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Abstract: 

This survey paper presents an overview of recent advances in algebraic 

topology, highlighting key developments in homotopy theory, homology 

groups, cohomology theory, and their applications in understanding the 

structure of topological spaces. We discuss the fundamental concepts of 

simplicial complexes and their role in providing a combinatorial 

framework for studying topological spaces. The paper emphasizes the 

interplay between algebraic and geometric methods in addressing 

contemporary challenges in algebraic topology, with a focus on current 

research trends and open problems 
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1. Introduction 

Algebraic topology is a branch of mathematics that seeks to understand the properties of 

topological spaces through algebraic invariants. In this paper, we provide an overview of recent 

advancements in the field, focusing on key developments and their implications. 

2. Homotopy Theory and Fundamental Concepts 

We begin by introducing the fundamental concepts of homotopy theory, including homotopy 

groups and the notion of homotopy equivalence between topological spaces. The significance 

of these concepts in understanding the deformation and continuous transformations of spaces 

is emphasized. 

3. Homology and Cohomology Theory 

This section explores the foundational aspects of homology and cohomology theories, 

elucidating their role in capturing essential topological information. We discuss the 

construction of singular and simplicial homology/cohomology groups, along with their 

applications in distinguishing spaces up to homotopy equivalence. 

4. Simplicial Complexes and Their Applications 

Simplicial complexes serve as essential tools in algebraic topology, enabling the translation of 

geometric properties into algebraic structures. We delve into the role of simplicial complexes 
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in providing a combinatorial framework for studying topological spaces and discuss their 

applications in various contexts. 

5. Current Research Trends and Open Problems 

This section highlights some of the recent research trends in algebraic topology, emphasizing 

the integration of algebraic and geometric techniques in addressing contemporary challenges. 

We also present a discussion on open problems and potential avenues for future research in the 

field. 

6. Conclusion 

In conclusion, this survey paper provides a comprehensive overview of recent developments 

in algebraic topology, emphasizing the interconnections between various foundational 

concepts and their applications. By surveying the current landscape of the field, we aim to 

inspire further exploration and research in this vibrant area of mathematics. 
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