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ABSTRACT

 In this paper, we introduce statistical convergence of triple sequences which are defined in a topological space.
Various results on statistically convergent triple sequences are produced by using the notion of triple natural density
operator. Moreover, we initiate the concept of s*-convergence of triple sequence and establish the interrelationship
among s*-convergence and s-converegnce. We see that the first one implies the second one but it’s not vice-versa. But
if we restrict the triple sequences to hold the property of first countability, we verify that these notions becomes
equivalent. Finally, we prove that the family of all statistically convergent triple sequences under some conditions
generates a topological structure within the topological space where they have been defined.
Keywords:Keywords:Keywords:Keywords:Keywords: statistical convergence; triple sequence; topological space.

RESUMEN

 En este artículo, introducimos la convergencia estadística de sucesiones triples definidas en un espacio topológico. Se
obtienen diversos resultados sobre sucesiones triples estadísticamente convergentes utilizando la noción del operador
de densidad natural triple. Además, iniciamos el concepto de convergencia s* de sucesiones triples y establecemos la
interrelación entre la convergencia s* y la convergencia s. Observamos que la primera implica la segunda, pero no
ocurre lo contrario. Sin embargo, si restringimos las sucesiones triples a cumplir con la propiedad de primer numerabilidad,
verificamos que estas nociones se vuelven equivalentes. Finalmente, demostramos que la familia de todas las sucesio-
nes triples estadísticamente convergentes, bajo ciertas condiciones, genera una estructura topológica dentro del espa-
cio topológico en el cual han sido definidas.
PPPPPalabras clave:alabras clave:alabras clave:alabras clave:alabras clave: convergencia estadística, sucesión triple, espacio topológico.
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I. INTRODUCCIÓN

THE INITIAL study of statistical convergence of
real / complex sequences started back in the mid of
twentieth century. At that time this conception was
extensively examined by Fast[1], Schohenberg[2],
Buck[3] independently. In the next three decades

researchers had shown little interest in exploring
this notion. But once the articles on statistical
convergence by Fridy[4] and Salat[5], came into
literature, it got the real momentum. After that many
researchers introduced this convergence concept of
sequences in various environments in different
aspects. It has been explored in different types of
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spaces like locally solid Riesz space by Mohiuddine
& Alghamdi[6], Albayrak & Pehlivan[7], topological
group by Cakalli[8], Maio & Kocinac [9], intutionistic
fuzzy normed space by Karakus, Demirci, &
Duman[10], Kumar & Mursaleen[11], Mohiuddine
& Savas[12], locally convex space by Maddox[13]
and so on. The notion of statistical convergence in
double sequence has been initiated by Tripathy[14],
Mursaleen & Edely[15] and Moricz[16] indepen-
dently around the same time. Several mathema-
ticians studied statistical convergence of real or
complex double sequences via summability since
starting of twenty first century, for instance Belen,
Mursaleen, & Yildirim[17], Demirci & Kara-
kus[18][19], Edely & Mursaleen[20]. In the same
context, Mursaleen, Cakan, & Mohiuddine[21]
established more results on statistical convergence
of double sequences by introducing generalized
statistical convergence and statistical core. In the
year 2007, Karkaus & Demirci[22] extended the
study of statistical convergence in probabilistic
normed spaces and after those different forms of
statistical convergence of double sequences like
lacunary statistical convergence introduced by
Mohiuddine & Savas[23], generalized statistical
convergence Savas & Mohiuddine[24], λ-statistical
convergence Savas & Mohiuddine[24] and many
others are studied in the same environment.

In the uncertain environment, Tripathy &
Nath[25] introduced the concept of statistical
convergence by considering sequences of complex
uncertain variables. Das, Tripathy, Debnath, &
Bhattacharya[26][27], Das, Tripathy, & Deb-
nath[28], Das, Debnath, & Tripathy[29], Das &
Tripathy[30] extended this study by considering
complex uncertain double and triple sequences in
all five aspects of uncertainty. The main aim of this
research work is to introduce the same notion of
statistical convergence in a topological space by
considering triple sequences. We establish various
properties of statistically convergent triple
sequence defined in a given topological space up
to some extent. We also initiate the concept of s* -
convergent triple sequence in the same structure
and show that s*-convergence of a triple sequence
implies its statistical convergence therein. At the
end we show that the collection of all statistically
convergent triple sequences under some given
conditions generates a topological structure on a
non-empty subset of the topological space in which
the triple sequences are defined.

The main objective of this study is to generalize
the concept of statistical convergence for triple
sequences within a topological space and explore
their key properties. The specific aims include:

(i) To define and analyze statistical conver-
gence for triple sequences in a topological
context.

(ii) To introduce and study the notion of s*-
convergence and its relation to statistical
convergence.

(iii) To demonstrate that the family of statisti-
cally convergent triple sequences can
generate a topological.

Therefore, this manuscript contributes signifi-
cantly to the field of mathematical analysis by
extending the concept of statistical convergence to
triple sequences in topological spaces—a direction
scarcely explored in current literature. The
importance of this contribution lies not only in the
novelty of the triple sequence approach but also in
its theoretical robustness, which paves the way for
further generalizations in functional analysis,
topology, and uncertainty modeling. Techno-
logically, the proposed framework could support
computational models that handle multi-indexed
data in complex systems[31]; Das et al.[32]. Metho-
dologically, it provides an expanded toolbox for
analyzing convergence in abstract spaces, which is
crucial for the development of advanced theories
in summability, fuzzy logic, and neutrosophic
analysis[15];[33];[5]. These theoretical advancements
not only enrich the mathematical discourse but also
offer applied benefits in areas like signal processing,
stochastic modeling, and artificial intelligence where
multidimensional uncertainty and convergence
behavior play essential roles[23];[34].

The methodology is based on theoretical
mathematical analysis, utilizing topological
properties, density operators, and convergence
principles. We follow a deductive and axiomatic
framework to establish definitions, propositions,
and theorems relevant to the convergence behavior
of triple sequences.

Thus, we now procure some fundamental
concepts and results on triple sequences; those will
be used throughout the paper.



149STUDY OF STATISTICAL CONVERGENCE OF TRIPLE SEQUENCES IN A TOPOLOGICAL SPACE
BIROJIT DAS, APURBA DEBNATH, CARLOS GRANADOS, ABDULLAH AYDIN

Rev. Ingeniería, Matemáticas y Ciencias de la Información
Vol. 12 / Núm. 23 / enero-junio de 2025; 147-158



150 REVISTA INGENIERÍA, MATEMÁTICAS Y CIENCIAS DE LA INFORMACIÓN

Rev. Ingeniería, Matemáticas y Ciencias de la Información
Vol. 12 / Núm. 23 / enero-junio de 2025; 147-158



151STUDY OF STATISTICAL CONVERGENCE OF TRIPLE SEQUENCES IN A TOPOLOGICAL SPACE
BIROJIT DAS, APURBA DEBNATH, CARLOS GRANADOS, ABDULLAH AYDIN

Rev. Ingeniería, Matemáticas y Ciencias de la Información
Vol. 12 / Núm. 23 / enero-junio de 2025; 147-158



152 REVISTA INGENIERÍA, MATEMÁTICAS Y CIENCIAS DE LA INFORMACIÓN

Rev. Ingeniería, Matemáticas y Ciencias de la Información
Vol. 12 / Núm. 23 / enero-junio de 2025; 147-158



153STUDY OF STATISTICAL CONVERGENCE OF TRIPLE SEQUENCES IN A TOPOLOGICAL SPACE
BIROJIT DAS, APURBA DEBNATH, CARLOS GRANADOS, ABDULLAH AYDIN

Rev. Ingeniería, Matemáticas y Ciencias de la Información
Vol. 12 / Núm. 23 / enero-junio de 2025; 147-158



154 REVISTA INGENIERÍA, MATEMÁTICAS Y CIENCIAS DE LA INFORMACIÓN

Rev. Ingeniería, Matemáticas y Ciencias de la Información
Vol. 12 / Núm. 23 / enero-junio de 2025; 147-158



155STUDY OF STATISTICAL CONVERGENCE OF TRIPLE SEQUENCES IN A TOPOLOGICAL SPACE
BIROJIT DAS, APURBA DEBNATH, CARLOS GRANADOS, ABDULLAH AYDIN

Rev. Ingeniería, Matemáticas y Ciencias de la Información
Vol. 12 / Núm. 23 / enero-junio de 2025; 147-158



156 REVISTA INGENIERÍA, MATEMÁTICAS Y CIENCIAS DE LA INFORMACIÓN

Rev. Ingeniería, Matemáticas y Ciencias de la Información
Vol. 12 / Núm. 23 / enero-junio de 2025; 147-158

IV. CONCLUSION

The exploration of statistical convergence in tri-
ple sequences within topological spaces has
undergone significant advancements in recent
years. This study contributes to the ongoing
discourse by introducing novel concepts and
methodologies that enhance our understanding of
convergence behaviors in complex mathematical
structures. Recent literature underscores the
importance of extending statistical convergence to
triple sequences. For instance, Granados, Das, and
Osu introduced the Mλm,n,p-statistical conver-
gence method, providing a new framework for
analyzing triple sequences in topological spaces[36].
This approach has been instrumental in establishing
inclusion relations between traditional statistical
convergence and the newly proposed method.
Further developments have been observed in the
context of non-Archimedean fields. The work by
Sahiner and Tripathy delves into statistical
summability for triple sequences over such fields,
offering characterizations that bridge the gap
between statistical convergence and summability
methods[37]. This research highlights the versati-
lity of statistical convergence concepts across
different mathematical domains.

The concept of ideal convergence has also been
extended to triple sequences. In their 2023 study,

Sahiner et al. examined ideal convergence in
random 2-normed spaces, providing insights into
the behavior of triple sequences under this
convergence criterion. Their findings have
implications for the broader understanding of
convergence in probabilistic and fuzzy environ-
ments. Advancements have not been limited to
theoretical constructs. Practical applications have
emerged, particularly in the analysis of sequences
of functions within neutrosophic normed spaces.
Khan, Khan, and investigated statistical conver-
gence in such spaces, introducing notions of
statistical pointwise and uniform convergence[38].
Their work demonstrates the applicability of
statistical convergence concepts in handling
uncertainty and indeterminacy in mathematical
models. The study of rough convergence has also
seen notable progress. Esi et al. explored the rough
convergence of ρ-Cauchy sequences of triple
sequences, examining the relationships between
cluster points and rough limit points[39]. This
research provides a deeper understanding of
convergence behaviors in sequences that do not
conform to traditional convergence criteria.

Moreover, the integration of statistical conver-
gence with Wijsman convergence has been a focal
point of recent studies. Esi and Subramanian
introduced the concept of Wijsman rough
statistical convergence for triple sequences,
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solid Riesz spaces», Journal of Inequalities and
Applications, vol. 2012, art. no. 225, 2012, doi:
10.1186/1029-242X-2012-225.

[7] H. Albayrak y S. Pehlivan, «Statistical convergence
and statistical continuity on locally solid Riesz
spaces», Topology and its Applications, vol. 159,
núm. 7, pp. 1887-1893, 2012, doi: 10.1016/
j.topol.2012.03.014.

[8] H. Çakalli, «On Statistical Convergence in Topolo-
gical Groups», Pure and Applied Mathematika
Sciences, vol. 43, no. 1-2, pp. 27-31, 1996.

[9] G. Di Maio y L. D. R. Kočinac , «Statistical conver-
gence in topology», Topology and its Applications,
vol. 156, núm. 1, pp. 28-45, 2008, doi: 10.1016/
j.topol.2008.01.015.

[10] S. Karakuş , K. Demirci y O. Duman, «Statistical
convergence on intuitionistic fuzzy normed
spaces», Chaos, Solitons & Fractals, vol. 35, núm. 4,
pp. 763-769, 2008, doi: 10.1016/j.chaos.2006.
05.046.

[11] D. Kumar y M. Mursaleen, «λ-statistical conver-
gence in intuitionistic fuzzy normed spaces»,
Filomat, vol. 25, núm. 4, pp. 109-119, 2011, doi:
10.2298/FIL1104109K.

[12] S. A. Mohiuddine y E. Savaş , «Lacunary statis-
tically convergent double sequences in probabilistic
normed spaces», Annali dell’Università di Ferrara,
vol. 58, núm. 2, pp. 331-339, 2012, doi: 10.1007/
s11565-012-0157-5.

[13] I. J. Maddox, «Statistical convergence in a locally
convex space», Mathematical Proceedings of the
Cambridge Philosophical Society, vol. 104, no. 1, pp.
141-145, 1988, doi: 10.1017/S0305004100065312.

[14] B. C. Tripathy, «Statistically convergent double
sequences», Tamkang Journal of Mathematics, vol. 34,
no. 3, pp. 231-237, 2003, doi: 10.5556/j.tkjm.34.
2003.314

[15] M. Mursaleen y O. H. H. Edely, «Statistical
convergence of double sequences», Journal of
Mathematical Analysis and Applications, vol. 288,
núm. 1, pp. 223-231, 2003, doi: 10.1016/S0022-
247X(03)00580-0.

[16] F. Móricz, «Statistical convergence of multiple
sequences», Archiv der Mathematik, vol. 81, no. 1,
pp. 82-89, 2003, doi: 10.1007/s00013-003-0506-9.

[17] Belen, M. Mursaleen y M. Yildirim, «Statistical A-
summability of double sequences and a Korovkin
type approximation theorem», Bulletin of the Korean
Mathematical Society, vol. 49, núm. 4, pp. 851-861,
2012, doi: 10.4134/BKMS.2012.49.4.851.

[18] K. Demirci y S. Karakuş , «Statistical A-summability
of positive linear operators», Mathematical and

establishing criteria for convergence and exami-
ning the properties of the set of limit points[40].
Their findings contribute to the broader discourse
on convergence in metric and topological spaces.
The intersection of statistical convergence with
fuzzy and probabilistic frameworks has also been
explored. Altaweel et al. adapted ideal conver-
gence theories to fuzzy metric spaces, expanding
the applicability of statistical convergence
concepts to environments characterized by
uncertainty and imprecisión[41]. In the realm of
topology, the work of Zhou, Liu, and Lin on
topological spaces defined by convergence offers
a fresh perspective on how convergence concepts
can define and influence topological struc-
tures[42]. Their research underscores the
foundational role of convergence in shaping the
properties and behaviors of topological spaces.

The cumulative insights from these studies
underscore the dynamic and evolving nature of
statistical convergence in triple sequences. The
integration of new methodologies, the extension
to various mathematical frameworks, and the
exploration of practical applications collectively
enhance our comprehension of convergence
phenomena. As research continues to advance, it
is anticipated that these developments will foster
further innovations in mathematical analysis and
its applications across diverse scientific fields.
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