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Chapter 1

Week 0: Introduction and First Subtopics in Linear Algebra
Just read it briefly =)

Chapter 2

Week 1: Introduction and First Subtopics in Linear Algebra

Overview

The first week aims to provide you with a solid introduction to Linear Algebra and its
relevance to machine learning. We will focus on the foundational subtopics, specifically
Systems of Linear Equations and Matrices. This week serves as the first stepping stone into
the complex, yet fascinating, world of Linear Algebra.

Presenter: fo be filled by you guys

Chapters for This Week

e 2.1 Systems of Linear Equations: Understand what systems of linear equations are
and how to solve them.
e 2.2 Matrices: Introduction to matrices and their basic operations.

Learning Objectives

Gain a clear understanding of what linear equations are.

Learn how to solve systems of linear equations using different methods.
Understand the structure and utility of matrices.

Be able to perform basic matrix operations.

PN

Supplementary Material

Short Videos

e "Introduction to Systems of Linear Equations" from Khan Academy
e O |ntroduction to matrices

Blog Posts

e "An Intuitive Guide to Linear Algebra" from BetterExplained
e "Solving Systems of Linear Equations with Python" from Real Python



https://www.youtube.com/watch?v=xyAuNHPsq-g
https://www.khanacademy.org/math/algebra/x2f8bb11595b61c86:systems-of-equations
https://betterexplained.com/articles/linear-algebra-guide/
https://stackabuse.com/solving-systems-of-linear-equations-with-pythons-numpy/

Specific Lectures from Top Universities

e "MIT 18.06 Linear Algebra. Lec 1: The Geometry of Linear Equations" from MIT
OpenCourseWare

e "Stanford University: Linear Algebra Review and Reference" from Stanford's Machine
Learning Course

Interactive Tools

e Matrix Multiplication Calculator
e \Wolfram Alpha for solving systems of equations

To-dos:

e Complete exercises from the book that correspond to this week's subtopics.
Week 2: Intermediate Subtopics in Linear Algebra

Overview

Week 2 extends the journey into Linear Algebra by focusing on the abstract but critical
concepts of Vector Spaces and Linear Independence. Understanding these two subtopics
will offer a broader and deeper view of Linear Algebra, setting the stage for further advanced
topics in subsequent weeks.

Presenter: fo be filled by you guys

Chapters for This Week

e 2.4 Vector Spaces: Understand the properties and structure of vector spaces.
e 2.5 Linear Independence: Learn what it means for vectors to be linearly
independent and how to test for it.

Learning Objectives
1. A Understand what a vector space is and be familiar with its properties.

2. Grasp the concept of linear independence and its importance.
3. Be able to determine if a set of vectors is linearly independent.

Supplementary Material

Short Videos

e O Abstract vector spaces | Chapter 16, Essence of linear algebra
e ©|inear Independence and Linear Dependence, Ex 1
e © Understanding Vector Spaces


https://www.youtube.com/watch?v=TgKwz5Ikpc8
https://www.youtube.com/watch?v=yLi8RxqfowA
https://www.youtube.com/watch?v=EP2ghkO0lSk
https://ocw.mit.edu/courses/mathematics/18-06-linear-algebra-spring-2010/video-lectures/lecture-1-the-geometry-of-linear-equations/
http://cs229.stanford.edu/section/cs229-linalg.pdf
https://matrix.reshish.com/multCalculation.php
https://www.wolframalpha.com/examples/mathematics/algebra/systems-of-equations/

Paper

e \What is a Vector Space?
e How To Understand Linear Independence (Linear Algebra)

Specific Lectures from Top Universities

e ©O@6. Column Space and Nullspace

To-dos:

e Complete exercises from the book that correspond to this week's subtopics.
Week 3: Advanced Concepts in Linear Algebra

Overview

The third week focuses on understanding the more advanced and abstract elements of
Linear Algebra—Basis and Rank, as well as Linear Mappings. These topics are not just
theoretical constructs; they have practical applications in a variety of fields including machine
learning.

Presenter: fo be filled by you guys

Chapters for This Week

e 2.6 Basis and Rank: Grasp the concept of basis and rank, and understand their
importance in linear algebra.

e 2.7 Linear Mappings: Learn about linear transformations and mappings between
vector spaces.

Learning Objectives
1. Understand what basis and rank are in the context of vector spaces.
2. Learn to identify and work with different types of linear mappings.

3. Understand the importance of these concepts in applications like dimensionality
reduction and linear regression.

Supplementary Material

Short Videos

e @ |ntroduction to orthonormal bases | Linear Algebra | Khan Academy
e O | inear transformations and matrices | Chapter 3, Essence of linear algebra
e O |inear Maps | Linear Algebra

Blog Posts


https://www.youtube.com/watch?v=8o5Cmfpeo6g
https://www.youtube.com/watch?v=7BFx8pt2aTQ
https://www.youtube.com/watch?v=kYB8IZa5AuE
https://www.youtube.com/watch?v=YYbr2j2wQWM
https://www.math.toronto.edu/gscott/WhatVS.pdf
https://medium.com/swlh/how-to-understand-linear-independence-linear-algebra-8bab1d918509

e '"Understanding Basis and Dimension"
e A beginner’s quide to dimensionality reduction in Machine Learning | by Judy T Raij |
Towards Data Science

Specific Lectures from Top Universities

e O |ndependence, Basis, and Dimension

Interactive Tools

e Linear Transformation Visualizer

To-dos:

e Complete exercises from the book that correspond to this week's subtopics.
Week 4: Final Concepts and Wrap-Up

Overview

In the concluding week of your study of Linear Algebra, the focus is on Affine Spaces and
consolidation of the topics covered in Weeks 1-3. You will apply these learnings by creating
a deliverable like a blog post, a video, or a project that demonstrates your grasp of the
subject.

Chapters for This Week

e 2.8 Affine Spaces: Understand what affine spaces are and how they differ from
vector spaces.

Learning Objectives
1. Learn about Affine Spaces and how they are used in computer graphics, robotics,
and machine learning.
2. Consolidate all the concepts learned from Weeks 1-3.

3. Complete a project or write-up summarizing your learnings and applications of the
covered material.

Supplementary Material
Short Videos

e O \WVhatis...an affine space?
Blog Posts

e Affine space


https://www.youtube.com/watch?v=eeMJg4uI7o0
https://www.youtube.com/watch?v=c-iA43vPL9M
https://textbooks.math.gatech.edu/ila/dimension.html
https://towardsdatascience.com/dimensionality-reduction-for-machine-learning-80a46c2ebb7e
https://towardsdatascience.com/dimensionality-reduction-for-machine-learning-80a46c2ebb7e
https://shad.io/MatVis/
https://www.geeksforgeeks.org/affine-space/

Specific Lectures from Top Universities

e O MA9711: 026 - Affine Spaces

To-dos:

e Complete exercises from the book that correspond to this week's subtopics.


https://www.youtube.com/watch?v=oIEHt-LLLXQ

Chapter 3

Week 5: Introduction to Analytic Geometry

Overview

The first week in the Analytic Geometry chapter introduces you to the core concepts of
norms and inner products. These concepts provide you with the tools to understand
distances and angles between vectors in multi-dimensional spaces, setting the foundation
for more advanced topics in machine learning.

Presenter: fo be filled by you quys

Chapters for This Week

e 3.1 Norms: Understand what norms are and why they're important for measuring
"size" in multiple dimensions.

e 3.2 Inner Products: Dive into inner products to understand angles and orthogonality
between vectors.

Learning Objectives

N

Learn what norms and inner products are, and how to compute them.

2. Understand the significance of these concepts in measuring distances and angles
between vectors.

3. Start thinking about how these mathematical tools are applied in machine learning

algorithms.

Supplementary Material

Short Videos
e © How to Normalize a Vector
e © Dot Product Intuition | BetterExplained
e ©O |nner & outer products | Lecture 5 | Matrix Algebra for Engineers
e O |inearAlgebra: Inner Product Spaces (Sec. 5.2 Part 1)

Blog Posts

e Gentle Introduction to Vector Norms in Machine Learning -
Machinel earningMastery.com

e Inner product

Interactive Tools

e Norm and Inner Product Explorer


https://www.youtube.com/watch?v=7fn03DIW3Ak
https://www.youtube.com/watch?v=FrDAU2N0FEg
https://www.youtube.com/watch?v=FCmH4MqbFGs
https://www.youtube.com/watch?v=WYjcukICUnA
https://machinelearningmastery.com/vector-norms-machine-learning/
https://machinelearningmastery.com/vector-norms-machine-learning/
https://users.math.msu.edu/users/gnagy/teaching/05-fall/Math20F/w9-F.pdf
https://www.geogebra.org/m/HYD7hB9v

To-dos:
e Complete exercises from the book that correspond to this week's subtopics.

If the exercise requires knowledge that will be covered in the future - skip it and get
back to it later on &

Week 6: Lengths, Distances, and Angles

Overview

Week 2 dives deeper into the properties and applications of norms and inner products by
introducing you to the ideas of lengths, distances, and angles between vectors. You'll build
on last week's work to add another layer of depth to your understanding of analytic
geometry.

Presenter: fo be filled by you guys

Chapters for This Week
e 3.3 Lengths and Distances: Master how to calculate lengths and distances between
vectors.

e 3.4 Angles and Orthogonality: Learn about angles between vectors and what it
means for vectors to be orthogonal.

Learning Objectives
1. Understand how to compute lengths and distances in multiple dimensions.

2. Learn the concept of orthogonality and how to find angles between vectors.
3. Apply these concepts to real-world machine learning problems.

Supplementary Material

Short Videos

e © Cross products | Chapter 10, Essence of linear algebra
e O | east squares examples | Alternate coordinate systems (bases) | Linear Algebr...

Blog Posts

e "Vector Lengths and Distances in Machine Learning"
16. Orthogonal Projections and Their Applications

Specific Lectures from Top Universities


https://www.youtube.com/watch?v=eu6i7WJeinw
https://www.youtube.com/watch?v=8mAZYv5wIcE
https://machinelearningmastery.com/vector-norms-machine-learning/
https://julia.quantecon.org/tools_and_techniques/orth_proj.html

e © Orthogonal Vectors and Subspaces

To-dos:
e Complete exercises from the book that correspond to this week's subtopics.

If the exercise requires knowledge that will be covered in the future - skip it and get
back to it later on &

Week 7: Specialized Concepts in Analytic Geometry

Overview

Week 3 takes you further into the field of analytic geometry by introducing specialized topics
like orthonormal basis and orthogonal complement. These notions have direct applications in
machine learning algorithms where you often have to transform data into a more convenient
coordinate system or project it onto subspaces.

Presenter: fo be filled by you guys

Chapters for This Week

e 3.5 Orthonormal Basis: Understand the concept of an orthonormal basis and how it
simplifies calculations.

e 3.6 Orthogonal Complement: Learn how to find the orthogonal complement of a
subspace.

e 3.7 Inner Product of Functions: A brief introduction to applying inner products to
function spaces.

Learning Objectives
1. Understand what an orthonormal basis is and why it's useful.

2. Learn to compute the orthogonal complement of a subspace.
3. Get introduced to the inner product in function spaces and its implications.

Supplementary Material

Short Videos

e © The Gram-Schmidt process | Alternate coordinate systems (bases) | Linear Alg...
e © The Gram-Schmidt Process
e B Gram-Schmidt process | Lecture 19 | Matrix Algebra for Engineers

Blog Posts

e Orthonormality and Gram-Schmidt Process



https://www.youtube.com/watch?v=h9aDgvW59TU
https://www.youtube.com/watch?v=rHonltF77zI
https://www.youtube.com/watch?v=zHbfZWZJTGc
https://www.youtube.com/watch?v=eib8uAlzegc
https://mathworld.wolfram.com/OrthonormalBasis.html

Specific Lectures from Top Universities

e © 17. Orthogonal Matrices and Gram-Schmidt

To-dos:
e Complete exercises from the book that correspond to this week's subtopics.

If the exercise requires knowledge that will be covered in the future - skip it and get
back to it later on &

Week 8: Consolidation and Content Creation

Overview

Week 8 serves as a culminating experience that synthesizes your understanding of analytic
geometry. Through the creation of educational content, whether that's a blog post, video,
presentation, or even interactive applications, you're not just demonstrating your mastery,
but also contributing to the larger learning community.

Presenter: to be filled by you guys

Chapters for This Week

e 3.8 Orthogonal Projections: Dive deeper into the world of orthogonal projections and
explore its applications.

e 3.9 Rotations: Understand the mathematics behind rotations and their significance in
various fields.

e 3.10 Further Reading: Engage with more advanced materials and let them guide and
inspire your content creation.

Learning Objectives

1. Reinforce and internalize the concepts and techniques from the Analytic Geometry
chapters.

2. Enhance communication skills by translating complex mathematical concepts into
engaging and understandable content.

3. Build a foundation for creating and sharing educational resources in the field.

Supplementary Material

Short Videos

e ©|inearAlgebra 6.2.2 Orthogonal Projections
e © Calculus 3 - Vector Projections & Orthogonal Components


https://www.youtube.com/watch?v=0MtwqhIwdrI
https://www.youtube.com/watch?v=fqbwErsP8Xw
https://www.youtube.com/watch?v=Rw70zkvqEiE

e O |jnear transformation examples: Rotations in R2 | Linear Algebra | Khan Acade...
e O The geometric view on orthogonal projections

Specific Lectures from Top Universities

e O Projection into Subspaces
e O 15. Projections onto Subspaces

To-dos:
e Complete exercises from the book that correspond to this week's subtopics.

If the exercise requires knowledge that will be covered in the future - skip it and get
back to it later on &


https://www.youtube.com/watch?v=lPWfIq5DzqI
https://www.youtube.com/watch?v=2dGXQwYDaqU
https://www.youtube.com/watch?v=t-n4a18AW08
https://www.youtube.com/watch?v=Y_Ac6KiQ1t0
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