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The notion of statistical convergence is a natural extension of ordinary convergence which has been studied by several
authors in different spaces. Recently, several studies have shown a growing interest in convergence theory in neutro-
sophic spaces. In this research article, we investigate the statistical convergence and related notions of sequences in a
non-Archimedean neutrosophic n-normed space. By combining natural density with the three neutrosophic compo-
nents of truth-membership, indeterminacy-membership, and falsity-membership, we formulate statistical convergence
with respect to the neutrosophic n-norm structure. Several equivalent characterizations of statistical convergence
are established, including formulations in terms of exceptional index sets of natural density zero and componentwise
statistical limits. We prove that the statistical limit, whenever it exists, is unique. Moreover, we show that ordinary
convergence with respect to the neutrosophic n-norm implies statistical convergence, and we examine the correspond-
ing behavior of algebraic operations, particularly the preservation of statistical convergence under addition. Statistical
Cauchy sequences are also introduced and studied. In particular, every Cauchy sequence in the neutrosophic n-norm
sense is shown to be statistically Cauchy. The notion of statistical completeness is then discussed through statistically
Cauchy sequences and their statistical limits. Finally, illustrative examples in finite-dimensional real spaces are pro-
vided to clarify the abstract definitions and demonstrate sequences that are statistically convergent even when ordinary
convergence fails. These results extend classical statistical convergence concepts to a neutrosophic non-Archimedean
setting. The developed framework also provides a foundation for investigations of summability, approximation, and
nonlinear analytical problems.
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Introduction

The notion of statistical convergence was introduced by Steinhaus [1] and Fast [2], independently. Since
then, statistical convergence has been studied in many generalized settings. Suja and Srinivasan considered
statistically convergent and statistically Cauchy sequences in non-Archimedean fields [3]|, while Chu and Ku
studied non-Archimedean n-normed spaces in connection with the Mazur-Ulam problem [4].

The development of generalized normed spaces is closely related to the theory of fuzzy sets introduced by
Zadeh [5]. Fuzzy n-normed linear spaces were later introduced by Narayanan and Vijayabalaji [6]. Deferred
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statistical convergence in intuitionistic fuzzy normed spaces was studied by Melliani et al. [7], and generalized
statistical convergence in non-Archimedean L-fuzzy normed spaces was investigated by Eghbali and Ganji [§].
Intuitionistic fuzzy n-normed linear spaces were developed by Vijayabalaji et al. [9], while statistical convergence
in intuitionistic fuzzy n-normed linear spaces was studied by Sen and Debnath [10]. Konwar and Debnath further
considered intuitionistic fuzzy n-normed algebra and continuous product structures [11]. Recently, Saranya and
Suja examined statistical convergence on intuitionistic fuzzy n-normed spaces over non-Archimedean fields [12].

Further developments in convergence theory include multidimensional sliding window Pringsheim conver-
gence for measurable functions studied by Savag and Patterson [13|, summability approximation theorems
of double random variables [14], and multidimensional characterizations of asymptotically I§-equivalent se-
quences [15]. In the neutrosophic setting, Shankar et al. investigated lacunary A™-statistical convergence
in neutrosophic normed spaces [16]. Debnath et al. studied deferred statistical convergence of sequences in
neutrosophic normed spaces [17]. Kirigci and Simsek introduced neutrosophic normed spaces and statistical
convergence [18]. Mursaleen developed A-statistical convergence [19], and Kumar et al. studied neutrosophic
n-normed linear spaces [20]. Recently, Kisi studied ideal convergence in neutrosophic normed spaces [21] and
also investigated Ip-convergence in the same setting [22]. Kisi and Giirdal examined triple difference sequences
in neutrosophic normed spaces [23]. Khan et al. studied neutrosophic normed spaces via Tribonacci conver-
gent sequence spaces [24], while Khan et al. also considered neutrosophic A-statistically convergent sequence
spaces and their properties [25]. Goniil Bilgin investigated arithmetic statistical convergence [26] and Hilbert
I-statistical convergence in neutrosophic normed spaces [27]. Khan et al. studied statistical convergence of
sequences of functions in neutrosophic normed spaces [28], and rough lacunary statistical convergence was ex-
amined by Khan et al. [29]. Ersan considered p-statistical convergence in neutrosophic normed spaces [30].
Rough ideal statistical convergence was studied by Antal et al. [31], and A-A™-statistical convergence was
investigated by Antal and Chawla [32]. Khan et al. introduced neutrosophic fuzzy Tribonacci Z-lacunary
statistical convergent sequence spaces [33]. Mursaleen et al. studied rough deferred statistical convergence
in neutrosophic normed spaces [34]. Kaur et al. investigated neutrosophic Copson type rough I-statistically
convergent sequences [35]. Jenifer et al. examined rough ideal statistical convergence in neutrosophic normed
spaces [36]. Khan et al. studied Hilbert ideal convergent sequence spaces in neutrosophic normed spaces [37].
Khan and Arshad applied neutrosophic normed spaces to the convergence of sequences involving neutrosophic
operators [38]. Most recently, Kisi et al. discussed recent advances in the convergence of function sequences in
neutrosophic normed spaces via ideals [39].

Motivated by the above developments, this paper investigates statistical convergence in non-Archimedean
neutrosophic n-normed spaces. We introduce statistical convergence with respect to the neutrosophic n-norm
(©,7,0)", establish equivalent characterizations, prove the uniqueness of the statistical limit, and study alge-
braic properties such as preservation under addition. Statistical Cauchy sequences are also introduced, and the
relationship between ordinary Cauchy sequences and statistically Cauchy sequences is discussed. The notion of
statistical completeness is then considered, and examples are provided to illustrate that statistical convergence
may hold even when ordinary convergence fails.

In this study, we work with sequences defined over a non-Archimedean field K. Unless stated otherwise,
IC refers to a complete non-Archimedean field equipped with a nontrivial valuation, and n represents a po-
sitive integer. The study begins with a brief overview of essential notations and definitions that will be used
throughout.

1 Preliminary concepts

Definition 1. [12] Let U be a vector space of dimension d > n over a valued field K, equipped with a
non-Archimedean valuation | - |. A mapping

||.’.’_..’-||:UXUX...XZ/{_)[O’OO)
—
n times

is called a non-Archimedean n-norm if it satisfies the following conditions:

(1) |1, Za, ..., Zpn|| = 0 < T1,Z9, ..., Ty are linearly dependent;

(#9) |T1, @2, ..., ZTnll = T, Try, - - ., T5, || for every permutation (71,72,...,7,) of (1,2,...n);

(“Z) Ha’ghib BERE) 5n” = ‘a| ||513527 s 7§7LH3

(v) |Z + Y, %2, T3y« ., T || < max{||z,Zay...,Znll, |y, To,...Tn||} for all « € K and Z,y, Z2,...,Z, € U. Then
(U, |-y <55 -+ -|]) is a non-Archimedean n-normed space.
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Ezample 1. Let U = R™ and define the n-norm ||, --- ,-||57 for vectors z1,Zs, ..., 7, € R" by
n
21, Z2, ..., Znllz7 = Jax |1Z451,
i
where T; = (Z;1, Tio, .. ., Tin) for i = 1,2, ..., n. This n-norm takes the maximum absolute value in each column

across all vectors, then multiplies these maximums together. For example, if n = 2 and 71 = (1, 3), Ty = (4, —2),
then

121, T2l 77 = max([1], [4]) - max(|3],|-2]) = 4-3 = 12.
This function satisfies the properties of an n-norm and defines a normed structure on R".

Definition 2. [17] A binary operation <: [0, 1] x [0,1] — [0,1] is called a continuous ¢-norm if it satisfies the
following conditions:
(a) < is associative and commutative;
(b) < is continuous;
(c)a<l=naforallacl01];
(d) §<1b <T<10, whenever & < ¢ and b < d for each @,b,¢,0 € [0, 1].

Definition 3. [12] A binary operation @ : [0, 1] x [0, 1] is considered a continuous ¢-conorm if
(a’) @ is associative and commutative;
() © is continuous;
(dYao0=naforall ae|0,1];
() A2 b <T©®d whenever & < and b < d for each @,b,%,0 € [0, 1].

Definition 4. The neutrosophic n-normed space over K is defined as follows. The six-duple (U, Q, T,0, <, @)
is said to be an NA-NnN space if U is a vector space over a field K, is a continuous t-conorm, < is a
continuous t-norm, and , T, 0 are functions of & x R to [0, 1] satisfying the following conditions. For every
(T1,%a,...%,) €U™ and u,v € K

Q) Q(F1, oy ... Ty @) + T (F1, Ty .. . Fn, 1) < 1.

(
(b) Q(i1,527. . ~%n7~) > 0.
(¢) Q(Z1,%a,...Tp,u) = 1 <= T1,T9,...,T, are linearly dependent.
(d) Q(Z1,Za,...,Tn,u) is invariant under any permutation of z1,To, ..., Tp.
(€) Q(F1, Ty ..., C.Tn, 1) :9(51,52,...@“,%') for ¢ £ 0, ¢ € K.
(f) Q(@1,Za,...,ZTp,0) <AQ (X1, Ta,...,7,v) < Q(T1,T2,..., Tn+ T, max{u,v}).
(9) Q(T1,T2,...,Tn,"): (0 00) — [0,1] is continuous.
(h) limy 00 Q (Z1, T2, ..., Ty, u) = 1 and lim, o Q (Z1, T2, ..., Tp,u) =0.
(Z) T(%hfg,. . .,En,ﬂ) < 1.
(J) Y (1,%2,...,Tpn,0) =0 <= T1,Za,...,C- T, are linearly dependent.
k) Y (z1,%2,...,%Tpn,w) is invariant under any permutation of 1, Zs,...,T,.
( y
DY (x1,z2,...,¢.Tn,u) =Y (Z1,Ta,...,CTn, = | for each ¢ # 0,c € K.
le]
(m) T (51,%27 e ,zn,u) %) T (xl,scg, N ,%ln,’l)) Z T (%1,%2, ceey fn +§;,max{u,v}).
(n) T (Z1,Z2,...,Tn,") = (0 oo) — [0,1] is continuous.
0) limy_oo Y (T1,T2,...,Tn,u) =0 and lim,_o Y (T1,Z2,...,Tp ,u) = 1.
( ) ) ) ) ) 9 ) )
(p> 9(51a%2a -%1’7» ) <L
(¢) ©(Z1,%2y...,Tpn,0) =0 <= T1,To,...,C- T, are linearly dependent.
(r) ©(Z1,%a,...,Ty,w) is invariant under any permutation of Ty, T, ..., Ty.
(s) © (T1,%2,...,c.Tpn,0) = O (xl,xg,.. ,C.Tp, E ‘) for each ¢ # 0, c € K.
(t) © (1, %o, ... ,xmu) © 0O (Z1,Ta,...,2,,v) > O (Z1,Ts,..., Tn+ T, max{u,v}).
(u) © (T1,Z2y ..., Tp,+) = (0 o0) = [0, 1] is continuous.
(v) limy 00 © (T1, T2, ..., Ty, u) =0 and lim, o O (T1, T, ..., Ty, u) = 1.

Here, ( ,T,0 ) is called a non-Archimedean neutrosophic n-norm.

Ezample 2. Let (U, || - ||) be an n-normed space over R” with a standard n-norm || - || (e.g., determinant —
based).

6 Bulletin of the Karaganda University



Statistical properties of neutrosophic ...

Define the operations and mappings as follows for @,b € [0,1]: @ <1b = min{d, b}, @ b = max{d, b},

_ N 1 _ ol Fey e |
(@1, ) 1+ |71, ..., 2| (@15 Zn, ) 1+ |71, ..., 20

6(517"'757’1,;&) :1_9(%1,7577/)

Then, the structure (U,Q, T, 0, <1, ®) forms a Neutrosophic n-Normed Space (NnNS).
For instance, let 7; = (1,0), Zo = (0,1) in R?, with n = 2 and the 2-norm defined by ||Z,Z2| =
|det(§1,52)\ =1. Then,

o R T R R |det(@, 7)1
(1'1,1‘2) 1+1 2a ($17x2,l'1) 2 25 (-131,332,3)1) 1+|det(51,§2)| 9

This example satisfies the neutrosophic space structure using bounded norm-based mappings.

Definition 5. [18] Let {ZTg} be a sequence in a non-Archimedean neutrosophic n-normed space
U,Q,7,0,<,0). The sequence is said to converge to ¢ € U with respect to (2,T,0)™ if, for every ¢ > 0
and u > 0, and for all fixed elements 72, ¥3, ..., ¥, € U, there exists an integer Qo € N such that for all Q > Qo,
the following inequalities hold:

Qzo -4, Y2y, Yn,u) >1—¢,
T(Zg — 4,92, ., Yn, ) <€,
O(@g—4,Y2,...,Yn,0) <€

This type of convergence is denoted by (2, T, 0)"-limZg = ¢.

Definition 6. [19] A sequence = = {ZTq} is said to be statistically convergent to a real number ¢ if, for each
€ >0, the set {Q € N:|Zg — ]| > €} = 0. In other words, the relative frequency of terms that differ from ¢ by
at least € approaches zero as () — oo. This is denoted by: Stat-limzg = £.

2%, if @ is prime

Ezxample 3. Consider the sequence y = {yg} defined by yg = Now, we consider this

0, otherwise.
sequence in the 2-adic number field Qs, using the 2-adic absolute value | - |o.

Observe that for each prime @, we have |ygl2 = ‘2%‘2 = 29 which tends to co as Q — oo, but recall that in
Q2, higher exponents correspond to smaller values in the usual sense (i.e., |279|y = 2@ is large, but the number
itself is small).

In particular, yg — 0 in the 2-adic topology on a sparse set (the primes), and yg = 0 elsewhere.

The density of the primes among the natural numbers is zero:

iy 1@ <7 :Q prime}|

n—00 n

0.

Thus, for any € > 0, the set Ac = {Q € N : |yg|> > €} is contained in the primes and hence has density 0.
Therefore, {yg} is statistically convergent to 0 in Qs.

2 Statistical convergence in NA-NnNS

Definition 7. [18] Let (U,,Y,0, <1, @) be a non-Archimedean neutrosophic n-normed space. A sequence
x = {Zg} CU is said to be statistically convergent to £ € U with respect to the neutrosophic n-norm (92, Y, ©)"
if, for every € > 0, u > 0, and for any 92,93, ..., yn € U, the following condition holds:

1 Q(gQifag27g3a"'a§nvﬂ)Slieor
lim — (S Q<n:Y(Zg—4{Y2,Y3,--Yn,U) > €0r =0.
n—,oo N . o - .
6(37@_&1/273/3,---;3/7““) 26

In this case, we write Statq v e)» -limz = £.
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Lemma 1. Let (U,Q,T,0,<,@) be a neutrosophic n-normed linear space (NnNLS). Then, for any ¢ > 0
and u > 0, and for all fixed elements y1,92,...,Yn—1 € U, the following statements are mutually equivalent:

(@)

Stat(Q,'L@)n -limx = E;

(b) R o o
Q(xQ—an2ay37--~7yn,u)Sl—e,
lim — an:T(.%Q—f,g%ﬂ?,,...,gn,ﬂ)26, ‘ s
n—o00 M B T .
@(fQ_an%wauayn,U)ZE
(c) ) - o
Q(IQ7£?y27y37"'7yna ) 1*6 and
tim 2[{Q<n: T@Eg =672 Gs o) < e,and ]=1;
n—o00 N ~ e
®($Q_€)y27y3;-'-ayn7 ><€
(d) R o o
Q(xQ_£7y2ay37'~~ayn7u)>]-_67
lim — aniT(fQ*g,gg,gg,...,gn,ﬁ)<e, ’:1;
n—o00 N ~ e am
@(xQ_éaZ/27y3,-~-,yn,U)<e
(e)

Stat- lim €2 (%Q - €7 gQagfiv s 727’rua) = 13 and Stat-lim T (5’:Q - E’ §2,g37 . y’ru ) - 0
and Stat-lim © (Tq — 4,92, Y3, - - Yn, u) = 0.

Theorem 1. Let (U,,Y,0,<,@) be a non-Archimedean neutrosophic n-normed space (NA-NnNS). If a
sequence x = {ZTg} C U is statistically convergent with respect to the neutrosophic n-norm (2, Y,0)", then
the statistical limit Stat(o v ey -lim g exists and is uniquely determined.

Proof. Assume that Stat(g v e)»-limx; = ¢; and Statq y ey - limz = f3. Let € > 0 be given. Choose
d € (0,1) such that (1,@<(1,@ >1—¢ and d@d <e. Forany u > 0 and for all y1,¥2,...,Yn_1 € U,
we define the following sets:

Qa1 (d, 1) = {QeN Q(EQ—gl,gz,gg,...gn,a)>1—£z“},
Qaa(d, 1) = {Q EN:Q@Eg —Lla,To, Tsr- - Iy ) > 1 —J},
Qra(d ) = {Q € N: T (3q — b1, 5, s - s 0) = d},
Qro(d, ) = {QEN:T(JJ o o e Ty ) > }
Qoa(d: @) = {Q € N: T (g — (1,32, s, Gns 1) = .
Qe,2(d, u) := {QEN Y (@ — {2,Y2,Y3s -+ Un, U )Ed}

Assuming Statq vy ey -limz = £1, we deduce from Lemma 1 that

hm ~HQaa(e )} = hm S HQralew} = hm S HQealew)} =1

for all u > 0.

Moreover, based on the assumption that Stat(97T7@)7L -limZ = /5, we conclude

hm ~{Qaz(e )} = hm - HQralew)} = hm ~{Qez(eu)} =1

for all u > 0.

Let us now consider,

Qaore(eu) = (Qai(eu) NQao2(e,u) U (Qr,1(e,0) NQr2(e,0) U(Qeo,1(e,u) N Qo 2(e, 1)) .

8 Bulletin of the Karaganda University



Statistical properties of neutrosophic ...

In the next step, lim,, % {Qa,r,0(€e, w)}| = 1. Suppose Q € Qq r,6(€, ). Our initial focus is on Q € (Qq,1(e, )N
Qq,2(¢,u)). Then we have

Qb — L2, 92,93, - - - Y, U)
Z Q(EQ —él,/:lj271173,...§n,a) <]Q<§Q_€27§27§37"'§naﬂ)

>(1—d)<a(1-d).

Given that (1 —d) < (1 —d) > 1—e, it follows that Q (¢, — 5, 72, Js, . . -
we conclude

,Un, ) > 1 — €. Since € > 0 is arbitrary,

Q(fl —Eg,gg,gg,. ..,gn,ﬂ) =1 forall u > 0 and gg,gg,... ;gn ceu.

Hence, it must be that ¢; = ¢5.
On the other hand, assuming @ € Qv 1(e, %) N Qv 2(¢,u), we have

T (61 - £27g2a§35 R ag’nvﬂ)

S T(-;EQ _Ela§25y37"'7§naa) ®T(5§Q —52,@12,@437...7@1”,17)

<dod<e
Since € can be chosen freely, it follows that Y (¢ — {2, Y2, s, - - -, Yn, u) = 0 for every u > 0 and all ya,ys3,...,Un €
U. This implies that ¢; must be equal to ¢s.

As a result, if Q € (Qr,1(e,u) N Qr,2(€,u)), then

o (81 - 627g27g3a v aﬂn,a)

< 6(‘%Q _Zlvg%g&-'wgnvﬂ) ®@(gQ _627g21g37"~727naﬂ)

<dod<e.
Since € is arbitrary, it follows that © (¢1 — ¢2,92,¥3,---,Yn,u) = 0 for all v > 0 and ¥, %3, ..., ¥y, € U, which
implies £; = /5. Therefore, the Stat(q v e)» -limZ is unique. O

Theorem 2. Let (U,,T,0,<,©) be an NA-NnNS. If (2, T,0)"-limz = ¢, then Stat(q v ey -limz = £.

Proof. Assume that (Q,T,0)"-limZg = £. Then, for any € > 0, d > 0, and fixed elements ¥1, J2, . . ., Yn—1 € U,
there exists a positive integer ng € N such that for all @ > ng, the following conditions are satisfied:

Q@p — Tony Y2, -+, Yny ) > 1 — €,
Y (ZTp — T, Y2, YUn, u) <€,
O (T — Ty Y2y - Un,u) < €

Thus, the set of indices where these inequalities are violated,

Q(%Q_gag%'“,gnva)gl_f
QEN| or T(Fo — 6,5, s Gustl) > €
Or@(%Q_&@éa'-wﬂnaa)Ze
is finite, which implies
Q(‘%IQ_&?J%@IB»“';gn,a)S]-—GOI'
lim —|SQeN: YT(Zg—4{,Y2,Y3,-..,Yn,U) > €0r =0.
n—oo N _ s T
e(xQ_gvaay?n"'vynau)ze

Therefore, Statq v ey -limz = /.

Note: Interestingly, the converse of the above theorem, which is not classically true, is true in NA-NnNS as
shown below.

Let 2 = {Zq} be Stat(g v e)» that converges to £ € U. Subsequently, for every ¢ > 0 and u > 0,

Q (%Q - g, g27§3’

1
lim —
n—oo N
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We now prove that {zg} is (2, T, 0)™ - convergent to £ € Y. i.e., to prove

Q(%'Q_E’@éa@'?n-“vﬂnaa) >1—¢€and
QeN: T (Zqg 12,3, -,Un,u) < €and
G@Q*Z,gmg&-n,@“ﬂ) < €

We assume that

{Q(Zo—4,92,U3, - Un,u) <1 —€or T (Tg —{,¥2,93,--.,Yn, &) > € Or
©(Tg—4,y2,Ys3, - Yn,U) > €}

={QeN:Q@g—{,y2,Y3,-- - Un,u) <1l—€or T (Tqg —{,¥2,Y3,---,Yn,U) > € Or
©(@g—10,92,Y3,---,Un,0) > €}

has infinitely many terms.

) Q@g—10,92,93,- - Un,u) <1—e€or
lim—| QeN: T (Tg—4,92,Y3,---,Yn,u) > €0r #0.
n n - - . .
@(xQ _€5y27y37"'3y77,7u) 2 €
However, this finding is contradictory. Thus, {Zg} is (2, T, ©)", which converges to ¢ € U. O

Theorem 3. Let (U,2,T,0,<,) be an NA-NnNS. If Stat g v ey» - limxqg = T and Stat(q, v e) - limy, = ¥,
then Stat(Q,T’@)n — lim (%Q + gQ) =I+4+7y.

Proof. Given any € > 0, choose d > 0 such that (1 —d)? > 1 —e. Let £; and f» denote the statistical limit
points of the sequences (Zg) and (yg), respectively. Then, for any @ > 0 and elements y2,¥s, ..., yn € U, we
define the following sets:

Qo) = {Q € N: QT — 01,52, oo - W) > 1 = d},
Qnﬂiu):{QeN Q@Q—@@¢%w”%ﬁn>1—g}
C%ﬂ@ﬁ):{QeN T@Q—&@z%,”@@m<§}
Qﬁﬂim:{QEN T@Q—@@zﬁw”%ﬂ%<ﬂ,
Q@WMD:{QGN T@Q—&@i%w”g@m<&}
Qammnz{QeN T@Q—&@i%w”%ﬂ%<ﬂ.
As
Stat(q,r,e)» —limxg = 7 and Statq v e)» —limyg =¥,

im - [{@o @} =tim - {@ra(e D} = tim - [{@oa e} =1
and ) 1 B 1 B

1171}15|{QQ,2(€775)}| = liTILnEHQY,Q(E,d)H = 1i7§15|{Q9,2(6,d)}{ =1
Let

Qou = (Qo,1(6,1) N Qa2(e,u) U (Qr (e, u) NQr (6, 1) U(Qe,1(e,u) NQo,2(e,u)).

Then,

1 ~
hTILIl ﬁ|{QQ7T,@(€, u)}| =1.
If Q € Qa,x,e(e, 1) at the outset, consider Q € (Qq,1(€,¥) N Qa.2(€,u)) . Following that, we arrive at
Q(‘%Q +gQ - T g,?ang&-'-?jnaa)
Z Q(EQ _E7§QJ§37"'§nvﬂ) <lgz(gQ _ﬂ7§2ug37"‘§n7,ﬁ)
>(1—d)<(1—d)
>1-—ce

10 Bulletin of the Karaganda University



Statistical properties of neutrosophic ...

Since, € is arbitrary, Q (Zg +yo — (T+¥),¥2,¥3,-- - Un,u) = L.
In a similar way,

T('%Q—"_gQ_(%—"_g)ag?vg?n7ynaa) :Ov and also 9(562"‘&@—(%"'@7?72’?37aﬂma) =0.

Thus, Stat v ey -lim (Zg +yq) =7 +¥. O
ngllmQ($Q - gay% s 7ynau) = 17
Theorem 4. Let (U,Q,T,0,<,2) be an NA-NuNS over . If ngnoo Y(Zq — {4, Y2, YUn,u) = 0, and

lim ©(Fg — 0,7, .., Jn, 1) =0

Q—o00

Then, Stat(gy'r’@)n - limQHoo fQ =/.
Proof. Assume that the following limits hold:

Qh_r)nooﬂ(gQ - E»ﬁ?v s >gnaﬂ) =1,
ngnoofr(gQ - &g% e 7§naﬂ) = 07
ngnoo@(gQ 767@23"'7gn5ﬂ) =0
Then, for any € > 0 and u > 0, there exists a natural number ()¢ € N such that for all () > g, we have
Q(%Q 767&23"'7&7%&) > 176;
T(iQ_E,gQ,---,gy“ﬂ) <e¢,
9(562 _E,gz,---,@}“ﬂ) <€
Hence, the count of elements @ < n for which these conditions are violated tends to zero as n — oc.
Q(%Qieag27g37"'7gnaa) S 1—€or
QeN: YT (Tg—4,92,Y3,---,Yn,U) > €o0r =0
@(EQ _£7§2a§3a"'7§n7ﬁ> Z €

is finite. So,
1 Q(-%Q_£7:’72,§3,---7gn7ﬂ)g1—601'
lim —|<QeN: YT(Zg—0,Y2,Y3,- - Yn,U) > €Or =0.
n—oo N _ e o
G(ZQ _‘evaayl?m"-,ynvu) > €
Thus, Stat(Q,y’@)n—lim%Q = /. O

8 Statistical cauchy sequence in NA-NnNS

Definition 8. [18] Let (U,Q,T,0,<,®) be a non-Archimedean neutrosophic n-normed space (NA-NnNS).
A sequence {Z,,} C U is said to be a Cauchy sequence with respect to the neutrosophic n-norm (2, Y, ©)™ if for
every € > 0 and u > 0, there exists ng € N such that for all n,m > ng and for all g, ...,y, € U, the following
conditions hold:
QT — Ty Y2y -+ -y Yy ) > 1 — €,
Y (T, — T, Y2, Un, U) <€,
O Ty — T, Y2,y Un, ) < €
Definition 9. [18] Let (U,,Y,0,<,@) be a non-Archimedean neutrosophic n-normed space (NA-NnNS).

A sequence x = {Zg} C U is called a statistically Cauchy sequence if for every e > 0 and u > 0, there exists
N € N such that for all £ > N,

1 Q(fQ—@,ﬂg,...,ﬂn,ﬂ)§1—eor
lim —|SQeN: Y(Tg—T¢,¥2,--Yn,U) > €0r =
n—oo N, N 7 T
@($Q—l‘éay27~-~7ynau)26

Mathematics Series. No. 3(123),/2026 11



M. Ahmad et al.

The NA-NnNS is said to be complete if every (2, T, ©)"-statistically Cauchy sequence converges statistically in
the same norm. Such a space is called a non-Archimedean neutrosophic Banach space.

Theorem 5. In the NA-NuNS (U,Q, 1,0, <, @) over K, every Cauchy sequence with respect to (2,7, ©)"
is statistically Cauchy.

Proof. Assume that {Z¢} is a Cauchy sequence with respect to the neutrosophic n-norm (£, Y, 0)™. Then
for every € > 0 and u > 0, there exist ng € N and a constant p € N such that for all @ > ny,

Q(%Q+p - 5@7@5) .. -agnaa) >1-— €,
T(xQ"FP —TQ,Y2,--- 7Z/n7u) <€,
G(IQ'FP —ZQ,Y2,- - 7yn7u) <€

Moreover, the set where these conditions fail has zero natural density:

UZgyp —ZQ, Y2, Un ) < 1 —¢,

o1 e ~ T
lim — | QeN: Y(@Tgip—TqQ,¥2,.--,Yn,U) > €, =0.
n—oo N ~ L PO
®($Q+p —TQ Y2, - 7yn7u) > €
Thus, {Zg} is statistically Cauchy with respect to (Q2, T, ©)". O
Ezample 4. Let U = R™ over K = R and define the usual n-norm by ||z1, 22, ..., zn|ln = |det(z1, 29, ..., 2,)] -
For u > 0, define as
u 1215 - -5 znlln
Qz1, .., 2n,u) = , (21,0, 2n,u) = ,
( o) u+ |21,y 2nlln ( ) u+ |21, 2nlln
e R
R1y- -5 2nlln
O(z1,...,2n,u) = .
( n ) 2u+ |21, -y 2nlln

Take Tg = %617 Q € N, where ey, ea,...,e, are the standard basis vectors of R”. We show that {Zg} is
statistically Cauchy with respect to (2, T, ©)™.
Fixpe N, u >0, and let yo = e, Y3 =e€3,...,Yn = €,. Then,

Foip — o = <1_1) e=——=>P .
Q+p @ Q(Q +p)

Hence,
|Farp — Fgr €2, osnll, = =
QQ+p)
Therefore,
~ - u
QToip —Tg,€2,...,6n,u) = Py — —1
BRI (aE)
as Q — oo, while
__pP __pP
Y(Zg+p — T, €2,y €n,u) = L? — 0, and O(Xg1p — Tg,€2,...,6n,u) = ﬂ# — 0.
Ut Q@i Ut g
Thus, for every € > 0, there exists Qg € N such that for all Q > Qo,
QToyp —Tg, €2, n,u) >1—€, Y(Tgrp —TQ,€2,-.- 6n,u) <€ and O(Tg+p — T, €2, -, €n,u) <E.
Consequently, the set
QTo4p — Tg,€2,.-.,6n,u) <1—g¢,
QeN: or T(Zgip—Tg,€2,---,€n,U) > €,
or O(Tgip —TQ,€2,...,6n,U) > €
is contained in the finite set {1,2,...,Qo — 1}. Hence its natural density is zero. That is,
1 UZgyp —Tg,€2,...,en,u) <1 —F¢,
lim — (e Q<m: or VT(Zgip—Tq,€2,-..,€n,u) > €, =0.
m—o0 M ~ ~
or O(Tgyp — Tg,€2,...,6n,uU) > €

Therefore, {ZT¢} is statistically Cauchy with respect to (2, T, ©)™.
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Theorem 6. Let (U,Q,T,0,<,®) be a non-Archimedean neutrosophic n-normed space over the field IC. If
a sequence {T} }ren IS statistically convergent, then its statistical limit is unique.

Proof. Suppose the sequence {ZTg} is statistically convergent to ¢. Then for every ¢ > 0, u > 0, and
U2,Y3s - - -, Yn € U, it holds that

1 Q(§n_%7g2a"'7gnaa)§1_67

lim —|<Q<n: or Y (T, —Z,¥2,-,Un,0) >

n—oo n, ~ ~ = =
or (T, — ZT,Y2, -, Yn,0) >

Next, consider the set

) QFn — T, 0o G 0) < 1 — 6,
lim =< Q<n: or V(Z, —Z,¥2,...,n,u) <1—¢, »=0.
nee or OFn — s Uy U) <1 —€

By using the operations <1 and @, it follows that

Q(%/Q_Eng;g?)W"vgnaa)
49(%*&92793,---’2/7:,7@§1*€7
. or T(Zg —4,Y2,Y3, -, Yn, )

lim — [{Q<n: LUt URELC N

0o 1 @sn @Y (Te — £, Y2,Y3,- -, Yn, U) > €,

Or@(xQ_an27y3a"'ayn7u>

®®(x€_€7y2ay37~-~7yn7u)26

4 Statistical completeness in NA-NnNS

Definition 10. [20] A non-Archimedean neutrosophic n-normed space (U,Q,T,0,<1,®) over the field K
is called statistically complete if every sequence that is statistically Cauchy with respect to the neutrosophic
n-norm (€2, T, ©)™ also statistically converges within the same norm.

Theorem 7. Every NA-NuNS (U, Q, 1,0, <,@) over K is statistically complete with respect to (2, T, ©)™.
Proof. Assume that {ZTg} is statistically Cauchy but not statistically convergent to ¢ € U; then, we have

Q <n: at least one of the following holds:
Q(f@ 75@,§2,...,gn,17) S 1-— €,

lim — _ -~ SO
n—eon T(xQ_$€7y27-~-ame)Z€a
@(f@ _E£7g23"'7§naﬂ) Z €
Q < n: at least one of the following holds:
I 1 Q(:’EQ—E,gz,...7ﬂn,a)49(%@—6,@2,...,@7“&)S1—67 0
= 1im — =
n—oo T(EQ —€7g2,...,gn,ﬂ)@T(ff[—é7272,..,,gn,ﬂ) Z €,
6(562 _Z7ﬂ27"'a§naa>®®(Ef_€7§27"'a?7naﬂ) Z €
However, this finding is contradictory. O
Ezample 5. Let U = R™ over K = R and define the usual n-norm by ||z1, 22, ..., 2n|ln = |det(z1, 22, .., 2n)] -

For u > 0, define

U 215 - -5 znlln
Qz1,...,2p,0) = Y(z1,...,2p,u) =
( 1, ANy ) U+“Zly-~-azn||n7 ( 1 s ANy ) U+||Zl,---72’n||n’
e || H
1y 2n|in
O(z1,...,2,,u) = .
(21, 20, ) 2u+ |21, -+ 5 2nlln

Together with a <tb = ab, @ ® b= min{a + b, 1}, this gives a standard example of an NA-NnNS.
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Now, we define a sequence {Zg} in R™ by

_ e1, Q =k? for some k € N,
Tg = where e; = (1,0,...,0).

0, otherwise,

We claim that {Zg} is statistically convergent to 0 with respect to (,1,0)". Let € > 0, v > 0, and
Y2, ..., Yn € R™ be fixed. Consider the set

Q(fQioagb'"agﬂ?u)Slie’
Ay =¢QeN: or T(Tg—0,%2,...,Yn,u) > ¢
or O(Tg —0,92,...,Un,u) > €

If Q is not a perfect square, then g = 0. Hence,
00,92,y Yn,u) =1, Y(0,%2,...,Yn,u) =0, and O(0,%2,...,Yn,u) =0.

Therefore, the above inequalities can fail only when @ is a perfect square. Thus, A.,, C {k? : k € N}. Since the
set of perfect squares has natural density zero, we have

lim l|{Q§m:Q:k2 forsomekENH: lim L7\/;”:0.
m—oo M, m—00 m
Hence, lim,, o % |Ae N {1,2,...,m}| = 0. Therefore, Stat — limg_, T = 0 with respect to (2,7, 0)".
Consequently, {Zg} is statistically convergent, and hence it is statistically Cauchy. This example shows
how a sequence may fail to be ordinarily convergent but still becomes statistically convergent in an NA-NnNS
because its exceptional terms occur only on a set of natural density zero.

5 Statistically continuous in NA-NnNS

Definition 11. [2] Consider the space (U,,T,0,<,@), which forms a non-Archimedean neutrosophic n-
normed space (NA-NnNS) over the field K. A function f : & — U is said to be continuous at a point z € U
with respect to the neutrosophic n-norm (2, Y, ©)™ if whenever a sequence {7, } converges to Z in this space,
the image sequence {f(Z,)} converges to f(Z) in the same neutrosophic n-norm.

Definition 12. [2,18,20] Let (U,,Y,0,<,@) be a non-Archimedean neutrosophic n-normed space (NA-
NnNS) over the field K. A mapping f : U — U is said to be statistically continuous at a point € U if for every
sequence {Z,} in U,

Stat(gv'ry(_))n -limz, =7

implies that
Stat(q,r,e)» -lim f(zZ,) = f(2).
Theorem 8. Consider (U,,Y,0,<,®) as a non-Archimedean neutrosophic n-normed space over the field

K. A function f : U — U is said to be statistically continuous if it is continuous with respect to the neutrosophic
n-norm (Q, T, 0)".

Proof. Let {Z,} be a sequence in U such that Stat(2, Y, ©)"-limZ,, = z. Then, for every € > 0 and @ > 0,
the following conditions hold:
QUTn — T,92,U3, -, Yn, 1) > 1 —¢,
Y (Zn — .92, Y3, - -+ Uns U) <€,
O(Zn — T,92,Y3, -+ Un, U) < €.
These imply:
Q(§(@n) — 1), 1(12), F(¥3), - - - . §(@
Y(5(@n) — (@), F(G2), F(@a): - - - F(Fn), W) < e,
O(F(@n) — (@), F(@2), F(T3); - - - F(Tn), W) <.

<
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Due to the continuity of f, the set

Q(f(@n) — ($)7f(y2) f(n), 1) <1—e¢,
neN: OI’T(f f(’I} af(yQ) af(gn)7ﬂ) > €
or @(f f(x ,f(QZ) ’f(g’rl)7ﬂ) > €

is a subset of
Q(xn_xy27"'ayna )Sl—E,

neN: orT( — T, Y2y Yn, U

or 6( LTn %7g25"'ayn7

Since Stat(Q, T,0)"-limz, = T, we get
Qz, — 7, yg,...,gjn,~) 1—c¢,

1
lim —|[{neN: orT(xn—x yg,...,yn, u) > e, =0.
n—oo N
or@(n Iay27"'ayn7 )—6

Therefore,
1 Q(F(@n) — f(2), §(52), - - f@n),ﬁ) <1l-g
Jim L3 ne N or Y(HE) — (2 1F). - 1) 8) > 6 ¢ =0,
or O(f(Zn) — f(2),f(%2), - -, f(Un), u) > €
which means Stat o v e)» - im f(Z,,) = f(Z). Hence, f is statistically continuous. O

Conclusion

In this study, we investigated statistical convergence in non-Archimedean neutrosophic n-normed spaces
by combining natural density with the truth-membership, indeterminacy-membership, and falsity-membership
components. Several basic properties were established, including equivalent characterizations, the uniqueness of
the statistical limit, preservation under addition, and the relation between ordinary convergence and statistical
convergence. Statistical Cauchy sequences and statistical completeness were also discussed. The examples
show that this approach is flexible enough to handle sequences that are not ordinarily convergent but are
statistically convergent. These results extend the classical theory of statistical convergence to the neutrosophic
non-Archimedean n-normed setting and may motivate further studies on ideal convergence, lacunary, and rough
statistical convergence in this framework. These results open avenues for a deeper exploration of convergence
concepts in more generalized and uncertain environments.

Building on the results of this study, future research may focus on extending the concepts of statistical
convergence and completeness to other generalized neutrosophic structures, such as fuzzy or neutrosophic n-
normed spaces. Additionally, exploring the relationships between statistical convergence and other types of
convergence (e.g., ideal convergence or lacunary statistical convergence) in the non-Archimedean neutrosophic
setting could yield deeper insights. Applications of these concepts to functional analysis, fixed point theory,
and decision-making problems under uncertainty also present promising directions for further investigation.

Acknowledgments
This work was carried out while the author (M. Mursaleen) was visiting Usak University from April 1 to

October 1, 2025 under the TUBITAK Project. He is grateful to TUBITAK and Usak University for their
support.

Author contributions

All authors contributed equally to writing this paper. Furthermore, this manuscript was read and approved
by all authors.

Mathematics Series. No. 3(123),/2026 15



M. Ahmad et al.

16

Conflict of interest

The authors declare that there is no conflict of interest.

10

11

12

13

14

15

16

17

18

19

References

Steinhaus, H. (1951). Sur la convergence ordinaire et la convergence asymptotique. Colloguium Mathe-
maticum, 2, 73-T4.

Fast, H. (1951). Sur la convergence statistique. Colloguium Mathematicum, 2(3-4), 241-244.
https://doi.org/10.4064 /cm-2-3-4-241-244

Suja, K., & Srinivasan, V. (2014). On statistically convergent and statistically Cauchy sequences in non-
Archimedean fields. Journal of Advances in Mathematics, 6(3), 1038-1043. https://doi.org/10.24297/
jam.v6i3.3659

Chu, H.Y., & Ku, S.H. (2013). A Mazur-Ulam problem in non-Archimedean n-normed spaces. Journal
of Inequalities and Applications, 2013, Article 34. https://doi.org/10.1186,/1029-242X-2013-34

Zadeh, L.A. (1965). Fuzzy sets. Information and Control, 8(3), 338-353. https://doi.org/10.1016/S0019-
9958(65)90241-X

Narayanan, A.L., & Vijayabalaji, S. (2005). Fuzzy n-normed linear space. International Journal of Mathe-
matics and Mathematical Sciences, 2005, Article 640286. https://doi.org/10.1155/IJMMS.2005.3963

Melliani, S., Kucukaslan, M., Sadiki, H., & Chadli, L.S. (2018). Deferred statistical convergence of se-
quences in intuitionistic fuzzy normed spaces. Notes on Intuitionistic Fuzzy Sets, 24(3), 64-T78.
https://doi.org/10.7546 /nifs.2018.24.3.64-78

Eghbali, N., & Ganji, M. (2016). Generalized statistical convergence in the non-Archimedean L-fuzzy
normed spaces. Azerbaijan Journal of Mathematics, 6(1), 15-22. https://www.azjm.org/volumes/0601/
0601-2.pdf

Vijayabalaji, S., Thillaigovindan, N., & Jun, Y.B. (2007). Intuitionistic fuzzy n-normed linear space. Bul-
letin of the Korean Mathematical Society, 44(2), 291-308. https://doi.org/10.4134/BKMS.2007.44.2.291
Sen, M., & Debnath, P. (2011). Statistical convergence in intuitionistic fuzzy n-normed linear spaces.
Fuzzy Information and Engineering, 3(3), 259-273. https://doi.org/10.1007/s12543-011-0082-9

Konwar, N., & Debnath, P. (2018). Intuitionistic fuzzy n-normed algebra and continuous product. Proyec-
ciones (Antofagasta), 37(1), 68-83. https://doi.org/10.4067/S0716-09172018000100068

Saranya, N., & Suja, K. (2024). Statistical convergence on intuitionistic fuzzy m-normed spaces over
non-Archimedean fields. International Journal of Fuzzy Logic and Intelligent Systems, 24(2), 153-159.
https://doi.org/10.5391/IJFIS.2024.24.2.153

Savag, R., & Patterson, R.F. (2024). Multidimensional sliding window Pringsheim convergence for measur-
able functions. Rendiconti del Circolo Matematico di Palermo Series 2, 73(2), 689-698. https://doi.org/
10.1007/s12215-023-00943-y

Savag, R., & Patterson, R.F. (2022). Summability approximation theorems of double random variables.
Communications in Statistics — Theory and Methods, 51(24), 8617-8624. https://doi.org/10.1080,/036109
26.2021.1901920

Savag, R. (2025). Multidimensional characterization of asymptotically Ig-equivalent sequences. Filomat,
39(17), 5777-5791. https://doi.org/10.2298 /FIL2517777S

Shankar, H., Ahmad, A., Chaurasiya, C., & Esi, A. (2026). Analyzing lacunary A™-statistical convergence
in neutrosophic normed spaces. Mathematical Foundations of Computing, 10, 72-88. https://doi.org/
10.3934 /mfc.2025023

Debnath, S., Debnath, S., & Choudhury, C. (2022). On deferred statistical convergence of sequences in
neutrosophic normed spaces.  Sahand Communications in Mathematical Analysis, 19(4), 81-96.
https://doi.org/10.22130/scma.2022.544537.1031

Kirigei, M., & Simsgek, N. (2020). Neutrosophic normed spaces and statistical convergence. The Journal
of Analysis, 28(4), 1059-1073. https://doi.org,/10.1007/s41478-020-00234-0

Mursaleen, M. (2000). A-statistical convergence. Mathematica Slovaca, 50(1), 111-115. https://dml.cz/
dmlcz/136769

Bulletin of the Karaganda University


https://doi.org/10.4064/cm-2-3-4-241-244
https://doi.org/10.24297/jam.v6i3.3659
https://doi.org/10.24297/jam.v6i3.3659
https://doi.org/10.1186/1029-242X-2013-34
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1155/IJMMS.2005.3963
https://doi.org/10.7546/nifs.2018.24.3.64-78
https://www.azjm.org/volumes/0601/0601-2.pdf
https://www.azjm.org/volumes/0601/0601-2.pdf
https://doi.org/10.4134/BKMS.2007.44.2.291
https://doi.org/10.1007/s12543-011-0082-9
https://doi.org/10.4067/S0716-09172018000100068
https://doi.org/10.5391/IJFIS.2024.24.2.153
https://doi.org/10.1007/s12215-023-00943-y
https://doi.org/10.1007/s12215-023-00943-y
https://doi.org/10.1080/03610926.2021.1901920
https://doi.org/10.1080/03610926.2021.1901920
https://doi.org/10.2298/FIL2517777S
https://doi.org/10.3934/mfc.2025023
https://doi.org/10.3934/mfc.2025023
https://doi.org/10.22130/scma.2022.544537.1031
https://doi.org/10.1007/s41478-020-00234-0
https://dml.cz/dmlcz/136769
https://dml.cz/dmlcz/136769

Statistical properties of neutrosophic ...

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Kumar, V., Sharma, A., & Murtaza, S. (2023). On neutrosophic n-normed linear spaces. Neutrosophic
Sets and Systems, 61, 275-288. https://fs.unm.edu/nss8/index.php/111/article/view /3793

Kisi, O. (2021). Ideal convergence of sequences in neutrosophic normed spaces. Journal of Intelligent &
Fuzzy Systems, 41(2), 2581-2590. https://doi.org/10.3233/JIFS-201568

Kisi, O. (2021). On Ig-convergence in neutrosophic normed spaces. Fundamental Journal of Mathematics
and Applications, 4(2), 67-76. https://doi.org,/10.33401/fujma.873029

Kisi, O., & Giirdal, M. (2022). On triple difference sequences of real numbers in neutrosophic normed
spaces. Communications in Advanced Mathematical Sciences, 5(1), 35-45. https://doi.org/10.33434/cams.
1025928

Khan, V.A., Arshad, M., & Khan, M.D. (2022). Some results of neutrosophic normed space via Tribonacci
convergent sequence spaces. Journal of Inequalities and Applications, 2022, Article 42. https://doi.org/
10.1186/s13660-022-02775-3

Khan, V.A., Fatima, H., Khan, M.D., & Ahmad, M. (2021). Spaces of neutrosophic A-statistical con-
vergence sequences and their properties. Journal of Mathematics and Computer Science, 23(1), 1-9.
https://doi.org/10.22436/jmcs.023.01.01

Goniil Bilgin, N. (2023). Arithmetic statistically convergent on neutrosophic normed spaces. Gimishane
Universitesi Fen Bilimleri Dergisi, 13(2), 270-280. https://doi.org/10.17714/gumusfenbil. 1180772

Gonil Bilgin, N. (2023). Hilbert I-statistical convergence on neutrosophic normed spaces. Gazi Uni-
versity Journal of Science Part A: Engineering and Innovation, 10(1), 1-8. https://doi.org/10.54287/
gujsa.1168439

Khan, V.A., Khan, M.D.; & Kumar, A. (2023). Statistical convergence of sequences of functions in neutro-
sophic normed spaces. Numerical Functional Analysis and Optimization, 44(13), 1443-1463.
https://doi.org/10.1080/01630563.2023.2248695

Khan, V.A., Rahaman, S.K.A., Hazarika, B., & Alam, M. (2023). Rough lacunary statistical con-
vergence in neutrosophic normed spaces. Journal of Intelligent & Fuzzy Systems, 45(5), 7335-7351.
https://doi.org/10.3233/JIFS-222548

Ersan, S. (2023). On p-statistical convergence in neutrosophic normed spaces. Georgian Mathematical
Journal, 31(2), 253-259. https://doi.org/10.1515/gmj-2023-2076

Antal, R., Chawla, M., & Kumar, V. (2024). Certain aspects of rough ideal statistical convergence on
neutrosophic normed spaces. Korean Journal of Mathematics, 32(1), 121-135. https://doi.org/10.11568/
kjm.2024.32.1.121

Antal, R., & Chawla, M. (2024). Some aspects of \-A™-statistical convergence on neutrosophic normed
spaces. Kyungpook Mathematical Journal, 64(3), 461-478. https://doi.org/10.5666/KMJ.2024.64.3.461

Khan, V.A., Kisi, O., & Choudhury, C. (2024). Neutrosophic fuzzy Tribonacci Z-lacunary statistical con-
vergent sequence spaces. Tatra Mountains Mathematical Publications, 86(1), 147-174. https://doi.org/
10.2478 /tmmp-2024-0015

Mursaleen, M., Kisi, 0., & Giirdal, M. (2024). On rough deferred statistical convergence for sequences in
neutrosophic normed space. Filomat, 38(31), 11171-11192. https://doi.org/10.2298 /FIL2431171M
Kaur, M., Antal, R., & Chawla, M. (2025). Neutrosophic Copson type rough I-statistical convergent
sequences. Pan-American Journal of Mathematics, 4, Article 7. https://doi.org/10.28919/cpr-pajm/4-7
Jenifer, P.S., Jeyaraman, M., Jafari, S., & Pigazzini, A. (2025). A study on rough ideal statistical
convergence in neutrosophic normed spaces. Azioms, 14(9), Article 659. https://doi.org/10.3390/axioms
14090659

Khan, V.A., Esi, A., Faisal, M., & Arshad, M. (2025). On Hilbert ideal convergent sequence spaces in
neutrosophic normed spaces. Tatra Mountains Mathematical Publications, 89(1), 29-46. https://doi.org/
10.2478 /tmmp-2025-0005

Khan, V.A., & Arshad, M. (2025). Application of neutrosophic normed spaces to analyze the conver-
gence of sequences involving neutrosophic operators. Mathematical Foundations of Computing, 9, 81-105.
https://doi.org/10.3934 /mfc.2025010

Kisi, O., Hossain, D.N., & Granados, C. (2026). Recent advances in the convergence of function sequences

in neutrosophic normed spaces via ideals. Turkish Journal of Mathematics and Computer Science, 18(2),
384-395. https://doi.org/10.47000/tjmcs. 1815791

Mathematics Series. No. 3(123),/2026 17


https://fs.unm.edu/nss8/index.php/111/article/view/3793
https://doi.org/10.3233/JIFS-201568
https://doi.org/10.33401/fujma.873029
https://doi.org/10.33434/cams.1025928
https://doi.org/10.33434/cams.1025928
https://doi.org/10.1186/s13660-022-02775-3
https://doi.org/10.1186/s13660-022-02775-3
https://doi.org/10.22436/jmcs.023.01.01
https://doi.org/10.17714/gumusfenbil.1180772
https://doi.org/10.54287/gujsa.1168439
https://doi.org/10.54287/gujsa.1168439
https://doi.org/10.1080/01630563.2023.2248695
https://doi.org/10.3233/JIFS-222548
https://doi.org/10.1515/gmj-2023-2076
https://doi.org/10.11568/kjm.2024.32.1.121
https://doi.org/10.11568/kjm.2024.32.1.121
https://doi.org/10.5666/KMJ.2024.64.3.461
https://doi.org/10.2478/tmmp-2024-0015
https://doi.org/10.2478/tmmp-2024-0015
https://doi.org/10.2298/FIL2431171M
https://doi.org/10.28919/cpr-pajm/4-7
https://doi.org/10.3390/axioms14090659
https://doi.org/10.3390/axioms14090659
https://doi.org/10.2478/tmmp-2025-0005
https://doi.org/10.2478/tmmp-2025-0005
https://doi.org/10.3934/mfc.2025010
https://doi.org/10.47000/tjmcs.1815791

M. Ahmad et al.

Author information™

Mukhtar Ahmad — MSc., PhD, Candidate, Doctoral Program of Mathematics, Faculty of Mathematics
and Natural Sciences, Institut Teknologi Bandung(ITB), Jl. Ganesha No. 10, Bandung 40132, West Java, In-
donesia and supported by the Ganesha Talent Assistantship (GTA) scholarship; e-mail: mukhkhu0786@gmail.com
& 30125701 @mahasiswa.itb.ac.id; https://orcid.org/0009-0006-4597-2278

Ekrem Savags — PhD, Professor, Ostim Technical University, Ankara, Turkey; e-mail:
ekremsavas@yahoo.com & ekrem.savas@ostimteknik.edu.tr; https://orcid.org/0000-0003-2135-3094

Mohammad Mursaleen (corresponding author) — PhD, Professor, Part-time Academic Staff Member,
Division of Analysis and Function Theory, Department of Mathematics, Bartin University, Turkey; e-mail:
mursaleenm@gmail.com €& mursaleen@bartin.edu.tr; https://orcid.org/0000-0003-4128-0427

*Authors’ names are presented in the following order: first name, middle name (if any), last name.

18 Bulletin of the Karaganda University


https://orcid.org/0009-0006-4597-2278
https://orcid.org/0000-0003-2135-3094
https://orcid.org/0000-0003-4128-0427

