Master Course Description for EE-345
Course Number: E E 345
Title: Introduction to Foundations of Machine Learning
Credits: 4
Course Description:

Introduction to machine learning models and algorithms motivated by their application in areas
including statistics, decision-making and control, communication and signal processing, and data
science, with a focus on the mathematical foundations for machine learning. Topics include linear
algebra for data science, supervised learning such as linear regression and classification, and
unsupervised learning such as clustering.

Coordinators:

e Lillian Ratliff, Associate Professor, Electrical and Computer Engineering
e Maryam Fazel, Professor, Electrical and Computer Engineering

Goals: To give ECE students the foundational mathematical concepts and theory that underpins
modern machine learning algorithms. Provide a background in mathematical reasoning, and
problem modeling and solving from data. Develop an understanding of linear algebra tools and
how they are used to analyze data, and model machine learning problems. Develop a
mathematical and computational understanding of (supervised and unsupervised) machine
learning methods as used in various ECE application domains including data science, decision-
making and control, communication, and signal processing. Provide an introduction to
mathematical reasoning of how convex optimization tools are used in the design, and analysis of
machine learning algorithms. This course will also serve as an entry point (prerequisite) for the
ML/Data Science Pathway in ECE, and is intended to complement ECE 344 ‘Data-driven
modeling and machine learning’, and students are encouraged to take both courses.

Learning Objectives: At the end of this course, students will be able to:

1. Understand and utilize linear algebra techniques, including matrix decomposition, for
efficient feature extraction and analysis, and dimensionality reduction in data.

2. Demonstrate an understanding of the theoretical underpinnings of core machine learning
methods including linear regression and classification, and simple clustering techniques.

3. Identify and reason about the appropriate use of supervised versus unsupervised machine
learning approaches in real-world data science tasks using foundational reasoning about
problem structure.

4. Utilize Python libraries to preprocess data, perform feature selection, and implement
machine learning algorithms for solving complex problems.



5. Reformulate machine learning models using convex optimization principles to gain
deeper algorithmic insights.
Textbook:

Main: Introduction to Applied Linear Algebra: Vectors, Matrices, and Least Squares
(Stephen Boyd, Lieven Vandenberghe)

Supplementary: Optimization Models in Engineering (Giuseppe Calafiore and Laurent El
Ghaoui)

Supplementary: Probabilistic Machine Learning: An Introduction (Kevin Murphy)

Prerequisites by Topic:

1.
2.

Calculus sequence: Math 126 or Math 136
Python: EE 241 or CSE 163

Course Topics Overview:

1.

Module-1: Introduction to Linear Algebra Methods in Machine Learning

Module-1 concentrates on the review of the primary mathematical tools used in convex
optimization and machine learning as relevant for this course. Core topics include:
Vectors, function properties, and norms;

Matrices, eigenvalue decomposition;

Overdetermined and underdetermined systems of equations;

Matrix structure and decomposition: symmetric matrices, positive semi-definite
matrices, singular value decomposition, and principal component analysis (PCA);
Applications will be used to introduce the concepts above and reinforce their importance:
Examples of applications include:

e Machine learning: learning from data, discovering patterns and structure in data,
dimensionality reduction
Control and Signal Processing: image compression and facial recognition
Neuroscience: identifying neurons from the shape of its action potential, spike-
triggered covariance analysis
Power-systems: power flow and stability analysis
Quantitative Finance: modeling and analysis of the shape of a yield curve,
portfolio asset analysis, interest rate modeling

Module-2: Unsupervised ML: Clustering and Matrix Decomposition
Module-2 concentrates on basic unsupervised machine learning methods that build on
the linear algebra tools introduced in Module-1. Core topics include:

o Matrix decomposition methods such as singular value decomposition (e.g., for
low-rank approximation with applications to image compression) and principal
component analysis (PCA) for feature analysis and selection.

o Clustering: k-means and its variants, spectral clustering.

As in all modules, applications will be used throughout the module to motivate the
different methods and topics. Examples of applications include:

o Machine Learning: clustering, feature selection, outlier detection.



http://vmls-book.stanford.edu/
https://people.eecs.berkeley.edu/%7Eelghaoui/optmodbook.html
https://probml.github.io/pml-book/book1.html

o Control and Signal Processing: covariance estimation, signal feature extraction,
anomaly detection, noise reduction, compression.
o Neuroscience: clustering EXG (X=0,M,E, et.c) data (e.g., different brain activity
states such as awake, asleep, resting, focused).
o Power-systems: energy theft detection, classification of energy consumption,
fault detection.
o Quantitative Finance: pattern recognition for fraud or volatility detection,
dimensionality reduction.
3. Module-3: Supervised ML: Regression and Classification
Module-3 concentrates on the quintessential tools in machine learning, namely least
squares regression and binary classification. Core topics include:
Least squares data fitting;
Regularized least squares (e.g., ridge regression);
Introduction to kernel methods;
Methods for addressing data imbalance;
Model selection and evaluation: generalization, cross validation, ROC curve,
confusion matrix, precision-recall, etc.
As in all modules, applications will be used throughout the module to motivate the
different methods and topics. Examples of applications include:
o Machine Learning: regression, classification, ranking.
o Control and Signal Processing: linear prediction, smoothing, estimating missing
data, filter design, fault detection, system identification.
o Neuroscience: predicting a continuous cognitive state (e.g., attention level, mood,
cognitive load) based on neural signals or behavioral data.
o Power-systems: forecasting for demand response, pricing, battery management,
renewable energy, etc.
o Quantitative Finance: forecasting portfolio returns, portfolio asset management
4. Module-4: Applications of ML in Engineering
Module-4 combines concepts from the previous three modules by revisiting the example
applications from Modules 1-3 in greater detail. The applications will be the primary
focus and connections will be drawn to different aspects of the modeling, data analysis
and solutions (optimization problem or algorithm) as they relate to the concepts from
Modules 1-3.

Course Structure: The class meets for two 80-minute lectures and one 110-minute discussion
section per week. The lectures focus on presenting the core topics in the modules while the
discussion section focuses on problem solving including numerical implementation. Homework
(with theoretical and computational components) is assigned weekly. An individual or team project
may supplement the homework assignments for Module-4. One exam is given nominally at the
end of the 5th week, and a comprehensive final exam is given at the end of the quarter.

Computer Resources: The course uses Python for the computational components of the
homeworks. Students are expected to use their personal computers.



Laboratory Resources: None.

Grading: Homework 40%, Midterm Exam 25%, Final Exam 35%.

ABET Student Outcome Coverage: This course addresses the following outcomes:
H = high relevance, M = medium relevance, L = low relevance to course.

(1) An ability to identify, formulate, and solve complex engineering problems by applying
principles of engineering, science, and mathematics (H) The homework and exams require
direct application of mathematical knowledge to engineering problems, and require students to
model engineering problems in the language of convex optimization.

(3) An ability to communicate effectively with a range of audiences (L) Students will learn and
apply techniques to rigorously and formally apply and communicate theoretical concepts.

(7) An ability to acquire and apply new knowledge as needed, using appropriate learning
strategies. Students will learn to model data science problems using foundational machine
learning methods. Students will also learn to determine the appropriate machine learning
modelling strategy for different practice driven data science problems.

Religious Accommodations Policy

Washington state law requires that UW develop a policy for accommodation of student
absences or significant hardship due to reasons of faith or conscience, or for organized religious
activities. The UW’s policy, including more information about how to request an accommodation,
is available at Religious Accommodations Policy. Accommodations must be requested within
the first two weeks of this course using the Religious Accommodations Request form.

Accommodations and Access

If you have already established accommodations with Disability Resources for Students (DRS),
please communicate your approved accommodations to me at your earliest convenience so we
can discuss your needs in this course. If you have not yet established services through DRS,
but have a temporary health condition or permanent disability that requires accommodations
(conditions include but not limited to; mental health, attention-related, learning, vision, hearing,
physical or health impacts), you are welcome to contact DRS at 206-543-8924 or
uwdrs@uw.edu or disability.uw.edu. DRS offers resources and coordinates reasonable
accommodations for students with disabilities and/or temporary health conditions. Reasonable
accommodations are established through an interactive process between the student, instructor,
and DRS. ltis the policy and practice of the University of Washington to create inclusive and
accessible learning environments consistent with federal and state law.

Academic Integrity

Engineering is a profession demanding a high level of personal honesty, integrity and
responsibility. Therefore, it is essential that engineering students, in fulfillment of their academic
requirements and in preparation to enter the engineering profession, adhere to the College of


https://registrar.washington.edu/staffandfaculty/religious-accommodations-policy/
https://registrar.washington.edu/students/religious-accommodations-request/

Engineering Statement of Principles. Any student in this course suspected of academic
misconduct (e.g., cheating, plagiarism, or falsification) will be reported to the College of
Engineering Dean’s Office and the University’s Office of Community Standards and Student
Conduct to initiate the student conduct process.

Title IX

UW, through numerous policies, prohibits sex- and gender-based violence and harassment, and
we expect students, faculty, and staff to act professionally and respectfully in all work, learning,
and research environments. For support, resources, and reporting options related to sex- and
gender-based violence or harassment, visit UW Title IX’s webpage
(https://www.washington.edultitleix/), specifically the Know Your Rights & Resources guide
(https://www.washington.edu/titleix/files/2020/08/KYRR-guide-8-10-2020-LINKED.pdf).

If you choose to disclose information to me about sex- or gender-based violence or harassment,
I will connect you (or the person who experienced the conduct) with resources and individuals
who can best provide support and options. You can also access those resources directly:

- Confidential: Confidential advocates
(https://www.washington.edu/sexualassault/support/advocacy/) will not share information
with others unless given express permission by the person who has experienced the

harm or when required by law.

- Private and/or anonymous: SafeCampus (https://www.washington.edu/safecampus/)
provides consultation and support and can connect you with additional resources if you
want them. You can contact SafeCampus anonymously or share limited information
when you call

Please note that some senior leaders and other specified employees have been identified as
“Officials Required to Report.” (https://www.washington.eduttitleix/title-ix-officials-required-to-
report/) If an Official Required to Report learns of possible sex- or gender-based violence or
harassment, they are required to call SafeCampus and report all the details they have in order
to ensure that the person who experienced harm is offered support and reporting options
(https://www.washington.edul/titleix/resources/).”

Prepared By: Lillian Ratliff, Maryam Fazel

Last Revised: 12/29/24
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