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Abstract: In this paper we have introduced some classes of new sequence spaces rc!(r,M,A, p), Fc{)(r7M7A7p)7F IL(r,M,A, p) of
fuzzy numbers using the notion of rough /-convergence. We study some basic topological and algebraic properties of these spaces. We
also investigate some inclusion relations related to these spaces.
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1 Introduction

The notion of /-convergence was initially introduced by Kostyrko et. al. [7] as a generalization of statistical convergence
[4]. Later on it was further investigated from the sequence space point of view and linked with the summability theory
by Salat [13], Tripathy and Hazarika [18, 19], Tripathy and Mahanta [20], Tripathy and Dutta [17], Tripathy et.al. [23],
Savas [15], Savas and Das [14], Kumar [6] and many others. The idea of rough convergence was introduced by Phu [11],
who also introduced the concepts of rough limit points and roughness degree. The idea of rough convergence occurs very
naturally in numerical analysis and has interesting applications. Aytar [1] extended the idea of rough convergence into
rough statistical convergence using the notion of natural density just as usual convergence was extended to statistical
convergence. Pal et.al. [10] extended the notion of rough convergence using the concept of ideals which automatically
extends the earlier notions of rough convergence and rough statistical convergence. In this paper we have introduced
some Orlicz sequence spaces of fuzzy number using the notion of rough /- convergence and studied some algabraic and

topological properties of these spaces.

2 Definitions and preliminaries

Let X be a non-empty set. Then a family of sets I C 2% is said to be an ideal if I is additive, i.e, A,B €= AUB € I and
hereditaryi.e. Ac I BCA=Bel

A non-empty family of sets F C 2X is said to be a filter on X iff
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(i) o¢F
(i) forallA,BEF=ANBEF

(i) A€cFACB=BEF.

Anideal I C 2% is called non-trivial if  # 2X . A non-trivial ideal / is called admissible iff D {{x} : x € X }. A non-trivial
ideal I is maximal if there does not exist any non-trivial ideal J # I, containing I as a subset. For each ideal I there is
a filter F(I) corresponding to [ i.e F(I) = {K C N : K¢ € I'}, where K = N — K. Throughout w denotes the class of all

sequences.

Definition 1. A sequence (x;) € w is said to be I- convergent to a number L if for every € >0, {k € N : |x,) —L| > €} €1

and we write I — limX;, = L.
Definition 2. A sequence (x;) € w is said to be I- null if for every € >0, {k € N : |x¢| > €} € I and we write I — limx;, = 0.
Definition 3. A sequence (x;) € w is said to be I- bounded if there exists M > 0 such that {k € N : |x;| > M} € I

An Orlicz function M is a continuous, convex, non-decreasing function defined for x > 0 such that M(0) = 0, M(x) >0
and M (x) — ooas x — oo. If the convexity of Orlicz function is replaced by M (x+y) < M(x) +M(y), then this function is
called modulus function. An Orlicz function M is said to satisfy A\p-condition for all values of u, if there exists K > 0
such that M(2u) < KM (u),u > 0. Let M be an Orlicz function which satisfies /\,-condition and let 0 < § < 1. Then for
each ¢ > &, we have M(t) < K&~ 'tM(2) for some constant K > 0. Two Orlicz functions M; and M, are said to be
equivalent if there exists positive constants ¢, 3 and xq such that aM| (x) < M(x) < BM,(x), for all 0 < x < xg.

Lindenstrauss and Tzafriri [8] studied some Orlicz type sequence spaces defined as follows:

Iy ={(xx) ew: ZM(p:)H) < oo, forp >0}

The space Iy with the norm

. Xk
Il =inf(p > 0: L) < 1)
becomes a Banach space which is called an Orlicz sequence space. The space Iy is closely related to [, which is an

Orlicz sequence space with M(t)=[¢|?, for 1 < p < co.

Different classes of Orlicz sequence spaces were introduced and studied by Parasar and Choudhury [9], Esi and Et [3],
Tripathy and Hazarika [18], Debnath and Debnath [2], Tripathy and Mahanta [21], Tripathy and Sarma [22] and many

others.

Let p = (px) be any sequence of positive real numbers with 0 < p; < suppy = G and D = max{1,2¢~'}. Then
lax + by |Pk < D(|ax|Px + |bi|P*) for all k € N and a, by € C. Also |a|P* < max{1,|a|®} for all a € C.

Now we give a brief introduction about the algebra of fuzzy real numbers. Let D be the set of all closed and bounded
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intervals X = [xj,x] on the real line R. For X,Y € D we define X <Y iff x; <y and x; < y;. d(X,Y)=
max{|x; —y1|,|x2 — y2|} where X = [x1,x2] and Y = [y;,2]. Then it can be shown that (D,d) is a complete metric space.
Also the relation ” <’ is a partial order relation on D. A fuzzy number X is a fuzzy subset of the real line R, i.e, a mapping
X : R — I =0, 1] associating each real number ¢ with its grade of membership X (¢). A fuzzy number X is normal if there
exists 7y € R such that X (fo) = 1. A fuzzy number X is upper semi-continuous if for each € >0, X~!([0,a + €)) is open
in the usual topology for all a € [0, 1).

Let R(I) denote the set of all fuzzy numbers which are upper semi-continuous and have a compact support ,i.e, if

X € R(I) then for any o € [0, 1], [X]* is compact where [X]* ={r e R: X(r) > a}.

1 forr#0

The set R of all real numbers can be embedded into R(7) if we define F(t)z{ 0 0
orr=

The additive identity and multiplicative identity of R(I) are 0 and 1 respectively. The arithmetic operators on R(I) are

defined as follows;
Let X,Y € R(I) and the a-level set [X]|* = [X{*,X§*] and [Y]* = [Y*,Y}*] and & € [0, 1]. Then we define

X ©Y]* = X + Y%, X5 + 1]
X[ =1, Xy =1y

]
Xor)*=|
X ®Y]* = (min{X*Y*},max{X*Y*}),i=1,2

X Ne =[x~ (x®™,Xx* > 0 for all e [0,1].
For r € R and X € R(I), the product rX is defined as

X(1) = {X(rlt)7 forr#0

0, forr=0

The absolute value|X|(¢) is defined by

X[(1) = {max{X(t%X(—t)}, fort >0
07 fort <0

Let us define a mapping d : R(I) x R(I) — R*J{0} by d(X,Y)=supd([X]%,[Y]%)

It can be shown that (R(I),d) is a complete metric space.

Definition 4. [22] A sequence of fuzzy numbers X = (X}) is said to converge to a fuzzy number Xy if for every € > 0

there exists a positive integer ngy such that E(Xk,Xo) < & for all n > ny.

Definition 5. [22] A sequence of fuzzy numbers X = (X) is said to be bounded if the set {X; : k € N} of fuzzy number is
bounded.
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Definition 6. [19] A sequence of fuzzy numbers X = (X) is said to be I — convergent to a fuzzy number Xy if for each
€>0,A(e) ={keN:d(X;,Xo) >e} €L

The fuzzy number Xj is called the I — limit of the sequence (X ) of fuzzy number and we write I — limX;, = Xp.

Definition 7. [19] A sequence of fuzzy numbers X = (X}) is said to be I — bounded if 3 M > 0 such that {k € N : d(X;,0) >
M} el

Let w! denote the collection of all sequences of fuzzy numbers. Then we can give the following definition.

Definition 8. A sequence space Er is said to be solid (or normal) if (Y;) € Er whenever (Xy) € Er and Y| < |Xk| for all
keN.

Definition 9. A sequence space Er is said to be symmetric if (X;) € Er = (Xg(x)) € EF where T is a permutation of N.
Definition 10. A sequence space Ef is said to be monotone if Ep contains the canonical pre image of all its step spaces.

Definition 11. [11] A sequence (x}) is said to be rough convergent (r-convergent) to xo if for every € > 0 there exists a
positive integer ng such that ||x; — xo|| < r+ € for all n > no, where r is a non negative real number called the convergence

degree.

Definition 12. [10] A sequence (x;) is said to be rough I-convergent to (xo) if for each
€>0,{keN:||xx—xo|| >r+e} el

Here xg is called the rough I — limit of the sequence (xy) and we write I, — limx;, = xy.

Example 1. (a) Let / =1y = {A C N: A is finite}.Then I is non trivial admissible ideal of N and the corresponding
convergence coincides with ordinary convergence.

(b) Let =I5 ={ACN:3(A) =0} where 6(A) denotes the asymptotic density of A. Then I5 is a non-trivial
admissible ideal of N and the corresponding convergence coincide with statistical convergence.

We procure the following well known result:

Lemma 1. A sequence space Er is normal implies that it is monotone.

3 Some new classes of sequence spaces of fuzzy numbers

In this section we introduce some new sequence spaces of fuzzy numbers using the notion of rough ideal convergence and

also study some properties of these spaces.

Definition 13. A sequence of fuzzy numbers X = (X;) is said to be rough convergent (r-convergent) to a fuzzy number X
if for every € > 0 there exists a positive integer ny such that d(Xy,Xo) < r+ € for all n > no, where ¥ is a non-negative

real number called the roughness degree.

Definition 14. A sequence of fuzzy numbers X = (Xy.) is said to be rough statistical convergent to a fuzzy number X if for
each € >0,8({k € N :d(X;,Xo) >r+¢€})=0.
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Definition 15. A sequence of fuzzy numbers X = (X;) is said to be rough I-convergent to a fuzzy number Xy if for each
€>0,{keN:d(X;,Xo) >r+e} el

The fuzzy number Xg is called the rough I — limit of the sequence (X;) of fuzzy number and we write I, — limX), = Xo.

Let M = (M;) be a sequence of Orlicz functions , A = (ay) be an infinite matrix and X = (Xj) be a sequence of fuzzy

numbers. We write AX=(A; (X)) if Ax(X) =Y ayX; converges for each i.

We define the following sequence spaces as follows:

el (nM,A, p) = {(X;) ewl : {keN: i[Mk(d_(Aki)X)’))]pk >r+e}el for some p>0 and LeR(I)}.
k=1
Feh(nML A p) ={(X;) ewf : {keN: i[Mk(d(Aki)X)’_))]pk >r+e}el for some p>0 and LeR(I)}.
k=1
d-(Ak(X)a_)

FIL(nM, A, p) = {(X) ew" : {keN: Y [My( )Pk >r+KYyel for some p>0,K>0 and LeR(I)}.

=1 p
PLa(M,A,p) = {(X0) € W* : {n e N supg Y vy 2410
k=1

17k < oo},

From definition it is obvious that rcl)(r,M,A, p) C pc! (r,M,A,p) Cr IL(r,M,A,p) Cr l.(M,A, p)

Few special cases of the above spaces are as follows.

(i) If My(x) = x for all k € N, then the above classes of sequences are denoted by pc’(r,A,p),pc{)(r,A,p),F IL(r,A,p)

respectively.
(i) If p=(px) = (1,1,1,.....) then we denote the above spaces by rc!(r,M,A), pcl(r,M,A),r IL(r,M,A) respectively.

(i) If we take A = (C,1), i.e., the Cesaro matrix, then the above classes of sequences are denoted by
FCJ(F,W,M,p),FC{)(V,W,M,p),pli,(l",W,M,p)
% forkel, = [n— 2, +1,n]

(iv) If we take A=(a,y) is a de la Valeepoussin mean, i.e.,a,;=
otherwise

where (4,) is a non-decreasing sequence of positive numbers tending to ecand 4,1 <A, + 1, A; = 1, then the

above classes of sequences are denoted by pcf1 (r,M,p),chA (r,M,p)o,r lf1 (r,M, p)« respectively.

(v) Ifr=0, we get pc! (M,A, p), rch(M,A, p).r IL(M,A, p) respectively.

Theorem 1. The spaces pc! (r,M,A, p), rch(r,M,A, p),rIL(r,M,A, p) are linear space.
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Proof Let X = (X;) and Y = (¥;) be any two elements of rc/(r,M,A, p) and &, 8 be any scalar. Then

A(e)={keN: iww
k=1

B(e)={keN: i[Mk(
k=1

P> r+e}el

AAD) sy gyt

By the continuity of the sequence M = (M) the following inequality holds:

n d(AaX +bY),0) n d(AX),0) n o d(AY),0).
,;[Mk( lalp1 + |b]p2 ) SDK,;[M"( o ) +DK,§1[M"( 0 )
o QAX).0) e d(A(¥).0)

<D Yl p o P R e M )

_ ¥ B
where K = max{1, oS o top |-

From the above relation we get the following:

& d(Ad(aX +bY),0)
e Y M o,
d_<Ak(X)aO_) E
P "
d(A(Y),0) . p, €
T)]p Zr+§}

W42} C

{keN: i DK[M;(
k=1
U{keN: i DK[M;(

k=1

This completes the proof.
Theorem 2. The space pc'(r,M,A,p),rch(r,M,A,p),rlL(r,M,A,p) are paranormed spaces (not totally paranormed)

with the paranorm g defined by:

glx)= inf{p%k :supkMk(J(A"E,X)’d)) <, for p > 0}, where H = max{r, supyp}.

Proof. We prove the result forzI. (r,M,A, p)only. The others can be proved similarly.
It is obvious that g(0) = 0, g(—x) = g(x) and it can be easily shown that g(x+y) < g(x) + g(y).

Let 1, — t, where t,,,t € R(I) and let g(x, —x) — 0, as n — oo. To prove that g(#,x, —tx) — 0, as n — oo. We put

A={p;>0: Supk[Mk(d(Akl(jl()’))]p" <r}
and

B={p2>0: sup[Mk(M)}pk <r}
k p2

By the continuity of the sequence M = (M) we observe that
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d(Ar(t. Xy —1X),0) d(Ax(ta Xy —1X,),0) d(Ar(tX, —tX),0)

M, <M, + M,
o i =M o e M o s
‘t’l_t|p1 Mk(d(Ak(Xn)vO)) |t|p2 Mk(d(Ak(Xn_X)aO))
= ta—tlp1 + |t]p2 p1 |tw —t]p1 + [t]p2 p2
From the above inequality it follows that
supelM (J(Ak(tan—tX),O_) o<
=1l + Ttlp
and hence
D,
8(tnXo —1X) = inf{(1ta —t|p1 +|t|p2) 7 : p1 € A, p2 € B}

Pk, 43 Pk . Pic
<(ta—t) "inf{p/" : p1 € A} +(|t])#inf{p," : p» € B}
P P
< max{|ty — 1], (Jtu — t]) ¥ }g(X) + max{|t], (|t]) # }g(X, — X).

As g(X,) < g(X)+g(X, —X) for all n € N, hence our assumption the right hand side of the above relation tends to zero

as n — oo. This completes the proof.

Proposition 1. Let M = (M},) and N = (Ny) be sequences of Orlicz functions. Then the following hold:

(i) rch(N,A,p) Cr ch(MoN,A, p), provided p = (py) such that Gy = infpy > 0.
(i) rcf(M,A,p)pch(N,A,p) Cr ch(M+N,A,p)

Theorem 3. The spaces pc!(r,M,A, p), Fcé(r7 M, A, p) are normal and monotone.

Proof. Let X = (X;) € cl(r,M,A, p) and Y = (Y}) be such that d(Y;,0)< d(X,0). Then for € > 0,

tken: Y pr(LAX:0

k=1

)Pk = r+e}

d_(Ak(Y)’ 0_)

Z_D{keN:i[Mk( NWEk>rtefel

k=1

Then the result follows from the above relation. Thus the space Fc{)(r,M ,A, p) is normal and hence monotone by lemma
2.14. Similarly for the other.

Proposition 2. If I is neither maximal nor I = Iy then the spaces Fc’(r,M,A7p),pcé(r,M,Ap) are not symmetric in

general.

Theorem 4. The spaces pc! (r,M,A, p), rch(r,M,A, p) are sequence algebra.
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Let X = (X;) and Y = (¥;) be any element of rc!(r,M,A, p). Let € > 0 be given. Then

Ale)={keN: i[Mk(d(A"(;‘)’i)nPk Srtelel
k=1

Be)={keN: Y [My( (A"S/)))]”>r+e}el
k=1

Cle)={keN: Z ’L"‘()(lf@l/)))]l’k>r+e}el

Now it can be easily shown that C(¢) C A(e)|JB(&) and C(€) € rc!(r,M,A, p).
Theorem 5. The spaces pc! (r,M,A, p), rch(r,M,A, p) are not convergence free in general.

Proof. Proof is easy, so omitted.
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