
Linear Algebra: Top Down From Application
To Theory
Linear algebra is a fundamental branch of mathematics that plays a crucial role in
many fields, including computer science, physics, economics, engineering, and
data analysis. Despite its importance, it often remains a daunting subject for
many students due to its abstract nature and complex theories.

However, by approaching linear algebra from a top-down perspective that
highlights its applications first, students can develop a deeper understanding and
appreciation for the theoretical foundations behind it. This article aims to present
linear algebra in a way that bridges the gap between theory and application,
providing readers with a comprehensive overview of this fascinating discipline.

Applications of Linear Algebra

Linear algebra finds applications in numerous real-world scenarios. From
computer graphics and machine learning to quantum mechanics and
cryptography, its impact is ubiquitous. By starting with these concrete and
practical applications, students can grasp the relevance and power of linear
algebra concepts.
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One common application of linear algebra is in computer graphics, where it is
used to manipulate and transform objects in three-dimensional space. By
representing points, lines, and shapes as vectors and matrices, complex
transformations such as rotations, translations, and scaling can be efficiently
performed.

In machine learning, linear algebra forms the backbone of many algorithms and
models. From linear regression to support vector machines, understanding
concepts like vector spaces, linear independence, and matrix operations allows
researchers to develop efficient and accurate models for various data analysis
tasks.

Theoretical Foundations

While applications serve as excellent motivation, understanding the theoretical
foundations of linear algebra is crucial for mastering the subject. This section will
dive into these foundations, explaining concepts such as vector spaces, linear
transformations, eigenvectors, and eigenvalues.

Vector spaces are at the core of linear algebra, providing a framework for
studying vectors and their properties. Understanding the axioms of vector spaces
helps clarify the algebraic structures underlying various linear algebra concepts.

Linear transformations connect vector spaces, mapping vectors from one space
to another while preserving certain properties. Matrices, as a concise
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representation of linear transformations, allow for efficient computation and
understanding of how vectors are transformed.

Eigenvectors and eigenvalues are essential in analyzing linear transformations.
They represent vectors that only change in scale during a transformation and
enable the decomposition of complicated matrices into simpler forms, facilitating
computations and insight into the behavior of linear systems.

Building Intuition Through Concrete Examples

To solidify understanding and intuition, working through concrete examples is
crucial. This section will provide step-by-step demonstrations of various
applications and theoretical concepts.

For example, demonstrating how matrix operations are used to solve systems of
linear equations illustrates the power and efficiency of linear algebra. Additionally,
visualizing linear transformations and their effects on vector spaces brings the
theoretical ideas to life.

By presenting these examples with clear explanations and detailed calculations,
readers can gain hands-on experience and develop a better grasp of linear
algebra's intricacies.

Linear algebra is an essential field of mathematics that underpins various
disciplines. By presenting linear algebra from a top-down perspective,
emphasizing its applications first, students can develop a comprehensive
understanding of both the practical necessities and theoretical foundations.
Exploring real-world applications, theoretical concepts, and solving concrete
examples, readers can build an intuition for the subject and lay a solid foundation
for further exploration in this fascinating field.
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They made it possible that a computer can recognize faces.
They made it possible that you can find anything on the web in a matter of
seconds.
And they made it possible that one can actually calculate what “King – Man +
Woman” is.
– People who successfully tackled real world problems with Linear Algebra.

But as fascinating as those applications may be, they also contrast the rather
boring way this branch of mathematics is usually taught. In school and university,
students are mostly confronted with mathematical problems that only exist as an
end in itself. Having to solve such problems can be horribly demotivating, since
they oftentimes miss out on informing about possible applicative contexts.
However, in this book, we turn the syllabus upside-down: Application first!
- We will face 5 different problems, start at zero and work our way up, through
concepts of Linear Algebra, to the solution.
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In this book, you will ...

... discover the workings behind Hill Cipher by learning about vectors, matrices,
inverses, and determinants.

... learn about one of the most important tools in econometrics and put it into
action by building a house price prediction
model. Along the way, you will learn about the concepts of orthogonality and
projections.

... see how you could have made billions just 2 decades ago by revolutionizing
web-search with Markov matrices, eigenvectors, and the Perron-Frobenius
Theorem.

... detect structures in images and texts by learning about the singular value
decomposition.

Are you ready to solve your first interesting mathematical problem?
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Is It Still Cheating If You Don't Get Caught?
When it comes to morality and ethics, the line between right and wrong
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The Fascinating History of Afro Uruguay -
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