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1 Course Series Motivation & Applications

Why study Algebraic Topology?

Traditionally, algebraic topology is viewed as a bridge between the flexible world of topology
and the rigorous world of abstract algebra, providing tools to distinguish shapes and spaces
via computable invariants. However, the value of this self-paced course series, including this
module, extends well beyond abstract classification.

Gateway to Advanced Mathematics

Algebraic topology provides foundational language for large areas of modern mathematics and
theoretical physics. In particular, the notions of homotopy and the fundamental group play a
central role in several core disciplines:

� Differential Geometry and Manifolds: Homotopy-theoretic ideas are essential for un-
derstanding the global topological structure of manifolds, including questions of connectiv-
ity, global invariants, and the topological constraints underlying curvature and spacetime
models.

� Algebraic Geometry: Topological invariants and homotopy-theoretic methods inform
the classification of algebraic varieties and underpin the development of sheaf cohomology
and related cohomological tools.

� Category Theory: Constructions such as the fundamental group provide canonical
examples of functors from geometric categories to algebraic ones, motivating categorical
notions of functoriality and naturality.

Topological Data Analysis (TDA)

In the age of Big Data, algebraic topology has found a surprising and powerful application in
data science. Data often has a ”shape”—structure that is lost in simple linear regression but
captured by topology.

� Structure in Noise: Just as algebraic topology allows us to ignore small continuous
deformations, Topological Data Analysis (TDA) allows data scientists to find robust
structural features (loops, voids, and clusters) within noisy, high-dimensional datasets.

� Persistent Homology: The foundational concepts of this course lead directly to Per-
sistent Homology, a method used to track topological features across different spatial
resolutions. This is currently used in fields ranging from analyzing neural networks in
the brain to classifying protein structures via persistence barcodes and sensing financial
market crashes.

Warning: Please do not be misled by the word “gentle” in the title. This course is both
abstract and rigorous. The term reflects the way the material is introduced, with applications
in mind, particularly beyond pure mathematics. As a result, the series deliberately avoids
getting too much into the language of category theory and homological algebra, which are more
traditional frameworks for introducing algebraic topology to graduate mathematics students.

2 Syllabus Outline

This module is designed to provide the mathematical foundations required for all subsequent
modules in the series and should therefore be taken seriously. A superficial or passive engage-
ment with this module will quickly become a bottleneck in later stages of the programme.

quantumformalism.academy
2

https://quantumformalism.academy/


Syllabus & Materials Algebraic Topology Course

Learners are expected to work carefully through the definitions, proofs, and problem sets and
to develop genuine fluency with the underlying ideas. The depth established here determines
how far and how effectively one can progress in algebraic topology and its applications.

Main coverage: Applications of Homology

This section applies homology theory as a working tool for proving deep topological results rather
than as a purely formal construction. Students will learn to use the Mayer Vietoris sequence as
a central computational and conceptual method for decomposing spaces and extracting global
information from local data. These techniques are then applied to derive classical theorems and
invariants, including fixed point results, separation theorems, and the Euler characteristic.

� Lecture 16: Mayer Vietoris Sequence

� Lecture 17: Some Applications (Topological Data Analysis, etc.)

� Lecture 18: Jordan Closed Curve Theorem

� Lecture 19: Euler Characteristic

3 Prerequisites

This module builds upon Module I, Module II & Module III. In general, all the modules assume
a strong background in topology, particularly metric topology, that is, the theory of metric
spaces and their induced topologies. A solid understanding of real analysis is therefore also
highly beneficial. QF Academy already offers the following courses that can help build or
refresh this background:

� Real Analysis (Module 1): Lecture 2, 3 & 5

� Group Theory, Topology & Manifolds: Topology Module

� Abstract Maths 101 Bootcamp: Topology Module

4 How to Enrol

This module will be rolled out gradually to our most active members starting from the week of
January 5, 2026. To enrol, you must be subscribed to any of our existing plans.

Progression through the series is intentional and structured. Enrolment in subsequent modules
will be conditional on successfully completing this module. This is a deliberate design choice
aimed at discouraging abundance learning where courses are started but not completed and
understanding remains shallow.

Members are free to retake this module as many times as needed until they meet the completion
requirements. There is no penalty for revisiting the material. The objective is not speed but
depth.

In 2026, our goal is to significantly increase completion rates and learning outcomes across
the academy. This requires focus, sustained effort, and respect for the learning process. By
enforcing completion while allowing multiple attempts, we aim to support members in building
genuine mathematical fluency rather than simply moving on without a solid foundation.
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