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ON FELBIN’S-TYPE FUZZY NORMED LINEAR SPACES AND
FUZZY BOUNDED OPERATORS

M. JANFADA, H. BAGHANI AND O. BAGHANI

ABSTRACT. In this note, we aim to present some properties of the space of all
weakly fuzzy bounded linear operators, with the Bag and Samanta’s operator
norm on Felbin’s-type fuzzy normed spaces. In particular, the completeness
of this space is studied. By some counterexamples, it is shown that the in-
verse mapping theorem and the Banach-Steinhaus’s theorem, are not valid for
this fuzzy setting. Also finite dimensional normed fuzzy spaces are consid-
ered briefly. Next, a Hahn-Banach theorem for weakly fuzzy bounded linear
functional with some of its applications are established.

1. Introduction

An idea of fuzzy norm on a linear space first introduced by Katsaras [11]. Fel-
bin [8] defined a fuzzy norm (the induced fuzzy metric of which is of Kaleva and
Seikkala’s type [10]), by assigning a non-negative fuzzy real number to each element
of a linear space. A further developments along this line of inquiry took place in
1994, when Cheng and Mordeson [6] evolved the definition of a further type of fuzzy
norm having a corresponding metric of the Kramosil and Michalek’s type [12].

In [5], Bag and Samanta considered a fuzzy norm slightly different from the one de-
fined by Cheng and Mordeson and for which a suitable decomposition theorem was
proved. Based on this theorem it has been possible to establish four fundamental
theorems of functional analysis in [4], the Hahn-Banach theorem, the open mapping
theorem, the closed graph theorem and the uniform boundedness principle. Also
best approximation in this space is studied in [16].

Fuzzy bounded linear operators in Felbin’s-type fuzzy normed spaces were intro-
duced by M. Ttoh and M. Cho in [13]. They introduced a fuzzy norm for fuzzy
bounded operators. In [9] Felbin introduced an idea of fuzzy bounded operators
and defined a fuzzy norm for such an operator which was erroneous as shown in Ex-
ample 3.1 of [3]. Xiao and Zhu [17], [18], studied various properties of Felbin’s-type
fuzzy normed linear spaces and a new definition for norm of bounded operators was
discussed.

A different definition of a fuzzy bounded linear operator and a ”fuzzy norm” for such
an operator was introduced by Bag and Samanta [3]. The dual of a fuzzy normed
space and a Hahn-Banach’s theorem for fuzzy strongly bounded linear functional
were established in this work.
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A comparative study among several types of fuzzy norms on a linear space defined
by various authors, has been made by Bag and Samanta [2]. They classified these
norms into two types, one of which is Katsaras’s type, and the other is Felbin’s
type. Also one can see [15] for intuitionistic fuzzy bounded linear operators.

In this paper we consider the recent definition of Bag and Samanta for fuzzy
bounded linear operators and its new norm.

In section 2, some preliminaries and essential concepts for the study are stated.

In section 3, first some elementary properties of B(X,Y’), the space of all weakly
bounded linear operators with this new norm, are stated and proved. Then by
some counterexamples, it is shown that the uniform boundedness principle, inverse
mapping theorem and the Banach-Steinhaus’s theorem are not valid in this fuzzy
setting. Next a simpler proof for characterization of finite dimensional fuzzy normed
linear space is established.

In section 4, a Hahn-Banach’s theorem for fuzzy weakly bounded operators is con-
sidered and some of its results are stated.

2. Preliminaries

According to Mizumoto and Tanaka [14], a fuzzy number is a mapping = : R —
[0, 1] over the set R of all reals.
x is called convex if x(t) > min(z(s),z(r)) where s <t <.
If there exists a tg € R such that x(tp) = 1, then z is called normal. For 0 < o <1,
a-level set of an upper semicontinuous convex normal fuzzy set x of R (denoted by
[Ma) is a closed interval [aq,bq], where a, = —o0 and b, = +oo are admissible.
When a, = —o0, for instance, then [a,, b,] means the interval (—oo, b,]. Similar is
the case when b, = +o0.
x is called non-negative if for all t < 0, z(¢) = 0. Kaleva and Seikkala [10] (Felbin
[8]) denoted the set of all convex, normal, upper semi-continuous fuzzy real numbers
by E(R(I)) and the set of all non-negative, convex, normal, upper semi-continuous
fuzzy real numbers by G(R*(I)).
As a-level sets of a convex fuzzy number is an interval, there is a debate in the
nomenclature of fuzzy numbers/fuzzy real numbers. In [7], Dubois and Prade
suggested to call this as fuzzy interval. They developed a different notion of a fuzzy
real number by considering it as a fuzzy element of the real line, each a-cut of
this number is an interval real numbers. From now on ”fuzzy real numbers” are
renamed as ”fuzzy intervals”. While refereing to previous results involving fuzzy
real number, the term fuzzy interval is written within brackets after fuzzy real
number to avoid any confusion; otherwise the new nomenclature i.e. fuzzy interval
is used.

In this paper we consider the concept of fuzzy real numbers (fuzzy intervals) in
the sense of Xiao and Zhu [17] which is defined below:
A mapping i : R — [0, 1], whose a-level set is denoted by [n]s := {t : n(t) > a}, is
called a fuzzy real number (or fuzzy interval) if it satisfies two axioms:

(N7) There exists tp € R such that n(tg) = 1.

(N3) For each o € (0,1]; [n]a = [nL,n?], where —co < nl <72 < +o0.
The set of all fuzzy real numbers (fuzzy intervals) is denoted by F. For each r € R,
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let 7 € F be defined by 7(¢) = 1, if t = r and 7(¢) = 0, if t # r, so T is a fuzzy
interval and R can be embedded in F.

Let n € F, n is called positive fuzzy real number if for all ¢ < 0, n(t) = 0. The set
of all positive fuzzy real numbers (fuzzy interval) is denoted by F.

A partial order < in F is defined as follows, n < ¢ if and only if for all « € (0, 1],
nt < 6L and n? < 62 where, [n]o = [nL,n?] and [§] [5}1, 52]. The strict inequality
in F is defined by n < 4 if and only if for all a € (0,1], nl < 4L and n2 < 62.

Kaleva and Seikkala, in [10] proved a sufficient condition for a family of intervals
to represent the a-level sets of a fuzzy real number. In fact, let [aq, bal, 0 < a < 1,
be a given family of nonempty intervals. If:

(i) for all 0 < ay < @2, [@a;;bay] 2 [AGays Das] -

(ii) [limg—oo Gay, iMg o0 Doy ] = [@a,ba], whenever {ay} is an increasing sequence
in (0,1] converging to «,

then the family [aq,bs] represents the a-level sets of a fuzzy real number (fuzzy
interval). Conversely, if [aq,bs], 0 < a < 1, are the a-level sets of a fuzzy number
then the condition (i) and (ii) are satisfied.

According to Mizumoto and Tanaka [14], the arithmetic operations &, &, ® on
F x F are defined by

(z @ y)(t) = supsepmin{z(s), y(t — s)}, t € R,

(z ©y)(t) = sup;epmin{z(s), y(s — 1)}, t € R,

(x © y)(t) = supg e g min{x(s), y(5)}, t € R.

We also consider an operation @ on 1 € F and §(> 0) € F*' as follows

(1 8)(t) = sup e min{n(st), 5(s)},t € R.
As in [8] we know that, for 0,0 € F, if [n]a = [nL,n2], [0]a = [64,02], a € (0,1],
then
[77 @ 5]04 - [77; + 5évﬁi + 534]7
[77 © 5]a = [773 - 537772 - 624]7
furthermore if n , § € F*, then [n ® §]o = [nL.0L,7n2.62],
and when § = 0, [T @ 6]o =[5, 55 )-
Now one can see that for § = 0 and neFt,
o 8o = (3, %1
A definition of fuzzy norm on a linear space was introduced by Felbin [8]. Bag

and Samanta [3], changed slightly this definition to define a fuzzy norm on a linear
space as given below and as is done in [3].

Definition 2.1. [3] Let X be a linear space over R. Suppose || . [: X — Ft isa
mapping satisfying

(i) || « ||= 0 if and only if z = 0,

(i) | rz (=] r [[| < ||,z € X,r € R,

(iii) for all 2,y € X, |z +y [z [ @[y |

and

(A): x4 0=z (&) =0,V <0.
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(X, |l - |) is called a fuzzy normed linear space and || . || is called a fuzzy norm on
X.

In the rest of this paper we use the previous definition of fuzzy norm. We note
that

(i) condition (A) in Definition 2.1 is equivalent to the condition
(A"): For all #(# 0) € X and each a € (0,1], || z ||[1> 0, where [|| z |[]o = [|| z ||}
|z [I3] and

(ii) || = ||IX,, i = 1,2, are crisp norms on X.

Let (X, . ||) be a fuzzy normed linear space. A sequence {x,} in X is said to
be convergent to x € X if and only if for each o € (0, 1], limp oo || 2n — 2 ||2=0.
In this case we write lim, o, , = x. Also a sequence {z,} is called a Cauchy
sequence if for each o € (0, 1], limy, y—oo || T — Tm [|2= 0. A fuzzy normed linear
space (X, | . ||) is said to be complete if every Cauchy sequence in X converges in
X (see [8] or [17]).

Proposition 2.2. [1] Let {[an,bs] : @ € (0,1]}, be a family of nested bounded
closed intervals and 1 : R — [0,1] be a function defined by n(t) = \/{a € (0,1] : t €
[@a,ba]}. Then n is a fuzzy real number (fuzzy interval).

The fuzzy real number (fuzzy interval) n which is constructed in Proposition
2.2 is called the fuzzy real number (fuzzy interval) generated by the family of
nested bounded closed intervals {[aq,bo] : @ € (0,1]}. In this case, for § < a
(7o = [, 72 C [ag, by (see [1)).

Now if 3 > «, then [ag, bg] C [nk,n2]. In fact for ¢t € [ag,bs], n(t) = \/{vy € (0,1] :
t € [ay,by]} > B> a, which implies that ¢ € [}, n?].

Proposition 2.3. [1] If n;, i = 1,2, are the fuzzy real numbers (fuzzy intervals)
generated by the family of nested bounded closed intervals {[a%,b!] : a € (0,1]},

[e2inde%

i=1,2, and for each a € (0,1], al < a2,bl < b2, then n1 < ns.

ar o — Yo

From [3] we know that if 7 is a fuzzy real number (fuzzy interval) with [n], =
[nL,n2], and n* is the fuzzy number (fuzzy interval) generated by the family of
nested bounded closed intervals [n},72], 0 < o < 1, then n = n*.

Let (X,| . |) and (Y,]| . ||~) be two fuzzy normed linear spaces. A function
T : X — Y is said to be weakly fuzzy continuous at zy € X if for a given € >
0, 36 € F*,6 = 0, such that

| Tx — Txo ||3'< € whenever ||z — o ||%< 02,

| Tx — Txo ||3?< € whenever ||z — o ||L< 0!,

where for a € (0,1], [§]o = [6L, 62].

Also a linear mapping 7' : X — Y is called weakly fuzzy bounded if there exists a
fuzzy interval n € F*,n = 0, such that for each z(#0) € X, | Tz |~ @ || = ||=Z .
In this case the set of all weakly fuzzy bounded operators defined from X to Y is

denoted by B(X,Y") (see [3]). In the sequel, we simply apply ”fuzzy continuous” and
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”fuzzy bounded” instead of ” weakly fuzzy continuous” and ”weakly fuzzy bounded”,
respectively.

From [3] we know that a linear mapping T : X — Y is fuzzy continuous if and
only if it is fuzzy bounded. Also the set B(X,Y’) is a linear space with respect to
usual operations.

The following result of Bag and Samanta [3] is essential in this paper.
Let (X, . ]]) and (Y,]| . [|~) be two fuzzy normed linear spaces and T' € B(X,Y).
By definition 3n € F* 5 = 0, such that for all z(# 0) € X,

| Tz ||~ | == n.
If N]e = [Nk, 72],0 < a < 1, we get

I T2 I3 < 1o | 2 |13 and || Tz [52< 3. || 2 ||g -

Define
T ~1
1T = sup (LT laTy gy
0#zeX || x Ha
and
T ~2
17 2= sup (LEZIaTy 2y,
0#zxeX || x Ha

Then {|| . [|z%: @ € (0,1]} and {|| . [|z: @ € (0,1]} are descending and ascending
family of norms, respectively. Thus {[|| T ||z}, || T ||2?] : « € (0,1]} is a family of
nested bounded closed intervals in R. Define the function || T ||*: R — [0, 1] by

1T " &) = \{ae (1]t T T 15}

|| T ||* is called the fuzzy norm of T. (B(X,Y),||.||*) is a fuzzy normed space.

3. Some Properties of B(X,Y)

In this section, first we present some properties of the space (B(X,Y),|.||*).
Then using the recent results of Bag and Samanta, some consequences of fuzzy
linear spaces analogous to the ordinary normed spaces are established. Despite our
expectation, the fuzzy version of some well-known theorems in functional analysis,
such as uniform boundedness principle, inverse mapping theorem and the Banach-
Stienhaus’s theorem is not valid in this fuzzy setting. These will be shown with
some counterexamples. Next, finite dimensional normed spaces are considered. The
concept of equivalent norms is defined and it is proved that every two fuzzy norms
on a finite dimensional vector space are equivalent.

First we prove a memorable result for B(X,Y"), which has a famous analogous
in functional analysis. A similar result on B(X,C) is proved in [3] Theorem 6.2.

Theorem 3.1. Let (X, || . ||) be a fuzzy normed space and (Y, || . ||™) be a complete
fuzzy normed space, then (B(X,Y),| . ||*) is a complete fuzzy normed linear space.
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Proof. Let {T},,} be a Cauchy sequence in (B(X,Y),| . ||*). So for all a € (0, 1],
lim | T, =T 5= lim | T, -1, |2=

n,m—oo

From limy, ;m—co || T — T [|5'= 0 we have

I Tn(@) = Tn() lI3% _

0 Fup z
; 0#zeX | = |2

which implies that for each o € (0,1] and = € X,

lim | Tp(z) = To(2) I3"= lim || Ty(2) = Tm(z) [[3%= 0.
n,m— oo n,m— oo
From the fact that Y is a complete fuzzy normed space, for some y,, lim,,_, o, T, (z) =
Yo exists in Y.
Let for each z € X, lim,, oo T (z) = T(x). Trivially T is linear. Now for every
€ (0,1],

N T 155 = 1 T 151 T = Ton 15— 0 @5 n,m — oo
This implies that for all « € (0, 1],
W T 15 = 11 Ton 1151 0 as mym — oo

Thus for each o € (0,1], {|| T, ||Z}} is a Cauchy sequence of non-negative real
number and so is convergent. Let for all a € (0,1], limy, oo || Th |5 = @a-
Similarly {|| 7,, ||z2} is a Cauchy sequence of non-negative real number for each

€ (0,1], so is convergent. Put lim,, o || T ||22= ba, a € (0,1]. One can easily
verify that {[aq,bs] : @ € (0,1]} is a family of nested bounded closed interval of
real numbers. Hence by Proposition 2.2, it generates a fuzzy real number, say 7.
Now from

IT() 5= lim || To(z) [I57< lim (| T 5 | 2 [12) = aa- || 2 ][5,

we have
IT() 151
AR < aq, Vz(#0) € X, Ya € (0,1]. (1)
Similarly
I T() 13
R < bg, Yz(#0) € X, Ya € (0,1]. (2)
HT(JL’ st IT@)I2y .
Using Proposition 2.2 and 2.3, we know {[ o2 Tl ]: a€(0,1]} generates
the fuzzy interval || T'(z) ||~ @ || = || n,Vm(;«é 0) € X. This implies that T €
B(X,Y).

We claim that || T,, — T ||*— 0 as n — oo. For a given € > 0, and each « € (0, 1],
there exists positive integer N (e, ) such that for all n,m > N (e, a),

| T, — T |51 < €.
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Thus for any « € (0,1] and n,m > N(¢, ),
| () = Ton(2) 157 < T = T 150 - N2 A< e T2 ]15 -
So when m — oo, for every a € (0,1] and n > N(e, @), we have
| Tn(z) = T(2) 5 < e [ 2 [I3,

which implies that

\/ {H T.(z) — 7;(1') o } <e,Vn > N(e a).

A [

Hence for n > N(e,a) and « € (0, 1],

I T =T |3 <€
ie. asm — oo and a € (0,1]

I T =T [I5'— 0.

Similarly we have || T, — T [|*— 0 as n — oo and « € (0,1]. This follows that
| T, —T ||*— 0 as n — oo, which implies that (B(X,Y), || . ||*) is a complete fuzzy
normed space. O

In spite of our expectation the following example shows that for S,T € B(X),
none of the relations | SoT||* < ||S|I* @ ||T|I*, [|SoT||* @||S||* < |T||* and ||SoT||* @
ITI* < 11S]|*, are valid.

Example 3.2. Let (X, ||.||) be an arbitrary Banach space, define

Izl
=t 2>z,
|||x|||<t>{ ; Iz

0, otherwise.

So for every a € (0, 1], [|[|=]/[]e = [ll=]l, @] Now let S =T = I. Trivially, for any
a € (0,1],
]

1|8 = sup —-0— = and ||[I]/2 = sup .
“ ogeex ||zll/a “ ogex |zl

/e _ 1

Suppose § is the fuzzy real number generated by {[a, ] : a € (0,1]}. So

[SoT[|* = [ISI* = ITI[" = 6.

On the other hand, [§ ® 6], = [0?, 2], and [§ © 6]o = [a?, ], @ € (0,1]. But
non of the relations o < &? and ﬁ < é are valid. This shows that the relations

0=60dand § @ § =< § are not correct.
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Remark 3.3. If we define a fuzzy Banach algebra A, to be a fuzzy Banach space
with a multiplication, with the ordinary properties of a product in Banach algebra,
and with the property ||ab]| @ ||a|| = ||b]l, a,b € A, then the previous example shows
that B(X) is not a fuzzy Banach algebra, when X is a fuzzy Banach space. Also if
we replace the condition |lab|| @ ||a|| = ||b|| with ||ab]| < |||l © ||b]|, then B(X) does
not satisfy this relation.

The following useful theorem provide a sufficient and necessary condition for
fuzzy boundedness of an operator.

Theorem 3.4. Let (X, ||.||) and (Y, ||.||™) be two fuzzy normed spaces. Then T €
B(X,Y) if and only if for every a € (0,1], T € B((X,|l.IIL), (Y, [l.]|3?)) and T €
B((X, [1I2), (VL 1-150)-

Proof. Without loss of generality T is supposed to be non-null. Let for each a €
(0,1], T € B((X, [llla), (V. [-152)) N BUX, ||[IZ), (V. [151)). We show that T' €
B(X,Y). For « € (0,1], there exist §2,d% > 0 such that for all 0 # z € X,
T ~2 T ~1
ITWIE _ g 1T e
[E41F [E41F

since T' € B((X, ||-a), (V. [-15%)) 0 B L), (Y5 [115H)-
For each a € (0, 1], define

652 = inf{62 : ”TH( |)|1 <62 Va(#£0) € X},

and

5*1 = inf{s: : ”TII( |)|2 < 6L Va(£0) € X}

So for all 0 # o € X, by definition of infimum, =" < 571 and 1" < 522,
We know {[0:},0%?] : « € (0,1]} is a family of nested bounded closed intervals
of real numbers, so using Proposition 2.2, this family generates a positive fuzzy

interval, > 0, and by Proposition 2.3,
1T (@)™ @ llz]l = n.

This means that T' € B(X,Y). The converse is trivial. O

This theorem has the following useful corollary (see also [3] Theorem4.3) which
shows that every linear operator from a finite dimensional fuzzy linear space is
fuzzy continuous. For its proof it is enough to use the previous theorem and the
ordinary version of this corollary in functional analysis.

Corollary 3.5. Let T : X — Y be a linear operator where (X, ||.||) and (Y, |.||™)
are fuzzy normed linear spaces. If X has finite dimension, then T is fuzzy bounded
(so is fuzzy continuous).
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In the sequel we present some counterexamples. The first is a counterexample
for the uniform boundedness principle in this fuzzy structure. Before stating this
example we need the following definition.

Definition 3.6. Let (X, | . ||) and (Y, | . ||~) be two fuzzy normed linear spaces.
A family {T,,} C B(X,Y) is called point-wise bounded if for every z(# 0) € X,
there exists fuzzy number §, € FT, 6, = 0, such that for all n > 0,

I To(2) I @ | 2 [ = 6,

and is said to be uniformly bounded if there exists fuzzy number § € F*,§ = 0,
such that for each n > 0 and z(# 0) € X,

| Tn(2) |7 @ [l 2 |2 6.

For a sequence {T,} of fuzzy bounded operators from a fuzzy Banach space
X to a fuzzy Banach space Y, it is expected that the point-wise and uniformly
boundedness of this sequence are equivalent (a fuzzy version of uniform boundedness
principle), but the following example shows that this is not true in general.

Example 3.7. Consider X = [!, the set of all real valued sequences whose series
is absolutely convergent, we know X with |.||; is Banach but with ||.||oc is not
Banach and ||.||sc < ||.]l1. Now suppose ||x|| is the fuzzy norm generated by the
nested family {[a||#||o, L [|lz[1] : & € (0,1]} of intervals. Let Y = R with the fuzzy
norm generated by the family {[|z],|z|] : @ € (0,1]}. One can see that (X, ||.||) and
(Y,|.|) are two fuzzy Banach spaces.

Define T, : X — Y by

To((xx)k) = Y Tk
k=1

From Theorem 3.4, T,, € B(X,Y), n € N. We are going to show that {7} is
point-wise bounded but is not uniformly bounded. Let 0 # x = (xg)keny € X. If 6,

is the fuzzy number generated by the family {[«, all‘\zll‘lto] : o € (0,1]}, then for any
n >0,

To(2)] @ [lz]| = b

Now in contrary suppose {7}, } is uniformly bounded, so there exists § € F*+ such
that for each 0 # z € X, and n > 0,

Tn(2)] @ [|l2]| < 6.

Thus for every a € (0,1] and © = (2g)gen, With 2y = ... =2z, =1 and 2, =0, k >
n’
2
‘Tn(xz @ S (53,
zll&

this implies that for each n € N, 2 < §2. Hence 03 = oo, which contradicts the
definition of fuzzy real number.
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From inverse mapping theorem in ordinary case, we know if X,Y are ordinary
Banach spaces and 7' € B(X,Y) is a bijection map, then its inverse belongs to
B(Y, X). The following example shows that this is not valid in this fuzzy setting.

Example 3.8. Suppose ||.||; and ||.||2 are two ordinary norm on a vector space X,
such that (X, ||.||1) is not Banach space and (X, ||.||2) is Banach space, for which

[zl < [lzll2, Vo e X,

(For example let X = C[0, 1], with ||.||; and ||.||cc). For each z, trivially {[||z||1, @] :
a € (0,1]} is a family of nested closed intervals which generates a fuzzy inter-
val |[|z]||. Also consider the fuzzy norm |[||z|||~ on X generated by the family
{[lell2, zll2] s @ € (0,1]}. One can see that (X, |||} and (X, [|l||¥) are fuzzy
Banach spaces. The identity mapping I : (X, |||.]||7) — (X,||.]]]) is a fuzzy
bounded linear operator, since if § is the fuzzy number generated by the family
{[1,1]: a €(0,1]}, then
Wl @Il ][~ = 0.

Now we show that I~! is not bounded. Otherwise, so there exists n € F* such
that for each z € X,

r(@) = [llz|lI” @ [[l=[[| = n.

It means that for each a € (0,1], if [9]a = [nL,72], and [r(z)]e = [r(x)},r(x)2],

then r(z), < nl and r(z)2 < n2. Now let o, 3 € (0,1] with 3 > . From the
assertion before Proposition 2.3, for each z € X,

[

[zll2 ]2

sllzllz” i

] € (@), r(2)a)-

Hence

This shows that ||z|2 < n2||z|/1, on the other hand by our hypothesis ||z||1 < ||z|2.
This means that ||.||; and ||.||2 are equivalent which is a contradiction.

Remark 3.9. Suppose for the fuzzy Banach spaces X and Y, and each a € (0, 1],
XL, (XG02), (et and (Y, |.]|52) are Banach spaces, then using the
elementary functional analysis, one can prove the fuzzy version of uniform bounded-
ness principle, the inverse mapping theorem and the Banach-Steinhaus’s theorem.

Definition 3.10. Let || . ||; and || . ||2 be two fuzzy norm on X. || . ||y and || . ||2
are said to be semi-equivalent if there exists fuzzy numbers 7; > 0 and 75 > 0, such
that for each nonzero = € X,

[zl ollzlla=mand [z |20 |z [=mn-

Remark 3.11. 1) One can easily see that if ||.||; and ||.||2 are semi-equivalent then
Il and ||.||1 are also semi-equivalent. Also if ||.||; is semi-equivalent to ||.||2 and
II||2 is semi-equivalent to ||.||3, then ||.||; and ||.||3 are semi-equivalent. Indeed if
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[zl @llzl22mand [z z[1= 7
and
[zl2@]zls=xprand [z 32 [l= 5
then
lzli@llzls=xfromand |z o|zh=pomn.

Hence semi-equivalence relation is symmetric and transitive but is not reflexive in
general.

2) If ||.|lx and ||.||2 are semi-equivalent and (X, ||.||1) is complete then (X, ||.||2)
is also complete. In fact if

[zliolzlaxmand |zl z[1=n2,

then for x,y € X, and every « € (0, 1], the relations

||.’£ - y|Ha S n%a”x - y”%a ) ||1' - y”%a S n%aH:E - yH%ow
2 = yll2a < Mallz —yllia and |z —yl3, < mallz —ylia
prove our claim.

Theorem 3.12. Every two fuzzy norms on a finite dimensional vector space X are
semi-equivalent.

Proof. Let || . ||1 and || . [|2 be two fuzzy norms on a finite dimensional vector space
X and @ € (0,1]. Define 1< (X, | - [2,) — (X, |- [1a) and I+ (X, ] - 1) — (X, |
113,) by I(x) = z. Thus for all a € (0, 1] there exist positive real numbers §., and
92 such that

” H% < 51 VJ’J(7é O) cX
2 — o) )
||xH1a

and

T < 0., Va(#0) € X.
||xH1a

For each a € (0, 1], define

1
61 = inf{s! : lollza 0a, V(£ 0) € X},

(5
and
572 = inf{6? : [El < 0%,Vx(#£0) € X}
T ellle T '
Now from the fact that {[6:!,8%%] : o € (0,1]} is a family of nested bounded closed

interval of real numbers, using Proposition 2.2, this family generates a positive
fuzzy interval 6. By Proposition 2.3, § > 0 and

[zllz @ [lzlly = 6, Va(# 0) € X.
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Similarly there exists positive fuzzy interval n such that for all z(#£ 0) € X, ||z]1 @
|lz|l2 = 1, which implies that [.||; and ||.||2 are semi-equivalent. O

Corollary 3.13. FEvery finite dimensional fuzzy normed space is complete.

Proof. Let (X, ||.]l1) be a finite dimensional fuzzy normed space. We know that
there exits a linear one-to-one correspondence ¢ from X onto C". Consider the
fuzzy norm on C™ generated by the crisp Euclidean norm. Trivially C™ with this

fuzzy norm is complete. Now for any « € X, define ||z||2 := ||¢(x)||. This define a
fuzzy norm on X which is semi-equivalent to ||.||1, by the previous theorem. Now
part 2 of Remark 3.11 complets the proof. (Il

4. Hahn-Banach Theorem

Bag and Samanta in [3] established a Hahn-Bancah theorem for the strong dual
of fuzzy normed linear space. Here we prove it for the weak dual of fuzzy linear
spaces. Also some interesting consequences of this theorem are established.

We recall that a fuzzy bounded linear operator from a fuzzy normed space X into
R, with the fuzzy norm ||.||~ generated by the family {[|z|, |z|] : « € (0, 1]} is called
a fuzzy bounded functional, and the set of all such a functional is denoted by X*.

Theorem 4.1. Let X be a fuzzy normed linear space and Z be a subspace of
X. If f is a fuzzy bounded linear functional on (Z,]|.||), then for each o € (0,1],
there exists a pair of linear functionals fl and f2 over (X, |.|[2) and (X,|.||L),
respectively, such that for all v € Z, fi(z) = f2(x) = f(z) and for each o € (0, 1],

Ifallsh = LI N2 = 1112

Proof. By definition, there exists § € FT, § = 0, such that for all (0 #)x € Z,
1f @)™ @z = 6.

So for each a € (0, 1],

=% =&
Thus
. [z
19122 =sup{ {0} (0 e € 2 <
and

1712 = sup L (0 )0 e 2y < 2.

[Elrs

This means that f is in the dual of (Z,|.||%) and (Z,].||?), with the norms ||.||*?
and ||.||x!, respectively. Now using ordinary Hahn-Banach theorem, there exist f!

a

and f2 in the dual of (X,].]|2) and (X, |.||}), respectively, such that

I£allsh = IF1IS" and [IF21157 = [IFIIE2,
and for all z € Z, fl(z) = fi(z) = f(z). O
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Suppose (X, |.]|) is a fuzzy normed space. If Z is a subspace of X, then for each
a € (0,1], from the fact that (X, |.]|}) and (X, ].]|2) are normed space and from a
corollary of ordinary Hahn-Banach theorem, there exists fi € X%* i = 1,2, such
that fi(x) # 0, where X* is denoted for the ordinary dual of (X, |.]|3,), i = 1,2.

Suppose Z is a subset of a fuzzy normed linear space X, we say = € Z, if for
each § € F1, § = 0, there exists z € Z such that ||z — z|| < §. In this case one can
see that there exists a sequence (2, )nen € Z, such that z, — x, as n — oo.

Now we have the following corollary.

Corollary 4.2. Suppose (X, ||.||) is a fuzzy normed space and Z is a subspace of
X.

(a) If x is not in Z, then for each o € (0,1] there exists f. € X,
that Z C ker f! and fi(z) # 0.

(b) Let M; = (N,e(o,1){ker fi:fle X and Z Cker fi}, i =1,2, then

1 =1,2, such

Z =M, N M,.

Proof. (a) Suppose x is not in Z, then there is a § € F*, § = 0, such that for any
z€Z,||z—x|| =6 Let M ={z+rx:2z€ Z r €R} and define f(z +rz) = r.
Since

118 < Irllle + 722 = flra + I,

the fact that § = 0, implies that
IflI" =120

So from the previous theorem for each a € (0,1], there exists a pair of linear
functionals fl and f2 over (X,|.|2) and (X, |.||}), respectively, such that for all
v € 2, f1(z) = f2(z) = f(z) and for each & € (0,1], 12" = [IFI5L, 172022 =
|l £1Iz2. Obviously Z C ker fi, i=1,2, which completes the proof.

(b) Trivially Z C M;, i = 1,2. Also My N M, is fuzzy closed, since if (0 #)z €
M; N Mo, then there exists a sequence (zy,)neny € M1 N Ma, such that z,, — z, in
fuzzy norm. Thus for each a € (0,1], lim, o |2, — 2[|}, = 0, i = 1,2. Now if
a € (0,1] and fi € X with Z C ker f¢, then x,, € ker fi. Thus fi(x,) = 0,
n € N. From continuity of f!, = € ker fi. It means that = € M; N M,. This shows
that Z C My N M. Now if x is not in Z, from part (a), for each a € (0,1] there
exists fi € X*, i =1,2, such that Z C ker f! and fi(z) # 0. This implies that =
is not in My N M. O

5. Conclusion

In this note, using the definition of Bag and Samanta for fuzzy weakly bounded
linear operator and its fuzzy norm, we were able to establish fuzzy version of some
well-known theorems in functional analysis and simpler proofs for some theorems
which have already been proved, although the most famous theorems in functional
analysis was disapproved by some counterexamples.

A definition of fuzzy Banach algebra was represented. It can be considered as the
start point of the theory of fuzzy Banach algebra.
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A Hahn-Banach theorem for weakly fuzzy bounded operators and some of its in-
teresting consequences are proved.
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