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Abstract. In this paper, we study the concept of weak linear fuzzy topology on a fuzzy topological vector
space as a generalization of usual weak topology. We prove that this fuzzy topology consists of all weakly
lower semi-continuous fuzzy sets on a given vector space when K (R or C) endowed with its usual fuzzy
topology. In the case that the fuzzy topology of K is different from the usual fuzzy topology, we show that

the weak fuzzy topology is not equivalent with the fuzzy topology of weakly lower semi-continuous fuzzy
sets.

1. Introduction

The concept of fuzzy topological vector space was firstly introduced by Katsaras and Liu [9]. Katsaras
[10] changed the definition of fuzzy topological vector space and he considered the usual fuzzy topology on
the corresponding scalar field K namely, he considered the topology consisting of all lower semi-continuous
functions from K into I, where I = [0,1]. Also, in the studying fuzzy topological vector space Katsaras
[11] investigated the idea of fuzzy norm on linear spaces. Since then, many authors like, Felbin [8], Cheng
and Mordeson [2], Bag and Samanta [1], Sadeqi and Yaqub Azari [16] started to introduce the notion of
fuzzy normed linear space. Later, Xiao and Zhu [18], Fang [7], Daraby et. al. ([3, 4]) redefined the idea
of Felbin’s [8] definition of fuzzy norm and studied various properties of its topological structure. Das [5]
constructed a fuzzy topology generated by fuzzy norm and studied some properties of this topology. Fang

[7] investigated a new I-topology 7 ', on the fuzzy normed linear space.

Yan [19], introduced the concept of L-fuzzy linear topology determined by a family of L-fuzzy linear
order-homomorphisms on a vector space. In this paper, we study the weak linear fuzzy topology on a fuzzy
topological vector space as a generalization of usual weak topology. Moreover, we prove that the weak
fuzzy topology is not equivalent to topology of weakly lower semi-continuous fuzzy sets (This topology
consists of all lower semi-continuous functions f : E — [0,1], when the vector space E considered with
the usual weak topology o(E, E*)). In fact, the weak fuzzy topology on a fuzzy topological vector space is
an extension of weak topology in classical functional analysis. The difference between weak topology and
weak fuzzy topology leads to some new results on the theory of fuzzy topological vector spaces.
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2. Preliminaries
Let X be a non-empty set. A fuzzy set in X is an element of the set IX of all functions from X into I.

Definition 2.1. ([20]) Let X and Y be any two non-empty sets, f : X — Y be a mapping and u be a fuzzy
subset of X. Then f(u) is a fuzzy subset of Y defined by

f)(y) = {supxef1<y> p ) 20,

0 else,

forall y € Y, where f1(y) = {x : f(x) = y}. If njis a fuzzy subset of Y, then the fuzzy subset f~(1]) of X is
defined by f~1(1)(x) = n(f(x)) for all x € X.

Definition 2.2. ([13]) A fuzzy topology on a set X is a subset T of IX satisfying the following conditions:

(i) T contains every constant fuzzy set in X,
(if) if 1, pp € T, then g A s €71,
(ii1) if u; € T for eachi € A, then sup,_, y; € 7.

The pair (X, ) is called a fuzzy topological space.
The elements of 7 are called open fuzzy sets in X.

Definition 2.3. ([15]) A fuzzy topological space (X, 7) is said to be fuzzy Hausdorffif for x,y € X and x # y
there exist 17, € T with n(x) = f(y) =land n A = 0.

A mapping f from a fuzzy topological space X to a fuzzy topological space Y is called fuzzy continuous
if f~1(u) is open in X for each open fuzzy set pin Y.

Suppose X is a fuzzy topological space and x € X. A fuzzy set u in X is called a neighborhood of x € X
if there is an open fuzzy set 7 with n < p and n(x) = u(x) > 0. Warren [17] has proved that a fuzzy set u in
X is open if and only if u is a neighborhood of x for each x € X with p(x) > 0.

A directed set is a nonempty set T together with a reflexive and transitive binary relation < (that is a
preorder) such that

Vx,yeT FzeT st x<z, y<z.

Let T be a directed set and X be a topological (or fuzzy topological) space. A netin X is a function from T
to X. We often write a net in the form (x,),cr, where a € T is mapped to x, € X [12].

Definition 2.4. ([20]) If y1 and u, are two fuzzy subsets of a vector space E, then the fuzzy set u; + u, is
defined by

(b1 + 2)(x) = sup (u1(x1) A pa(x2)).

X=X1+X2

If t € K, we define the fuzzy sets j1 X p, and tu as follows:

(11 X p2)(x1, x2) = minfuq (x1), pa(x2)}
and

() fort#0, (tu)(x) = u(y) forall x€kE,

0 0,
yeE -
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Definition 2.5. ([6]) A fuzzy topology T on a vector space E is said to be a fuzzy linear topology, if the two
mappings

fiEXE—=E(xy)—>x+y,

g:KXE—E,(tx) > tx,
are continuous when K is equipped with the fuzzy topology induced by the usual topology, E X E and Kx E
are the corresponding product fuzzy topologies. A vector space E with a fuzzy linear topology 7, denoted
by the pair (E, 7) is called fuzzy topological vector space (abbreviated to FTVS).

A net (xq)eer in a fuzzy topological vector space E is fuzzy convergent to x if and only if for each fuzzy
neighborhood p of x and each 0 < ¢ < p(x) there is a, € T such that u(x,) > ¢ for all @ > ag. A net (xy)aer
in a fuzzy topological vector space E is fuzzy Cauchy if and only if for each fuzzy neighborhood u of zero
and each 0 < r < u(0) there is ag € T such that for every a,a’ € T with a, &’ > a, |u(xe — x)| > . A fuzzy
topological vector space E is called complete if and only if each fuzzy Cauchy net in E is convergent [5].

A fuzzy set p in the vector space E is called balanced if fu < p for each scalar t with [t} < 1. As, it is
shown in [9], u is balanced if and only if u(tx) > u(x) for each x € E and each scalar ¢t with [t| < 1. Also,
when y is balanced, we have 1(0) > u(x) for each x € E. The fuzzy set u is called absorbing if and only if
sup,., tu = 1. Then a fuzzy set u is absorbing whenever 1(0) = 1. We shall say that the fuzzy set u is convex
ifand only if forallt € I, tp + (1 — Hu < p [10].

Definition 2.6. ([10]) Let (E, 7) be a fuzzy topological vector space. The collection v C 7 of neighborhoods
of zero is a local base whenever for each neighborhood p of zero and each 6 € (0, p(0)) there is ¥ € v such
thaty < y and y(0) > 6.

Definition 2.7. ([11]) A fuzzy seminorm on E is a fuzzy set y in E which is absolutely convex and absorbing.

We say that a fuzzy set y, in a vector space E, absorbs a fuzzy set 1 if u(0) > 0 and for every 0 < u(0)
there exists t > 0 such that O A (tn) < u. A fuzzy set p in a fuzzy topological vector space E is called bounded
if it is absorbed by every neighborhood of zero.

Definition 2.8. ([11]) A fuzzy topological vector space (E, ) is called locally convex if it has a neighborhood
base at zero consisting of convex fuzzy sets.

A locally convex fuzzy linear space E is called bornological if every absolutely convex fuzzy set in E
which absorbs bounded fuzzy sets is a neighborhood of zero or equivalently every fuzzy bounded linear
operator from E into any fuzzy topological vector space is fuzzy continuous [11].

In this paper, the concepts of fuzzy real numbers and Felbin-fuzzy norm are considered in the sense of
Xiao and Zhu:

Definition 2.9. ([18]) A mapping 1 : R — [ is called a fuzzy real number, whose a-level set is denoted by
[Nla, ie., [N]a = {t: n(t) = a}, if it satisfies two axioms:

(N1) There exists ' € R such that n(+") = 1.
(N2) For all 0 < a < 1, there exist real numbers —co < 11; < 1} < +00 such that [1], is equal to the closed
interval [n7, 1% ].

The set of all fuzzy real numbers is denoted by F(R). If 1 € F(R) and 7(t) = 0 whenever t < 0, then 7 is
called a non-negative fuzzy real number and F*(IR) denotes the set of all non-negative fuzzy real numbers

[3].

Definition 2.10. ([18]) Let E be a vector space over IR; L and R (respectively, left norm and right norm) be
symmetric and non-decreasing mappings from I x [ into I satisfying L(0,0) = 0 and R(1,1) = 1. Then || - || is
called a fuzzy norm and (E, || - ||, L, R) is a fuzzy normed linear space (abbreviated to FNLS) if the mapping
I - || from E into F*(IR) satisfies the following axioms, where [||x|[], = [lIx|l;, [Ix]|}] for x € Eand a € (0,1] :

(F1) x = 0 if and only if ||x|| = 0,
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(F2) |lrx|l = Irlllx|| for all x € E and r € (—o0, 0),
(F3) Vx,y € E:
(F3R) if s > |lx[l7, t > lyll; and s + ¢ > |lx + yl|], then
ke + liGs + 1) < RARIG), (1),
(F3L) ifs < |lx|l, t < llyll; and s + ¢ < [lx + ylI, then
llx + yli(s + ) = L(llxlI(s), lIylI(£))-

Definition 2.11. ([5]) For fixed a € (0,1] and ¢ > 0, the fuzzy set p,(x, €) defined in (E, || - ||) by

a “y - x”; <g,
0 else,

pa(x, €)(y) = {

is said to be an a — open sphere in (E, || - [|).

Definition 2.12. ([7]) Any fuzzy set u € IF is defined to be ||.||- linearly open if for every x € supp(u) and
a € (0, u(x)) there exists € > 0 such that p.(x, €) < .

We set TII*.H ={ue IF] p is |||l = linearly open}. It was proved in [7] that if (E, || - ||, L, R) is a fuzzy normed

space, then (E, || - ||) is a fuzzy topological vector space.
The Katsaras norm was defined as follows:

Definition 2.13. ([11]) A fuzzy norm on vector space E is an absolutely convex and absorbing fuzzy set p
with infio(tp)(x) = 0, for x # 0.

If p is a Katsaras norm on a vector space E, then the collection
B,={0A(tp)| t>0,0<0 <1},

is a base of neighborhoods of zero for a fuzzy linear topology on E. The fuzzy set u is a fuzzy neighborhood
of zero in this fuzzy topology if and only if

F0: 0<06<1, FAUt>0; OA(tp) <pu.
Also u is a fuzzy neighborhood of x € E if and only if
(x+0A(tp) <u

ie fory ek,
(x+ 0 A (tp)(y) = (O A (tp)(y — x) < u(y)-

In the following theorem, we prove that the fuzzy topologies generated by Felbin-fuzzy norm and
Katsaras norm are equivalent.

Theorem 2.14. If (E, || - ||) is a Felbin-fuzzy normed space, then there is a Katsaras norm p on E such that the fuzzy
topologies generated by || - || and p are equivalent.

Proof. Let || - || be a Felbin-fuzzy norm on E. We define the fuzzy set p on E as follows:

1 X <1,
p(x)z{ x|

0 else.
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The fuzzy set p is convex, since for t € (0, 1],

(tp)(x) + (1 = H)p)(x)

sup ((tp)(x1) A (1 = £)p)(x2))

X=X1+X2

1 P <t 1 r<l-t
sup ( llxally < A llxally < )
x=xi+x, \ |0 else 0 else

S{1 Il <t+(1-t=1

0 else
= p(x).

Also p is balanced since for t # 0 with [t < 1,

(tp)) = p()
_ {1 el <

0 else

L {1 llxll} < 1

0 else
= p(x).

Also, we have sup,_,(tp)(x) = 1 and infi.o(tp)(x) = 0. Therefore p is a Katsaras norm. Now, we prove
that the fuzzy topologies generated by || - || and p are equivalent. For 0 < a <1 and € > 0 we have

(@A (ep)) = anp(2)

&

=M{1 Iyl < e

0 else

o i <e
0 else
= tta(0, €)(y)-
This shows that these two fuzzy topologies have a same base at zero, therefore these are equivalent. [

Example 2.15. Consider the Felbin-fuzzy normed space (R”, || - |[), where || - || : R" — F*(R) is defined by:

1 t= \/xf+x§+-~+x%,,

0 else.

et x2, -+, xa)ll(F) = {

Then, we have
||(x1,xz,--~,xy,)||:;= x%+x5+...+x’21_

Now, consider the Katsaras norm

1 X" x2<1
— =171 4
p() {0 else.

Therefore by Theorem 2.14 the fuzzy topologies generated by p and || - || are equivalent and for 0 < a < 1
and ¢ > 0, we have u,(0, €)(v) = (a A €p)(y).
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3. Weak Fuzzy Topology

Let X be a nonempty set, {(Ya, I's)}aer be a family of fuzzy topological spaces and let for each a € T,
fa 1 X = Y, beafunction. The weak fuzzy topology on X generated by the family ¥ = {f.}aer is the coarsest
or weakest fuzzy topology on X that makes all the functions f, fuzzy continuous. This fuzzy topology is
generated by the fuzzy sets {f; (1) : @ € T, u € T',}, where the fuzzy sets £, !(u) are defined as follows:

fo (W) = p(fax)) VxeX

Another subbase for the weak fuzzy topology consists of the fuzzy sets

{fojl(y): aeT, ues,,

where S, is a subbase for I';. We denote the weak fuzzy topology on X by o¢(X,¥). A base for the
weak fuzzy topology can be constructed as the collection of the fuzzy sets of the form A;_; fi! (1), where
Uap € Toplon, a2, -+, ) € T [13].

The following lemma has an important role in the study of weak fuzzy topologies.

Lemma 3.1. A net (x;)jer converges to x in the fuzzy topology o (X, F) if and only if (fu(x;)) jer converges to fa(x)
foreacha €T.

Proof. 1f we consider the fuzzy topology (X, ¥) on X, then the functions f, are fuzzy continuous. This
shows that if (x;) jer converges to x in the fuzzy topology o ¢(X, ), then (f,(x;)) jer converges to f,(x) for each
a € T. Conversely, let V = A\[_; f;!(ia,) be a weak fuzzy neighborhood of x, where p,, € T's,. For each k, if
(far(x})) jer converges to fy, (x), then for each 0 < 7 < g (fa () there is jix such that for each j > ji we have
oy (fa (7)) > ri. Therefor for j > max{ji, j2,--- , ju} = j’, we have

.ﬂx;l(ﬂik)(xj) > max{rl/rZ/ Tty T’n} =T
Then V(x;) > r for each j > j". This proves our claim. [

Remark 3.2. On K, if we consider the fuzzy topology is obtained from the usual topology of K that is the
family of fuzzy sets u : IK — I, which are lower semi-continuous, then endowed with this fuzzy topology
K is a fuzzy topological vector space. This fuzzy topology is compatible with the fuzzy norm

o) = {1 | <1,

0 else.

For this, we prove that the collection B, = {60 A (tp) | t > 0,0 < O < 1} is a base of fuzzy neighborhoods
for zero. Let u be a fuzzy neighborhood of zero in K. Then y is lower semi-continuous and p(0) > 0. Let
0 <r < w(0). Then u~1(r,1] is open in K and 0 € u~(r,1]. Then there is m > 0 such that

xeK: x| <m}Cp(r1].

Now, we claim that r A (mp) < u. Indeed, for x € K, we have

r x| <m,
0 else.

rAOwM@=rAm%)=M@={

Then, we have r A (mp)(x) < u(x). Also this fuzzy topology is compatible with the Flebin-fuzzy norm
[l.]l : K — F*(IR), defined for t € K as follows:

|M@=$ £=

0 else,
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with L = min and R = max. But this fuzzy topology is not the only Hausdorff linear fuzzy topology on K.
For example it was shown in [8] that the fuzzy norm

X 1-L 0<t<lx,x#0,
[Ix[I"(£) = .
0 else,

is not equivalent with the fuzzy norm

else.

i) = {(1) £ =2l

Then, we can consider more than one linear fuzzy topology on K.

Definition 3.3. Let (E, ) be a fuzzy topological vector space and I' be locally convex Hausdorff linear fuzzy
topology on K. We denote the family of all fuzzy continuous linear functionals f : (E, 7) — (K, T) by E. and
call it the I'- fuzzy dual of E. Also, we denote the algebraic dual of E by E".

In [14], the concept of dual pair defined as follows:
We call (E, E’) a dual pair, whenever E and E’ are two vector spaces over the same K scalar field and
(x,x’) is a bilinear form on E and E’ satisfying the following conditions:

(D) For each x # 0in E, there is x’ € E’ such that {(x, x") # 0.

(D’) For each x’ # 0in E’ there is x € E such that (x,x") # 0.

Let (E, E’) be a dual pair. Then each x” € E’ is a linear functional on E by taking:
X' (x) =<{x,x’) x€E.
Consider on K a locally convex Hausdorff linear fuzzy topology I'. We denote the weak fuzzy topology on
E generated by mapping x" : E = Kby o?(E, E").
We note that if I'; and I'; are two fuzzy topologies on K and I'1 C I';, then o? (E,E") C 0;2 (E, E").

Theorem 3.4. Let (E, E’) be a dual pair. Then E endowed with O';(E, E’) is a locally convex fuzzy topological vector
space.

Proof. We prove that the addition and scalar multiplication are fuzzy continuous. For x,y,z € E, let
z=x+y. Alsosuppose V = AL, f7(u;) is a weak fuzzy neighborhood of z, where f; € E’ and y; is a fuzzy
neighborhood in K. Then V(z) > 0. This shows that u;(fi(z)) = £ (ui)(z) > 0 foreachi =1,2,--- ,n. Then

1

foreachi=1,2,---,n, y; is a fuzzy neighborhood of f;(z) in K. Now since we have f;(x) + fi(y) = fi(z) and K
is a fuzzy topological vector space, for eachi=1,2,--- ,n, there are fuzzy neighborhoods w; and v; of f;(x)
and fi(y) (respectively) such that if w;(a) > 0 and ¢;(b) > 0, then p;(a + b) > 0 and w; + ¢; < ;. Now we set

U= AL fT(w)and O = ALy f7 ().
Then, we have
U = N\ £ @)@ = /\ oifix) >0,
i=1 i=1
and

oW = N\ £ @)W = /\ vilhiy) > 0.
i=1 i=1
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Therefore U and O are weak fuzzy neighborhoods of x and y, respectively. Now, let for m,n € E, U(m) > 0
and O(n) > 0. Then for each i = 1,2,---,n, we have w;i(fi(m)) > 0 and ¥;(fi(n)) > 0 and therefore
ui(fi(m + n)) > 0. Thus

Vim+n) = N\ £7()0m +n)
i=1

= A\ wilfim +m)) > 0.
i=1

Also, since w; + ¢; < p;foralli=1,2,--- ,n, we have

(U+0)(x) = sup /\(a)z‘(fi(xl)) A Pi(fi(x2)))

X=X1+X2 i=1

= /\ sup (wi(fi(x1)) A Pi(fi(x2)))

=1 ¥=x1+2

= (@i + P (fix)
i=1

< N\ mifix)
i=1
= V(x). 1)

Since there are fuzzy neighborhood U and O such that U+ O < V, therefore the addition is fuzzy continuous
with respect to a?(E, E’).

Now, we show that the scalar multiplication is fuzzy continuous. Fort € Kand x € E,letM = AL, f7(y4)
is a weak fuzzy neighborhood of tx. Then for eachi=1,2,--- ,n, we have

Yiltfi(0) = yilfi(tx) = 7 (u)(tx) > 0.
Then y; is fuzzy neighborhood of tf;(x) in K. Since K is a fuzzy topological vector space, there is fuzzy
neighborhood 7; and 9; of t and f;(x) in K such that if for a,b € K, n;(a) > 0 and 9;(b) > 0 then u;(ab) > 0 and
a9; < u;. Now, we set

S = /\ 718)).
i=1

We have : :

S0 = A\ @)@ = /\ 9:(fix) > 0.

i=1 i=1

Then S is a weak fuzzy neighborhood of x. Now, let for a € K, n;(a) > 0 and for y € S, S(y) > 0, then
Vi(fi(y)) > 0 for eachi = 1,2,--- ,n. The above arguments show that fl.‘l(yi)(ay) = upi(afi(y)) > 0 for each i.
Then V(ay) = \i; fi’l(‘ui)(ay) > 0. Also for a # 0 with n;(a) > 0, we have

@S)(y) = Qﬁl(&-)(g)
=~ Aoird
= Q(&(fma»

- A(asi(ﬁ(y)) < pi(y).
i=1
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Then the scalar multiplication is fuzzy continuous. Now, we prove that G;(E, E’) is locally convex. Since
(K, T) is locally convex, I' has a base of convex fuzzy neighborhoods. Let u € I" be convex. It is enough to

show that x'~!(u) is convex for x’ € E’. For t € [ and x, y € E we have
X ()t + (1= t)y) = p(x (b + (1= Hy)
= p(tx’' () + (1 = Hx' ()
< tu(' () + (1 = Hu('(y)
=t (W) (@) + (1 - H (W),
Therefore x'~!(u) is convex. [

Remark 3.5. We note that since in a fuzzy topological vector space the addition and scalar multiplication
are fuzzy continuous, one can use local basis instead of basis for a linear fuzzy topology.

Let (E, E’) be a dual pair and S be a local base for the fuzzy linear topology 1 on K. Then the fuzzy sets
Aisy %71 (i), where x1, x5, -+, X, € E" and py, iz, -+ , iy € S consist a local base for the topology GE(E,E’). If
we consider the usual linear fuzzy topology on K which is compatible with the fuzzy norm

o) = {1 | <1,

0 else,
then, the collection
B,={0A(tp)| t>0,0<0<1},

is a base of fuzzy neighborhood of zero in K. This shows that the collection

By=1/\ f71(O0: A tip) | 1> 0,0 < 0: <1, fi € E'),

i=1
is a base of fuzzy neighborhood of zero for G;(E, E".

Lemma 3.6. ([14]) If fo, f1,--- , fu are linear functionals on a vector space E, then either fy is a linear combinations
of fi, fo, "+, fu, or there is a € E such that fy(a) = 1 and

[@) = fola) = -+ = ful@) = 0.
Proof. See [14], Chapter II, Section 3. [J
Proposition 3.7. If (E, E’) is a dual pair, then the fuzzy dual of E under o?(E, E")is E'".

Proof. Let f be a linear form on E fuzzy continuous under ojr((E, E’) and let S be a base in K. For each pp € §
with u(0) > u(1), thereis x7, x5, - -, x;, € E’ such that
n
A=W < 1w
i=1

and
n

A% O = FH () > 0
i=1
therefor for x € E, u(x)(x)) < u(f(x)). Now by Lemma 3.6, either f is a linear combination of x,x, -, x;, or
there is some a € E such that f(a) = 1 but x/(a) = 0 foralli = 1,2,--- ,n. This shows that (0) < u(1) and this
is a contradiction. Then
f = Z /\,‘X,’- €EE.

On the other hand, if x" € E’ then it is fuzzy continuous under a]r((E, E’) by the definition of weak fuzzy
topology. [
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Theorem 3.8. Let E be a vector space and E* be its algebraic dual. Then E* is complete under the weak fuzzy topology
oL(E*,E).
f 7

Proof. We consider E* endowed with the weak fuzzy topology a;(E*, E). Suppose (f))jer is a fuzzy Cauchy

net in E*. Then for each a € E the net (f;(a))jer is a fuzzy Cauchy net in K. Since K is complete under its
usual fuzzy topology, for each a € E there is f(a) € K such that (f;(a))jer converges to f(a). Since each f;
is linear, then f is a linear functional on E. Now Lemma 3.1 shows that (fj)jer converges to f in the fuzzy
topology G;(E*, E). Then E* is complete under the fuzzy topology a?(E*, E). O

Definition 3.9. Let (E, E’) be a dual pair. The locally convex fuzzy linear topology on E is called dual pair
topology if the dual of E under 7 is E’. Also, the locally convex linear topology 7’ on E’ is called a dual pair
topology if the dual of E’ under 7’ is E.

In a special case if (E, 7) is a Hausdorff fuzzy topological vector space, then (E, E}) is a dual pair and 7 is
a fuzzy topology of dual pair. Also, o}E(E, E’) is the coarsest fuzzy topology of dual pair (E, E’).

Theorem 3.10. If (E,E’) is a dual pair, then (E, a?(E, E")) is fuzzy Hausdorff.

Proof. Letx,y € E and x # y. Then by condition (D) there is x” € E’ such that x’(x — y) # 0 i.e. x'(x) # x'(y).
Since R is fuzzy Hausdorff there is fuzzy open sets f, 71 in R such that § A n = 0 and B(x'(x)) = n(x'(y)) = 1.

Now we consider the fuzzy open sets x’~ (1)), X" (8) in E. These fuzzy sets are the fuzzy neighborhoods of x
and y and we have

@ () AX (B)a) = min{n(x (@), B(x' (@)} = 0
and
X () = (' () =1
similarly,
X)) = p' () = 1.
Now the proof is complete. [

Corollary 3.11. Let (E, E’) be a dual pair and t be a fuzzy topology of dual pair on E. Then E is fuzzy Hausdorff
endowed with t.

Proof. Clearly, 7 is finer than o]rc(E, E’). Now Theorem 3.10 shows that E is fuzzy Hausdorff endowed with
. O

Proposition 3.12. If (E, 1) is finite dimensional Hausdorff fuzzy topological vector space, then E{. = E".

Proof. Let B = {ey, €2, -+, ey} be abase for E. Then there is a base B" = {¢], ¢}, -+ , ¢} for E* such that ei(e;) = 1
foreachi =1,2,--- ,nand ei(¢;) = 0 for i # j. Then E and E* are algebraical isomorphic. Since (E, E}) is a
dual pair, we have E C (E{)" ~ Ep and Ef. CE* ~ E. Then E[. = E*. [

Remark 3.13. Let E be finite dimensional vector space. We know that there is only a unique Hausdorff
linear topology on E. But this is not true in the fuzzy case, i.e. the Hausdorff linear fuzzy topology on E is
not unique. For example consider the vector space R. It was shown in [8], that the fuzzy norm

t
. 1-— 0<t<|x,x#0
ey =1 TR &

0 else,
is not equivalent with the fuzzy norm

1 t=|x
nmm={0 Lo

Therefore, the fuzzy topologies generated with these norms are not equivalent.
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Corollary 3.14. Let (E, ) be a finite dimensional Hausdorff fuzzy topological vector space. Then we have UJE(E, Ep) =
ajr,(E, E*). In fact this is concluded form Proposition 3.12.

It is well known that between all the linear topologies on a finite dimensional vector space E there is a
strongest one, namely the unique Hausdorff linear topology on E. We denote this topology by 7. Let w(t)
(w(7) was firstly used by R. Lowen [13]) be the collection of all lower semi-continuous functions from E into
I. Then w(7) is a linear fuzzy topology on E.

Let o(E, E’) be the usual weak topology.

Theorem 3.15. Let (E, E’) be a dual pair. If we consider the usual fuzzy topology w(t) on K, then

o;’m(E, E’) = w(o(E, E')).

Proof. Tt is enough to show that for fi, fo, -+, fu € E' and p1, pa, -+ , tin € w(7) the fuzzy set AI; fi‘l(pi) is
lower semi-continuous on E with respect to the topology o(E, E’). Since u; € w(t) fori =1,2,---,n, then
i : K — I are lower semi-continuous. Also

fi:(E,0(E,E")) » K

is continuous and then is lower semi-continuous. Then y;o f; islower semi-continuous foreachi =1,2,--- , n.

Then
n n
Ny = N wiof
i=1 i=1
is lower semi-continuous on (E,o(E, E’)) foreachi=1,2,--- ,n. O

If we consider on K any Hausdorff linear fuzzy topology different from the topology w(t), then the
fuzzy topologies a;’(T)(E, E’) and w(o(E, E’)) are not equivalent. We illustrate this fact by an example.

Example 3.16. Consider the vector space C((2), the collection of all real-valued continuous functions on the
open set ) € R". For each x € (), we set the evaluation function 6, : C(QQ) = R : 6,(f) = f(x). Then 6, is a
linear functional on C(€2). Let V = span{d, : x € Q}. Then V is a real vector space and (C(€2), V) is a dual
pair. On R the fuzzy norms
t
) = {1 Lo0<t<|x,x#0,
0 else,

and
1 t=1,
IIx[|() = {
s

are not equivalent (See [8], Remark 3.1). The fuzzy norm ||.|| induces the fuzzy topology w(7) which is the
finest fuzzy topology on R (See [10], Theorem 3.18). The fuzzy norm ||.|[* induces the fuzzy topology 7'|*

LI
on R which is weaker than w(t). Then there is u € w(7) such that u ¢ ‘7'”* it Now by Theorem 3.15, we have

A 51w € a(o(C@), V)
i=1

for x1,x7,- -+ ,x, € Q. But if we consider 7', on R, then we have

A 83w ¢ 0] (@), V)
i=1

for xy,x9,-++ ,x, € Q, since u ¢ TII*.H' This show that 0?” (C(QY), V) is strictly weaker than w(c(C(Q), V)).
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Theorem 3.15 and Example 3.16 show that the weak fuzzy topology is an extension of weak topology.
Let T : E — F be a linear operator between two vector spaces. Every y* € F* gives rise to a real function T*y
on E defined pointwise via the formula

T'y(x) =y oT(x) = y'(T(x)),

for x € E. Clearly T*y" is linear and so belongs to E*. The operator T* is called the algebraic adjoint of T.

*

Definition 3.17. Let (E, t) and (F, &) be fuzzy topological vector spaces. The linear operator T is called
weakly fuzzy continuous whenever

T: (E, o}(E,Ep) = (F o}(F, Fp)),
is fuzzy continuous.

Lemma 3.18. Let (E, 7) be a fuzzy topological vector space. Then the net (x;)ics converges to x in the fuzzy topology
oJFC(E, E’) if and only if the net (x; — x)ies converges to 0.

Proof. Let (x;)iecs converges to x in the fuzzy topology a;(E, E’). Then for each T € E’, we have (T(x;))ies
converges to T(x) in the fuzzy topology o?(E, E’). Then for each fuzzy neighborhood u of zero and each

0 < r < p(0) there is iy € S such that for every i > iy, (T(x) + p)(T(x;)) > r. This shows that u(T(x;) — T(x)) > r.
Since T is linear, we have u(T(x; —x)) > r. It follows that (x; — x);es converges to 0. The converse is similar. [J

The next result offers a very simple criterion for deciding whether a linear operator is weakly contin-
uous. You only have to check that its adjoint carries fuzzy continuous functionals into fuzzy continuous
functionals.

Theorem 3.19. Let (E, E’) and (F, F’) be dual pairs and let T : E — F be a linear operator, where E and F are endowed
with their weak fuzzy topologies. Then T is weakly fuzzy continuous if and only if the algebraic adjoint T* satisfies
T*(Fy) € Ef.

Proof. Firstly, suppose that T is weakly fuzzy continuous. Since each y’ € F} is weakly fuzzy continuous,
then i’ o T is weakly fuzzy continuous linear operator on E. This shows that y’ o T € E}. Since T*(y') = y’o T
, then T*(y') € Er.

Conversely, let T*(F) € Ef. and (x;);es be a net in E such that (x;);es converges to x in the fuzzy topology
0f(E, Er). This shows that for each f € Ef, (f(x:))ies converges to f(x). Now since T"(F}) C Ey, then for each
Yy € F., we have (T"(y')(xi))ies converges to T*(y")(x;). Therefore (y'(T(x;)))ics converges to y’(T(x)) for each
y" € F{.. This shows that (T(x;))ics converges to T(x) in the fuzzy topology o((F, F}.). Therefore T is weakly
fuzzy continuous. [J

Theorem 3.20. Let E and F be Hausdorff locally convex fuzzy topological vector spaces and T : E — F be a fuzzy
continuous linear operator. Then T is weakly fuzzy continuous.

Proof. Suppose T : E — F is fuzzy continuous. Then for each i’ € F,, T*(y') = y'of is a fuzzy continuous
linear operator on E and then T*(y’) € E.. Therefore T*(F1) C E;.. Now, Theorem 3.19 shows that T is weakly
fuzzy continuous. [

Theorem 3.20 shows that every fuzzy continuous linear operator is weakly fuzzy continuous. In
the following theorem, we consider some conditions under which every weakly fuzzy continuous linear
operator in fuzzy continuous.

Theorem 3.21. Let E be a bornological fuzzy topological vector space and F be a fuzzy topological vector space such
that every weakly bounded fuzzy sets in F is bounded. Then every weakly fuzzy continuous linear operator T : E — F
is fuzzy continuous.
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Proof. Since E is bornological, it is enough show that T is fuzzy bounded. Let i) be a bounded fuzzy set in
E. Then 1) is weakly fuzzy bounded. Since T is weakly fuzzy continuous, T(¢) is a weakly fuzzy bounded
set in F. Now the assumptions of theorem shows that T(1) is a bounded fuzzy set in F. Then T is fuzzy
bounded. O

Corollary 3.22. Every linear functional on a bornological fuzzy linear space is weakly fuzzy continuous if and only
if it is fuzzy continuous. Therefore the weak fuzzy topology on K is identical with the original topology.

Corollary 3.23. Every linear functional on a seminormed fuzzy linear space is weakly fuzzy continuous if and only
if it is fuzzy continuous, hence every seminormed fuzzy linear space is bornological.

Example 3.24. Let E be vector space and ¥ be the collection of all absolutely convex and absorbent fuzzy
sets in E. Then % satisfies the conditions of Theorem 4.2 from [10]. Then by Theorem 4.2 from [10], there
exists a linear fuzzy topology 75 on E such that ¥, coincides with the family of all fuzzy neighborhoods of
zero. In fact, 74 is the topology which is created by the collection of all absolutely convex and absorbing
fuzzy sets as the neighborhoods of zero. The fuzzy topological space (E, 7) is fuzzy Hausdorff. Indeed for
0 # a € E, we consider the set {%a} and extend it for a base f3 for the vector space E. Let A is the absolutely

convex envelop of A. Now, xg is absolutely convex and absorbing in the fuzzy sense. Then it is a fuzzy
neighborhood of zero in 74, but we have xg(a) = 0, sincea ¢ E.

The weakly fuzzy bounded subsets of a fuzzy topological vector space have an important role in the
constructing of fuzzy topologies on the dual space.

Theorem 3.25. Let (E, E’) be a dual pair. Then the fuzzy set p in E is weakly fuzzy bounded if and only if
Pu(x’) = sup X’ (1)(y),
yeK

is a fuzzy seminorm on E’.

Proof. Let u be weakly fuzzy bounded. Then for each x” € E’, x’(u) is fuzzy bounded set in K. This shows
that ¢, is well defined. Since y is convex and x” is linear then ¢, is convex. We have

¢u(0) = sup O(u)(y) = sup u(x) = 1.
yeK xeE

This shows that ¢, is absorbing. For t € K with [t| < 1, we have
(Pp(tx’) = Sup(tx')(ﬂl)(y)
yeK
=sup sup p(x)
yeK xe(tx')"(y)

=sup sup p(x)

yeK xex-1(¥)

=sup sup (u)(x)

yeK xex(y)
= (Py(x’)-
This shows that ¢, is balanced. The converse is clear. [J

4. Conclusion

We proved that when I' = w(t), we have ojr,(E, E’) = w(o(E, E")). Then, one can consider ¢(E, E’) as an
special case of OJI;(E, E’). Also, the difference between weak topology and weak fuzzy topology leads to new
results on the theory of fuzzy topological vector spaces.

The weak fuzzy topology is very useful in constructing topologies on dual spaces. In the future, we will
concentrate for proving the Mackey-Arens and Banach-Alaoglu theorems in the fuzzy topological vector
spaces using weak fuzzy topology.
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