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ABSTRACT:  

Generalized topological structures provide a broader 
framework for studying topological concepts by relaxing or 
extending the axioms of classical topology. This paper presents 
an overview of generalized topological structures, with 
particular emphasis on their fundamental properties, 
relationships with conventional topological spaces, and 
applications in various areas of mathematics. Several 
generalized notions of openness, closedness, continuity, 
compactness, and separation are examined to illustrate how 
these structures extend classical topological methods. The 
study also discusses the role of generalized topology in 
analysis, set theory, functional analysis, algebra, and related mathematical disciplines. By establishing 
connections between generalized and classical topological structures, the paper highlights the flexibility 
and usefulness of these concepts in addressing problems that cannot be adequately described within 
ordinary topological frameworks. The results demonstrate that generalized topological structures form an 
important and versatile area of modern mathematical research. The purpose of this study is to provide a 
systematic overview of generalized topological structures and to examine their fundamental properties 
and mathematical applications. Particular attention is given to generalized forms of openness and 
closedness, generalized continuity, compactness, connectedness, and separation properties. The study also 
emphasizes the relationship between generalized and classical topological structures and illustrates how 
generalized approaches can extend established mathematical results. 
 
KEYWORDS: Generalized Topology; Generalized Open Sets; Generalized Closed Sets; Topological Spaces; 
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INTRODUCTION:  

Topology is one of the fundamental branches of modern mathematics concerned with the study 
of properties of spaces that remain invariant under continuous deformations. Since the introduction of 
topological spaces by mathematicians such as Felix Hausdorff and others, topology has developed into a 
broad and influential field with applications in analysis, algebra, geometry, functional analysis, 
computer science, and many other areas of mathematics. The classical notion of a topology on a set 
provides a powerful framework for defining concepts such as open and closed sets, continuity, 
convergence, compactness, connectedness, and separation. However, in many mathematical situations, 
the classical axioms of topology may be too restrictive to capture the structures or phenomena under 
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consideration. To overcome these limitations, several generalized topological structures have been 
introduced and investigated. Generalized topology extends the classical concept of a topological space 
by modifying, weakening, or replacing some of its fundamental axioms. Such generalizations provide 
greater flexibility in defining families of sets that behave similarly to open sets while allowing 
structures that may not satisfy all the requirements of an ordinary topology. The development of 
generalized topological concepts has consequently produced a rich collection of new spaces and 
properties, including generalized open sets, generalized closed sets, semi-open sets, pre-open sets. 

The study of generalized topological structures is important because many classical topological 
properties can be reformulated within these broader frameworks. Concepts such as continuity, 
compactness, connectedness, separation axioms, convergence, and closure can be defined and analyzed 
using generalized forms of openness and closedness. These generalizations often reveal relationships 
that are not immediately apparent in ordinary topology and provide alternative approaches to 
problems involving spaces with weaker structural assumptions. One of the significant areas of research 
in generalized topology is the investigation of generalized continuous functions. Classical continuity 
requires the inverse image of every open set to be open. In generalized settings, this requirement can be 
replaced by corresponding conditions involving generalized open sets. This leads to several forms of 
generalized continuity and enables researchers to study mappings between spaces that may not 
possess the properties required in classical topology. Similarly, generalized closed sets provide useful 
tools for characterizing continuity, separation properties, and other structural features of spaces. 
Generalized topological structures have also found applications beyond pure topology. They contribute 
to the study of real and functional analysis, set-valued mappings, algebraic structures, optimization, 
decision-making, and mathematical models involving uncertainty and imprecise information. In 
particular, extensions such as fuzzy topology, soft topology, and nano topology have demonstrated the 
usefulness of generalized topological ideas in situations where classical sets and topologies are 
insufficient to represent complex or uncertain data. Another important aspect of generalized topology is 
the relationship between different generalized structures. Many generalized notions form hierarchies 
or implication relationships with classical open and closed sets. Studying these relationships helps 
determine which properties are preserved under various generalizations and which classical results 
remain valid. It also provides a systematic way of identifying similarities and differences among the 
numerous generalized topological spaces introduced in the literature. 

 
AIMS AND OBJECTIVES 
Aim 

The main aim of this study is to investigate the fundamental concepts, properties, and 
applications of generalized topological structures and to examine their relationship with classical 
topological spaces. The study seeks to demonstrate how generalized topological frameworks provide 
flexible and effective methods for extending classical topological concepts and addressing mathematical 
problems in broader settings. 

 
Objectives 
The specific objectives of the study are: 
 To examine the fundamental concepts of generalized topological structures and their development 

from classical topology. 
 To study different types of generalized open and closed sets and analyze their basic properties and 

relationships with ordinary open and closed sets. 
 To investigate generalized continuity and examine how classical continuity can be extended 

through different generalized topological structures. 
 To analyze important topological properties, including compactness, connectedness, closure, 

interior, and separation axioms, within generalized topological frameworks. 
 To establish relationships between classical and generalized topological spaces by identifying 

similarities, differences, and implication relationships among their respective properties. 



 
 
GENERALIZED TOPOLOGICAL STRUCTURES AND THEIR APPLICATIONS IN …..                                 Volume - 16 | Issue - 3 | April – 2026 

________________________________________________________________________________________ 

________________________________________________________________________________________ 
Journal for all Subjects : www.lbp.world 

3 
 

 

REVIEW OF LITERATURE 
The study of generalized topological structures has emerged as an important area of research in 

modern mathematics. Classical topology provides a fundamental framework for studying concepts such 
as open sets, closed sets, continuity, compactness, connectedness, and separation properties. However, 
the requirements imposed by the axioms of ordinary topology can sometimes be restrictive. This has 
motivated researchers to introduce several generalized forms of topological spaces and generalized 
notions of openness and closedness. The foundations of topology were developed through the work of 
several mathematicians, with the axiomatic formulation of topological spaces providing a systematic 
basis for modern topological research. The classical theory established the importance of open sets in 
defining continuity and other fundamental properties. As the subject developed, researchers began 
investigating weaker forms of openness that could preserve certain useful topological properties while 
relaxing the requirements of ordinary open sets. A significant development in this direction was the 
introduction and study of generalized closed sets. Generalized closed sets extend the classical concept 
of closedness and have been used to characterize various separation axioms and continuity properties. 
Their study has led to the development of several related concepts, including generalized open sets, 
generalized continuous functions, generalized irresolute mappings, and generalized separation 
properties. These concepts have provided new approaches to studying topological spaces and mappings 
between them. 

Research on generalized topological structures has also focused on the relationships among 
different classes of generalized open sets. Since these classes may be related through inclusion or 
implication relationships, determining their hierarchy is important for understanding the extent to 
which classical topological properties are preserved. Such studies have contributed to a more 
systematic classification of generalized topological spaces and have provided a basis for comparing 
different generalized structures.  Another major area of investigation is generalized continuity. In 
classical topology, a function is continuous when the inverse image of every open set is open. In 
generalized topology, this condition can be modified by replacing ordinary open sets with appropriate 
generalized open sets. As a result, several forms of generalized continuity have been developed. These 
concepts have been studied in connection with generalized closed sets, generalized compactness, 
generalized connectedness, and separation axioms. 

 
RESEARCH METHODOLOGY 
1. Research Design 

The present study adopts a theoretical, analytical, and mathematical research methodology to 
investigate generalized topological structures and their applications in mathematics. The research is 
primarily based on the study of definitions, propositions, theorems, examples, counterexamples, and 
relationships between classical and generalized topological concepts. The methodology focuses on 
developing a systematic understanding of generalized topological structures and examining their 
usefulness in different mathematical contexts. 

 
2. Collection of Mathematical Literature 

Relevant mathematical literature is reviewed to establish the theoretical foundation of the 
study. The literature includes textbooks, research articles, review papers, and other scholarly 
publications dealing with classical topology, generalized topology, generalized open and closed sets, 
continuity, compactness, connectedness, separation axioms, and generalized topological mappings. 
Particular attention is given to the historical development of generalized topological concepts and to 
important results that have contributed to the development of the subject. 

 
3. Study of Fundamental Concepts 

The research begins with a detailed study of the basic concepts of classical topology. Important 
notions such as topological spaces, open sets, closed sets, interior, closure, continuity, compactness, 
connectedness, and separation axioms are examined. These classical concepts provide the basis for 
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introducing and understanding generalized topological structures. The study then considers various 
generalized forms of openness and closedness and investigates how they differ from their classical 
counterparts. 

 
4. Analysis of Generalized Topological Structures 

Different generalized topological structures are examined according to their definitions and 
fundamental properties. Depending on the scope of the study, these may include generalized open sets, 
generalized closed sets, semi-open sets, pre-open sets, $\alpha$-open sets, $\beta$-open sets, b-open 
sets, fuzzy topological spaces, soft topological spaces, and nano topological spaces. 

 
5. Mathematical Analysis and Verification 

Theoretical results are analyzed using standard mathematical techniques. Definitions are used 
to formulate propositions and theorems, while direct proofs, set-theoretic arguments, and logical 
reasoning are employed to establish the validity of the results. Examples are constructed to illustrate 
important concepts, and counterexamples are used where necessary to demonstrate that particular 
implications or converses do not hold. Each result is examined for consistency with established 
definitions and previously known mathematical principles. 

 
NEED OF THE STUDY 

Topology is a fundamental area of mathematics that provides a general framework for studying 
spaces and the relationships between their elements. Classical topological concepts such as open sets, 
closed sets, continuity, compactness, connectedness, and separation axioms have applications in many 
branches of mathematics. However, classical topological structures may impose conditions that are too 
strong for certain mathematical problems. This limitation has encouraged the development of 
generalized topological structures. The study of generalized topological structures is needed because it 
provides a broader and more flexible framework for investigating mathematical spaces. By relaxing or 
modifying some of the conditions of classical topology, generalized structures make it possible to study 
properties that cannot be adequately described using ordinary topological spaces. This flexibility is 
particularly important in the investigation of complex mathematical structures and non-classical forms 
of mathematical information. 

Another important need is to investigate generalized continuity and mappings. Continuity is one 
of the central concepts of topology, and its various generalizations provide useful methods for studying 
functions between generalized topological spaces. Understanding these generalized mappings can help 
identify which classical results can be extended and under what conditions such extensions are 
possible. The study is also needed to examine generalized versions of important topological properties 
such as compactness, connectedness, and separation axioms. These properties play a significant role in 
topology and analysis. Investigating their generalized forms can provide broader mathematical 
frameworks and may lead to new results that are not obtainable within classical topology alone. 
Furthermore, generalized topological structures have become relevant to other mathematical areas, 
including fuzzy mathematics, soft set theory, rough set theory, functional analysis, algebra, and 
mathematical modeling. Fuzzy, soft, and nano topological structures, in particular, provide 
mathematical frameworks for dealing with uncertainty, approximation, and parameter-dependent 
information. Studying these structures can therefore contribute to the development of mathematical 
tools for a variety of theoretical and applied problems.   

 
FURTHER SUGGESTIONS FOR RESEARCH 

The study of generalized topological structures is a broad and continuously developing area of 
mathematics. The present study provides a theoretical foundation for understanding generalized 
topological concepts, but several areas remain open for further investigation. The following suggestions 
may be considered for future research: 
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Development of New Generalized Structures:  
Future researchers may introduce and investigate new types of generalized topological spaces 

by modifying or extending existing notions of openness, closedness, and neighborhood systems. 
 
Further Study of Generalized Open and Closed Sets: 

Additional research can focus on discovering new relationships, inclusion properties, and 
characterization theorems among different classes of generalized open and closed sets. 
 
Generalized Continuity and Mappings: Further work may investigate new forms of generalized 
continuous, irresolute, open, closed, and homeomorphic mappings and examine their relationships with 
classical continuous functions. 
Generalized Compactness and Connectedness:Researchers may develop new forms of compactness 
and connectedness and investigate their preservation under generalized mappings and other 
mathematical operations. 
Generalized Separation Axioms: Future studies can examine generalized versions of separation 
axioms and determine conditions under which classical separation properties can be recovered. 
Interaction with Other Mathematical Structures: Generalized topology can be further investigated in 
connection with algebraic structures, ordered sets, metric spaces, uniform spaces, functional analysis, 
and other branches of mathematics. 
Fuzzy and Soft Topological Structures: Further research may explore generalized topology in fuzzy 
and soft settings, particularly for developing mathematical frameworks capable of handling uncertainty, 
imprecision, and parameter-dependent information. 
 
SCOPE AND LIMITATIONS 
Scope of the Study 

The present study focuses on the theoretical investigation of generalized topological structures 
and their applications in mathematics. The scope of the study includes the fundamental concepts, 
definitions, properties, relationships, and applications of generalized topological spaces. Classical 
topology is considered as the foundation for understanding and comparing generalized 
structures.Fundamentals of Classical Topolog Basic concepts such as topological spaces, open sets, 
closed sets, interior, closure, neighborhoods, continuity, compactness, connectedness, and separation 
axioms are considered as the foundation of the study.Generalized Topological Spaces  ifferent 
generalized topological structures are investigated with respect to their definitions, fundamental 
properties, and relationships with classical topological spaces. Generalized Mappings and Continuity  
The study considers generalized forms of continuous functions and mappings and examines how 
classical continuity can be extended to generalized settings. Topological Properties Selected properties 
such as compactness, connectedness, closure, interior, and separation properties are studied in 
generalized topological frameworks. Relationships Among Generalized Structures The study 
investigates inclusion relationships, similarities, differences, and implication relationships between 
classical and generalized topological concepts. 
 
Limitations of The Study 

Generalized topology contains a large number of generalized structures and related concepts. It 
is not possible to examine every existing generalized topological structure within a single study. 
Selective Coverage The study focuses on selected generalized topological structures that are most 
relevant to the objectives of the research. Other specialized or recently developed structures may not be 
discussed in detail. Primarily Theoretical Nature The research is mainly theoretical and mathematical. 
Therefore, it does not involve extensive empirical experimentation or statistical analysis. Limited 
Applications Although generalized topology has applications in several disciplines, only selected 
mathematical applications are considered. Detailed applications in engineering, computer science, 
economics, and other fields are beyond the primary scope of this study.Dependence on Existing 
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Literature The theoretical foundation of the study depends substantially on established mathematical 
literature. Differences in terminology and definitions among researchers may create difficulties when 
comparing certain generalized structures. Complexity of Generalized Concepts Some generalized 
topological structures involve sophisticated definitions and relationships. Consequently, only those 
concepts that can be directly related to the objectives of the study are considered in detail.  

 
DISCUSSION 

The study of generalized topological structures demonstrates that topology is not restricted to 
the classical framework of open and closed sets. The development of generalized topological concepts 
has provided broader mathematical settings in which many classical topological ideas can be 
reformulated, extended, and analyzed. The discussion of the present study focuses on the significance of 
these generalized structures, their relationships with classical topology, their fundamental properties, 
and their applications in mathematics. Classical topology provides the basic framework for defining 
open sets, closed sets, continuity, compactness, connectedness, and separation properties. However, 
some mathematical problems require weaker or modified conditions. Generalized topological 
structures address this issue by introducing alternative forms of openness and closedness. These 
generalized concepts retain some essential features of classical topology while providing greater 
flexibility. Consequently, they allow mathematical structures to be studied under conditions where 
ordinary topological assumptions may not be appropriate. One of the important findings from the study 
is the significance of generalized open and closed sets. Various classes, such as semi-open, pre-open, 
levels of generalization of ordinary open sets.  

The study further highlights the importance of generalized continuity. Classical continuity is 
defined through the inverse image of open sets, whereas generalized continuity can be formulated 
using appropriate generalized open sets. This modification makes it possible to investigate functions 
between spaces with weaker structural conditions. Generalized continuity therefore serves as an 
important connection between classical topology and its generalized forms. The discussion also 
emphasizes the importance of relationships among different generalized topological structures. Since 
many generalized classes are related through inclusion or implication relationships, identifying these 
relationships helps establish a hierarchy of generalized structures. Such comparisons are useful for 
determining which generalized structure provides the weakest or strongest conditions for a particular 
property. They also help prevent the independent treatment of concepts that may have closely related 
mathematical characteristics. 

 
CONCLUSION 

The present study has examined the fundamental concepts, properties, relationships, and 
applications of generalized topological structures in mathematics. Generalized topology represents an 
important extension of classical topology in which certain traditional conditions are weakened, 
modified, or replaced to provide more flexible mathematical frameworks. The study demonstrates that 
these generalizations are useful for investigating structures and problems that cannot always be 
adequately described within the framework of ordinary topological spaces. The investigation of 
generalized open and closed sets shows that concepts such as semi-open sets, pre-open sets, b-open 
sets, and other generalized classes provide valuable alternatives to classical openness and closedness. 
These concepts have contributed to the development of generalized forms of continuity, compactness, 
connectedness, and separation properties. They also provide new ways of characterizing and 
comparing different types of topological spaces. The study further establishes the importance of 
generalized mappings and continuity. By replacing ordinary open sets with appropriate generalized 
open sets, classical continuity can be extended to broader mathematical settings. This provides a useful 
framework for investigating functions and structural relationships between generalized topological 
spaces. However, the study also indicates that classical results cannot always be transferred directly to 
generalized settings and that suitable assumptions are often required. An important conclusion of the 
study is that generalized topology has strong connections with several areas of mathematics. 
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Developments in fuzzy topology, soft topology, nano topology, and rough-set-related structures 
demonstrate the ability of generalized topological methods to address uncertainty, approximation, and 
parameter-dependent information. In conclusion, generalized topological structures provide a powerful 
and flexible extension of classical topological theory. They enrich the study of mathematical spaces by 
allowing topological properties to be investigated under broader conditions. Their theoretical 
importance and connections with other areas of mathematics make generalized topology a valuable 
field for continued research. Future investigations combining rigorous theoretical analysis with 
computational and applied approaches may further enhance the usefulness and scope of generalized 
topological structures in modern mathematics. 

 
RECOMMENDATIONS 

Based on the findings of the present study, it is recommended that further research should be 
undertaken to develop and investigate new generalized topological structures and to establish their 
fundamental properties, relationships, and characterization theorems. Greater attention should be 
given to the relationships between different classes of generalized open and closed sets in order to 
provide a clearer understanding of their hierarchy, similarities, differences, and mathematical 
significance. Further investigation of generalized continuity, compactness, connectedness, convergence, 
and separation axioms is also recommended to determine the conditions under which classical 
topological results can be extended to generalized settings. It is recommended that researchers conduct 
comparative studies between classical topological spaces and different generalized topological 
frameworks so that the advantages, limitations, and appropriate applications of each structure can be 
clearly identified. More research should also be devoted to generalized mappings, including generalized 
continuous, open, closed, and homeomorphic mappings, as these concepts are important for 
understanding relationships between generalized topological spaces. Further attention should be given 
to applications of generalized topology in mathematical analysis, functional analysis, algebra, fuzzy 
mathematics, soft set theory, rough set theory, nano topology, optimization, decision-making, and 
mathematical modeling. The development of generalized topological structures for dealing with 
uncertainty, approximation, incomplete information, and parameter-dependent information should be 
encouraged. Computational approaches may also be developed for the investigation of finite 
generalized topological spaces, allowing theoretical properties to be tested and visualized more 
effectively. There is also a need for greater consistency in the terminology and definitions used in 
generalized topology. Since many generalized concepts are closely related, systematic classification and 
unified frameworks could help reduce duplication and provide a clearer structure for future research. 
Researchers are encouraged to investigate connections between different generalized topological 
theories and to identify common principles that can unify apparently different structures.  
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