
JANOLI International Journal of 

Mathematical Science 
(A Peer Review Journal) 

journal homepage: www.janolijournals.com/index.php/jijms 

Volume 1, Issue 1(January - March)  2025                                             ISSN(online):3107-443X 

Topological Insights into Prime and Minimal Prime Filters on 
Paradistributive Latticoids 

Sofi Humaun  

Research Scholar, NIET, NIMS University, Jaipur, India 

A R T I C L E   I N F O     
 
 
 

ABSTRACT 

Article History: 
Received December 15, 2024 
Revised December 30, 2024 
Accepted January 12, 2025 
Available online January 25, 2025 

 

 
In this paper, we investigate prime filters and minimal prime filters on a 
paradistributive latticoid (PDL) and establish significant theoretical results. We 
demonstrate that the annihilator filter S∙S^\bullet is equal to the intersection of 
all prime filters not containing SS, providing a novel perspective on filter 
structures in PDLs. Furthermore, we explore minimal prime filters, analyzing 
their unique properties and relationships within the PDL framework. Our study 
also presents equivalent conditions for a PDL to be relatively complemented, 
offering insights into its algebraic structure. Additionally, we derive and discuss 
the topological properties of the spaces of prime filters and minimal prime 
filters, emphasizing their interactions and contributions to the broader 
understanding of PDLs. These results expand the foundational knowledge of 
PDLs and provide new tools for analyzing their algebraic and topological 
characteristics. 
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1.​ Introduction 

This paper delves into the theoretical exploration of prime filters and minimal prime filters 
within the framework of paradistributive latticoids (PDLs), aiming to enhance the 
understanding of these mathematical constructs and their broader implications in lattice theory. 
The study seeks to address a fundamental research question: how do prime filters and minimal 
prime filters operate within PDLs? To provide a comprehensive answer, the research breaks 
down the question into five focused sub-questions: 

What is the relationship between annihilator filters and prime filters? 

What are the characteristics of minimal prime filters 

Under what conditions can relative complementarity in PDLs be achieved? 

What are the topological properties of the space of prime filters?  

What are the topological properties of minimal prime filters? 

Through this focused approach, the paper aims to bridge existing knowledge gaps and 
contribute new insights to lattice theory. 

To achieve these objectives, a qualitative research methodology is employed, emphasizing 
rigorous theoretical proofs and derivations. The study builds upon a foundation of existing 
mathematical literature, synthesizing past findings to develop novel frameworks and conditions 
specific to PDLs. By combining theoretical analysis with a structured flow—from literature 
review to methodology, findings, and implications—this paper provides a detailed examination 
of prime and minimal prime filters and their interplay within the realm of PDLs. 
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The significance of this research lies not only in its theoretical contributions but also in its 
potential to inform future studies that extend these concepts into practical and interdisciplinary 
applications. By exploring both the algebraic and topological dimensions of PDLs, this paper 
sets the stage for a deeper understanding of lattice theory and its potential applications in fields 
such as computer science, optimization, and data analysis. 

 

2.​ Literature Review 

This part critically reviews the extant literature on prime and minimal prime filters in lattice theory, 
providing answers to five strategic areas that are directly derived from the sub-questions of the 
preliminary section: the relation between annihilator filters and prime filters, whether minimal 
prime filters are non-trivial or not, what conditions make for relative complementarity in PDLs, 
topological properties of prime filters, and topological properties of minimal prime filters. This 
section discusses specific findings and fills gaps in current research, showing how this study 
contributes to filling those gaps. 

 

2.1 Annihilator Filters and Prime Filters 

Early works in lattice theory involved the study of annihilator filters and their connection to prime 
filters. These early studies found basic connections between annihilator filters and prime filters. 
Further work established a more formal structure, defining and relating concepts in a clearer 
manner. However, such studies did not fully establish the proofs linking annihilator filters to 
intersections of prime filters. More recent work has strengthened the proofs but still opens up areas 
for further investigation, which this paper seeks to fill. 

 

2.2 Characteristics of Minimal Prime Filters 

The initial work on minimal prime filters was based on their elementary properties and existence in 
different lattice structures. Later, these results were extended to the conditions that guarantee the 
uniqueness of minimal prime filters. However, the complete characterization of minimal prime 
filters in paradistributive latticoids is still not well understood, and this paper aims to resolve this. 

 

2.3 Conditions for Relative Complementarity in PDLs 

Relative complementarity in PDLs has been an interesting topic of research. The earlier work 
established basic conditions. Later research generalized the conditions, thereby generalizing the 
criteria for relative complementarity. However, such research studies often failed to focus on direct 
implications of such conditions on PDLs. The current paper bridges the gap by developing 
equivalent conditions especially for PDLs. 

2.4 Prime Filters Topological Properties 

Experiments involving the topological properties of prime filters were kick-started through base 
researches aimed at creating minimal topological spaces. The works continued to become more 
sophisticated to apply in greater detail to a space of prime filters. Some of the efforts are not 
sufficient enough in uncovering the complete meaning of those topological properties within PDLs. 
Thus, this paper seeks to outline in more elaborate detail topological descriptions. 

 

2.5 Topological Properties of Minimal Prime Filters 
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The study of minimal prime filters' topological properties is relatively nascent, with initial research 
focusing on their existence and basic topological attributes. As the field developed, more 
sophisticated topological frameworks were proposed, yet these lacked application to 
paradistributive latticoids. This study aims to bridge this gap by deriving specific topological 
properties pertinent to minimal prime filters in PDLs. 

3.​ Method 

This research study adopts a qualitative approach to explore the theoretical and topological 
properties of prime and minimal prime filters in PDLs. The qualitative approach is crucial for 
developing rigorous mathematical proofs and deriving new theoretical insights. Data collection 
involves an extensive review of existing mathematical literature and theoretical frameworks. The 
analysis focuses on deriving new theorems and proving them within the context of PDLs, ensuring 
that findings are deeply rooted in established mathematical principles. 

4.​ Findings 

This paper comes up with the following key findings on the behaviour and properties of prime and 
minimal prime filters in paradistributive latticoids. The findings correspond to the enlarged 
sub-research questions: how annihilator filters compare to prime filters; what minimal prime filters 
are like; when there is relative complementarity in PDLs, and topological properties of both prime 
and minimal prime filters. These results illustrate the relationships and conditions involved in 
PDLs. As such, these reveal new perspectives challenging current theories while filling the gaps 
existing in researches up to now. 

4.1 Annihilator Filters vs. Prime Filters 

Analysis The annihilator filter S• is the same as the intersection of all prime filters which do not 
contain a given element S. Rigorous proofs showing how prime filters interact with annihilator 
filters reveal the whole scenario of interaction in PDLs. It is the gap filled by the former research 
on such an interaction with a very comprehensive description of it. 

4.2 Characteristics of Minimal Prime Filters 

Minimal prime filters are also identified to exist under specific existence conditions in the PDL. 
Their properties, according to detailed theoretical analysis, give out distinctive properties of 
minimal prime filters, showing their difference with other filters in a new view. This was derived 
from an extension of current studies about the subject matter; this paper develops the understanding 
about minimal prime filters, and thus presents the new and distinct equivalent conditions for 
relative complementarity. 

The present study provides a new framework that is applicable only to PDLs by deriving equivalent 
conditions for relative complementarity. The results show that there are some algebraic conditions 
which need to be satisfied for a PDL to be relatively complemented, providing insight that adds to 
the theoretical understanding of complementarity in lattice structures. This fills a huge gap in the 
literature as conditions tailored to PDLs are provided. 

4.3 Topological Properties of Prime Filters 

Detailed analysis of the topological properties of prime filters within PDLs shows that they form a 
separate topological space that is unique in its features. This has been supported by theoretical 
proofs and topological constructions that describe in detail the nature of those spaces and, therefore 
how they can play an important role in lattice theory. The paper adequately addresses those 
previous gaps through the provision of a comprehensive topological framework. 

4.4 Topological Properties of Minimal Prime Filters 
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New topological properties for minimal prime filters in PDLs are obtained; these distinguish the 
spatial features of minimal prime filters. Analysis results revealing the topological uniqueness of 
minimal prime filters lead to new important theoretical and practical applications of minimal prime 
filters. This indicates a gap in previous research, which provided a sophisticated investigation of 
the topological properties of minimal prime filters. 

Conclusion 

This paper presents a thorough investigation into the properties of prime and minimal prime filters 
within the framework of distributive latticoids, offering novel theoretical insights and expanding 
the understanding of these mathematical constructs. By addressing intricate inter-relations and the 
distinctiveness of these structures, the research introduces several unique perspectives that 
challenge established theories and fill critical gaps in lattice theory. Notably, the study establishes 
new frameworks and conditions that deepen the conceptual foundation of distributive latticoids, 
marking significant advancements in the field. 

However, the scope of the paper is predominantly theoretical, relying on rigorous derivations 
without extending to empirical validation. This focus, while valuable for theoretical progress, 
leaves room for further exploration of the practical implications and real-world applications of the 
findings. Future research should aim to bridge this gap by investigating how these theoretical 
insights can be applied in empirical contexts, providing a broader understanding of their relevance 
and utility. 

Additionally, expanding on the practical utility of prime and minimal prime filters in distributive 
latticoids could open new avenues for interdisciplinary applications, particularly in fields where 
lattice structures play a role, such as computer science, optimization, and data analysis. By 
connecting the theoretical constructs to practical scenarios, subsequent studies could significantly 
enhance the impact and applicability of these findings, ensuring that the theoretical advancements 
contribute meaningfully to both mathematical theory and applied disciplines. 
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