operator and functional to prove that the set of all fuzzy bounded linear operators from
a fuzzy length space to another fuzzy length space is fuzzy complete.

2. Basic Concept about fuzzy set
Definition 2.1: [1]

Let U be a classical set of object, the fuzzy set A is completely characterized by the set
of pairs: A = { (X, uz(x)): X € U, 0< puz (%) <1}.Where px(x)) is membership of A.

Definition 2.2: [11]

Suppose that D and B be two fuzzy sets in V= @ and W= @ respectively, then D x B is a fuzzy
set whose membership is defined by:

15 5(d, b) = pp(d) A p(b) ¥ (d, b) € VXW.
Definition 2.3: [18]

A fuzzy point p in U is a fuzzy set with single element and is denoted by x, or (x,a).

Two fuzzy points x, and yg are said to be different if and only if x#y.
Definition 2.4: [7]

Suppose that dg is a fuzzy point and D is a fuzzy set in U. then dg is said to belongs to D which is
written by dge D & pp(x)> B.

Proposition 2.5: [22]

Suppose that h: V— W is a function. Then the image of the fuzzy point dg in V, is the fuzzy point
h(dg) in W with h(dg)=(h(d), B ).
Definition 2.6: [23]

A binary operation *: [0,1] 2 —[0, 1] is said to be t-norm (or continuous triangular norm) if for all
p, g, t, r € [0, 1] the conditions are satisfied:

() p*q = q+p
(ii)ypxl=p
(iii) (pq) * t = px(q+t)
(iv)Ifp<q and t<r then p*t < gx*r.
Examples 2.7: [23]

When p*q = p. q and pxg=pAq for all p, g €[0, 1] then = is a continuous t-norm, where
p.q is the ordinary multiplication and A=min.

Remark 2.8: [23]

For all p>q, there is t such that pxt > g and for every r, there is e such that r+xr > e, where p, q,
t, rand e belongs to [0, 1].

First we recall the main definition in this paper
Definition 2.9: [24]

Let U be a linear space over field F and let A be a fuzzy set in X. let * be a t-norm and F be a fuzzy

set from A'to [0,1] such that:

(FL,) F(x,)>O0forallx, EA.

(FL,) F (xo) = 1 if and only if x, = 0.
(FLs) F (cx, 0)= F (x ,), where O#c €FF .

el
(FLo) F (xatyp) 2 F (x4) * F (yp) - B
(FLs) F is a continuous fuzzy set for all Xq,Yp €A and a, B €[0,1].
Then the triple (A ,F ,*) is called a fuzzy length space on the fuzzy set A .
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Definition 2.10: [24]

Suppose that (D ,F ,*) is a fuzzy length space on the fuzzy set D then F is continuous fuzzy set if
whenever {(x,, x,)} converges to x, in D then F{(x,, «,)} converges toF(x,) that is
limn—moF[(an ocn)] = F(xa) .

Proposition 2.11: [24]
Let (U,II.11) be a normed space, suppose that D is a fuzzy set in U. Put llx,ll = llxll. Then
(D, I1.11), is a normed space.
Proposition: [24]
Suppose that (U, II.11) is a normed space and assume that D is a fuzzy set in U. Put
p * q =p.q for all p, ge [0,1]. Define F”.”(xa) — i : Then (D, F” |»*) is a fuzzy length space on
the fuzzy set D, is called the fuzzy length induced by ||. ||.
Definition 2.13: [24]

Let A be a fuzzy set in U, and assume that (4 ,F ,*) is a fuzzy length space on the
fuzzy set A .let B(xq, 1)= {yg €A : F(y5-x)>(1 — p)}.S0 B(x,, p) is said to be a
fuzzy open fuzzy ball of center x, € A4 and radiusr.

Definition 2.14: [24]

The sequence {(xn, «,,)} in a fuzzy length space (4 ,F ,*) on the fuzzy set 4 is fuzzy converges to
a fuzzy point x,€ A if for a given e, 0 <& < 1, then there exists a positive number K such that
F[(xq, %) — Xo] > (1—¢) forall n>K.

Definition 2.15: [24]
The sequence {(x,, <,,)} in a fuzzy length space (4 ,F ,*) on the fuzzy set A is fuzzy converges to
a fuzzy point x, €A if limy_,q F[(Xy, %,)— Xo]= 1.
Theorem 2.16: [24]
The two Definitions 2.14 and 2.15 are equivalent.
Lemma 2.17: [24]
Suppose that (4 ,F ) is a fuzzy length space on the fuzzy set A. Then
F(xa—yﬂ) F(yﬂ — Xgq), forany x,, yg € A.
Definition 2.18: [24]

Suppose that (4 ,F %) is a fuzzy length space and D' < A'then D' is called fuzzy open if for every yg
€ D there is B(yg,q) SD. A subset £ < Ais called fuzzy closed if
E€=A —E is fuzzy open.

Theorem 2.19: [24]

Any B(yg,q) ina fuzzy length space (A ,F ,«) is a fuzzy open.
Definition 2.20: [24]

Suppose that (A ,F ,*) is a fuzzy length space, and assume that | D € A.Then the
fuzzy closure of D is denoted by D or FC(D ) and is defined by D is the smallest
fuzzy closed fuzzy set that contains D .

Definition 2.21: [24]

Suppose that (4 ,F ,*) is a fuzzy length space, and assume that D € A .Then D is
said to be fuzzy densein A if D=4 or FC(D) = A.

Lemma 2.22: [25]

Suppose that (4 ,F ,*) is a fuzzy length space, and assume that D € A, Then d,eD
if and only if we can find {(d,,, o,,)} in D such that (d,, c,) —d,

Theorem 2.23: [25]

Suppose that (A ,F ,*) is a fuzzy length space and let that D € A, then D is fuzzy
dense in A" if and only if for any a, €A we can find dg €D with Fla, — dg] > (1- €)
forsome0<e <1.

Definition 2.24: [25]

Suppose that (A ,F ,*) is a fuzzy length space. A sequence of fuzzy points {(xy, %,,)}
is said to be a fuzzy Cauchy if for any given g, 0 < € < 1, there is a positive number
K such that F[(xy, %) — (X, )] > (1-€) foralln, m>K.
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Definition 2.25: [25]

Suppose that (A ,F,*) is a fuzzy length space and D € A. Then D is said to be
fuzzy bounded if we can find g ,0 < q < 1 such that, F(xg) > (1—q), V x, €A .

Definition 2.26: [25]

Let (A,Fz %) and (D, Fp,*) be two fuzzy length space on fuzzy set A and D respectively, let E
c A then The operator T: E —D is said to be fuzzy continuous at a, e E , if for every 0 <& < 1,
there exist 0 < & < 1, such that Fj [T (xz) — T (aq)] > (1- €) whenever xz £ satisfying Fx(xz — a,)
> (1 - 8). If T is fuzzy continuous at every fuzzy point of £, then T it is said to be fuzzy continuous
onE .

Theorem 2.27: [25]

Let (A,Fz,%) and (D,Fp,*) be two fuzzy length space, let Ec A The operator T: E—D is
fuzzy continuous at a, e E if and only if whenever a sequence of fuzzy points {(x,, o)} in E fuzzy
converge to a, , then the sequence of fuzzy points {(T(x,),a,)} fuzzy converges to T(a,).

Theorem 2.28: [25]

An operator T: A — D is fuzzy continuous if and only if T=1(G) is fuzzy open in A for all fuzzy
open G of D where (A, F3 ,*) and (D, Fg ,*) are fuzzy length space
3. The Fuzzy Length of the Space of Operators
Definition 3.1:

Let (4,F;,%) and (E,Fz %) be two fuzzy length spaces and T: D(T) — E is a linear operator
where D(T)c A. The operator T is said to be fuzzy bounded if there is a real numberc .0 <c <1
such that for all x, € D(T) : F5(T(x4)) > (1 —¢) ...(2.2)

Define F(T, 2) = infy eprFz(T(x)) . (3.1)

where A = min{a : x, € D(T)}. F(T, 1) is called the fuzzy length of the operator T . If T = 0, we
define F(T, 1) = 1. In this case (3.1) can be written:

F(T(xp)) = F(T,1)..32) m

Example 3.2:

Let X be the vector space of all polynomials on [0,1] with ordinary norm ||x||=
max|x(t)], t € [0,1], let A be a fuzzy set in X with Fj; onA. Leta b = a.b for all a,b € [0,1].
Suppose that T: X — X be defined by T(x(t)) = x'(t). T is linear but T is not fuzzy bounded. Take
xn(t) = t" where n € N. T[x,,] = x,,(t) = nt™ 50 ||Txy || = 1, Fjy [T (e, )] = a::n

Since n € N is arbitrary, this shows that there is no 0 < r < 1 such that £ [T (x,, , ;)] = (1 = 7).
Hence T is not fuzzy bounded.
Theorem 3.3:
Let (4, F;,%) and (E,Fz,*) be two fuzzy length spaces and T:D(T) — E is a linear fuzzy
bounded operator where D(T)< A. Then F(T,2) = inf, epr)Fe(T(xq)) isa
fuzzy length.
Proof:
(FL,) Since Fz(T(x,)) > 050 F(T,2) > 0. where 2 = min{a : x, € D(T)}
(FLy) F(T,2) = 1ifand only if inf,_epr)Fz(T(xe)) = 1ifand only if
Fz(T(xy)) = 1ifand only if T(x,) = 0 if and only if T=0.
(FL3) For 0 # ¢ € FF we have
F(cT,2) = infxaEE(T)FE(C T(xq)) = infy enr Pz (T, %) =F (T, |;1—|)
(FLy) F[(Ty, M) + (T, D)= infxaeﬁ(Tl)nﬁ(Tz)FE(Tl(xa) + Ty (xq))
2 infxaeﬁ(Tl)FE(Tl(xa)) * infxaeﬁ(Tz)FE'(TZ(xa))
> F(Ty,A) * F(T,, 1)
(FLs) Since Fz is a continuous so is F.
Hence F(T, ) is a fuzzy length. m
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Theorem 3.4:

Let U and V be any two vector spaces over same field FF. Let A be a fuzzy set in U and £ is a fuzzy
set in V. Suppose that (4, Fz ,*) and (E, Fz ,*) are two fuzzy length spaces, Assume that T: D(T) — E
is a linear operator, where D(T) c A. Then:

()T is fuzzy continuous if and only if T is fuzzy bounded

(b)If T is fuzzy continuous at a single fuzzy point, then it is fuzzy continuous.

Proof:

(a)Assume that T is fuzzy bounded and consider any x, € D(T), let 0 < & < 1 be given. Then since T
is linear for every yg € D(T) such that Fz(yg —x,) = (1 — ), take (1 — &) = (1 —¢) , we obtain
Fe[T(yp) = T(xa)] = F£[T(vp — xa)] 2 F(T, 1) > (1 —¢)

Since x,, € D(T) was arbitrary, this shows that T is fuzzy continuous

Conversely, assume that T is fuzzy continuous at x, € D(T). Then for given any 0 < & < 1 there is
0 <& <1 such that Fz[T(yg) —T(xa)] = (1 —¢) for all yg € D(T) satisfying Fz[yp — x| >
1-96)..(3.3)

We now take z, € D(T) and set z, = yz — x, Where 0 = min{a, 8}

Fe[T(yp) = TCta)] = Fe[TOp — xa)] = FelT(z)] > (1 = &) .

Hence T is fuzzy bounded. m

(b)Fuzzy continuity of T at fuzzy point x, implies fuzzy bounded of T by proof of (a) which implies
fuzzy continuity of T.m

Corollary 3.5:

Let U and V be vector space over the same field F. Let A and E be two fuzzy sets in U and V
respectively. Assume that (4,F;,x) and (E,Fz,x) are two fuzzy length spaces. Suppose that
T: D(T) - E be a fuzzy bounded linear operator where D(T) c A. Then
a)(xn ’ an) = Xq [Where (xn ’ an)a Xq € 5(T)] implies (T(xn) ’ an) - T( xa)
b)The null fuzzy set [for kernel of T] K(T) is fuzzy closed where K(T) = {yg € D(T):T(y;) = 0}
Proof:
a)Since T is fuzzy bounded, F(T,A) > (1—7) for some 0<r <1 .since Fz[(T(x,),a,) —
T(xx)] = Fg[(T(xp, —x),A1 = F(T,A) > (1 —71). Hence (T(x,),a,)—T(x,) Wwhere A=
min{a,, a:n € N}.m
b)For x,, € K(T) there is a sequence of fuzzy points {(x, ,@,)} in K(T) such that (x,, ,a,) = (xz)
by lemma 2.22. Hence (T (x,),a,) = T(x,) by part (a). Also T(x,) = 0 since T(x, ,a,) =0 so
that x, € K(T) since x, € K(T), was arbitrary K(T) is fuzzy closed.m
Definition 3.6:

Two operator Tyand T, are defined to be equal written T; = T, if they have the same domain
D(Ty) = D(T,) and if Ty (x,) = T,(x,) for all x, € D(T,) = D(T,)

Definition 3.7:

Let T: D(T) — E be an operator where X and Y are vector space and D(T) c A where A and E are
two fuzzy sets in X and Y respectively. Let B < D(T), then the restriction of the operator T to the
subset B is denoted by T|z and is defined by T|5: B = E, T|5(x,) = T(x,) forall x, € B.

The extension of T to a fuzzy set M where D(T) c M is the operator S:M — E such that S| 5y =T
that is S(x,) = T (x,) for all x, € D(T).
Theorem 3.8:

Let U and V be two vector spaces and let A and E be two fuzzy sets in U and V respectively.
LetT: D(T) —» E where D(T) c A. Let (4, F; %) and (E,Fj ,*) be two fuzzy complete fuzzy length
spaces. Let T: D(T) — E be fuzzy bounded linear operator. Then T has an extension S:D(T) — E
where S is fuzzy bounded linear operator and F(T,1) = F(S, ).

Proof:

We consider any x, € D(T). By lemma (2.22) there is a sequence of fuzzy points {(x, ,a,)} in
D(T) such that (x,, ,a,) = (x,). Since T is linear and fuzzy bounded, we have F(T,1) > (1 — 1),
where 0 < r < 1. Hence Fz[T(x,, , an) — T (X , ap)]=
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Fz[T(xp — x), A1 = F(T,2) = (1 —71), for alln,m > K. This shows that {T(x,,a,)} is fuzzy
Cauchy because {(x,, , a,)} fuzzy converges. By assumption £ is fuzzy complete, so that {T (x,, , @)}
fuzzy converges, say, T (x,, , &,) = z,, we defined S by S(x,) = z,.

It is shown that this definition is dependent of the particular choice of a sequence of fuzzy points in
D(T) fuzzy converging tox,. Suppose that (x,,a,) = (xz) and (3, ,B,) — (x). Then
(Vim, 6m) — x4 Where {(Vp, Om)} is the sequence of fuzzy points
{(x1,a1), V1, B1), (x5, a2), (2, B2), ... } . Hence {(T (vy,, 6,,))} fuzzy converges by corollary 3.5(a)
and the two subsequences of fuzzy points {(T'(x, ,a,))} and {(T (v, ,Bn))} of {(T (v, 8:n))} must
have the same fuzzy limit. This proves that S is uniquely defined at every x, € D(T). Clearly S is
linear and S(x,) = T(x,) for everyx, € D(T), so that S is an extension of T. We now use
Fg[(T(xy, ay)] = F(T,2) and let n — oo. Then T'(x,, , a,,) = z, = S(x,). Defines a fuzzy continuous
operator, we thus obtain Fz(S(x,)) = F(T, ). Hence S is fuzzy bounded and F(S,1) = F(T, 2). Of
course F(S,1) < F(T, 1) because the fuzzy length being defined by an infimum, cannot decrease is an
extension. Together we have F(T,1) = F(S,1).m

4. Linear Functional

A functional is an operator whose range lies in a fuzzy set in R or C. We denote functional by
lower case letters , g, h, ... , the domain of f by D(f), the range by R(f), and the value of f at an
xq € D(f) by f(xa).

Functional are operators, so that previous definitions apply. We shall need in particular the
following two definitions because most of the functional to be considered will be linear and fuzzy
bounded.

Definition 4.1:

A linear functional f is a linear operator with domain in a fuzzy set A and range in the scalar field
F of X. Thus f: D(f) — F.

Definition 4.2:

A fuzzy bounded linear fuzzy functional f is a fuzzy bounded linear operator with range in the
fuzzy set in the scalar field of the fuzzy of the fuzzy length space A in which the domain D(f) lies.
Thus there exists a fuzzy real number (1 — ¢),0 < ¢ < 1 such that for all x, € D(f)

Fr(fx))= (1— ©) .. (41) i i

Furthermore, the fuzzy length of fis: Fz(f, 1) = ianaE»D«(f)Fg(f(xa) .. (2.7)

Or Fg(f,2) = inf (7 F5(f (xa) - (42)

Formula (2.6) implies: F5z(f(x4)) = F5z(f, 2) ... (4.3).

The proof of the following theorem is similar to the proof of theorem 3.4 hence omitted.
Theorem 4.3:

A linear fuzzy functional f with domain D(f) in a fuzzy length space (A ,F,*) is fuzzy continuous
if and only if f is fuzzy bounded.

We now give an example to show that the fuzzy length is not linear functional.
Example 4.4:

The fuzzy length F(-): A — [0,1] on a fuzzy length space 4 is a fuzzy functional on A which is not
linear.

5. Fuzzy length space of operators, fuzzy dual space

In the present section our goal is as follows: By taking any two fuzzy length spaces 4 and E (both
fuzzy real or both fuzzy complex) and consider the set FB(A,E ) consisting of all fuzzy bounded
linear operators from A into E, that is, each such operator is defined on all of A and its range lies in
E We want to show that FB(A, E ) can itself be made into a fuzzy length space. The whole matter is
quite simple, first of all, FB(A, E ) becomes a vector space
Lemma 5.1:

FB(A, E) is a vector space over the field FF.
Proof:

Since the sum T, + T, of two operators T;,T, € FB(A,E) is defined by: [T, + T,](x,) =
Ti(xq) + T2 (x4). Then T, 4+ T, is fuzzy bounded since if T, and T, are fuzzy bounded then there
exists 0<e<1,0<r<1 such that F(T;)>(1—¢), F(T,)> {1 —7). Now F(T, +T,) >
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F(T)*F(T,) >0 —¢)*x(1—71)=(1-p) for some 0 < p < 1. Hence T; + T, is fuzzy bounded.
Also the definition of the product cT of Te FB(4, E ), and scalar ¢ by (cT)(x,) = cT(x,).Then cT is
fuzzy bounded, since if T is fuzzy bounded then there is 0 < & < 1 such that £(T) > (1 — &). Then
F(cT) > (1 — €). Hence cT is fuzzy bounded.

By using Theorem 3.3 we get the following result

Theorem 5.2:

The vector space FB(A4, E ) of all fuzzy bounded linear operators from a fuzzy length space 4 into
a fuzzy length space E itself a fuzzy length space with fuzzy length defined by: Fg(T,A) =
infxaeﬁ(T)FE(T(Xa)) ... (5.1), where 2 = min{a, x,, € D(T)}.

There is a central question under what conditions FB (4, E ) will be a fuzzy complete space? which
is answered in the following theorem.

Theorem 5.3:
If E is afuzzy complete space, then FB(A, E ) is a fuzzy complete space.
Proof:

Consider an arbitrary Cauchy sequence (T,,) in FB(A,E) and show that (T;,) converges to an

operator Te FB(4,E ).since (T,,) is Cauchy, for every 0 < & < 1 there is an K such that Fz(T, —
Tm) > (1 —¢),vmn>K. For all x3€A andn,m>K, we obtain Fz[T,(xg) — Tu(xs)] =
Fg[ (T — T ()] 2
FglT, —Tnl > 1 —¢)..(5.2)
Now, for any fixed xz and given (1 — &). Then from (5.2) one can have Fz[T,(xg) — Trn(xz)] >
(1 — &) and see that {(Tn(xﬁ))} is fuzzy Cauchy in E. Since E is fuzzy complete, {(Tn(xﬁ))} fuzzy
converges, say Tn(xﬂ) - z,. Clearly the fuzzy limit z, € E depends on the choice of xg € A. This
defines an operator T: A - E, where z, = T(xz), the operator T is linear since T(axg + bys) =
limy,_,e Ty (axp + bys) = lim (aTyxp+bT,ys) =a lim T, (xg) + blim T, (ys)

=a T(x[;) +bT(ys)
We prove that T is fuzzy bounded and (T,, - T), that is, F'z (T,, — T) — 1. Since (5.2) holds for every
m =K and T, (xg) - T(xg), we may let m — co. Using the fuzzy continuity of the fuzzy length.

Then obtaining from (2.11) for everyn =K and allxg € 4. Fz[T,(x5) — T(x)] = F; [Tn(xﬁ) —
lim Tn(xﬁ)] =

n—oo

lim Fz[T,(xp) — Tn(xp)] = (1 — ) ...(5.3)

n—oo

This shows that (7,, — T) with n =K is a fuzzy bounded linear operator. Since T,, is fuzzy bounded,
T =T,— (T, —T) is fuzzy bounded, that isT € FB(A, E ). Furthermore, if in (5.3) we take the
infimum over all xg, we obtain Fz(T, —T) = (1 —¢) n =K. Hence Fz(T,—T) > 1.m

This theorem has an important consequence with respect to the fuzzy dual space FB(A, R) of 4, which
is defined as follows:

Definition 5.4:

Let X be a vector space over the field IF .let A be a fuzzy set in X. Let (4, F ,x) be a fuzzy length
space. Then the fuzzy set of all fuzzy bounded linear functional is on A constitutes a fuzzy length
space with fuzzy length defined by:

F(f' )= infxaeﬁﬁ(f(xa)
Which is called the fuzzy dual space of A and is denoted by A’ or FB(A, R)
Theorem 5.5:

The fuzzy dual space FB(A, R) of fuzzy length space 4 is a fuzzy complete space (whether or not A
is).
Conclusion

In the present paper our aim is to define the fuzzy length of a fuzzy bounded linear operator in
order to prove that the set of all fuzzy bounded linear operators from a fuzzy length space to another
fuzzy length space is fuzzy complete also to prove that fuzzy bounded linear operator is equivalent to
fuzzy continuous.
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