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Prime numbers are the fundamental building blocks of arithmetic, yet their 
distribution and intrinsic properties remain some of the most profound mysteries 
in mathematics. Traditional approaches to identifying primes rely heavily on 
arithmetic and algebraic techniques, leaving unexplored the potential of 
geometric and topological perspectives. This paper introduces a novel framework 
that leverages algebraic topology to distinguish prime numbers from composite 
numbers. By associating each integer n with a specifically constructed topological 
space X_n, we define a homological invariant τ(n) that is non-zero for primes and 
zero for composites. This topological approach not only offers a fresh lens for 
understanding primality but also bridges number theory with fields such as 
algebraic topology and mathematical physics. The proposed invariant has 
promising implications for developing deterministic primality testing algorithms, 
exploring connections to the Riemann Hypothesis, and drawing analogies 
between prime numbers and topological phenomena in physical systems. This 
interdisciplinary framework opens new pathways for investigating the 
fundamental structure of numbers and their deeper mathematical relationships. 
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1. Introduction 

1.1 Motivation for a Topological Approach to Primality 

Primality testing has been a cornerstone problem in number theory, with 
profound implications for cryptography, algorithm design, and computational 
complexity. Traditional approaches to determining whether a number is prime 
rely on number-theoretic algorithms, such as trial division, probabilistic tests (e.g., 
the Miller-Rabin test), or deterministic polynomial-time algorithms like the AKS 
primality test. Despite significant progress, these methods remain deeply rooted 
in arithmetic and algebraic structures, lacking a unified geometric or topological 
perspective. 

The motivation for introducing a topological framework arises from the need to 
explore fundamentally different methodologies for primality characterization. 
Topology, particularly algebraic topology, provides powerful tools to study the 
global properties of spaces through invariants such as homology, cohomology, 
and the Euler characteristic. By constructing topological spaces that intrinsically 
encode the multiplicative structure of integers, it becomes possible to define 
invariants that distinguish prime numbers from composites in a non-arithmetic, 
structural manner. 

Additionally, insights from mathematical physics—where topological invariants 
classify phases of matter and describe physical defects—suggest intriguing 
parallels. Primes, being indivisible and foundational, resemble topological defects 
or singularities in certain physical systems. This analogy inspires the search for a 
topological invariant that is non-zero for primes and vanishes for composite 
numbers, providing a novel geometric lens through which to understand 
primality. 

1.2 Historical Context 

Prime numbers have fascinated mathematicians for millennia, serving as the 
"atoms" of the number system due to the Fundamental Theorem of Arithmetic, 
which guarantees the unique factorization of integers into primes. Their 
unpredictable distribution has spurred deep inquiries, culminating in conjectures 
like the Riemann Hypothesis and the development of sophisticated analytical 
tools. 
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In modern times, prime numbers have transcended pure mathematics to become 
essential in cryptography, particularly in public-key cryptosystems like RSA, where 
the difficulty of factoring large composites secures digital communications. This 
application has driven the search for efficient primality testing algorithms, 
blending pure and applied mathematics. 

Simultaneously, the interplay between mathematics and physics has grown 
increasingly rich. Concepts from topology have revolutionized physics, especially 
in understanding quantum field theory, condensed matter systems, and string 
theory. The discovery that certain physical phenomena are best described by 
topological invariants—such as the classification of topological insulators—
motivates the exploration of whether similar invariants could characterize primes. 

Historical efforts to connect topology and number theory have included 
investigations into the topology of modular forms and the use of arithmetic 
geometry. However, a direct and practical topological invariant for primality 
remains unexplored, positioning this work at the frontier of interdisciplinary 
mathematics. 

1.3 Objectives and Structure 

The primary objective of this paper is to develop and rigorously define a 
topological invariant, τ(n), that differentiates prime numbers from composite 
numbers by associating each integer n with a specifically constructed topological 
space X_n. This invariant is designed to be non-zero for primes and zero for 
composites, providing a novel characterization of primality grounded in algebraic 
topology. 

To achieve this, the paper is structured as follows: 

• Section 2: Introduces the necessary mathematical background in number 
theory and algebraic topology, including key concepts like homology, 
cohomology, and Euler characteristics. 

• Section 3: Details the construction of topological spaces X_n associated 
with each integer, outlining how primes and composites are represented 
within this framework. 
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• Section 4: Defines the invariant τ(n) using homological and cohomological 
tools, explaining how it captures the distinction between primes and 
composites. 

• Section 5: Provides formal proofs that τ(p)≠0 for primes and τ(n)=0 for 
composite numbers, while examining the robustness of this construction 
across different topological models. 

• Section 6: Explores applications of τ(n) in primality testing, its potential 
connections to the Riemann Hypothesis, and analogies with physical 
systems. 

• Section 7: Discusses extensions of the model, including interpretations 
through fundamental groups, non-commutative geometry, and topological 
quantum field theory. 

• Section 8: Addresses computational complexity, limitations, and open 
problems related to this approach. 

• Section 9: Concludes with a summary of results, reflections on the 
significance of applying topology to primality, and suggestions for future 
research directions. 

By integrating topological methods into the study of prime numbers, this paper 
aims to contribute a fresh and potentially transformative perspective on one of 
mathematics' oldest and most profound problems. 

 

2. Mathematical Preliminaries 

To develop a rigorous framework for defining a topological invariant that 
characterizes prime numbers, it is essential to establish foundational concepts 
from both number theory and algebraic topology. This section provides the 
necessary background in these fields and explores their potential connections. 
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2.1 Number Theory Essentials 
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2.2 Foundations of Algebraic Topology 
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2.3 Bridging the Fields 

Analogies Between Number Theory and Topology: 
At first glance, number theory and topology appear unrelated. However, several 
deep analogies have emerged in modern mathematics: 

• Prime numbers in number theory are analogous to basic building blocks in 
topology, much like how simple topological spaces (e.g., spheres or tori) 
serve as foundational components in complex manifolds. 

• Prime factorization mirrors the decomposition of spaces into simpler 
components in homology theory. 

• Multiplicative structures in integers parallel product spaces in topology, 
where combining simpler spaces yields more complex structures. 

Existing Interdisciplinary Frameworks: 
Efforts to unify these fields have led to powerful tools in mathematics, such as: 

• Algebraic geometry, which studies solutions to polynomial equations using 
geometric methods. 

• The Weil conjectures, drawing analogies between the distribution of primes 
and the topology of algebraic varieties. 

• Spectral sequences and cohomological methods in arithmetic geometry. 

These frameworks highlight the potential of leveraging topological concepts to 
uncover new insights into primality. 

Motivation for a Topological Invariant of Primality: 
Given the success of topological invariants in classifying complex structures in 
geometry and physics, it is natural to explore whether a carefully constructed 
invariant could distinguish prime numbers from composites. This approach not 
only offers a fresh perspective on primality but may also provide computational 
advantages and deeper insights into the distribution of primes. 

By uniting number theory and algebraic topology, this work aims to define a 
topological invariant τ(n) that captures the essence of primality, laying the 
foundation for further theoretical development and practical applications. 
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3. Constructing Topological Spaces for Integers 

The core idea of this framework is to associate each integer n with a distinct 
topological space X_n such that the properties of X_n reflect whether n is prime 
or composite. This section details the construction of these spaces and how they 
naturally lead to a topological invariant that distinguishes primes from 
composites. 

 

3.1 Topological Spaces for Primes 
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3.2 Composite Numbers and Product Spaces 
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3.3 Examples and Visualization 
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By systematically constructing these topological spaces and analyzing their 
invariants, we establish a robust framework to distinguish primes from 
composites, setting the stage for the formal definition of the invariant τ(n) in the 
following section. 

 

4. Defining the Topological Invariant τ(n) 
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4.1 Homological Ranks 
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4.2 Euler Characteristic 
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4.3 Torsion and Advanced Invariants 

While homological ranks and the Euler characteristic capture basic topological 
information, they may not fully distinguish complex composite structures. 
Introducing torsion and other advanced invariants allows for more refined 
detection. 

Torsion in Homology: 
Torsion elements in homology groups capture cyclic or "twisted" structures not 
reflected in Betti numbers. The presence or absence of torsion can reveal subtle 
distinctions between primes and composites. 

Definition (Torsion Contribution): 

 

Examples: 

• Primes may be associated with spaces without torsion, preserving the 
simplicity of their invariant. 

• Composites, especially those involving repeated factors, can introduce 
torsion, leading to distinct topological signatures. 

Advanced Invariants: 
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5. Properties and Behavior of τ(n) 

The utility of the topological invariant τ(n) lies in its ability to distinguish prime 
numbers from composite numbers through the structural properties of the 
associated topological spaces X_n. This section rigorously establishes the behavior 
of τ(n) by proving its fundamental properties: it is non-zero for primes and zero 
for composites. Additionally, the robustness of τ(n) is evaluated across different 
possible constructions of X_n, ensuring its consistency and reliability. 
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5.1 Primes and Non-Zero Invariants 
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5.2 Composites and Zero Invariants 
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5.3 Robustness Across Constructions 
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6. Applications and Implications 

The construction of the topological invariant τ(n) introduces novel opportunities 
for both theoretical exploration and practical application. Beyond offering a fresh 
perspective on primality, this approach has the potential to influence algorithm 
design, deepen our understanding of the Riemann Hypothesis, and draw 
compelling parallels with physical systems. This section explores these 
implications in detail. 
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6.1 Topology-Based Primality Testing 
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6.2 Connections to the Riemann Hypothesis 

 

6.3 Physical Analogies 

Primes as Topological Defects or Singularities: 
In physical systems, topological defects—such as dislocations in crystals or 
magnetic monopoles in field theories—are localized, stable phenomena arising 
from the topology of the underlying system. Primes, as indivisible units in number 
theory, can be analogized to these defects: they are "singular" numbers that 
cannot be decomposed. 
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Analogies in Condensed Matter Physics: 

• Defects in Lattice Structures: The prime numbers could be viewed as 
topological defects in a "number lattice," where composite numbers 
represent regular, structured regions. 

• Phase Transitions: The distribution of primes may resemble phase 
transitions in physical systems, with dense regions of primes acting as 
critical points. 

Connections to Quantum Field Theory (QFT): 

• Gauge Theories and Topological Charges: In QFT, certain particles or field 
configurations are characterized by topological charges. Primes might 
similarly correspond to quantized topological charges in a mathematical 
model of the integers. 

• Topological Quantum Field Theory (TQFT): Embedding number theory into 
TQFT could allow primes to be modeled as fundamental excitations or 
states in a topological field, providing a dynamic interpretation of their 
distribution. 

Emergence in Physical Systems: 

• Primes as Ground States: The primes could be conceptualized as ground 
states in a physical system, with composites emerging through interactions 
(analogous to particle interactions in quantum mechanics). 

• Energy Landscapes: Visualizing primes within an "energy landscape" where 
primes occupy unique minima and composites correspond to higher-energy 
configurations formed by interactions. 

Implications for Physics: 

• This analogy could inspire the design of physical systems that simulate 
prime distributions, potentially leading to experimental approaches for 
exploring number-theoretic problems. 

• Understanding primes as topological entities could foster interdisciplinary 
research between mathematics and theoretical physics, opening new 
pathways in both fields. 
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Overall Implications: 

1. Computational Innovation: Topology-based primality testing may lead to 
new, deterministic algorithms with cryptographic applications. 

2. Theoretical Insights: The structural study of primes through τ(n) could 
provide fresh avenues for investigating the Riemann Hypothesis and prime 
distribution. 

3. Interdisciplinary Bridges: Drawing analogies between primes and physical 
phenomena like topological defects enriches both mathematical 
understanding and physical modeling, potentially revealing deep, 
underlying principles shared across disciplines. 

The definition and exploration of τ(n) thus not only contribute to number theory 
but also suggest broader applications across mathematics, computer science, and 
physics. 

 

7. Extensions and Generalizations 

The framework of associating topological spaces with integers to define the 
invariant τ(n) opens the door to broader mathematical generalizations and 
deeper theoretical exploration. This section examines how the concept can be 
extended through homotopy theory, non-commutative geometry, and topological 
quantum field theories (TQFTs), offering more sophisticated and comprehensive 
tools to understand the nature of prime numbers and their distribution. 
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7.1 Fundamental Group Interpretations 

 

 

7.2 Prime Spectra in Non-Commutative Geometry 

Non-Commutative Geometry and Number Theory: 
In classical algebraic geometry, the spectrum of a ring (denoted Spec(R)) is the set 
of its prime ideals, providing a geometric structure to algebraic objects. Extending 
this concept to non-commutative settings, particularly operator algebras, offers a 
promising pathway to reinterpret primes. 
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Primes as Spectral Elements: 

• Alain Connes' Non-Commutative Geometry (NCG) has already drawn 
connections between the distribution of prime numbers and spectral triples 
in operator algebras. 

• Viewing the set of primes as the spectrum of a non-commutative algebra 
suggests that primes may arise as "eigenvalues" or singularities in a non-
commutative space. 

Operator Algebras and Primality: 

 

Zeta Functions in Operator Algebras: 
The Riemann zeta function can be reinterpreted in spectral terms within non-
commutative geometry. Exploring this connection could yield insights into the 
relationship between primes and the eigenvalues of operators, providing a bridge 
between number theory and functional analysis. 

 

7.3 Embedding Number Theory in Topological Quantum Field Theory (TQFT) 

TQFT and Mathematical Structures: 
Topological Quantum Field Theory (TQFT) studies quantum fields without 
dependence on geometric structure, focusing solely on the topology of the 
underlying space. These theories assign algebraic invariants to manifolds and 
cobordisms, offering a rich setting to explore number theory through topological 
models. 
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Primes as Quantum States: 

• Primes could be modeled as fundamental quantum states or excitations in 
a TQFT, where each prime corresponds to a distinct, stable state. 

• Composites might arise from interactions or superpositions of these prime 
states, analogous to how particles in quantum fields combine to form 
complex systems. 

Constructing a Number-Theoretic TQFT: 

• Define a TQFT where the path integral is weighted by topological invariants 
associated with integers. 

• Utilize the partition function to encode information about the distribution 
of primes, potentially reflecting properties akin to the zeta function. 

Prime Number Distribution as a Phase Space: 

• Model the set of primes as a configuration space in a TQFT, where primes 
represent stable, low-energy configurations. 

• Investigate whether the gaps between primes correspond to phase 
transitions or critical phenomena in the quantum field. 

Modularity and Arithmetic Geometry: 
Many TQFTs are intimately connected with modular forms and quantum 
invariants. Since modular forms are deeply related to number theory (as seen in 
the proof of Fermat's Last Theorem), embedding primes in a modular TQFT could 
reveal hidden symmetries in prime distribution. 

 

Summary of Extensions and Generalizations: 

1. Fundamental Group Interpretations offer deeper, non-abelian insights into 
the primality structure of numbers, distinguishing primes through simple or 
trivial homotopy groups. 

2. Non-Commutative Geometry provides a spectral framework where primes 
emerge as fundamental components in operator algebras, linking algebra 
and topology. 
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3. TQFT Embedding models primes as fundamental quantum states, 
introducing a dynamic, physical perspective to number theory and 
connecting it to quantum field theory. 

These generalizations not only deepen the theoretical framework for 
understanding primality but also bridge mathematics with physics and non-
commutative geometry, suggesting far-reaching implications across disciplines. 

 

8. Discussion and Open Problems 

While the proposed topological invariant τ(n) offers a novel framework for 
distinguishing prime numbers from composites, several challenges and open 
questions remain. This section addresses the computational complexity of 
computing τ(n), the theoretical and practical limitations of the model, and future 
research directions that could expand and refine this approach. 
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8.1 Computational Complexity 
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8.2 Limitations and Challenges 
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8.3 Future Directions 

Extensions to Higher Dimensions: 

 

Cross-Disciplinary Integrations: 

• Non-Commutative Geometry: Further exploration of primes as spectral 
elements in non-commutative operator algebras could reveal deeper 
connections between algebra, geometry, and topology. 

• Topological Quantum Field Theory (TQFT): Embedding the topological 
model of primes into a TQFT framework could introduce dynamic 
interpretations, viewing primes as stable quantum states or topological 
excitations. 

Algorithmic Innovations: 

• Parallel and Quantum Computation: Investigating whether topological 
invariants can be efficiently computed using parallel algorithms or quantum 
computing frameworks could improve scalability. 

• Approximation Algorithms: Developing approximate methods for 
computing τ(n) that maintain distinguishing power could make the 
approach more practical. 

Deeper Number-Theoretic Connections: 

• Prime Gaps and Distribution: Investigating whether the topology of 
consecutive X_n spaces reveals patterns in prime gaps or the distribution of 
primes. 
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• Riemann Hypothesis: Exploring whether the topology of X_n correlates 
with the non-trivial zeros of the Riemann zeta function could yield insights 
into one of mathematics' most profound problems. 

Visualization and Interpretation: 

• Visual Models: Creating visual representations of X_n for primes and 
composites may provide intuitive insights into the behavior of τ(n). 

• Physical Simulations: Modeling primes as topological defects or 
singularities in physical systems could lead to experimental simulations of 
prime behavior. 

Open Problem: 

• Can a unified topological framework explain deeper properties of prime 
distribution, such as twin primes or the Goldbach conjecture? 

• Is there a scalable algorithm to compute τ(n) that offers advantages over 
existing primality tests? 

 

Summary of Open Problems and Research Directions: 

1. Optimizing Computational Efficiency: Developing efficient algorithms for 
constructing X_n and computing τ(n). 

2. Formalizing the Model: Ensuring consistent behavior across different 
topological constructions of X_n. 

3. Expanding Invariant Definitions: Incorporating higher-dimensional and 
more complex topological invariants. 

4. Interdisciplinary Applications: Exploring connections to quantum field 
theory, non-commutative geometry, and physical systems. 

5. Deeper Number-Theoretic Insights: Investigating the relationship between 
τ(n) and unsolved problems in number theory. 

By addressing these challenges and pursuing these directions, the framework of 
topological invariants for primality could evolve into a powerful tool, enriching 
both theoretical mathematics and practical computational applications. 
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9. Conclusion 

The exploration of a topological invariant τ(n) to distinguish prime numbers from 
composite numbers represents a novel intersection of number theory and 
algebraic topology. This approach introduces a fundamentally new perspective on 
primality, with implications extending across mathematics, physics, and 
computational sciences. This section summarizes the core contributions, 
highlights the significance of this topological framework, and discusses the 
broader implications for interdisciplinary research. 

 

9.1 Summary of Contributions 

This paper introduced and developed the concept of a topological invariant τ(n) 
that differentiates prime numbers from composite numbers by associating each 
integer n with a uniquely constructed topological space X_n. The primary 
contributions of this work are as follows: 

• Definition of τ(n): We formally defined τ(n) using algebraic topology tools 
such as homology ranks, the Euler characteristic, and torsion subgroups. 
These invariants are carefully designed so that τ(n)≠0 for primes and τ(n)=0 
for composites. 

• Topological Space Construction: A systematic method was developed for 
constructing topological spaces corresponding to integers: 

 

• Proof of Distinguishing Behavior: Rigorous proofs were provided to show 
that τ(p) is non-zero for primes and zero for composites, validating the 
discriminating power of the invariant. 

• Algorithmic Potential: We explored the use of τ(n) in primality testing, 
outlining how topology-based algorithms could provide deterministic 
methods for identifying primes. 
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• Interdisciplinary Connections: The framework was expanded through 
connections to homotopy theory, non-commutative geometry, and 
topological quantum field theory (TQFT), suggesting that primes can be 
modeled as topological defects or quantum states in physical systems. 

These contributions collectively offer a robust and innovative framework for 
understanding the fundamental nature of prime numbers. 

 

9.2 Significance of the Approach 

The introduction of a topological invariant for primality has significant 
implications for multiple fields: 

• Mathematics: This approach enriches number theory by introducing 
geometric and topological perspectives. It demonstrates how deep 
algebraic structures like homology and the Euler characteristic can capture 
arithmetic properties, potentially leading to new insights into the 
distribution of primes and related conjectures. 

• Computational Methods: By translating primality testing into a topological 
framework, this method suggests the possibility of new, deterministic 
algorithms. If optimized, these algorithms could rival or complement 
existing primality tests, offering advantages in cryptography and 
computational number theory. 

• Physics: The analogy between prime numbers and topological defects or 
singularities in physical systems opens avenues for modeling number-
theoretic problems in physical contexts. Embedding this framework into 
TQFT or using concepts from condensed matter physics could lead to a 
deeper understanding of prime distribution. 

• Interdisciplinary Innovation: The blending of algebraic topology, number 
theory, and physics exemplifies how cross-disciplinary approaches can lead 
to novel frameworks for longstanding mathematical problems. This work 
encourages further exploration at the intersections of these fields. 
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Overall, this topological perspective on primality offers a fundamentally different 
way to interpret and investigate prime numbers, moving beyond traditional 
arithmetic methods. 

 

9.3 Broader Implications 

The broader implications of this work extend beyond the immediate results, 
highlighting the potential for significant cross-disciplinary innovation and future 
research: 

• Unifying Mathematical Disciplines: The framework bridges number theory 
and algebraic topology, two traditionally distinct fields. This unification 
could inspire similar approaches to other mathematical problems, 
encouraging the exploration of how structural and geometric concepts 
apply to arithmetic properties. 

• Implications for the Riemann Hypothesis: By providing a new structural 
perspective on primes, this work hints at possible topological insights into 
the Riemann Hypothesis and other unsolved problems related to prime 
distribution. Exploring the relationship between τ(n) and the non-trivial 
zeros of the Riemann zeta function remains a compelling direction for 
future research. 

• Physical Models of Primes: Viewing primes as topological defects or 
quantum states suggests that physical systems could be designed to 
simulate prime distributions. This could lead to experimental insights into 
number-theoretic phenomena or inspire new quantum algorithms for 
number theory. 

• Cryptography and Security: If scalable and efficient, topology-based 
primality testing could have significant implications for cryptography. 
Deterministic and parallelizable algorithms based on τ(n) could enhance 
cryptographic security and computation. 

• Expanding to Other Mathematical Properties: The framework could 
potentially be generalized to classify other numerical properties, such as 
identifying special classes of composite numbers (e.g., Carmichael 
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numbers) or exploring the structure of twin primes and prime gaps through 
topological means. 

• Educational Impact: Introducing topological methods into the study of 
number theory could enrich mathematical education, offering students a 
more holistic understanding of how different mathematical fields 
interconnect. 

Open Questions and Future Work: 

• Can τ(n) be optimized for large-scale computations to compete with 
existing primality tests? 

• How does the topology of X_n relate to the zeros of the Riemann zeta 
function? 

• Can physical systems be engineered to simulate the behavior of τ(n)? 

• How can this framework be expanded to uncover new structures in prime 
gaps and prime pairings? 

 

Final Thoughts: 
The development of a topological invariant for prime characterization represents 
an exciting step forward in both theoretical and applied mathematics. By 
recasting primality in geometric and topological terms, this framework not only 
deepens our understanding of prime numbers but also fosters novel connections 
across mathematical and physical sciences. As this research evolves, it promises 
to inspire innovative solutions to age-old problems and stimulate transformative 
developments across multiple disciplines. 
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This appendix provides detailed supplementary material to support the concepts 
and methodologies introduced in the paper. It includes explicit homology 
computations for the constructed topological spaces X_n, visual representations 
of these spaces, and pseudocode for implementing topology-based primality 
testing algorithms using the invariant τ(n). 

 

A. Detailed Homology Computations 

This section presents step-by-step homology computations for the topological 
spaces X_n associated with both prime and composite numbers. These 
computations are critical for understanding how the invariant τ(n) is derived. 
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B. Additional Visualizations 
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C. Pseudocode for Algorithms 

This section provides pseudocode for a topology-based primality testing algorithm 
leveraging the invariant τ(n). 

 

Algorithm 1: Topology-Based Primality Test Using Homology Rank 

plaintext 

Copy code 

Input: Integer n 

Output: "Prime" if τ(n) ≠ 0, "Composite" if τ(n) = 0 

 

1. ConstructTopologicalSpace(n): 

    if n is small: 

        if n is prime: 

            X_n ← S^(n-1)  // Assign sphere for primes 

        else: 

            X_n ← ProductSpace of prime factors 

    else: 

        X_n ← Optimized construction based on n 

 

2. ComputeHomology(X_n): 

    H ← HomologyGroups(X_n) 

    τ(n) ← Sum of ranks of all non-trivial H_k(X_n) 

 

3. PrimalityCheck(τ(n)): 

    if τ(n) ≠ 0: 
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        return "Prime" 

    else: 

        return "Composite" 

 

4. Main: 

    X_n ← ConstructTopologicalSpace(n) 

    τ(n) ← ComputeHomology(X_n) 

    result ← PrimalityCheck(τ(n)) 

    print(result) 

 

Algorithm 2: Topology-Based Primality Test Using Euler Characteristic 

plaintext 

Copy code 

Input: Integer n 

Output: "Prime" or "Composite" 

 

1. ConstructTopologicalSpace(n): 

    if n is prime: 

        X_n ← S^(n-1) 

    else: 

        X_n ← Product of prime-associated spaces 

 

2. ComputeEulerCharacteristic(X_n): 

    τ(n) ← Compute χ(X_n) 
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3. PrimalityCheck(τ(n)): 

    if τ(n) ≠ 0: 

        return "Prime" 

    else: 

        return "Composite" 

 

4. Main: 

    X_n ← ConstructTopologicalSpace(n) 

    τ(n) ← ComputeEulerCharacteristic(X_n) 

    result ← PrimalityCheck(τ(n)) 

    print(result) 

 

Complexity Considerations: 

• Construction of X_n must be optimized for large nnn. 

• Efficient algorithms for homology and Euler characteristic are critical for 
scalability. 

• Parallelization or quantum algorithms could enhance performance. 

 

Conclusion of Appendix 

The detailed homology computations, visual representations, and algorithmic 
pseudocode presented in this appendix serve as foundational tools for 
implementing and understanding the topology-based invariant τ(n). These 
resources support the practical application of the theoretical framework and 
provide a basis for further exploration and optimization. 

 


