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1. Introduction

In 1984, Katsaras [18] first introduced an idea of fuzzy norm on a linear space.
In 1992, Felbin [11] introduced the concept of fuzzy norm on a linear space whose
associated metric is in the sense of Kaleva and Seikkala [17]. In 1999, Felbin [12]
proposed the concept of fuzzy boundedness of linear operators between two fuzzy
normed spaces. On this basis, in 2003, Xiao and Zhu [25] proposed different concepts
of fuzzy continuity and fuzzy boundedness of linear operators between two fuzzy
normed spaces, and proved the equivalence of them. Meanwhile, they constructed the
fuzzy norm of linear operators. In 2008, Bag and Samanta [6] also studied the fuzzy



11760

normed linear space defined by Felbin. They defined two types (strong and weak) of
fuzzy continuity and fuzzy boundedness of linear operators, and proved the equivalence
of them. At the same time, the fuzzy norm of the strongly fuzzy bounded linear operator
was constructed.

In 1994, by using a different approach Cheng and Mordeson [8] introduced another
type of fuzzy norm on a linear space whose associated metric is similar to Kramosil and
Michalek [16]. In 2003, Bag and Samanta [4] also introduced the concept of the fuzzy
norm (KM-type fuzzy norm) on a linear space based on the KM-type fuzzy metric.
Then, they proposed various types of fuzzy continuity and fuzzy boundedness of linear
operators between two fuzzy normed spaces with the continuous t-norm A in [5],
and studied some basic results on finite dimensional fuzzy normed spaces in general ¢-
norm setting in [7]. In 2009, Sadeqi and Kia [22] defined the topological continuity of
linear operators on fuzzy normed spaces, and proved the equivalence of fuzzy
continuity and topological continuity.

With the exception of symmetry of fuzzy norm in [4], Alegre and Romaguera [2]
introduced the concept of fuzzy quasi-norm with general continuous t-norm. They
gave some results, such as the uniform boundedness theorem in fuzzy quasi-normed
space in [3]. Recently, Hussein and Al-Basri [15] studied the completion of quasi-fuzzy
normed algebra over fuzzy field. Gao et al. [13] introduced the concept of a family of
star quasi-seminorms on a linear space with general continuous t-norm, and gave the
decomposition theorem for a fuzzy quasi-norm. Li and Wu [20] studied continuous
linear functional on a fuzzy quasi-normed space, and proved the Hahn-Banach
extension theorem and separation theorem for convex subsets of fuzzy quasi-normed
spaces.

Now, there have been many results about the norm of a linear operator between
two fuzzy normed spaces (see [23,24]), but there are few their counterparts in the
asymmetric case. This article will go into this topic. In Section 2, we give some basic
notions and results about fuzzy quasi-normed spaces used in this article. In Section 3,
firstly, we introduce the concepts of continuity and boundedness of linear operators
between two fuzzy quasi-normed spaces and show some results about them, then, we
construct the fuzzy quasi-norm of a continuous linear operator. Finally, a brief
conclusion is given in Section 4.

In this paper, the symbols R, X and 6 mean the set of all real numbers, a
real linear space and the zero vector.

2. Preliminaries

In this section, let us recall some basic notions and results in fuzzy quasi-normed
spaces.

Definition 2.1. ([21]) A binary operation *: [0,1]x[0,1] »[0,1] is a continuous t-
norm if it satisfies the following conditions: for all a,b,c,d e [0,1] ,

(1) a*b=Db=*a (commutativity),

2 (a * b) xc=ax(bxc) (associativity),

(3) a*b<c*d whenever a<c and b<d (monotonicity),
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(4) a*l=a (boundary condition),
(5) =*is continuous on [0,1] X [0,1] (continuity).

Proposition 2.1. ([14]) Let * be a continuous t-norm.
(DIf 121, >r,, thenexists I, €(0,1) suchthat r*r>r,;

(2)If r,e(0,1), then exists I, €(0,1) suchthat r,*r,>r,.

Definition 2.2. ([2]) A fuzzy quasi-norm on a real linear space X is a pair (N,*)

such that * is a continuous t-normand N isa fuzzy setin X x[0,+0) satisfying
the following conditions: for all x,ye X,

(FQN1) N(x,0)=0,

(FON2) N(x,t)=N(-x,t)=1 forall t>0 ifandonlyif x=6,

(FQN3) N(cx,t)=N(x,t/c) forall c,t>0,

(FQN4) N(x+Yy,t+s)>N(x,t)*N(y,s) forall s,t>0,

(FQN5) N(x,):(0,400) >[0,1] is left continuous,

(FQNo) tllrﬂo N(x,t) =1.

Obviously, the function N(x,:) is increasing for the given xe X ; (Nfl, *) is
also a fuzzy quasi-norm, where N7(xt)=N(-xt) for all xeX and t20,
(N‘l,*) is called the conjugate of (N, ).

Remark 2.1. A fuzzy quasi-norm on a convex cone C isapair (N,*) suchthat * is
a continuous t-norm and N is a fuzzy setin C x[O, +oo) satisfying FQN1, FQN3-
FQN6, and FQN2': If xeC, —xeC, then N(x,t)=N(-x,t)=1 for all t>0 if

and only if x=6.
A fuzzy quasi-norm (N , *) is often denoted by N for simplicity.

Proposition 2.2. ([2]) Each fuzzy quasi-norm (N,*) on X induces a topology z,

which has as a base the family of open balls
5(x)={B, (x,r,t):re(0,1),t>0}
at xe X , where
BN(x,r,t):{yeX : N(y—x,t)>1—r}.

Obviously, 7, isa T, topology on X. Since X+By(6,r,t)=B,(xr,t), the

topology 7, 1s translation invariant. In fact, z,, is a paratopology ([1,10]) on X.

Definition 2.4. ([13]) Let X be a linear space and * be a continuous t -norm.
P :{pa X —>[O,+oo),a E(O,l)} is called the family of star quasi-seminorms if it
satisfies the following conditions: for all x,ye X, a,f € (0,1) and 41>0,

(*QN1) p, (Ax)=4p,(x),
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(*QN2) P, (X+Y)<p, (X)+ P, (Y)-
If P satisfies the following condition:
(*QN3) p,(x)=p,(—x)=0 forevery ae(0,1) implies x=8,
then, P is said to be separating [19].
Proposition 2.3. ([13]) Let (X,N,*) be a fuzzy quasi-normed space and « €(0,1).
The function ||||a X - [0, +oo) is given by

X, =inf {t>0:N(x,t)2a}, (2.1)
P, = {||-||a ‘ae (0,1)} . Then,

(1) [, =sup{t>0:N(x,t)<a} forall xeX and ae(0,1);

(2) P, is increasing, that is,

X||a is increasing with respect to « E(O,l) for all

XxeX;
(3) P, is a separating family of star quasi-seminorms induced by (N : *)

Remark 2.4. If *=A, then P, is a family of quasi-seminorms. The background of
the formula (2.1) can also be found in [9] and [19].

Proposition 2.4. Let (X,N,*) be a fuzzy quasi-normed space, (N'l,*) be the

conjugate of (N : *) ;and P .= { z ‘o€ (0,1)} be a separating family of star quasi-

X||z = ||—X||a foreach Xe X, ae (O,l).

seminorms induced by ( N, *) . Then,
Proof. For each Xe€ X , we have N_l(x,t) =N (—X,t) for each t>0, then
||X||Z =inf {t >0: N7 (x,t)> a} =inf {t>0:N(-xt)>a}=]-x| .

Proposition 2.5. ([13]) Let X be a linear space, * be a continuous t-norm, and
P ={
each xe X, let

L 6(0,1)} be an increasing family of star quasi-seminorms on X . For

Up () ={U (X, 56) 16> 0,01y, ., €(0,1)}

n

and so
U(Xey,ay,..., an;g)z{ye X:|ly-x| <& e(01),i=12,..., n}

=ML {yeX:ly-x|, <& e(0)

(Y e XY M ey <)

Then, U, (X) is a basis of neighborhoods of x.
The topology taking UF,N (X) as a basis of neighborhoods of X is said to be the
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topology induced by Py and denoted by 7, .

Theorem 2.1. ([13]) Let (X, N,*) be a fuzzy quasi-normed space and P, be an
increasing family of star quasi-seminorms defined by (2.1). Then the topology 7,

induced by P, coincides the topology 7, induced by N.

Theorem 2.2. ([13]) Let X be a linear space, * be a continuous t-norm, and
P, ={
on X.Forall xeX and t>0,let N:Xx[0,+0)—[0,1] be given by

, Q€ (0,1)} be an increasing and separating family of star quasi-seminorms

N(x,t):{wp{ae<0,1(>):nxna<t} o 02)

Then (N : *) is a fuzzy quasi-normon X .

3. The norm of continuous linear operators on fuzzy quasi-normed space

In this section we first define continuity and boundedness of linear operators
between two fuzzy quasi-normed spaces.
Let (X,N,*) and (Y,N,*) be two fuzzy quasi-normed spaces,

Ple{ aylzae(O,l)} and Qsz{

seminorms defined by (2.1) corresponding to (N,,*) and (N,,*,) respectively, Te,,

az:ae(o,l)} be the families of star quasi-

and 7 be the topologies induced by P, and respectively. The notations
Qu, Ny QN2

P, =ML ac00) Q.-

similarly.

are defined

Z’Z:ae(o,l)}, r, and 7,

Ny~

3.1. The continuity and boundedness of linear operators

Definition 3.1. A linear operator T from (X, Nl,*l) to (Y,N,,*,) is said to be

(fPNl,fQNZ )-continuous at x, € X, if for each open neighborhood V e T, of Tx,eY,
there exists an open neighborhood U €Ty, of X, suchthat T(U)cV.

If T is (TPNI'TQNZ) -continuous at each point of X , then T is said to be
(TPNI’TQNZ )-continuous on X.

The set of all (TPNI’TQNZ) -continuous linear operators from (X,N;*) to

212 71’TQ

(Y,N,,*,) is denoted by LC(X,Y), the set of all (rp )-continuous linear

Nyt

operators from (X,N, %) to (Y,N, % ) isdenoted by LC*(X,Y).
1 1 2 2

27 2

Definition 3.2. A linear operator T from (X,N,*) to (Y,N,*,) is said to be
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(PNI,QNZ)-bounded, if for all B e(0,1), there exist ae(0,1) and M >0 such that
||Tx||ﬁ’2 <M -||x||a’1 forall xe X .

Theorem 3.1. Let (X,N,*) and (Y,N,,*,) be two fuzzy quasi-normed spaces and

T:X =Y be alinear operator, then the followings are equivalent:
() T is (Tp T )-continuous on X,

N2

2) T is (TP 7 )-continuous at e X,

3) T is (P,.Q,,)-bounded.
Proof. (1)< (2) is obvious from the translation invariance of Tp, and 7oy, -

(2)= (3): By the (TPN To, )-continuity of T at fe X, forany fe (0,1) and
5>0, there exist @ €(0,1) and £>0 suchthat T (U (a,g)) cV(B,6), where

U(ae)={xeX:|x|, <z}, V(B.8)={yeY:]yl,,<5}.

To prove (2)= (3), it is sufficient to prove that |[Tx| 52 S é”x”g | forall xeX.
2= 17,
If ||x||m1 =0, then we have |1x| =0 forall 2>0. Thus AxeU (a,€), and so

T x| 2 <O ie., A[TX| 52 <6 Hence ||Tx||ﬁ2 < % It follows from the arbitrariness of

M. ).

(3)=(2): By the boundedness of T on X, forall Xe X and fe (0,1) , there
exist «€(0,1) and M >0 such that ||TX||ﬁ’2 <M:|x|,, . For any 6>0, set

A that |Tx| M:O.Thus,

o
1, <2,

If ], #0.then EX_y (4,5). 50 ‘

"a,l

. o
<5, thatis, [Tx| , < ;”X”a,l‘

&= % >0, then ||Tx||ﬁy2 <5 when ||x||0!]1 <g,thatis, T (U (e, g)) cV(,6). Therefore,

T is (TPN o, )-continuous at deX.
Let L(X,Y) be the linear space containing all the linear operators from

(X, Np#) to (Y,Nyu%,).

Proposition 3.1. Let (X,N,,*) and (Y,N,,*,) be two fuzzy quasi-normed spaces,
then LC ( X ,Y) is a convex cone of the linear space L( X ,Y) )

Proof. From Theorem 3.1, for any TeLC(X,Y) and ,86(0,1) , there exist
ae(O,l) and M >0 such that ||TX||ﬁ’2 <M -||X||0[Y1 for all Xe X . Then, for any
A1>0, (/1T)XH,8Y2 < (/HVI )-||X||m’l holds for all Xe X . Therefore AT € LC(X,Y)
forall 1>0.

AIMS Mathematics Volume 7, Issue 7, 11759-11771.
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Let T,SeLC(X,Y), Be(0,1). From Proposition 2.1, there are f3,, 3, (0,1)
such that g *, B, > . By Theorem 3.1, there are «;,a, E(O,l), M;,M, >0 such
that ||TX||ﬂ1’2 < Ml-||x|| SX||ﬁ2Y2 <M, |X||0[2’1 for all xeX . Let M=M,+M,,

a1’

o= max{al,az}, then
(T + S)XHM <[(T+5)x
<M, -||x

P L1 PP =

1M |lx],,, <M,

forall Xe X . Therefore T +S eLC(X,Y).

The following theorem is obvious from Proposition 2.4.

Theorem 3.2. Let (X, Nl,*l) and (Y, N2,*2) be two fuzzy quasi-normed spaces.
Then, LC(X,Y)z LC‘l(X,Y) .

3.2. The fuzzy quasi-norm of a continuous linear operator

Proposition 3.2. Let (X,N;,*) and (Y,N,,*,) be two fuzzy quasi-normed spaces.
Forany T e LC(X,Y) and ,86(0,1) , set
o (B)={ae(02):3M >0,[TX|,, <M -[x|,, , ¥xe X}, 3.1)
o (B)={ae(02):3M >0}, <M-[x[., , vxe X} (32)
Then,
(1) o (B)=or"(B),
(2) forany B,5,€(01) with B, <B,, or(B) < (f),
(3) forany T,Se LC(X,Y) and £, f, E(O,l),OCT (,Bl)vas (,Bz)g o s (,Bl *, ﬂz)

Proof: (1) Since T eLC(X,Y), for any e a; (/). there exists M >0 such that

T, <M, for all xeX . From X[, =[], and |Tx], =[-7d,,

=||T (_X)”,g,z’ we get ||TX||;2 <M '||X||:1 for all xe X . So aea{l(ﬂ), that is,
o (B) <o (B). Similarly, we have o' (f)c o (B). Thus o (B)=o"(B).
(2) Since TelLC(X,Y), for any aec; (f,), there is M >0 such that ||TX||ﬁ2’2
<M -||X||a’l for all xe X . From f, < /f,, we have ||TX||,6,1’2 £||TX||ﬁ2’2 <M -||X||0[’1 for
all xe X . Therefore aea; (). Thus o (f,) <o (B).

(3) Since TelLC(X,Y), for any o, € (f) and a,ca.(f,) . there exist
M;,M, >0 such that ||TX||ﬂ112 <M, |x SX[l, , < M, [ for all xe X . Let
M =M,+M,, then

ol a1

T +5),..,, <I, , +1d], , <MK, + M, , <M

aqva, L’

AIMS Mathematics Volume 7, Issue 7, 11759-11771.
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Thus oy va, € o g (ﬁl *, B, ) , thatis, a; (ﬁl) VO (:Bz) & O (ﬂl *, ﬁz) .

Theorem 3.3.Let (X,N,,*) and (Y,N,,*,) be two fuzzy quasi-normed spaces. For
all TeLC(X,Y) and Be(0,1), define

e = Sup "”X|:|ﬁ 2, aea (B), (3.3)
al
ITl, =, inf ITll.., (3.4)
Then,
(1) { Il pe (0,1)} is a family of star quasi-seminorms on the cone LC(X ,Y),

(2) {”-”ﬂ Be (0,1)} is increasing with respectto S €(0,1),
3) {”-”ﬁ pe (O,l)} is separating.

Proof. (1) It is obvious that ||T||ﬂ >0.
(*QN1) For any A>0, we have

aT], = inf |AT], , = inf sup”m”ﬂz = inf sup“'TX” ~ AT,
ATl = Il 20T, )| 2L

(*QN2) For any T,SeLC(X,Y), ﬁl,ﬂze(o,l), aeans(ﬁl*zﬂz),

T+S)x TX Sx TX Sx
PO L L NN . T NN . OO
A wo. X, 0, ||X||0,1 0, ||><||a1
and
T+s|l,,, = |nf ||T +S| < inf sup—”TX|| su p|
Br*2 Pa acar a.fi* o acor,g (ﬂ*zﬂz) X¢9 ||X||a 1 X¢6’ ||X||a 1
Xe

By Proposition 3.2, we have o; (B,)vas(B,) c ar,s (B *, ), then

TX TX
inf | sup ™, < inf |sup ™,
acar,s(Bi*2B2)| xz0, ”X”a’1 aear(B) | xzo, |X

xeX azeas(Br)\ xeX ava,,l
TX TX
< inf SUpw inf sup” ”
aear () x#0, ||X|| oear(f x,tg ||
azeas(fy)\ xex o1 ol

AIMS Mathematics Volume 7, Issue 7, 11759-11771.
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. [T],,..
aear ) [ii‘f i, |k

Similarly, we have

it |sup e |1,
cen | S0 L,

™, . Sx],,,
Let |nf ) sup =A, inf sup =B, then AS”T|/}1

2

acar s X0, ”X” acar,s(Bi*eBa) x¢€ ”X”

xeX

B< ||S||ﬂz .Forany &>0, there exist &;,a, €aq,5(f,*, 5,) such that

TX SX
su p” ” A+£, sup|| ” <B+f
x¢9 ”X” 2 x¢9 ”X”
ol a1

Let a;=a,va,.Then ayea; (B, *,,). and so

TX TX
L PR L P
et I, et ML, 2
Sx Sx
sup” IIﬁZ,ZSSUpII lpe 5.2
wo X[, o X,
Then
T+S)x Tx Sx
N PP 1. P A,
wo X, o X, w0 (X,

By the arbitrariness of &, we have

_ [LES P P
inf | sup——"=+sup =A+B,
acar,s(Bi*2B2) x¢r9 ”X”a 1 X0, ”X”a,l

xeX

thus

inf
acar,s(Pi*2 Br)

{ [(T+8)X],

*2 .2 H ||TX||
sup < inf sup +SU p <A+B.
R acarslfirafa)| xeg IIXIIM IIXIIM

xeX

<|
Bi*2 Bo
(2)Let B,B,€(0,1) with B <p,. Proposition3.2 implies that o; (5,) <o (f,).

AIMS Mathematics Volume 7, Issue 7, 11759-11771.
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So Inf ||T|| < Inf ||T|| . Since

aear acar

|nf ||T|| = inf sup||T Iy < inf p|| 2 inf |T|
acar (f;) “EU‘T(ﬁz) x#& ”X”al acar (f) #9 ”X” aeaT(ﬂz) @by’

we have

[Tl =, inf [Tl , < dnf [T]

acay acay .,

=,

Therefore {”-” 5 pe (0,1)} is increasing with respect to [ € (0,1) .
(3) Firstly, we prove that forany T € LC(X ,Y), Pe (0,1) and aeo, (,B),

[T,
T = = T
Mo = BB, o e
Forany yeX\{0}, wehave | Y | _q,then |v| Y || < gy T, , therefore
IVL,..{,, ¥ ), <ot
||T||aﬁ: sup ”||y|:|ﬁ 2 < XSH:) ||Tx|| . On the other hand, we have
al X
I, sup|| s > sup |Tx|
||X|| xex i, PP
Thus
M., =, 5o 1™, (3.5)

In order to prove that {- p :ﬁe(O 1)} is separating, we suppose that

||T||ﬁ :||—T||ﬁ =0, that is, im;ﬁ)”T” = Inf ||—T|| =0, for any Be(01). Let

aeso_t

>0 , then there exists aleaT(ﬂ) such that ||T||a1‘ 5 <€ and thus

sup ||TX|| < ¢ . Therefore,
X

4. <€ for all XE{XE X :||x||a1‘1=l} . By the

arbitrariness of &, we have ”TX”,;,Z =0. So I, =Ixl... T[Lj _o for any
SHEW B
xe X \{6’}. 52 = 0 forall xe X . Similarly, from |-T || |nf || T||
) aca_t(p)
we have ||—TX||ﬁ’2 =0 for all xe X. Since QN {” || ae O 1 } is separating,

we have Tx=6 for all Xe X. Thus T =0, we have that {

L Be(01)} s
separating.

AIMS Mathematics Volume 7, Issue 7, 11759-11771.
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Let (X,N,%) and (Y,N,,*,) be two fuzzy quasi-normed spaces, and let
(lel,*l) and (N{l,*z) be conjugate fuzzy quasi-norms of (Nl,*l) and (Nz,*z)

respectively. By a similar method to the proof of Theorem 3.3, we can show that a
family of star quasi-seminorms {||-||2 P e (0,1)} on LC™(X,Y) can be given by

Tx#
e, = e e ()

o X

I, =, inf I,

Proposition 3.3. Let ( X,N,, *1) and (Y, Nz,*z) be two fuzzy quasi-normed spaces,
TelLC(X,Y)= LC‘l(X,Y) and B€(0,1), then ||T||Z :||T||ﬁ.

Proof. For any TeLC(X,Y):LC_l(X,Y) and ﬂe(O l) we have

L PP LG PP U Ny i
XeX ||X||a1 XeX || X”al XeX ||X||al "

From Proposition 3.2, we have o ()=, (), then ||T||ﬁ =[],

[, =sup

Theorem 3.4. Let (X,N,,*) and (Y,N,,*,) be two fuzzy quasi-normed spaces.
{”-”ﬂ pe (O,l)} is an increasing and separating family of star quasi-seminorms on

LC(X,Y).Let N: LC(X,Y)x[0,4+o)—>[0,1] be given by

sup{ﬂe(O,l):||T||ﬂ <t},t >0,
0 ,t207

(3.6)

N(T,t):{

then (N , *2) is a fuzzy quasi-norm on LC(X Y )

Proof. From Theorem 2.2, it is obvious that (N,*,) satisfies FQN1,FQN3-FQN6. Now
we prove that (N,*,) satisfies FQN2'.

Let SLC(X,Y)={T €LC(X,Y):-T eLC(X,Y)} be a subset of LC(X,Y).Itis
obvious that 0eSLC(X,Y), thus, SLC(X,Y)=¢ . If TeSLC(X,Y) such that
N(T,t)=N(-T,t)=1 for all t>0, from (3.6) we have that ||T||ﬁ <t and ||—T||ﬁ <t
for all Be(0,1). By the arbitrariness of t, we get that ||T||ﬁ :||—T||ﬂ =0 for all
Be(0,1). Since {||-||ﬂ :,b’e(O,l)} is separating, we have T =0. Therefore (N,*,)
satisfies FQN2'. Thus, (N,x,) is a fuzzy quasi-norm on LC(X,Y).

AIMS Mathematics Volume 7, Issue 7, 11759-11771.
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4. Conclusions

In this paper, we focus on the continuity, boundedness and fuzzy quasi-norm of
linear operators between two fuzzy quasi-normed spaces with general continuous t-
norms, construct a fuzzy quasi-norm of a continuous linear operator. The obtained
results demonstrate that the methods proposed in this paper are very useful. On the basis
of this paper, one can further the researches about the linear operator theory of fuzzy
quasi-normed spaces.

Acknowledgments

This work is supported by the National Natural Science Foundation of China
(11971343, 12071225) and Postgraduate Research & Practice Innovation Program of
Jiangsu Province. The authors are grateful to the referees for their valuable comments
which led to the improvement of this paper.

Contflict of interest
The authors declare that there is no conflict of interest in this paper.
References

1. C. Alegre, S. Romaguera, On paratopological vector spaces, Acta Math. Hung.,
101 (2003), 237. https://doi.org/10.1023/b:amhu.0000003908.28255.22

2. C. Alegre, S. Romaguera, Characterizations of metrizable topological vector
spaces and their asymmetric generalizations in terms of fuzzy (quasi-) norms,
Fuzzy Set. Syst., 161 (2010), 2181-2192. https://doi.org/10.1016/j.fss.2010.04.002

3. C. Alegre, S. Romaguera, On the uniform boundedness theorem in fuzzy quasi-
normed  spaces, Fuzzy  Set. Syst., 282 (2016), 143-153.
https://doi.org/10.1016/j.fss.2015.02.009

4. T.Bag, S. Samanta, Finite dimensional fuzzy normed linear spaces, J. Fuzzy Math.,
11 (2003), 687—-705.

5. T.Bag, S. Samanta, Fuzzy bounded linear operators, Fuzzy Set. Syst., 151 (2005),
513-547. https://doi.org/10.1016/j.fss.2004.05.004

6. T.Bag, S. Samanta, Fuzzy bounded linear operators in Febin’s type fuzzy normed
linear spaces, Fuzzy Set. Syst., 159 (2008), 685-707.
https://doi.org/10.1016/j.fss.2007.09.006

7. T.Bag, S. Samanta, Finite dimensional fuzzy normed linear spaces, Ann. Fuzzy
Math. Inform., 6 (2013), 271-283.

8. S. Cheng, J. Mordeson, Fuzzy linear operators and fuzzy normed linear spaces,
Bull. Am. Math. Soc., 86 (1994), 429-436.

9. Y. Cho, T. Rassias, R. Saadati, Fuzzy operator theory in mathematical analysis,
Cham: Springer, 2018. https://doi.org/10.1007/978-3-319-93501-0

10. S. Cobzas, Functional analysis in asymmetric normed spaces, Basel: Birkh&user,
2013. https://doi.org/10.1007/978-3-0348-0478-3

AIMS Mathematics Volume 7, Issue 7, 11759-11771.


https://doi.org/10.1023/b:amhu.0000003908.28255.22
https://doi.org/10.1016/j.fss.2010.04.002
https://doi.org/10.1016/j.fss.2015.02.009
https://doi.org/10.1016/j.fss.2004.05.004
https://doi.org/10.1016/j.fss.2007.09.006
https://doi.org/10.1007/978-3-319-93501-0
https://doi.org/10.1007/978-3-0348-0478-3

11771

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

C. Felbin, Finite dimensional fuzzy normed linear spaces, Fuzzy Set. Syst., 48
(1992), 239-248. https://doi.org/10.1016/0165-0114(92)90338-5

C. Felbin, Finite dimensional fuzzy normed linear spaces Il, Journal of Analysis,
7 (1999), 117-131.

R. Gao, X. Li, J. Wu, The decomposition theorem for a fuzzy quasi-norm, J. Math.,
2020 (2020), 8845283. https://doi.org/10.1155/2020/8845283

A. George, P. Veeramani, On some results in fuzzy metric space, Fuzzy Set. Syst.,
64 (1994), 395-399. https://doi.org/10.1016/0165-0114(94)90162-7

B. Hussein, F. Al-Basri, On the completion of quasi-fuzzy normed algebra over
fuzzy  field, J. Interdiscip. @ Math.,, 23  (2020), 1033-1045.
https://doi.org/10.1080/09720502.2020.1776942

I. Kramosil, J. Michalek, Fuzzy metrics and statistical metric spaces, Kybernetika,
11 (1975), 326-334.

O. Kaleva, S. Seikkala, On fuzzy metric spaces, Fuzzy Set. Syst., 12 (1984), 215-
229. https://doi.org/10.1016/0165-0114(84)90069-1

A. Katsars, Fuzzy topological vector spaces Il, Fuzzy Set. Syst., 12 (1984), 143—
154, https://doi.org/10.1016/0165-0114(84)90034-4

R. Li, J. Wu, Hahn-Banach type theorems and the separation of convex sets for
fuzzy quasi-normed spaces, AIMS Mathematics, 7 (2021), 3290-3302.
https://doi.org/10.3934/math.202218320

V. Radu, Some fixed point theorems in probabilistic metric spaces, In: Lecture
notes in mathematics, Berlin: Springer, 2006, 125-133.
https://doi.org/10.1007/BFb0072718

B. Schweizer, A. Sklar, Statistical metric spaces, Pacific J. Math., 10 (1960), 313—
334. https://doi.org/10.2140/pjm.1960.10.673

I. Sadeqi, F. Kia, Fuzzy normed linear space and its topological structure, Chaos
Soliton. Fract., 40 (2009), 2576-2589.
https://doi.org/10.1016/j.chaos.2007.10.051

M. Sharma, D. Hazarika, On linear operators in Felbin’s fuzzy normed space, Ann.
Fuzzy Math. Inform., 13 (2017), 749-758.
https://doi.org/10.30948/afmi.2017.13.6.749

M. Sharma, D. Hazarika, Fuzzy bounded linear operator in fuzzy normed linear
spaces and its fuzzy compactness, New Math. Nat. Comput., 16 (2020), 177-193.
https://doi.org/10.1142/S1793005720500118

J. Xiao, X. Zhu, Fuzzy normed linear space of operators and its completeness,
Fuzzy Set. Syst., 133 (2003), 389-399. https://doi.org/10.1016/S0165-
0114(02)00274-9

- © 2022 the Author(s), licensee AIMS Press. This is
MS ATMS Press  an open access article distributed under the terms of
> the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

AIMS Mathematics Volume 7, Issue 7, 11759-11771.


https://doi.org/10.1016/0165-0114(92)90338-5
https://doi.org/10.1155/2020/8845283
https://doi.org/10.1016/0165-0114(94)90162-7
https://doi.org/10.1080/09720502.2020.1776942
https://doi.org/10.1016/0165-0114(84)90069-1
https://doi.org/10.1016/0165-0114(84)90034-4
https://doi.org/10.3934/math.2022183
https://doi.org/10.1007/BFb0072718
https://doi.org/10.2140/pjm.1960.10.673
https://doi.org/10.1016/j.chaos.2007.10.051
https://doi.org/10.30948/afmi.2017.13.6.749
https://doi.org/10.1142/S1793005720500118
https://doi.org/10.1016/S0165-0114(02)00274-9
https://doi.org/10.1016/S0165-0114(02)00274-9

