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Basic / Prerequisites

• Probability
• Distributions, densities, marginalization, conditioning

• Statistics 
• Mean, variance, maximum likelihood estimation

• Linear Algebra and Optimization
• Vector, matrix, multiplication, inversion, eigen-value decomposition

• Coding Skills
• Pytorch and/or JAX



Motivational Example:
Machine Learning for Apartment Hunting 

● Suppose you are to move to Atlanta

● And you want to find the most 
reasonably priced apartment 
satisfying your needs: 



Linear Regression Model



Linear Regression Model



Probabilistic Interpretation of Least Mean Square



Probabilistic Interpretation 

Least Mean Square (LMS)



Matrix version of the gradient



Usage in Modern ML

● Model Design
○ Convolution Operation
○ Attention Design in Transformer
○ etc

● PyTorch or JAX Implementation
○ Matrix Ops for Acceleration



Revisit of Linear Algebra
● Basics
● Dot and Vector Products
● Identity, Diagonal and Orthogonal Matrices
● Trace
● Norms
● Inverse of a matrix
● Eigenvalues and Eigenvectors
● Singular Value Decomposition
● Matrix Calculus (Optional)



Linear Algebra Basics - I



Linear Regression Model



Linear Algebra Basics - I



Linear Algebra Basics - II



Linear Algebra Basics - II



Linear Algebra Basics - II



Vector and Matrix Multiplication - I



Vector and Matrix Multiplication - I



Vector and Matrix Multiplication - I



Vector and Matrix Multiplication - I



Vector and Matrix Multiplication - III



Norms - I



Norms - III



Norm Revisit



Norm Revisit



Trace of a Matrix



Trace of a Matrix



Trace of a Matrix



Identity Matrices



Diagonal Matrices



Orthogonal Matrices



Inverse of a Matrix



Inverse of a Matrix



Determinant and Inverse of a Matrix



Linear Independence and Rank



Range and Null Space



Column and Row Space



Eigenvalues and Eigenvectors - I



Eigenvalues and Eigenvectors - I



Eigenvalues and Eigenvectors - II



Eigenvalues and Eigenvectors - II



Eigenvalues and Eigenvectors - II



Eigenvalues and Eigenvectors - III



Eigenvalues and Eigenvectors - III



Eigenvalues and Eigenvectors - IV



Singular Value Decomposition



Singular Value Decomposition - II



Matrix Calculus



References for self study

Resources for review of material

- Linear Algebra Review and Reference by Zico Kotler
- Matrix Cookbook by KB Peterson

https://www.cs.cmu.edu/~zkolter/course/15-884/linalg-review.pdf
https://www.math.uwaterloo.ca/~hwolkowi/matrixcookbook.pdf


Back to Apartment Hunting 



Optimization for LMS



Registration

● Friday is the registration deadline. 

● If you decide to drop the course, please do so ASAP so that other people on 
the waitlist have time to register!

● See you next week!



Q&A


