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Abstract. The purpose of the present article is to introduce the idea of rough ideal statistical convergence
of order a of sequences in intuitionistic fuzzy normed spaces. In these spaces, we have defined the concepts
of rough ideal statistical limit points, rough ideal cluster points, and rough ideal boundedness. The theory
of convexity and closeness was next examined for the collection of approximative statistical limit points.

1. Introduction

The fascinating idea of rough convergence was first suggested by Phu [29] for sequences on finite-
dimensional normed linear spaces in 2001. After that, numerous authors were inspired to work on various
sequence-spaces, including those for double sequences [17, 25, 26], triple sequences [14], lacunary sequences
[22], ideals [16, 27]. Despite this, it has been established in a variety of spaces, see [2, 3, 9]. It was later
expanded to infinite-dimensional normed linear spaces [30]. In 2008, Aytar [8] also worked on same and
introduced new generalized convergence named rough statistical convergence.

In 2000, Kostryko et al. [23] proposed the idea of ideal convergence(Z-convergence) by generalizing the
statistical convergence. With the help of ideals, in 2011, a new generalisation named rough ideal statistical
convergence in normed spaces was defined by Das, Savas and Ghosal [13]. They studied its fundamental
properties. In 2010, Colak [11] introduced the concept of statistical convergence of order « for sequences of
real numbers. Later on, Savas and Das [12] defined J-statistical convergence of order a(a € (0,1]). Maity
[24] worked on rough statistical convergence of order o and studied some properties of rough statistical
limit points in normed linear space. Futhermore, a lot of developments have been made in this area for
sequences in 2-normed spaces [4-6, 15, 18, 19]. In [10], authors defined 7 -statistical rough convergence of
order @ in normed linear spaces and established the necessary and sufficient condition for a sequence {xy}
to be J-statistically convergent of order « and 7 -statistically bounded of order a.

Zadeh [32] proposed the idea of fuzzy sets as an extension of classical sets to study the vague qualitative
or quantitative data. Fuzzy set theory is an efficient technique for describing uncertainty and ambiguity.
As a generalisation of fuzzy sets that can deal with both the degree of non-membership and the degree of
membership of the components for the given set, Atanassov [7] introduced intuitionistic fuzzy sets in 1986.
Park [28] was the first to develop intuitionistic fuzzy metric spaces and the concept of Cauchy sequences in
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the same spaces using continuous f-norm and continuous f-conorms. Saadati and Park [31] expanded this
idea to intuitionistic fuzzy topological spaces. Karakus [21] defined statistical convergence in intuitionistic
fuzzy normed spaces and studied statistical convergence with properties in IFNS. Recently, Antal et al.
[1] examined rough statistical convergence and some fundamental results in intuitionistic fuzzy normed
spaces.

In present article, we introduce the notion of rough ideal statistical convergence of order a(a € (0, 1])
in intuitionistic fuzzy normed spaces (Briefly IFNS). We provided the results in their most generic manner
compared to past studies, which exist in normed linear spaces. In addition, we have also defined rough
ideal statistical cluster points in IFNS and worked on it. The theory of convexity and closeness was next
examined for the collection of approximative statistical limit points. We shall provide some basic definitions
and concepts relating to rough ideal statistical convergence of order « in the next section.

2. Preliminaries

This section reviews essential terminology and ideas associated with rough ideal statistical convergence
and intuitionistic fuzzy normed spaces (IFNS).

Definition 2.1. [23] Let Y # 0. A family T C P(Y) of subsets of Y is called an ideal in' Y provided,

(i) e 1,
(i) R,Se I = RUSe],
(iii) ForeachRe I,SCR = Se 1.

where the collection of all subsets of Y is denoted by P(Y).

A non-trivial ideal (Z # P(Y)) which is proper subset of P(Y) is called an admissible ideal in Y iff it contains
all the singletons.
Consider I as a non-trivial admissible ideal in set of natural numbers throughout the article.

Definition 2.2. [23] Let Y # 0. A non-empty class F C P(Y) is called filter on Y provided,

(i 0¢F,
(ii)) S,TeF = SNTEeF,
(iii) ForeachSeF,ScT — TeF.

Every ideal T is associated with a filter IF(T) defined as follows:
FZ)={MCY: M €1} whereM° =Y — M.
Definition 2.3. [23] A sequence y = {y,,} in Y is called ideal convergent (I —convergent) to p if for every & > 0
A(e)={neN:|y,—pl>e}el.
Here, p is known as the I-limit of the sequence y = {Yu}.

Now, we recall rough convergence as follows:

Definition 2.4. [29] Let (Y,|.|[) be a normed linear space. Then, sequence y = {y,} in Y is called rough
convergent(r—convergent) to & € Y for some non-negative real number r if there exists my € IN for every € > 0
such that ||y, — &l < r + € for all m > my.

We write it as y,, — & or r— lim v, = & where r is known as roughness degree of rough convergence of the sequence
m—oo
Yy = {Yml.

For any sequence y = {y;,} in the normed linear space Y the r-limit set is given as LIM; = {& € X y 5g).
Also, LIM;W = [lim sup y —r, lim inf y + r] is defined for any sequence y = {y,,} of real numbers [29].
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Definition 2.5. [27] A sequence y = {y,} is called rough ideal convergent(r — I — convergent) to &, where r is
non-negative roughness degree, if for every € > 0,

meN:|ly,—E&ll=r+e}el.
Next, we mention about IFNS along with convergence of sequence in this space.

Definition 2.6. [20] Let Y be a vector space and 1, 1) be two fuzzy sets on Y X R, then the triplet (Y, y, 1) is called
an intuitionistic fuzzy normed space (IFNS) if for each y,z € Y and p,q € R, we have

i) v(y,q) =0and n(y,q) =1 forq ¢ R,
(i) Y(y,q) =Land n(y,q) = 0forqg € R iff y =0,
(iii) Y(ay;q) =v¢ (y,' %) and n(ay; q) = n (y,' &),a # 0 s a real number,
(iv) min{g(y, p), Pz 9} <Yy +zp + ) and max {n(y, p), n(z, P} = n(y + zp +9),
(v) lim ¢(y, ) = 1, lim ¢(y,q) = 0, lim n(y, q) = 0, limn(y, 4) = 1.

Example 2.7. [31] Let (Y, ||.[) be any real normed space. For every q > 0 and all y € Y, define P(y,q) =
(Y, 9) = ;- Then (Y, 1) is an IENS.

1
g+l

Definition 2.8. [31] Let (Y, vy, n) be an IENS with intuitionistic fuzzy norms (1, n). A sequence y = {y,,} in Y is
called convergent to & € Y with respect to the norm (,n) if for every € > 0 and A € (0, 1) there exists mg € IN such
that Y(ym — & €) > 1 = Aand n(ym — &; €) < A for all m > my. It is denoted by (Y, n) — lim y,, = &.

Definition 2.9. [1]Let (Y, 1, n) be an intuitionistic fuzzy normed space. A sequence y = {y,,} in Y is said to be
rough convergent to & € Y with respect to norm (i, n) for some non-negative real number r if there exists my € IN for
every € > 0and A € (0,1) such that

Yy —Er+e)>1=-Aand n(y, — & v+ €) < Aforall m > my.
It is denoted by yy, M Eorr(y,n) - nl}_l)r(}c Ym =&

Remark 2.10. For r = 0, the rough convergence agrees with the usual convergence for the sequences in an IFNS.

Definition 2.11. [1] Let (Y, {, n) be an intuitionistic fuzzy normed space. A sequence y = {y,,} in Y is said to be
rough statistical convergent to & € Y with respect to norm (i, n) for some non-negative number v if for every € > 0
and A € (0,1)

lim1|{m§n:1/J(ym—5;r+e)sl—/\orn(ym—é;r+e)2A}|=0.

n—oo 11

It is denoted by yy, LN Eorr—st— lim y, =&
Let st — LIM, denotes the the set of all rough statistical limit points of the sequence y = {ym}.

3. Main Results

In this section, we first define the concept of rough statistical convergence of order a and rough ideal
statistical convergence of order a(a € (0, 1]) inan IFNS and then proved some significant results. Throughout
the article a € (0, 1]).
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Definition 3.1. Let (Y, ¢, n) be an intuitionistic fuzzy normed space. A sequence y = {y,,} in'Y is said to be rough
statistically convergent of order a to & € Y with respect to norm (y, 1) for some non-negative number r if for every
e>0and A €(0,1)

lim — {m<n:lym—Er+e) <1=Aorn(yn —&r+e) 2 AJ| =0.

n—oo N&

It is denoted by yy, iGN Eorr—st(a) - im y, = &

Let st — LIM}'y denotes the the set of all rough statistical limit points of order « of the sequence y = {Ym}.
Remark 3.2. For r = 0, the notion rough statistical convergence of order o agrees with the statistical convergence of

order a for the sequences on an IFNS and for o = 1, this notion coincides with rough statistical convergence studied
by Antal et al. [1] on IFNS.

Definition 3.3. Let (Y, ¢, n) be an intuitionistic fuzzy normed space. A sequence y = {y,,} in'Y is said to be rough
ideal statistically convergent of order a to & € Y with respect to norm (Y, 1) for some non-negative number r if for
every e > 0and A € (0,1)

{nEIN:%|{m$nztp(ym—é;r+e)s1—Aorn(ym—£;r+s)2/\}|26}6]
or
or(meN:Y(ym—&Er+e)<1—-Aornlym—&Er+e) = A =0,
where 67(A) = I — lim %l{m <n:m e A}l if exists.

It is denoted by yy, ), Eorr—sty - lim y, =&

m—o0

Let I — st — LIM{y denotes the the set of all rough ideal statistical limit points of order « of the sequence y = {Ym}.

Remark 3.4. For v = 0, the notion rough ideal statistical convergence of order a agrees with the ideal statistical
convergence of order o in an IFNS.

The following example shows that there is a sequence which is neither rough ideal convergent nor ideal
statistical convergent but it is rough ideal statistical convergent of order a.

Example 3.5. Let S be an infinite subset of N and I be an ideal such that S € 1. Then S = {a1 <ap <az < ..} €
F(X). Consider a sequence y = {Ym}men such that

=D, ifmégSanda =1,
Y= m, ifmes.

Then

o N ) r<l,
I —st LIM,]/—{ [1-r7r—1] otherwise.

In general, a sequence’s rough limit might not be unique. Therefore, we consider the rough I-st-limit set of
order a of sequences y = {y,,} with respect to the norm (¢, 1) as

r—I—st(a)

T -st—LIMyy={& €Y :y, — &},

Moreover, sequence y = {y,,} is rough I-st-convergent provided I — st — LIM;y # ¢ for some r > 0. In [29], it
was observed that for a sequence v = {y,,} of real numbers, the set of rough limit points,

LIM;, = [lim sup y — 7, lim inf y + 7].
In the similar way,

I —st—LIM}y =[] —st—limsup y—r,7 —st—liminf y +r].
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Definition 3.6. A sequence y = {y,,} in intuitionistic fuzzy normed space (Y,, 1) is I-st-bounded of order a(a €
(0,1]) if for e > 0, A € (0,1) and some r > 0, there exists H > 0 such that

{ne]N:n%|{m£n:w(ym;H)Sl—/\orr](ym;H)Z/\}|26}6].

Theorem 3.7. Let (Y, 4, 1) be an IFNS with intuitionistic fuzzy norms (i, n). A sequence y = {y,} in Y is
I -st-bounded of order (e € (0,1]) iff T — st — LIM}y # ¢ for some r > 0.

Proof. Necessary Part:- Consider the sequence y = {y,,} which is 7-st-bounded of order a in an IFNS (Y, i, 1)).
Then, for every € > 0, A € (0,1) and some r > 0, H > 0 such that

1
{ne]N: n—a|{mSn:gb(ym;H)Sl—/\orn(ym;H)Z)\”Zé}e].
Since 7 is admissible, therefore M = IN \ G is a non-empty set, where
G= {nelN: n—1a|{m$n s Y(Ym; H) < 1= A or n(ym; H) 2A}| 26}.
Choose m € M, then

! |tm < n: Py H) < 1= Aor n(ym H) > A} <6

ne
— %hms;q:lp(ym,ﬂ)>1—Aandq(ym;H)<A}| >1-6. (1)
Let K={m <n: ¢y, H) >1-Aand n(y.; H) < A}.
Also,
Y(Ym; v + H) = min {(0, 1), (v, H)}
=min {1, Y(ym; H)}
>1-A4,
and n(yy; v + H) < max {n(0, ), n(ym, H)}
= max {0, n(ym; H)}
<A

Thus, K C {m <n: Y(ym;r+ H) > 1 - Aand n(y,; v+ H) < A}
Using (1), it implies 1 — 6 < l% < nl—a |{m <n:Y(Ymr+H)>1-Aand n(y,;r+ H) < /\}l.
Therefore,

%|{m£n:gl)(ym;r+H)Sl—/\orn(ym;r+H)2/\}|<1—(1—6)<5.

Then,

{nEIN:i
nc‘(

{mgn:lp(ym;r+H)sl—/\orr](ym;r+H)Z/\}|Zé}CGGI.

Hence, 0 € 7 — st — LIM?y. Therefore, I — st — LIM;y # 0.
Sufficient Part:-
Let 7 — st — LIM7y # 0 for some r > 0, then there exists some & € Y such that £ € 7 — st — LIM;y.
For every ¢ > 0 and A € (0,1), we have
1

{ne]N: n—a|{m$n:yb(ym—cf;r+e)Sl—/\orn(ym—cf;r+e)2/\}| 26}6].
Therefore, almost all y,,’s are enclosed in some ball with centre & in IFNS, which imply that y = {y,} is
I -statistically bounded of order ¢ in an IFNS. [



M. Kaur et al. / Filomat 38:30 (2024), 10539-10553 10544

Next, we will show that the algebraic characterization also hold for rough ideal statistical convergent
sequences of order « in intuitionistic fuzzy normed spaces.

Theorem 3.8. Let {x,,} and {y,,} be two sequences in an IFNS (Y, ¢, n) with I as admissible ideal and o € (0,1]),
then the following results holds:

r—I—st(a) r—I—st(a)

(i) If X L and c € R, then cx,, cL.
.. r—1 —st(a) r—I—st(a) r—1 —st(a)
(i) If xy ———> Ly and y,, ———> Ly then (X + Ym) —— L1 + Lo.

Proof. (i) If ¢ = 0 then we have nothing to prove. So assume ¢ # 0. Asr — st} — lim x, = L, then for given
m—oo
A>0andr >0,

a

1
G={n€]N: n—({mSnzlp(xm—L;r+e)s1—A0r1](xm—L;r+s)2A}| 26}6[
Since 1 is admissible, therefore M = IN \ G is a non-empty set. Choose m € M, then

1
El{mﬁn:1/1(xm—L;r+e)s1—A0r17(xm—L;r+e)2A}| <0

= nl—a){mSn:1p(xm—L;r+€)>1—/\or17(xm—L;r+€)</\}|21—6.

= %HKI >1-0. ()
Where
K={meN:yx,—-Lr+e)>1-Aand n(x, - L;r+¢) < A}.

It is sufficient to prove that for each A > 0and » > 0;
Kc{meN:{(cxy, —cLr+¢e)>1-Aand n(cx, —cL;r + ¢) < A}.

Letm € K, then ¢ (x,, — L;v + €) > 1 — A and n(x,, — L;r + €) < A
So,

I’D(me_CL;r+€):¢(Xm—L,r+E)

el
min {1/;(xm L+ 8),1/)(0,% — e))}
min {Y(x, — L, 7+ ¢€),1}
=y(xp—Lr+e)>1-4A,
r+e)

and n(cx,, —cL;r+€) =1 (xm -L, W

[\

IA

max {n(xm -Lr+e)n (O, TT'E —(r+ s))}

= max {n(x, — L, 7+ ¢),0}
=nxny—Lr+e) <A

Which gives,
Kc{meN:{(cxy, —cLr+¢e)>1-Aand n(cx, —cL;r + &) < A}.

Using (2),we have 1 -0 < l,%l < % |{m <n:y(exy —cLyr+¢€)>1—-Aand n(cx, —cL;r + €) < /\}|.
Therefore,

%|{m£n:¢(cxm—cL;r+s)sl—Aandn(cxm—cL;r+s)2/\}|<1—(1—6)<(§.
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Then,
1
{nelN:ﬁ){mSn:¢(cxm—cL;r+e)s1—/\or77(cxm—cL;r+e)2A}|Zé}CGEI.

which shows that cL € 7 — st — LIM cx,, in (Y, i, 7).
(ii) In the similar manner, we can prove (ii) part. So, we are omitting its proof. [J

In next result, we will show the set 7 — st — LIM? y is closed.

Theorem 3.9. Let y = {y,} be a sequence and r is some non-negative real number. Then, the set I — st — LIM;'y of
a sequence y in an IFNS (Y, Y, n) is a closed set.

Proof. If T — st — LIM{y = 0 then the result is obvious as 7 — st — LIM}'y is either empty set or singleton set.
Let I — st — LIM}'y # 0 for some r > 0.

Let x = {x,,} be a convergent sequence in (Y, y, ) with respect to (i, 1), which converges to xo € Y. For ¢ > 0
and A € (0, 1) then, there exists my € IN such that

¢(xm—x0;§)>1—)\andr](xm—x0;§)</\forall m > my.

Let us take x,,, € 7 — st — LIM; y which gives the existence of a set A where

&

1
= : <n: m — Xmys
A {me]N na’{m_n 1/)(}/ X3 ¥+ 5

)Sl—Aorn(ym—xml;r+§)2/\}'26}6].

Since I is admissible so G =N\ A is a non-empty set. Choose n € G, then

{mSnzt/)(ym—xml;r+%)sl—Aorn(ym—xml;r+%)2/\}|<6

ne

&

1 )
= py {mSn:gl/(ym—xml;r+2)>1—/\and17(ym—xml;r+%)</\} >1-0.

Put B, :{msn:gb(ym—xml;r+§)>1—/\and17(ym—xml;r+§)<A}.
Then, for j € B,, j > mp , we have

. & &
Y(yj — xo;7 + &) 2 min {Hl’(!/j = Xmy; T+ E)rw(xml - xo; 5)}
>1-A,

e €
and 1(y; — xo; 7 + €) < max {17 (yj — Xy T+ E),n(xml — Xo; E)}
<A
Therefore;
je{meN:¢(ym—xpr+¢e)>1—Aand n(yy, —xo0;7 + €) < A}.
Hence, B, c {m € N : ¢ (ym — xo;7 + €) > 1 — A and 1 (ym — Xo; 7 + €) < A}, which implies that

1—63”5—;"< ! ’{msn:tp(ym—xo;r+e)>1—/\and17(ym—x0;r+e)</\}|.

< e
Therefore,%|{m§n:¢(ym—x0;r+e)s 1—/\orn(ym—x0;r+e)2/\}| <1-(1-06)=06
Then,

1
{ne]N: n—a|{mSn:t,b(ym—xo;r+€)§1—)\or17(ym—x0;r+8)2/\}|Zé}CAEI.
which shows that xy € 7 —st = LIM;y in (Y, ¢, ). O

The convexity of the set 7 — st — LIM;' y is demonstrated in the following result.
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Theorem 3.10. Let y = {y,,} be any sequence in an IFNS (Y, ¢, 1)) then the set I — st — LIMy is a convex set for
some non-negative number r.

Proof. Let ¢1,¢, € I — st — LIM;y. For convexity we have to show that (1 — w)@; + wp, € I —st — LIM}'y
for any real number w € (0, 1).
Since @1, @2 € I — st — LIM?y,,,, then there exists m € IN for every ¢ > 0 and A € (0,1) such that

r+¢ r+e
Aoz{meN:Ip(ym—(pl;m)Sl—/\orn(ym—(pl;m)2/\},
d
an r+e¢€ r+ ¢
A= {meN: (v pu ) <1 Aorn(vn - en 5 ) 2 ).
For 6 > 0, we have
{nelN:nl—al{mSn:meruAl}lzé}EI.

Now choose 0 < ; < 1suchthat0 <1 —96; <. Let
1
A={ne]N:E|{m§n:meA0UA1}|261}eI.

Now forn ¢ A .
fm<n:me AyUA}| <1-061

ne
;7|{m3n;m¢AouA1}|21—(1—51)=51.

This implies {m <n:m ¢ AgU A1} # 0.
Let mg € (Ao U A1) = AjN AS.

Then,
Y (Ym, — [(1 = w)p1 + wpal; 7+ €) = PI(1 = @) (Yme — P1) + @Yy — 2); 7 + €]
> min {4((0 - )m ~ 00 5), 9 (0m - 02 55}
= min {l,b (]/mo - Q1 %),w(ymo - @2; r;—;)} >1-4,
and

N Yy = (1= )1 + 0pal; 7+ &) = N[ = )Yy = P1) + @ (Y, — P2);7 + €]
< max {TT ((1 — ) Ymy — P1); HTE), n (cu(ymU - ); HTE)}

r+e r+e
= max 1| Ym, —(Pl;m ,n(ymo —(Pz;g) < A.
This implies Aj N Af C B°.
Where

B={meN:¢(ym —[(1-w)p1+wpl;r+e)<1—A0rn(Ym — [(1 - 0)p1 + wpa]; 1+ €) > A}
Soforn ¢ A,

1 1
h<—|m<sn:mgAyUA})| < —|m<n:mé¢B
ne ne

or;—al{mSn:melB}|<1—61<6.

Thus, A° C {n € N : Ljm <n:meB| < 5). Since A° € F(I), then {n € N: L jm <n:m e B| <5} € F(I),
which implies that {n eN: nl—a m<n:meB|> 6} € 1. Therefore, I — st — LIM} y,, is a convex set. []
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Theorem 3.11. A sequence y = {yy,} in an IENS (Y, 1, n) is rough ideal statistically convergent of order a top € Y
with respect to the norm (, 1) for some r > 0 if there exists a sequence z = {z,,} in Y such that T — st — LIM"z = p
in'Y and for every A € (0,1) have Y(yy, — zm; v + €) > 1 = A and (Y, — zw; v + €) < A for allm € IN.

Proof. Consider z = {z,} be a sequence in Y, which is /-statistically convergent of order a to p and
Y(Ym — zm;r +€) < Aand Ny —zmsr +€) > 1 - A
Then by definition, for any ¢,6 > 0 and A € (0, 1) the set

Mz{nE]N:n%“mﬁn:w(zm—p;e)é1—/\or17(zm—p;£)2/\}|Zé}e].
Define
Ay ={meN:Y@z,—p;e)<1-Aornz,—p;e) = A}
Ay ={meN:(Ym—zm1) <1 —=A0r (Y — zm; 1) = A}.

For 6 > 0, we have

1
{nelN:n—al{mSn:meAlqu}lzé}el

Now choose 0 < 61 < 1such that0 <1 -061 <6 and let
1
A:{ne]N:n—a|{m§n:meA1UA2}|261}€I.

Now forn ¢ A
—|m<n:me AL UA) <1-0
n[’(

ﬁl{mSn:mgAlqu}l21—(1—61):61.

This implies {m <n:m ¢ A; U Ay} # 0.
Let m € (A1 U Ay)° = AS N AC.

Then,
Y (Y — p;7 + ) = min {P(Ym — 2u; 1), P(2m — p; €)}
>1-A4,
and (Y, — p; 7+ €) < max {(Ym — zm; 1), N(zm — p; €)}
< A.

Which gives Al NA; CB, where

B={meN:¢(yn—p;r+e)<l-Aorn(ym—p;r+e)=>A}.
Soforn ¢ A,
61$%I{mSn:mnglUAz}ls:—al{mSn:mgé]B}l
or
Wm<n:meB)<1-06 <6.

ne
Thus, A° C {n€N: L |m<n:meB| <o) Since A° € F(I) then fne N: L jm<n:meB| <05} e FI),

o
—J—
e, p with respect to the norm (1, 77). O

=

which implies {n eN:Lim<n:meB|> 6} € I.Hence, yu

Theorem 3.12. Let y = {y,,} be a sequence in an IFNS (Y, 1), 1) then there does not exist two elements a1,y €
I —st—LIM}y forr > 0and A € (0,1) such that (a1 — ag;cr) < 1— Aand n(ar — az;cr) = A forc > 2.
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Proof. We shall use contradiction to support our conclusion. Assume there exists two elements aj, a, €
I — st — LIM7y such that

Y(ag —ager) <1 —Aand n(ag — ag;cr) = A forc > 2. 3)

As a1, ap € T — st — LIM}'y then for every ¢ > 0 and A € (0, 1). Define,

A1:{me]N:l/)(ym—al;r+g)sl—/lorn(ym—a1;r+§)2/\}

Azz{me]l\l:lp(ym—az;r+%)sl—/\orn(ym—az;r+%)2/\}.

Then,

il{mﬁn:meAlqu}ISll{mﬁn:m€A1}|+ll{mﬁn:meAz}l
ne n% ne

So, by the property of J-convergence, we have

.1 1 .1
IT-lim—m<n:meATUA)<T-lim—m<n:-meMA|+7—-lim—|m<n:me A,
n—oo n& n—oon& n—oo &

Thus,

2%

1
{ne]N:n |{msn:meA1UAZ}IZ(S}EI,forall6>0.

Now choose 0 < 61 =1/2 <1suchthat0 <1 -6 < 6.
Let

1
]K:{nEIN:ﬁl{msn:meAlqu}IZ(Sl}eI.
Now forn ¢ K
1 m<n:meATUA) <1-061=1/2

n_a|
1
ﬁl{mSn:meéAlUAZ}IZI—(l—él)zl/Z.

This implies {m <n:m ¢ A; U Ay} # 0. Then for m € A{ N A5, we have

Y (a1 — ap;2r + €) > min {I/J(ym—az T+ g)/l/’(ym -t %)}

>1-A,
and 1 (a1 — ap; 2r + €) < max {r](ym —ay i+ g),n(ym —ayr+ %)}
< A
Hence,
Yl —a2r+e)>1—-Aand n(ag —ag;2r+¢) < A @)

Then from (4) we have i (a1 — az;cr) > 1 — A and n(a; — az;cr) < A for ¢ > 2. which is contradiction to (3).
Therefore, there does not exist two elements such that i(a; —ay; cr) < 1-A and n(ay —ag;cr) 2 Aforc > 2. O

Definition 3.13. Let (Y, ), n) be an intuitionistic fuzzy normed space. Then y € Y is called rough I-statistical
cluster point of order o of the sequence y = {y,,} in Y with respect to norm (, ) for some r > 0 if for every & > 0 and
Ae(0,1)

Sr(fmeN:V(ym—y;r+e)>1—Aand n(yy, —y;r+€) <A} #0,
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where 67(A) = I — lim pors [{m < n:m € A|if exists. In this case y is known as r-1-statistical cluster point of order
n—o00

a of a sequence Y = {Ym}.

LetT’ :5‘()2),”) (X') denotes the set of all r-I -statistical cluster points of order a with respect to the norm (1, ) of a sequence
Y =A{ym}inan IFNS (Y, ¢, n). If r = 0 and a = 1 then we get ideal statistical cluster point with respect to the norm

(W, 1) in an IFNS (Y, ¢, 1) i.e. T4e) (D) = Tn(D)-

7(a)

Theorem 3.14. Let (Y, v, 1) be an intuitionistic fuzzy normed space. Then, the set I St

y = {ym} is closed for some r > 0.

n)(j ) of any sequence

Proof. 1t I"") (I) = 0, then we have nothing to prove.

st(y,n)

So Assume, I' ZE?J} " (Z) # 0. Take a sequence x = {x,,} C T ;izl " (7) such that x,,, B, Xo. It is sufficient to show
r(a)

that xy € Fst(lp,n)(f)‘

As xy, M Xo, then for every ¢ > 0 and A € (0, 1), there exists m, € N such that ¢ (xm — Xo; %) >1-Aand

U(xm - Xo; %) < A form > m,.
Choose some mj € IN such that my > m,. Then we have ¢ (xmo — Xo; E) >1-Aandn (me - X0; %) < A

@), we have x,,, € ' (.

Againasx = {x,,} C T Zi st(,n)

@)
W,
= 61({111 €IN: (Y — Xy 7 + %) >1—Aand n(Ym — X, ); ¥ + %) < /\}) # 0. (5)

Consider G = {m EIN: Yy — Xme; v+ 5) > 1= Aand (ym — Xmy; 7 + 5) < )\}. Choose j € G, then we have
YY) — Xmp; 7+ 5) > 1= Aand n(y; — xpy; 7 + 5) < A
Now,

. € €
¢(yj—xo;r+e) > min {gb(yj—xmﬂ;r+ 5),1#(3(,110 —Xo; 7 + 5)}
>1-A4,

I3 I3
andr](yj—xo;r+ s) < max {q(y]-—xmo;r+ E),n(xmo —Xo; 7 + E)}
<A.

Thus,
je{meN: Y(ym —xp;r+¢€) >1—Aand n(ym — xo; 7 + €) < A}.

Hence,

€ I3
§)>1—}Landr](ym—xmo;r+ §)</\}

C{imeN: Py, —xp;v+¢€)>1—Aand n(y, — xo; 7+ €) < A}

{me]N:x,b(ym—me;r+

£
2

&

2)<A})
<or(fm e IN : P(ym —xo; 7+ €) > 1 = Aand n(y, — x0;7 + €) < A}).

or({m elNzlp(ym — Xpyys ¥+ )> 1-Aand n(ym — Xy 7+

(6)

From (5), the set on left side hand of (6) has natural density more than zero, which implies that

o7 ({m e N : Y(ym — xo;7 +€) > 1= Aand n(ym — xo0;7 + €) < A}) # 0.

r(a)

Therefore, xg € I St

(£). Hence the result proved. [
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Theorem 3.15. Let I' @ St )(I ) be the set of all I-statistical cluster points of order a of the sequence y = {y,,} in

an intuitionistic fuzzy normed space(Y, Y, n). Then for any arbitrary v € F (@) (Z),r > 0and A € (0,1), we have

. ) r(a)
YC-vin)>1=Aand n(C~v;r) < Aforall Ce I (D).

st(,n)

Proof. Sincev eI’ i‘;‘()w ")(I ) then for e > 0and A € (0,1), we have
Sr({meN:Y(ym —v;€) >1—Aand n(ym —v;€) < A}) #0. (7)

Now, it is sufficient to show that if any C € Y satisfy (C—v;e) > 1-Aand n(C—v;¢e) < A, thenl e T st ).

Suppose j € {m € N : Y(y, —v;€) > 1= Aand n(y,, — v;€) < A} then Y(y; —v;e) > 1 - Aand n(y; — v;¢) < A.
Now,

(o= Gre) > min (o (- vie) 0 € i)
>1-A,

andr]( -G r+£>< max {n(y -v; e) nC-v; r)}
<A

So, we have 1,b(yj —C;r+e) >1-Aand n(yj —C;r+e) < A.
Thus, je{m e N : Yy, — CGr+e)>1—-Aand n(ym — G v+ €) < A} which gives the inclusion

melN:P(ym—v;e)>1-Aand n(yu—v;e) <Ay S {m e N: Y(yu—Cr+e) > 1-Aand n(y,—Cr+e) < A}

Then

or(fm e N : Y(y —v; €) >1 — A and n(y, — v; €) < A})
<or(meN:yY(ym —CGr+e)>1-Aand n(y, — Gr+¢€) < A)).

Therefore, from (7),
Si(fmeN:U(ym—Cr+e)>1—-Aand n(y, — Gr+¢) <A}) #0.

Hence, L€ I (). O

Theorem 3.16. Let y = {y,,} be a sequence in intuitionistic fuzzy normed space(Y,,n) and B(p,A,r) ={y € Y :
Y(y—p;r)21-A,n(y—p;r) < A}, is a closed ball for some r >0, a € (0,1] and A € (0,1) and fixed p € Y then

o (@) = U B(p, A, 7).

@)

st(u 1)

Proof. LetC e Upel"a @ B(p, A, r) then there exists some p € I'® (I) forr>0,A€(0,1)and a € (0,1] such

thatl,b(p Gry>1-Aandn(p—-Gr) <A
Asp €T St(w )(I)(y) then there exists a set M = {m e N : Y(y,, — p;€) > 1 — A and n(ym — p; €) < A}, with
07(M) # 0. Form € M,

Y (Ym—Gr+e) = min {¢ (ym — p; ), P (p — G}
>1-A,

and 1 (ym = Gr+€) < max {n(ym —p;€),n(p - 51}
< A.

st(,n)
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This implies that 67y ({m € N : ¥(yy — Gr+€) > 1= Aand n(y, — Gr+€) < A}) #0.

Hence, C € r;gg;mm. S0, Upers,, ) B(p,A,1) € rg% ).

Conversely, Take C € I’ ZEZ}) n)(f ) and we want to show that C € [ pert, (1) B(p, A, r). We will prove the
2 sty
result by contadiction, if possible let C ¢ | pert, (D) B(p,A,r)ieC ¢ B(p,A,r)forall p e I' o v n)(I ). Then
sty ’

P(C—p;r) <1—-Aorn(C—p;r) 2 A for every p € F?),‘(IT/) n)(I)' But by Theorem (3.15), we have ¢(C — p; ) >
1-Aand n(C - p;r) < A for every p € I ;"t( " 7])(I )- Which is contadiction to our supposition. Hence,

CeUpere yB(p,A,r)and C € Upere (1) B(p, A, 7). This completes the proof. [

st i)

Theorem 3.17. Let y = {y.} be a sequence in intuitionistic fuzzy normed space(Y, ,n), Then for A € (0,1) and
a € (0,1],
(i)Ifpe T;"t(w)(I) then I — st — LIM; C B(p, A, 7).

(i) I = st~ LIM{ = Mpers 1 B(p,A,7) = {g eY:I, (I)CBEA r)} .

sty s

Proof. Let £ € I —st—LIM; and p € @)
For ¢ >0,A € (0,1) and a € (0,1] Consider

G={meN:Yyn—-&r+e)>1—-Aand n(ym — &Er+€) <A}
and
H={meN:{({ym—p;e)>1-Aand n(y, — p;e) < A}
with 67(G°) = 0 and 67(IH) # 0 respectively. Now form € G(H,
Y(E=p;r) = min (¢ (Y —p;€), ¢ (Y — &1 + )}
>1-4,
and 1(& - p;r) £ max {n(ym —p; ), 1 (ym — &7+ )}
<A
Which gives & € B(p, A, ).
(ii) From (i) part, one can easily see that 7 — st — LIMy C ) per (D) B(p, A, 7).
st

Take y € mpera( @B (p,A,r)theny (y—p;r) 21 —-Aandn(y—p;r) < Aforallp € Iy,»D)- This implies
st SHY,1

that F?t(l/m)(f)(y) CB(y A r)ie. ﬂperzw)(n B(p,A,r) C {E eY: th(¢,r;)(f) CB(, A, r)}.
Now assume y ¢ I — st — LIM?, then
or(meN:Y(ym—y;r+e)<1-Aorn(y,—y;r+e) = A} #0, foralle >0,4 € (0,1].

Then there exists some 7 -statistical cluster point p for the sequence y = {y,,} such that Y(y — p;r + ¢) <
1-Aorn(y—p;r+e) = A

Thus, %, (1) ¢ B(y, A, ) and y ¢ {5 eY:rs, (DCBEA, r)}.
Hence, {5 eY:rs, (NCBGEA r)} C T —st— LIM®.

And Npere  (nB(p, A1) €T —st — LIM}.

sty

S0, T =5t~ LIM! = (yers 1) B(p, A7) = {5 cyY:re

st(lp,r])('[) CB(& A, 7’)} .

Theorem 3.18. Let y = {y,,} be a sequence in intuitionistic fuzzy normed space(Y, 1, 1), which is ideal statistically
convergent of order  to p then B(p, A,r) = I — st — LIM.
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Proof. Since sequence y = {y,,} is ideal statistically convergent of order « to p with respect to the norm (¢, )

T—st(y,n)

i.e Ym p, then there is a set A such that

1
A:{neN:%HmSn:lp(ym—p;s)Sl—/\orn(ym—p;s)Z/\}(>6}EI.

Since 7 is admissible so G = IN'\ A is a non-empty set, then for m € G°,

1 {mSn:lp(ym—p;e)sl—Aorq(ym—p;e)ZAH<6

n()t

:%l{m3”3¢(ym—P;€)>1—/\and1](ym—p;g)<A}|21_5.

PutB, ={m<n:¢Y(yn—p;e)>1—-Aand n(ym — p;€) < A} for j = m.
Nowforjean,wehavel,lJ(y]-—p;e)>1—/\and17(yj—p;e)</\.
Let y € B(p, A, r). We will prove y € I — st — LIM; y

Yy —yr+e) = min{l,l}(yj -p,&) Yy —-p, ”)}
>1-A,

and n(y; — y;r + €) < max {yb(yj -pe)ny—-p, r)}
<A

Hence, B, ¢ meN:¢Y(yu—y;r+¢)>1-Aand n(ym — y;7 + €) < A}, which implies 1 — 6 < % <
%|{m§n:gb(ym—y;r+e)>1—/\and17(ym—y;r+s)<)\}|.
Therefore,nl—n{mSn:t,b(ym—y;r+e)§1—/\orr)(ym—y;r+e)2/\}|<1—(1—(5):6.
Then,

{nelN:%){mSn:¢(ym—y;r+e)s1—Aorn(ym—y;r+e)2A}|Zé}cAeI.

Which shows that y € 7 — st — LIM; y in (Y, ¢, 1)).
Hence B(p, A, r) € I —st — LIM?. Also I — st — LIM} € B(p, A, r) Therefore; I — st — LIM? = B(p,A,r). O

Theorem 3.19. Let y = {y,,} be a sequence in intuitionistic fuzzy normed space(Y,, ), which is ideal statistically
convergent of order v to & then I'®) (Iy = T — st — LIM®y.

st(p,m)
Proof. Firstly, Assume /,, Lo, &, which gives I'Y (I)y = {&}. Then for r > 0,1 € (0,1)and a € (0,1]
y y gives ) (D)y
by Theorem (3.16) , we have I Zi‘é/)}’q)(f ) = B(&, A, 7). Also from Theorem (3.18), B(&, A, 1) = I — st — LIM)'y.
r(a) _ _ _ o
Hence, I';, IM)(I ) =1 —st—LIMJy.
Conversely, assume I' :Ezz " (Z) = I — st — LIM{'y, then by Theorem (3.16) and (3.17)(ii),

ﬂ B(p, A1) = U B(p, A, 1).

PEL G, ) PE Gy D)

This is possible only if either I'y v n)(I ) = 0 or I'g v ) is a singlton set. Then I — st — LIMy =

ﬂpefa( @ B(p,A,r) =B(&, A, 1) for some & € I’fs"w ,])(I). Also, by Theorem (3.16), 7 — st — LIM;y = {&}. O
sty ’

Theorem 3.20. Let 0 < @ < f < 1. Then, rS? - rSf;, where rS}Y and rSﬁI denote the collection of rough ideal

statistical convergent sequences of order o and  respectively.
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Proof. For every € > 0 and r > 0 with limit y, define

G={m<n:Y(ym—yr+e)<l-Aorn(ym—y;r+e) = A}

suchthat{ne]N:%I{mﬁn:meG}IZ(S}eI.
AsO<a <p <1, then

l|{m§n:m€([§}|£ll{mﬁn:me(}}
nb ne

Which clearly shows that rS7 C 1’55. O
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