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Abstract. This article’s main goal is to provide and investigate a novel statistical convergence generalisation
for generalized difference sequences in Neutrosophic Normed Spaces (NNS) called rough ideal statistical con-
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1. Introduction

Numerous fields of analysis and number theory have found use for statistical convergence,
which has been thoroughly researched to comprehend the convergence behaviour of various
kinds of sequences and series. It enables mathematicians to investigate convergence in more
versatile and general contexts, which may produce fresh ideas and discoveries in a variety of
mathematical fields. Zygmund first introduced statistical convergence in his 1935 monograph,
which was first published in Warsaw [52]. Steinhaus [50] and Fast [20] developed the idea of
statistical convergence, and then later reintroduced by Schoenberg [42]. The idea of natural
density serves as its foundation.

The Natural density, denoted by §(K),) of the set K, = {p € N : p < n} C N, is defined

o
as 5(Kp) = pli{go T
d({p € N : |ly, — yo|| > €}) = 0, then a sequence y = {y,} in R is considered as statistically

, where |Kj,| denotes the cardinality of the set K. If, for each € > 0,

convergent to yo € R.
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For sequences on finite-dimensional normed linear spaces, Phu [38] first proposed rough
convergence in 2001. After that, numerous authors were inspired to work on this type of
convergence on various sequence-spaces, including those for double sequences [32,[33], triple
sequences [14], lacunary sequences [26], ideals [33],36] etc. Despite this, it has been established
in a variety of spaces, see [2[3,9}/14] etc. It was later expanded to infinite-dimensional normed
linear spaces [39]. In 2008, Aytar [5] also worked on same and introduced new generalized
convergence named rough statistical convergence.

In 2000, Kostryko et al. |30] proposed the concept of ideal convergence(I-convergence)
by generalizing the statistical convergence with the helps of ideals. For more details we refer
[6-829,31]. 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.

Initially, Kizmaz [28] proposed the concept of difference sequence spaces as Z(A) =
{y = (yp) : (Ayp) € Z} for Z = I (spaces of all bounded sequences), C(convergent sequences),
Co(null sequences), where Ay = (Ayp) = (yp — Yp+1)- In particular, [(A), C(A) and Cy(A) are
also Banach spaces, relative to a norm induced by ||yp||a = |y1|+supy, | Ay,| and the generalized
difference sequence spaces was introduced as (see [18]): Z(A™y,) = {y = (yp) : A"y, € Z}
where A™y = (A™y,) = (A" Ly, — A™ 1y 10) so that Ay, =S ((=1)" (") Yrer-

Various characteristics and properties of difference sequences have been explored by re-
searchers can be found in [17-19}/21,35]. Demir and Gimiig [15] investigated rough conver-
gence through difference sequences on finite dimensional normed space. In 2022, Giimiis [16)
defined rough statistical convergence for (Ay,) sequences and established some properties for
the collection of approximate optimal statistical limit points. Karabacak and Or [22] also
studied these generalized convergence in normed linear spaces.

In order to examine the ambigious qualitative or quantitative data, Zadeh [51] invented an
extension of classical sets known as fuzzy sets. Atannassov [4] prsented a new generalization
named intuitionistic fuzzy sets(I.LF.s). Smarandache [44] suggested Neutrosophic sets, a new
variant of I.LF.s. Additionally, Neutrosophic soft linear spaces |11] and Neutrosophic metric
spaces [25] are also defined using this idea. Not only these, further extensions related to su-
per soft hyper set, Revolutionary topologies, Neutrosophic topologies, Neutrosophic algebra,
Neutrosophic SuperHyperStructure and Neutrosophic numbers can be seen in [10,/45-49]. In
addition to establishing a number of sequential concepts in these spaces, including conver-
gence, Cauchy, and convexity, Bera and Mahapatra [12] introduced the term neutrosophic
norm. These places are employed in situations where complicated, ambiguous, and indeter-
minate information must be handled at the same time. There are several applications in

decision-making, control theory, and other domains where imprecision and uncertainty exist.
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Neutrosophic fuzzy normed spaces are a relatively advanced and specialized topic in mathemat-
ics and are primarily used in areas that require the modeling of complex and uncertain data.
More recently, statistical convergence and its features in these spaces have been expanded by
Kirigci and Simsek [25].

Notable advancements in the area of rough convergence in past few years served as inspi-
ration for the current research work. Very recently, Kisi and Yildil |27], added the theory of
rough statistical convergence via difference operator in NNS and Kaur and Meenakshi also [24]
worked on generalized ideal convergence in same space, which are the motivation for this re-
search paper. The significance of this work is to investigate the theory of rough I-statistical
convergence(rough I-st-convergence) for generalized difference sequences in the setup of NNS
including the algebraic and topological characteristics for the set of rough I-st-limit points and
rough I-st-cluster points for generalised difference sequences. Along with investigating some
features, we also established the relationship between limit points set and cluster points set.
The main objective is to find the feasibility of new notion convergence with classical one con-
vergence. Also to identify whether this convergence i.e. rough I-st-converegnce for generalized
difference sequences in NNS, serves the theory of convergence in NNS.

In the next section, the basic definitions are included which are necessary for the development
of this work. Section 3 and 4 includes the main results of the paper. In section 3, rough I-st-
convergence for generalized difference sequences in NNS has been introduced. The algebraic
and topological characteristics for the set of rough I-st-limit points for generalized difference
sequences like convexity, closedness etc. are proved. In section 4, rough I-st-cluster points for
generalized difference sequences in NNS have been defined and the relationship between limit

points and cluster points has been explored.

2. Preliminaries

we begin this section with fundamental definitions utilised for perceptual progression, which

are as follows:

Definition 2.1. [34] A t-norm is a continuous correspondance ® : [0, 1] x [0, 1] — [0, 1], which
is associative, commutative and having identity 1 and f ® g < j ® k for each whenever f < j

and g < k for each f,g,j and k € [0,1].

Definition 2.2. [34] A t-conorm is a continuous correspondance ¢ : [0,1] x [0,1] — [0,1],
which is associative, commutative and having identity 0 and f¢g < j ¢k whenever f < j and

g < k for each f,g,7 and k € [0,1].

In veiw of these notations, Kirigci and Simsek [25], recently defined NNS and worked on

statistical convergence in same spaces.
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Definition 2.3. [25] Consider N = {p,¥(p),n(p),o(p) : p € V} be a normed space such
that N : V x RT — [0,1], V be a vector space and ®, ¢ are continuous t-norm and continuous
t-conorm respectively. Then Y = (V, N, ®, ¢) is named as Neutrosophic Normed Spaces (NNS)
if the following axioms hold:

For each p,q € V and £, A > 0 and for every a # 0 we have
(1) 0<9(p,€).n(p,&), o(p, &) <1 for every { € RT;

(2) ¥(p,&) +n(p,&) +0(p,§) < 3 for { € RY;
(3) ©(p, &) = 1L,n(p,§) = 0 and o(p, &) = 0 for £ > 0iff p = 0;
(4) ¥(p, &) = 0,n(p,§) =1 and o(p,§) =1 for £ < 0;
(5) W(ap,&) =¥ (p, 157),nlap,€) = n(p, 15) and o(ap, &) = o(p, 15);
(6) v(p,A) ®@¥(p, &) <Y(p+ ¢ A+ E);
(7) ¥(p,®) is continuous non-decreasing function;
(8) n(p,A) on(g; &) = nlp+q:A+&);
(9) n(p,<) is continuous non-decreasing function;
(10) o(p,A) 0 0(q,§) = o(p+q,A+&);
(11) o(p,<) is continuous non-decreasing function;
(12) hm{ﬁoo ¢(p7 5) =1, hmf%oo 77(1?, g) =0 and hmé%oo U(pa g) =0.

Here, N (v, n,0) is the Neutrosophic norm on V.

Definition 2.4. [25] A sequence {y,} in NNSY = (V, N, ®, ¢) is called statistically convergent
to K € Y w.r.t to norms (¢, n, o) if for e > 0 and X € (0,1)

1
ILm E\{pEN:w(yp—/ﬁ,e) <1l—-Xorn(yy—K,€) > Xoro(yy,—K,e) > A} =0.

equivalently 0(A(e, A)) = 0 where
Ale, \) ={peN:9(y, —k,e) <1 —=Xorn(y, — K,€) > Xor o(y, — K,€) > A}.

In 2023, Kisi and Yildil [27], defined rough statistical convergence via difference operator in
NNS as follow:

Definition 2.5. [27] A sequence Ay = {Ay,} in NNSY = (V, N, ®,0) is called rough statis-
tically convergent to k € Y w.r.t. norms (¢, n, o) for some r > 0 if for each € > 0 and A € (0, 1)

lim —\{p<n Y(Ayp —k;r+€) <1—Xor n(Ay, —Kk;r+€) > Xor o(Ay, —K;r+€) > A} =0,.

n—oo N

or

d{p<n:yY(Ay, —r;r+e€) <1—Xor n(Ay, — k;r+€) > Xor o(Ay, —k;r+€) > A}) =0,.

. r=5t(y m,0)
It is denoted by Ay, —————= Kk or 1 — sty ») — plggo Ay, = K.

Let sty no)— LI M;p represents the the set of all rough st-limit points of the differenc sequence

Ay = {Ayp}.
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3. Rough ideal statistical convergence for generalized difference sequences in NNS

In this section, we introduce the notion of Rough I-Statistical Convergence for generalized
difference sequences in NNS and then examined some results using generalized difference
sequence. Throughout the article I is an admissible ideal and (A™y,) = A™ 1y, — AT "1y 4y

where m € N, be the generalized difference sequence.

Definition 3.1. Let Y = (V, N, ®, ¢) be NNS, A™y = (A™y,,) where m € N, a generalized dif-
ference sequence is considered as rough A" -statistical convergent to £ € Y w.r.t. neutrosophic

norm (¢, n, o) for r > 0 if for every e > 0 and X € (0,1)

lim 1]{p <n:p(AMy,—&r+e) < 1-X or n(A™y,—&;r+e) > X or o(A"y,—E&;74+€) > AH =0,

n—oo N

or

d{p<n:yp(AQAMy, —&r+e) <1 —Xor n(A™y, —&r+¢€) > Aor o(A™y, —&r+¢€) > A}) =0.

T=8t(y,n,0)

It is denoted by A™y, ——————= { or r — St(ymo) — lim A™y, =¢€.
»h pP—00
Let st(y o) — LI Mgmyp represnts the collection of all rough st-limit points of (A™y,).

Remark 3.2. For » = 0, the notion rough A™-st-convergence is equivalent to the A™- st-

convergence for (A™y,) in NNS.

Remark 3.3. For m = 1, the notion rough A™-statistical convergence agrees with rough

A-st-convergence studied in [27].

The 7 — sty 0)-limit of a generalized difference sequence may not be unique in
NNS. So, consider the set of rough st-limit points of (A™y,) as sty o) — LIMpm, =

T=S(y,n,0)

§: Ay, ————= £| . Note that the sequence (A™y,) is r( Wm0 #*

&m,o)-convergent if LT Mzm i

¢, where

LIMAAT) = [¢5 € Y 5 Amy, 2000, &)

Example 3.4. Let (Y, ||.||) be real normed space. For every ¢ > 0 and for all A"y = (A™y,) €
Am Am

Y , define (A™y,, q) = m, n(A™yp,q) = W,ﬁ’;p” and o(A™y,, q) = Wﬁi’;p”. Then

Y = (V,N,®,¢) is NNS. Consider a sequence (A™yp)men such that

Ay — (_1)p’ ifp ?A TL2
= P, if p=mn?.

Then A™y, = (-1,2,3,1,5,6,7,8, —1......... ) and Clearly for every ¢ > 0 and A\ € (0,1)

1
lim —|{p <n:yYp(A"y,—& r+e) < 1=\ or n(A"y,—& r+€) > X or o(A™y,—E&;r+€) > A} = 0.

n—oo M
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Also,
o) r<l1

st o) — LIMT m -
@m0) A" { [1—r,7—1] otherwise.

For unbounded sequences, LIMT%;Z’U) = ¢, But sty ) —LIMZmyp =% ¢. That is the sequence
might be rough st-convergent. Above example shows that a generalized sequence can be rough

st-convergent but not rough convergent.

Definition 3.5. Let Y = (V,N,®,0) be NNS, A™y = (A™y,), be a generalized difference
sequence in Y is considered to be I-A™-statistically convergent to € € Y w.r.t. neutrosophic

norm (¢, n, o) if for every e > 0 and A € (0,1)
1
{neN:—[{p<n:d(A% —&e) <1—Aorn(A"yp —&e) = Aor

o(A™yy — &1+ 2 N} > 6} € 1,

I—st 7,0 .
It is denoted by A™y, W), §. Let I —st(yy.0) — LIMamy, represnts the collection of all

I- statistical limit points of (A™y,).
Next, we added rough I-st-convergence for generalized differenece sequences in NNS.

Definition 3.6. Let Y = (V,N,®,0) be NNS, A™y = (A™y,), be a generalized difference
sequence in Y is considered to be rough I-A™-statistically convergent to € € Y w.r.t. neutro-

sophic norm (1,7, o) for some r > 0 if for every e > 0 and A € (0,1)
1
{neN:—[{p<n:p(A%, —&r+e) s1-Aorn(A%yp — & +e) 2 A

or o(A™y, —&r+€) > A >0} e,

T_I_St(w,n,a)

It is denoted by A™y, §. Let I — sty o) — LIMZmyp represents the collection

of all rough I-st-limit points of (A™y,).

Remark 3.7. For r = 0 , the notion rough I-A™-st-convergence agrees with the [-A™-st-

convergence in NNS.

Example 3.8. Let (Y,|.||) be any real normed space. For every ¢ > 0 and for all

m m m m Am
ATy = (AMyp) € Y, define ¥(A™yy.0) = gy A7 0) = amyy and
o(A™yp,q) = qJFﬁTyp Then Y = (V, N, ®,¢) is NNS. If we take I; = {A € N with 6(A) = 0}

"ypll”
then for this admissible ideal, define (A™y,)men such that
m P, ifpe A
Ay, = »
(_1) y P ¢ A.

Then
) r<l

I—St o —LIMT’NL -
(m,0) Ayp { [1—r,r—1] otherwise.

Hence I — st(y,y.0) = LIMpm, # ¢.
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Definition 3.9. A sequence A"y = (A™y,) in NNS Y = (V,N,®,¢) is I — A™-st bounded
if 3G >0, for e >0 and 0 < A < 1 such that

{neN: %Hp <n:Yp(AMyy; G) <1 —Xor n(A™yp; G) > X or o(A™y,; G) > A} > 6} el

We found the following results for generalised difference sequences using the aforementioned
definitions in NNS.

Theorem 3.10. Let Y = (V,N,®,0) be NNS. A sequence (A™yp) in Y is [-A™-st-bounded
iff I — stpne) — LIMZmyp £ ¢ for some r > 0.

Proof. Firstly suppose the sequence (A™y,) is I-A™-st-bounded in NNS Y = (V,N,®,0) .
Then for each € > 0, A € (0,1) and some r > 0, 3G > 0 such that

neN: L{p<n:b(A"yC) < 1 Ao n(A"yy;G) > X or o(A™y, —Er+e) 2 A)| 2 dh € 1
Since I is admissible ideal , therefore M = N\ H is a non-empty set, where

= {ne N Ll < e p( A 6) < 1= X or g A7 6) 2 N or o(A70y5G) 2 A} 2 ).
Choose p € M, then

% Hp <n:p(AMyy;G) <1 —Xor n(A™yy; G) > Xor o(A™yy; G) > A} <6

1
== Hp <n:y(A"y,; G) > 1 — X and n(A™y,; G) < X or o(A™y,; G) > A} > 1-0. (1)

Let K= {p <n:9¢(A™y,;G) >1— X and n(A™yp; G) < X and o(A™y,; G) < A}
Also for p € K,
V(A" yp;r + G) = min{)(0,7), (A™yy, G)}
= min {1, Y(A™y,; G)}
>1-A

U(Amyp; T+ G) S max {77(07 T), n(Amypa G)}
= max {0, 7(A™y,; G)}

<A

o(A™yp;r + G) <max{o(0,7),0(A™y,, G)}
=max {0,0(A™y,; G)}

<A
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Thus K C {p <n: (A™yp;r+ G) > 1 = A\, n(A"yp;r + G) < X\, 0(A"yp;r + G) < A}
Using , we have

K 1
1-6 < n‘ < - Hp <n:yp(A%yp;r 4+ G) > 1= A\ n(AMyp;r + G) < X\, 0(AMyp;r + G) < A}
Therefore,

1
- Hp <n:yp(A%yp;r 4+ G) <1—Xor n(AMyp;r+ G) > X or o(A™yp;r + G) < A} < 1—(1-9) < 6.

Then for n € N,
1
E|{p§n:1/1(yp;r+G) <1—-Xorn(ypr+G)>Xor o(A"ypy;r+G) > A >6 C Hel.

Hence 0 € I — sty o) — LIMZmy. Therefore, I — st(y;.0) — LIMZmy % ¢.

Conversely; for some r > 0, let I — sty ») — LIMZmyp # ¢. Then 3 some w € Y such that
wel— sty — LIMZmyp.

For every ¢ > 0 and 0 < A < 1, we have

1
{nEN:E|{p§n:1/}(Amypfw;r+e)§lonrn(Amypfw;r+e)2)\or

o(A™y, —wir+0) <A} 26} € 1

It follows that nearly all A™y,’s are encircled in a ball with centre w in NNS, This suggests
(A™yy,) is I-A™-statistically bounded in NNS.

Next, we will show that the algebraic characterization also hold for rough I-st-convergent

sequences for generalized difference sequences in NNS.

Theorem 3.11. Let (A™y,) and (A™y,) be two generalized difference sequences in NNS
Y = (V,N,®,0) with I as admissible ideal and r > 0, then the following results holds:

o m r—I—st(y n.0) m r—I—st(y n.0)
(i) if A™y, L and B € R, then BA™y, BL.

) if AM T’_I_St(w,’q,a) I d A™ ’I"—I—Stw,yn,o) Lo th A™ Am T’_I_St(wﬂlva)
(ii) if A™y, 1 an Yyqg ——— Lo then (A™y, + A™y,) ——
(L1 + Lo)

Proof. (i) If = 0 then the result is obvious. So assume 3 # 0. As A™y, M L then
for given A > 0 and r > 0,

Consider G = {n € N: 2[{p < n: ¢(A™y, — Lir +€) < 1— Xor n(A™y, — Lir + €) >
Aor o(A™y, — L;r+¢€) < A\}| > 6} € I. As I is admissible ideal, therefore take M = N\ G as

an non-empty set. Choose m € M, then

1
E|{p§n:¢(Amyp—L;r+e)gl—)\orn(Amyp—L;r+e)ZAora(Amyp—L;r+e)<)\}| <0
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= %Hpﬁn:w(Amyp—L;rJrE) >1—Xorn(A™y, — Lir+¢€) < A
or o(A™y, — L;r+¢€) < A} >1-4.
. %\K\ >1-3. 2)
Where
K={peN: Ay, —Lir+¢€) >1—-A\n(A"y, — Lir+€) < X\,o(A™y, — L;r+€) < A\}.
It suffices to demonstrate that for each A > 0 and » > 0 ;
Kc{meN:¢(BA™y, — BL;r+¢€) >1— A\ n(BA™y, — BL;r +€) < X\, 0(BA™y, — BL;r +€) < A}.

Let k € K, then ¢(A™yr —L;r+€) > 1 =X\, n(A™yr—L;r+€) < Aand o (A™y,— L;r+¢€) < A
So;

Y(BA" Yy, — BL;T +€) = 1) <Amyp Y 6)

"8l
> min {u(amy, - Lo+ 9. (0.5 - 0+ |
> min {¢Yp(A™y, — L,r +€),1}
=A™y, — L,r+¢€) >1— ),
n(BA™y, — BL;r +€) =n <Amyp - L, T:gf)
< max {U(Amyp —L,r+e),n (0, Tgf —(r+ e)> }

< max {n(A™y, — L,r+¢€),0}

=0(A"y, — L,r+¢€) <A\

and o(BA™y, — BL;r+€) =0 (Amyp — L, r,;f)

< max {U(Amyp —L,r+e),0 <0, T‘;f —(r+ e))}

< max {c(A™y, — L,r +¢€),0}

=0(AMy, — L,r+¢€) < A
which gives;
K C {m e N:¢(BA"y,—BL;r+€) > 1-\, n(BA" yp,—BL;r+€) < X, 0(BA™yp—BL;r4€) < A}.

Using , we have

K| 1
1= — < —[{p<n:y(BAy, = Lir +€) > 1= An(BA™yy — fLir +€) <A,

o(BA™y, — BL;7T +€) < A}
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Therefore,
%Hpﬁn:@b(ﬁAmyp—ﬁL;T%) ST—=Aorn(BA%y, — BLir +€) 2 A,
or o(BA™y, — BLir+€) > A} <1—(1-0) <.
Then
{HGNZ%I{pﬁn:zb(ﬁAmyp—ﬁL;rJre) <1—Xorn(BA™y, — BLir +€) = A,
or o(BA™y, — BL;r +€) > A} >0} C G e 1.

—I—st(p,n,0
which shows that SA™y, LN L.

(ii) In the similar manner, we can prove (ii) part. So, we are omitting its proof.

In next result, we will show the set I — sty 5 — LIMZmyp is closed.

Theorem 3.12. The set I — sty ») — LIMZmyp of a generalized difference sequence (A™yy)
is a closed set in NNSY = (V, N, ®,0).

Proof. It I — st(y o) — LIMZmyp = ¢ then the result is obvious as I — st(y, ») — LIMjm,, is
either empty set or singleton set.

Lot I — st(yg) — LIMY, # 6.

Let A™x = (A™x),) be a convergent sequence in Y = (V, N, ®, ¢) which converges to zo € Y.
For A € (0,1) and e >0 3 mp € N such that
€

) (Ammp — x0; %) >1-—\n (Amxp — 203 5

Let us take A"z, € I — St(pmo) — LIMZmyp with mq > mg such that

) <\ o(A™z) — xo; g) < X forall p>myg.

€

1
A={peN: ﬁ\{p <n:p(AMy, — A" % + %) <1—=Xorn(A™y, — A™xp ;1 + 2) >\,
or o(A™y, — A"y ;T + %) > A >dbel
Take G = N\ A is a non-empty set. Choose n € G, then
1
S s (AT — AT+ %) < 1= Xor n(A™yp — A%z i1 + %) > A
or o(A™y, — A" @y T+ %) > A <46
1
= ﬁ|{p <n: A"y, — A" Xy T + %) >1—-A\n(A"y, — A"y 51+ %) < A,
o(A™yy — A" x5+ g) <AH>1-4.
€ €
Let B, ={p <n:¢Y(AQA"yp, — A"xp ;7 + =) > 1 = A\ n(A"yp — A"z 57 + =) < A,

2
o(A™yy, — A" x5+ g) < A}

2
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Then for j € B,,, j > mg , we have

PY(A™y; — xo;r + €) > min {1/) (Amyj — A"z + %) 1 (Amxml — Tp; %)}

>1— A,
n(A™y; — zo;r + €) < max {17 (Amyj — A"z i+ %) . (Amxml — T0; %)}
<A

U(Amyj — zo;7 +€) < max {U (Amyj — AMxp 5+ %) , O <Amxm1 — Z0; %)}
<A

Therefore;

je{peN:Yp(A™y, —zo;r +€) > 1= A\ n(A™y, — zo;7 + €) < X\, 0(A™y, — zo;7 +€) < A}
Hence

B, C{peN:¢(AMy, —zo;r+€) > 1= A\ n(A"yy, —z0;7+€) < X\, 0(A™y, —x0; 7+ €) < A}

which implies

B 1

1-6 < M < —Hp<n:y(AMy, —xo;r +€) > 1-An(AMyp,—x0; 7+€) < X, 0 (A" yp—z0;7+€) < A}
n n

Therefore,

1
;‘{pén:w(Amyp—:ro;r—i—e) <1—Xorn(A™y, —xo;7+€) > A

or o(AMy, —xzo;r+€) > A} <1—(1—-0)=0.

Then
1
{neN:—|{p<n: A"y, —zo;r +€) <1—Xor n(A™y, —xo;7+€) > Xor
n

o(AMy, —xoir+€) > A} >0} CAel

implies xo € I = st(y o) — LIM}m, in (Y,1,n). g

The convexity of the set I — sty ) — LI M)m,, is demonstrated in the following result.

Theorem 3.13. The set I — st — LIM"\.., of a generalized difference sequence in NNS
(771)»7770) A Yp

Y = (V,N,®,) is a convex set for some non-negative number r.

Proof. Let ¢1,02 € I — sty o) — LIMZmyp. For convexity we have to show that

(1 —w)pr +wpz € I — sty ) — LIMjm,
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for any real number w € (0,1).

Since 1,02 € I — st(y,y0) — LIMjm, , then 3 p € N for each € > 0 and A € (0,1) such that

m r+e m rte
Aoz{peN:w<A Yp — P1; )>§1—>\0r77<4 yp—m;))Z/\

2(1 —w 2(1 —w

r+e€
m . . >)\
or o <A Yp 301,72(1 —w)) > A},

and

m r—+e m r+e
A1={p€N:¢(A Yp — P2; 2w>§1—>\0r77<ﬂ Up — P23 )ZA

r+e
A"y, — oo; —— | > AL
ora( Yp — P2; 2w>_ }
For > 0, we have
1
{neN:angn:peruAﬁ|25}eL

Now choose 01 € (0,1) such that (1 —d1) € (0,0) Let
1
A:{nGN:anSn:pGAQUAlH 251} el,

Nowforn ¢ A, 2 [{p<n:peAgUA I} <1-Grori[{p<n:pgAgUA}>1—(1-6)=
61 This implies {p <n:m ¢ AgUA 1} # ¢
Let mp € (AgU A1) = A NAS
Then
V(A Ymo—[(1 —w)p1 + wpa]s 7+ €) = Y[(1 = w) (A" Yme — 1) + W (A" Yy — p2);7 + €]

= {¢ <(1 ~ @) A mo = 1) TJ2r6> v <w(4’”ymo — )i - J2r 6>}

r+e€ r+e€
o {‘”<Ay° ‘01’2<1—w>>“’”< Yo 2w>}

>1- A,

(A" Ymo—[(1 — w)p1 + wa]; 7+ €) = n[(1 = W) (A" Ymy — 1) + WA Yy — p2);7 + €

L)

r+e€ r+e€
= max {77 (Amymo_%@l;m_w)) m(Amymo_SOQ; % >}

<\

IN

(A" Ymy—[(1 — w)p1 +wpa|;T + €) = o[(1 — W) (A" Yy — 1) + W(A"Ym, — p2);7 + €

m r+e m rte
< max {U ((1 — W) (A Yy — ©1); 5 ) , O <W(A Ymo — ©2); 5 >}
r+e

m m r+e
= max {O‘ <A ymo—ng;Q(l_w)),O'(A Ymo — P25 2% >}

<A
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This implies A§ N A{ C B® where
B={peN: (A" yn,—[(1-w)p1+wepa];r+€) < 1=\ or n (A" Ym, — [(1 —w)p1 +wpa];r+€) > A

or 0 (A™Ym, — [(1 — w)p1 + weps];r +€) > A}
So for n ¢ A,
Si< o p<nipg A UMY < Hp<nipgBY
or
%]{pgn:peB}\<1—61<5
Thus A°C {neN:1|p<n:peB| <} Since A€ F(I), S0, {n:L|p<n:peB|<d}e
F(I), which implies
{n:Lp<n:peB|>¢} el Thisimplies that I — st(p,no) = LIMjm, is a convex set.

Theorem 3.14. A generalized difference sequence A™y = (A™y,) in NNSY = (V,N,®, )
is rough-I-A™-statistically convergent to p € Y w.r.t. the norm (,n,0) for some r > 0 if
there exists a sequence A"z = (A™z,) in Y such that I — sty o) — LIMam,, = p in Y
and for each X € (0,1) we have Y(A™y, — A" zp;r +€) > 1 — A\, n(A™y, — A" zpir +€) <
X o(AMy, — A"z r 4+ €) < A for all p € N.

Proof. Since A™z = (A™z,) be a generalized difference sequence in Y , which is I-A™-
statistically convergent to p € Y and (A™y, — A™zp;1r+€) > 1=\, n(A™yp, — A™ 251 +€) <
X o(AMyy, — A™zpir +€) <A forallpe Nand A € (0,1).

Then by definition, for any €,§ > 0 and A € (0,1) the set

M={neN: |{p<n: (™~ pie) <1-Aorn(A"z — pie) > A
or o(A™z, — p;e) > A} >} € 1.
Define
Ar={peN: (A2 —pie) <1—Aor n(A"z, — p;e) =2 A or (A2, — pie) 2 A}
Ay ={p e N:¢p(A"y,—A"zp;r) < 1=X or n(A™y,—A"z,;1) > X or o(A™y,—A"2p;1) > A}

For > 0, we have

1
{nGN:n\{pgn:pEAluAg\}25}EI,
Now choose 01 € (0,1) such that (1 —d;) € (0,9) and let
1
A:{n:n|{p§n:p€A1UA2|}251}GL

Now for n ¢ A
1
E\{pgn:pEAluAg\}<l—61
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Lpsnipg mUAs} 21— (1-6) =4
This implies {p <n:p ¢ Aj UAs} # ¢
Let p € (A; UAg)®=AfNAS
Then
U (A"yp — pir+€) = min {p(A™y, — A" zp1), P(A™ 2 — pie)}
>1-A
n(A%yp — pir +€) < max {n(A"y, — A" zp;1), (A" 2 — pr€)}
<A
o (AMy, — p;r+€) < max {o(AMy, — AMz,;1), 0(AM 2, — py€)}
<A
Which gives A{ N AS C B¢, where

B={peN:9y(A"y,—p;r+e) <1—-Xor n(A™y, —p;r+e€) > Xor o(A™y, —p;r+e€) > A}

So for n ¢ A,

5 < p<nip g aUA) < Hip<nipg B
or
Hp<nipeB) <1-6 <
Thus A° C {n: i|p<n:peB| <d}. Since A°€ F(I), So, {n:L|p<n:peBl<d}eFI),
which implies {n:%|P§n:p€IB%|Z5}EI.

m T_I_St(d),n,a) . o
Hence, A™y, ——— = pin NNS Y = (V,N,®,0).

Theorem 3.15. Let A™y = (A™y,) be a generalized differenece sequence in NNS Y =
(V, N, ®, ) then the existence of two elements a1, ay € I—st(wynvg)—LIMgmy s not possible for
r >0 and A € (0,1) such that Y(a1 —ag;er) < 1—X or n(ar—ag;er) > X or o(ag—ag;er) > A
forc> 2.

Proof. Let us assume the existence of two elements a1, a2 € I — sty o) — LIMjm, is possible

such that
Y(ag —ag;er) <1 —Xor n(ag — ag;er) > X or o(ag — ag;er) > A for ¢ > 2. (3)

Then for each € > 0 and A € (0,1). Define,

Alz{pEN:w(Amyp—al;r—i—g)S1—)\01"77(Amyp—a1;?”—|—§)2)\

or o(A™y, —aq;r + %) > A}
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AQZ{pEN:w(Amyp—aQ;T—i-g)Sl—Aorn(Amyp—ozg;?”—i—%)Z)\

or o(A™y, — ag;r + %) > A}
Then
1 1 1
;\{pSHZPEM UAg}| < ;’{PﬁnipEAl}\JrgHPSnipGAﬂ\

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

1 1 1
I-lm —{p<n:peAjUA}N<T-1lim —|{p<n:peA}H+I-1lim —[{p<n:pe Ay} =0
n n—oo N

n—oo n n— 00

Thus

1
{n:|{p§n:p€A1UA2|}25}EI,forall >0
n

Now choose 0 < 01 = 1/2 < 1 such that (1 —d;) € (0,0)
Let

1
K:{n:n\{pgn:pEAluAg\}Z(sl}EI,
Now for n ¢ K
1
ﬁ|{p§n:p€A1UA2|}<1—51:1/2
1
SHpsnipg AU} 21— (1-61)=1/2

This implies {p <n:p ¢ A UAs} # ¢. Then for p € Af N AS we have

Ul —azi2r+¢) = min {v (A", —azir+ 2) 6 (A" —anir + 5 ) }

2
>1-— ),
n (a1 — ao;2r + €) < max {n(Amyp—ag;r+§>,n(Amyp—oq;r+§>}
<A
o (a1 — ag;2r + €) < max {U(Amyp—ag;r+§),U(Amyp—al;r—i—%)}
<A
Hence,
(g —ag2r+e) >1—An(ag —ag2r+e) <\ o(ag —a2r+e) <A\ (4)

Then from we have
Y (ar —ag;er) >1— A n(ar —ag;er) < Ao (ap —ag;er) < A for ¢ > 2.

It contradicts . So, existence of two elements is not possible such that ¥ (a1 — ag;er) <

1—Xorn(a; —ag;er) > Aor o(a; —ag;er) > A for ¢ > 2.
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4. Rough ideal statistical cluster points for generalized difference sequences in
NNS

Definition 4.1. Let Y = (V,N,®,¢) be NNS. Then v € Y is called rough I-A™-statistical
cluster point of the sequence A™y = (A™y,) in Y w.r.t. norm (¢, 7, o) for some r > 0 if for

every € > 0 and A € (0,1)
St{p e N (AT yp —vir4€) > 1= A n(A"yp —vir 4+ €) < \n(A"yp — 77 +€) < A}) #0

1
where 07(A) = I — lim — [{p <n:p e A}| if exists. Here v is known as r-I-A"-st-cluster
n—oo n
point of a sequence (A™y,).

Let I ;((2 . U)(Amyp) indicates the collection of all r-I-A"-st-cluster points w.r.t. the norm

(1,n,0) of a sequence (A™y,) in NNS Y = (V,N,®,o). If r = 0 then the notion stands
for only I-A™-st-cluster point in NNS Y = (V,N,®,¢). Symbolically; ) (A™yy,) =

St(T/Jﬂ?,U)
I
FSt(ﬂMTI:U) (Amyp)

lﬁT(I)

In the next result, we have derived the closedness of the set st bin,0)

(A™yp) of generalized

difference sequence (A™y,) in Y.

Theorem 4.2. The set F;((Q’ma)(Amyp) of generalized difference sequence A™y = (A™y,) in

NNSY = (V,N,®,9) is closed for some r > 0.

Proof. 1f F;t((g o)

Let us suppose I’ ;"t((gng)(Amyp) # ¢. Consider A"z = (A™xp) be a generalized difference

sequence such that

(A™y,) = ¢, then the result is obvious. So nothing to prove.

m (I m m (Tﬁﬂi)
(A™z) C Fst((w),n,a)(A yp) and A"z, —= xo.

To prove closedness, we will prove zg € I ;t((ip) . J)(Amyp).
(1,n,0)

As A™g, ——= x¢, so for A € (0,1) and € >0, 3 p. € N such that
V(A xy — 205 5) > 1= A\ n(AMxp — 205 §) < N\, 0(A™wp — 05 §) < A for p > pe.
Choose some pg € N such that pg > p.. Then we have

€ € €

=) >1=An(A"zp, —x0; =) < X\, 0(AMxpy — 205 7) < A

AMg, — 30;
w( xPO $072 2 2

Again as A™z = (A™x)p) C F;t(éz . U)(Amyp), we have A"z, € F;t(éz , a)(Amyp).

= ({fp e N: A"y, —c;r + %) >1—=An(A"y, — A™xpy )T + %) <,

O(A™yy = ATy )ir 4 3) < A}) # 0. (5)

Consider

G={peN:y(A"y,—A"xp; 7‘—!—%) > 1=\, n(A"y,—A"xp,; T+%) <N o(AMyy—A"xp,; r—l—%) <A}
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Choose j € G, then we have (A™y; — A™xpir + 5) > 1= A n(AMy; — Awpir + 5) <
A o(AMy; — ATy + §) < A

Now,

Y(A™y; — xo;r +€) > min {w (Amyj — A xpes 1+ %) b (Amiﬁpo —zoir+ %)}

>1— A,
€ €
n(A™y; — xo;r +€) < max {17 (Amyj — A"y + 5) )1 (Ammpo —yo; T+ 5)}
<A

o(A™y; — x5+ €) < max {O’ <Amyj — A"y + %) ,o <Amxp0 —yo;T + %)}
<\

Thus
Je{p e N (A y, —xo;r+€) > 1 =N\ n(A™yp —zo;7 +€) < X, (A"yp, —xo;7 +€) < A}

Hence

€

2) > I—A,n(Amyp—AmxpO;r—i—%) < )\,J(Amyp—Amxpo;r—i—;) < A}

{p e N: (A" y,— AT xp s r+

C{peN: YAy, —xo;7+€) > 1 = X\ 0(Ym — 20; 7+ €) < X\, 0(ym — To;7 + €) < A}.

On the other side, we have the inequality:
€

A
g) <A

€
or({p e N yp(A™y, — A™xpy; 1 + 5) >1 = \n(A™y, — A" wpg;r +

O(A™yy — A"+ ) < A))
<Or{p e N: Ay, —zo;m +€) > 1= A n(A™y, —x0;7 +€) < A,
oAy, — 27+ €) < D). 6)
Using , we conclude that
o1 ({p e N:p(AMy, — zo;57 +€) > 1 — A\, n(Ay, — 2057+ €) < X\, 0(A™y, — zo;7 +€) < A}) #0,

as the set on L.H.S.of @ possesses natural density more than zero.

So, 0 € Ili) 1 (A™y,). o

Theorem 4.3. Let Fsﬂwm’g)(Amyp) be the collection of all I-A™-st-cluster points of A"y =

(A™yp) in NNSY = (V,N,®,0). Then for any arbitrary v € FsIt(w . J)(Amyp), A€ (0,1) and

r >0, we have Y({ —v;r) > 1= \n((—v;r) < N\,o((—v;r) < X for all { € F;(({Zna)(Amyp).
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Proof. Since v € Fs{t(w o)

Sr({peN:Yp(A™y, —vie) > 1 = A\ n(A"yy, —vie) < X\, o(AMy, —v;e) < A}) #0.  (7)

(A™y,) then for A € (0,1) and € > 0,

Now it is sufficient to show that if any ¢ € Y satisfying ¢(¢ — v;e) > 1 — A\, n(¢ — vye) <
A n(¢—vye) < Athen ¢ € F;((27n70)(Amyp).
Suppose j € {p e N:p(A™y, —v;e) > 1= A\, n(A"y, —v;e) < X\, 0(A™y, — v;€) < A} then
Y(AMy; —vie) > 1= A n(AMy; —vie) <A o(A™y; —vie) < A
On the other side,
P (AMy; — Gr+e) = min {P (A™y; —vi€), 9 (¢ —v;r)}
>1— ),
n(A"™y; — Gr+e) < max {n(A™y; —v;€),n(C—vir)}
<A
o (A™y; —(r+€) < max {o(A™y; —vie),0(C—v;r)}
<A
So, we have ¢ (A™y; —(ir+€) > 1= A n(A"y; —Gr+e) <X o(A™y; —Gr+e) < A
Thus
J € {peN:ypAMy,—Cr+e) >1—-A\n(Amy, —r+e) <\ o(AMy, —(r+e€) < A}

which gives the inclusion
{peN:p(Ayp —vie) > 1= An(A"y, —vie) <A 0(A™y, —vie) <A}
C{peN: YAy, —Cr+e) >1—=An(Amy, —Gr+e) <A\ n(A™y, — Gr+e) < A}.
Then
or({p € N:p(A%yp —vie) > 1= An(A"yp —vie) <X, o(A™yp —vie) <A})

<O ({peN:yp(A™y, —Gr+e) > 1= An(A"y, = Gr+e) < An(A™y, —Gr+e) < A}).
Therefore, from ,

Sr{peN: YAy, —Gr+e€) >1—=An(A"y, —(r+e€) <X\ o(A™y, —(r+€) < A}) #0.

Hence ¢ € F;t(({zm’g)(Amyp). 0

Theorem 4.4. Let A™y = (A™y,) be a generalized difference sequence in NNS' Y =
(V,N,®,0). and B(p,\,r) = {A™y € Y : ¢(A™y — pir) > 1 = An(A™y — p;r) <
N o(A™y — pir) < A}, denotes the closure of the open ball B(p,A\,7) = {A™y € Y :
Y(A™y — pir) > 1= A\ n(A"y — p;1r) < N\, a(A™y — p;r) < A} for somer >0 and 0 < A < 1
with p € Y then F;t(({z,n,o)(Amyp) = U B(p,\,r).

PELL, 1 oy (A™ )
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Proof. Let ¢ € U B(p, A\, r) then there exists some p € F;t(w,a)(Amyp) for r >

PEFSI“MWYU)(AmyP)
0,and 0 < A < 1such that Y(p—C;r) >1—-Anlp—Cr)<Aolp—r) <A

Asp e Fslt(w,n,a)(Amyp) then there exists a set
M= {peN:¢(AMy, —p;e) >1—X\n(A"y, — p;€) < X\,0(A"y, — p;€) < A}
with §;(M) # 0. For p € M,

Y (A"y, — G +€) = min {P (A™y, —pse) v (p— ()}

>1- ),
n(A"y, — (r+€) < max {n(A™y, —p;€e),n(p—Cr)}
<A

o (A"yp — (i +€) < max {o (A"y, — pse),0(p— (1)}
<A\

This implies that
Si{fp e N Ay, —CGr+e) > 1= A\n(A"y, —(r+e) <X o(AMy, —(r+€) <A}) #0.

(I m v~ (I m
Hence ¢ € Fst((lzmp)(A Yp). So, U B(p,\,r) C Fst((w),n,o)(A Up)-
Pepé.lt(ww,a)(Amyp)
Conversely, Take ( € ) A™y,) if possible let ¢ B(p,\,r) ie. ¢
st(y,n.0) P

pEFSIt(wyn’o)(Amyp)

B (p,\,r) for all p € Fslt(¢,n70)(Amyp).
Then for all p € Fslt(w na)(Amyp), we have ((—p;r) < 1=Xorn(C—p;r) > Aoro(C—p;r) > A.
According to theorem 1) for any arbitrary p € FSIt(wm,U)(Amyp), we have (¢ — p;r) >
1—=X\n(¢ —p;r) < A\o(¢ — p;r) < A which is contradiction to our supposition. Hence ¢ €

S I .
U B(p, A\,r). Hence F;((qin’g)(Amyp) - U B(p, A, 7). This completes
PEL im0 (A7 90) PEL (o) (AT )
the proof.

Theorem 4.5. Let A™y = (A™y,) be a generalized difference sequence in NNS'Y =

(V,N,®,¢), Then for A € (0,1) and r > 0,

(i) If p € Ty oy (A™p) then I — sty p gy — LIM b, C B (p, A7),

(i) I — styne) — LIMhm, = N B(p, \,r) —
pEFSIt(wm,U)(AmyP)

(€€ Y Tl (Am,) CBENT}.

Hm%Lﬁgel—ﬂw%ﬂ—LMﬂﬁ%mMpelé
For e > 0 and X € (0,1),
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Consider
G={peN:ypAMypy—&r+e) >1-An(A"y, —&r+e) <A o(Ay, —&r+e) <A}
and
H={peN:yp(A%yp —pie) > 1= An(A"yp — pie) <A, 0(ATyp — pie) <A}
with 67(G®) = 0 and 67(H) # 0 respectively. Now for p € G N H,
(€ —pir) = min {¢ (A%yy —pie) P (A™yp — &7+ €)}
>1— ),
n(§—pir) < max {n(A%yp —p;€),n(A"y, — &7+ €)}
<,

o(§—p;r) < max {o(A"y, — py€),0(A"y, — &7+ €)}

<A
Thus § € B(p,A, ). Hence I — st(y 5,0) = LIMjm, S B(p,A,r).
(ii) It follows from (i) part that I — st(y ) — LIMjm, < ﬂ B(p, A\, 1)
peFSItw,’nyg) (Amyp)
Take y € ﬂ B(p, A,7) then

perIt(w,n,a) (Amyp)
Yy —pir) > 1= Anly—p;r) < No(y—p;r) < Aforall p € Fslt(wng)(Amyp). This implies
that I, (A™y,) € By, A7) ie. N Blp, Ar) CH{EEY : Ty o (A ) €
PEFSIt(d,mYU)(AmyP)

BE N}
Now assume y ¢ I — st(y 5 o) — LIMjm, , then for A € (0,1) and € > 0, we have

or{p e N:yp(A™y,—y;r+e€) < 1—X or n(A™y,—y;r+€) > X or o(A™y,—y;r+€) > A}) # 0.

It means there exists some [-statistical cluster point p for the sequence A™y = (A™y,) with

Yy —pr+e) <1—=Xorn(y—pr+e) >Aora(y—pr+e) >\

Thus Iy, o (A™yp) € Bly,A,r) and y ¢ (€€ Y Tl (A™yp) C B(E, 1)}

Hence {€ € Y : I (A™yy) C B (&M 1)} C 1 — sty yo) — LIMm,,

And ﬂPGF!t(w,m(Amyp) BlpAr) ST = stwna) = LIMmy,-

So, I = st(yne) — LIMAm, = N Blp, A1) = {§ € Y i Iy, »(A™y,) C
PEL, oy (AT )

B(& A )} o

Theorem 4.6. Let A™y = (A™y,) is ideal statistically convergent to p in NNS'Y =
(V,N,®,0), then B (p,\,1) =1 — sty o) — LIMZ,,Lyp.
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Proof. Since (A™y,) is ideal statistically convergent to p w.r.t.the norms (¢,n) i.e.
b

(A™y,) M p, then by definition

1

A= {n:\{pgnzlb(Amyp—p;ﬁ) <1—Xor n(A™y, — p;€) > Xor o(A™y, — p;e) > A} ><5} el
n

Take G =N\ A, as non-empty set then for p € G°,

1 m m
SHp = n: (A%, —pre) <1 —Aor n(A™y, —pie) = A or o(A"y, —pie) 2 A <6

1 m
:E\{pgnzw(Amyp—p;e) >1=M\n(AMyy, — pie) < X\, o(A™yp — pye) <A} >1—06.

Put B, = {p<n:¢¥(AMy, —p;e) > 1 =X\, n(A"y, — p;€e) < X\, 0 (A™y, — p;€e) < A} for j >
m.
Now for j € B,,, we have ¢ (A™y; — p;e) > 1 =X\, n(A™y; — p;e) < X, 0 (A™y; — p;e) < A
Let y € B (p,\, 7). We will prove y € I — st(y,, o) — LIM
P(A™y; —yir +€) = min{yp(A™y; — p,€), (Y — p,7)}
>1—A
n(A™y; —y;r +€) < max {n(A™y; — p,€),n(y — p,7)}
<A
o(A™y; —y;r +€) <max{o(A™y; —p,€),o(y —p,7)}
<A
Hence B,, C {p € N: (A"y,—y;r+€) > 1=\, n(A"y,—y;7+¢€) < X\, 0(A™y,—y;r+e€) < A},
which gives:

1-6 < l]B;T"‘ <Lip <n:ip(Amy,—y;rte) > 1-A n(A™y,—y;r4e) < X, o(A™y,—y;r+e) <

AH.
Therefore,
%I{pén:wﬂmyp—y;rﬂ) <T—=Xor n(A%yp —y;r+€) = A
or o(A™y, —yir+€) > A} <1—(1-0)=0.
Then

1
{neN:ﬁ\{pgn:w(Amyp—y;r+e)Sl—/\orn(Amyp—y;r—i-e)Z/\
or o(A™y, —y;r+€) > A >0y CAel.

e y €1 — st(yyo) — LIMNn, in NNSY = (V,N,®,0).
Hence B (p,A,7) € I = st(y o) = LIMpm, . Also I — sty o) — LIMjm, < B(p, A7)
Hence, I — st(y,yq) — LIMjm, = B (py A1), O
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Theorem 4.7. Let A™y = (A™y,) be a generalized difference sequence in NNS Y =

F'I‘(I)

(V, N, ®, ), which is ideal statistically convergent to £ then st(w,n,a)(Amyp) =1—styno) —

LIMYy,, .

T—st(y p o
Proof. Firstly, Assume y, SN &, which gives I ;t((izna)(Amyp) = {¢}. Then for r >

0 and A € (0,1) by Theorem 1) , we have ) )(Amyp) = B (&, A\, 7). Also from Theorem

Styp,m,0
(4.6), B(& A7) =1 = st(ypo) — LIMAm, .
r(1
Hence Fst((zz,n,a)(Amyp) =1—styno) — LIMZmyp.
I
Conversely, Assume F;"t((w)mp)(Amyp) =1 — stiyno) — LIMZmyp, then by Theorem l) and
(.5 (i),

ﬂ B(p,\, 1) = U B (p,\, )

Eepftwm,a)(ﬂmyp) £€F£t(¢7,7,0)(Amyp)
This is possible only if either FsIt(wna)(Amyp) = ¢ or stt(wna)(Amyp) is a singlton set.
Tlllen I = stype) — LIM}m, = ﬂpéfftw,n,a)mmyr})B(p’)\’r) = B(& A\, 1) for some £ €
Fst(zp,n,a)(Amyp)' Also, By Theorem |D I —styne) — LIMZmyp =¢.0

Conclusions

The present work is more generalized than rough statistical convergence for difference se-
quences on NNS defined by Kisi and Yildil [27]. For this type of convergence various properties
like statistical boundness, algebraic properties, closedness, convexity and relationship between
limit points and cluster points have been obtained. Further this type of convergence can be
investigated for double sequences, triple sequences in various sapces like lintuitionistic fuzzy

normed spaces, probablistic norm spaces or neutrosophic normed spaces.
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