
ECE 324: Introduction to Machine Intelligence – Fall 2020
Basic Course Information

Welcome! We live in times in which computers have become essential in almost every human endeavour,
in music, design, healthcare, business and entertainment. The goal of this course is to provide an introduc-
tion to practical machine learning methods that are part of exciting recent advances that help computers
contribute to these areas.

The course will also give you an opportunity to improve your software skills and practices, and practice
important communication skills in a project proposal, report and presentations. The key learning vehicles
of the course are the programming assignments, and the course project.

The topics to be covered are: representation of data, classification, supervised learning, loss functions, acti-
vation functions, neural network optimization, learning rate, regularization, underfitting, overfitting, deep
neural networks, convolutional neural networks, natural language processing and recurrent neural net-
works. We will also discuss and consider some of the ethical considerations that arise in this corner of AI.

The assignments will make use of the Python language and the PyTorch deep learning framework.

Instructor

Jonathan Rose
Email: Jonathan.Rose@ece.utoronto.ca
Web: http://www.eecg.toronto.edu/˜jayar/
Office: Engineering Annex Room 319
Office Hours: Mondays at 10am, same Zoom link as live lectures

Teaching Assistants

Imtihan Ahmed - imtihan.ahmed@mail.utoronto.ca
Wei Cui - william.cui@mail.utoronto.ca
Philip Fradkin - phil.fradkin@mail.utoronto.ca
Ash Kumar - ta.kumar@mail.utoronto.ca
Shashank Saurav - shashank.saurav@mail.utoronto.ca

Grading

The grade in the course will be based on five assignments, a term test, and the course project, which is done
in groups. The term test will cover all material up to a point that will be specified in class. The project will
include a proposal document and presentation, final and individual reports, final in-class presentation and
an individual interview.

Item Weight

Assignments (5) 25%
Midterm Test 30%
Project 45%

The midterm test will be held on Friday November 27th, from 9am-11am. Aids available for use will be
specified closer to the test.
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Course Web Sites

The web site for this course can be found on Quercus, accessible from q.utoronto.ca. All class an-
nouncements, and handouts - including assignments, will be accessible there. We will also use Piazza.com
to serve as the course discussion board where you can ask questions about course content, assignments and
project. If you were not automatically signed up to the class Piazza page by the instructor, go to the sign up
page here: https://piazza.com/utoronto.ca/fall2020/ece324/home,

Course Schedule

Type Day Time Room
Lecture Tuesday 9am-10 Online
Tutorial Tuesday 10am-11 Online
Lecture Thursday 11am-12 Online
Lecture Friday 10am-11 Online

Assignments

A key part of the learning in this course is in the hands-on programming assignments.

There are five assignments in this course; the schedule is given in Table 1. Assignments are due at 9pm on
the due date given in the Table. There is a penalty-free grace period of one hour past the time deadline.
Work that is submitted between 1 hour and 24 hours past the deadline will receive a 20% grade deduction
(that is 20% of the total achievable grade). No subsequent (past 24 hours) late work will accepted.

These assignments will likely take a substantial amount of your time.

Number Title Date Assigned Date Due Grade Portion
1 Review of Python September 10 September 17 1%
2 Single Neuron Classifier from Scratch & PyTorch September 17 October 1 6%
3 MLP for Income Prediction September 24 October 13 6%
4 CNN for Image Recognition October 8 October 22 6%
5 NLP and CNN/RNN for Sentence Classification October 22 November 5 6%

Total 25%

Table 1: Assignment Schedule and Grade Portion

Project

The project in this course will be a major software project that makes use of the course material to do
Machine Learning engineering of your own choosing. The project in this course will be done in groups
of two (or possibly three, depending on course enrolment), and will account for 45% of your final grade.
There are several phases and specific deadlines of the project, with several interim deliverables. Please see
the associated document titled “Project Structure, Timeline and Grading.”
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Item Portion of Full Grade

Proposal Document and Presentation 5%
In-Class Final Presentation 10%
Final Report 15%
Individual Report 5%
Individual Interview 10%
Total 45%

Software Frameworks, Acceleration and Getting Started Tutorials

We will be using Python 3.8 and PyTorch as the main software environment. Assignment 1 and 2 provide
instructions on the software frameworks and how to access them.
There will be a survey to fill out at the beginning of the course so that we can understand what all students
have as computers, and internet access. It would be advisable that all students have good quality computers
and internet access.

Suggested Textbook

Deep Learning with PyTorch, Authors: Eli Stevens, Luca Antiga, Thomas Viehmann. https://www.
manning.com/books/deep-learning-with-pytorch?query=Deep%20Learning%20with%20PyTorch

Other References

1. Deep Learning, A Practitioner’s Approach by Patterson & Gibson (O’Reilly) - this text doesn’t use
the same language we’re using, but the front material is closer to how I will present neural net-
works. https://www.oreilly.com/library/view/deep-learning/9781491924570/ also
available from Amazon.

2. Programming PyTorch for Deep Learning by Ian Pointer - https://learning.oreilly.com/
library/view/programming-pytorch-for/9781492045342/ this is a very gentle introduc-
tion to the topics covered in the class, but doesn’t go into depth.

3. Deep Learning by Goodfellow, Bengio and Courville - free at http://www.deeplearningbook.
org, but can also be purchased in hardcover. I do not cover the material in the way this book presents
it, but it is a useful reference for various aspects of the mathematics of deep learning.

4. Machine Learning Yearning by Andrew Ng - this is an online book that is free, located at https:
//www.deeplearning.ai/machine-learning-yearning/. I also highly recommend that you
sign up for Andrew Ng’s weekly newsletter, ‘The Batch’ at the same website.

5. Data Science from Scratch, First Principles with Python by Joel Grus - this book covers much broader
territory than this course, and it does it from the bottom up; it is relevant to the first few weeks of the
course, but is also considered as a key long-term reference for the field. https://joelgrus.com/
2019/05/13/data-science-from-scratch-second-edition/

In addition, there are many online resources that can teach aspects of the course, including the PyTorch
tutorials located here: https://pytorch.org/tutorials/.
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Copyright of Videos Provided in this Course

Notice of video recording and sharing (Download permissible; re-use prohibited) This course, including
your participation, will be recorded on video and will be available to students in the course for viewing
remotely and after each session. Course videos and materials belong to your instructor, the University,
and/or other source depending on the specific facts of each situation, and are protected by copyright. In this
course, you are permitted to download session videos and materials for your own academic use, but you
should not copy, share, or use them for any other purpose without the explicit permission of the instructor.
For questions about recording and use of videos in which you appear please contact your instructor.

Academic Integrity

In developing solutions to assignments, you are free to discuss your approach to the solution with fellow
students. This is fine as long as the final solution is yours alone. You should not post any of your assignment
questions in a private or public online discussion forum or web site in order to solicit solutions from others.
Note that, under the University of Toronto code of conduct, a person who supplies an assignment to be
copied will be penalized in the same way as the one who makes the copy. We will use software to detect
copying that is quite sophisticated and so is difficult to defeat.

Accessibility Needs

The University of Toronto is committed to accessibility. If you require accommodations or have any acces-
sibility concerns, please visit http://www.studentlife.utoronto.ca/as as soon as possible.
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ECE 324 Project Structure, Timeline and Grading 
Fall 2020 

 
The project in this course is an opportunity to develop a machine learning application in an area 
of your own choosing.  It also provides the chance to do a full engineering project that is much 
closer to real-world engineering and research than most course assignments that you’ve done so 
far.  While this project has some structure, you will be required to deal with the ambiguity and 
significant decision making that make up the life of a real engineering practitioner. 
 
That makes it harder than most things you’ve done so far, but it comes with these significant 
benefits: 

1. The only way to really become an engineer is to do what real engineers do, which includes 
understanding the difficulties of open-ended goals and projects.  You will spend time 
reflecting on how projects are done, and you will be taking an important step towards 
becoming a professional engineer. 

2. You will have an opportunity to practice oral and written communication skills that every 
engineer needs to operate successfully.   

3. When I have interviewed people for full-time jobs, internships, and for graduate school, 
the most important question I ask is to have them tell me about a major project they did.  
This is one such project. 

4. If you were to have a video of yourself presenting your project, and you think that video 
has sufficient quality, you can put a link to it on your personal LinkedIn page.  LinkedIn 
has taken the place of a personal CV or resumé, and a video would be a compelling 
statement of what your capabilities.  It brings who you are to life. 

 

Project Rules 
 

1. Projects must be done in groups of 3. You may select your own partners.   No groups of 4 
will be allowed, if necessary (integer-division-wise) a group of 2 will be permitted. 

2. The project must make use of machine learning, as taught in this course, and the training, 
validation and testing of some kind of ML neural-network system should form an 
important part of the project.  While you have significant latitude in your choice, it should 
be an application of machine learning, and not research on new methods for machine 
learning. [Note: in the past students have approached me about continuing a research 
(and not an application) project that they are already working on.  In general, this has 
been problematic in the context of this course.  While I’m willing to discuss these, you 
should seriously prepare a proposal in line with these specifications.] 

3. The project topic is of your own choosing.  It must be unique within the class.  No two 
projects can be on the same topic, as determined by a ‘uniqueness approval’ step in the 
project. 

4. There should be some data collection that is a meaningful part of the training process.  
You will not be able to use a known data set that has already been used by many others. 
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5. University of Toronto rules on plagiarism apply.  We are aware that there are many 
machine learning projects already posted on the internet, and these will be checked for 
plagiarism. 

6. All teams must use a specific GitHub Repository provided to them to store their source 
code throughout the term.  Note that the University does not claim any ownership of the 
software produced. 

Timeline and Deliverables 
 
The project has several steps and deliverables, listed in the table below.  The following sections 
provide more detail; in addition, there will be specific rubrics for each deliverable. 

Date Item Description 

29-Sep-20 Project Discussion in Class Overview of Project  

12-Oct-20 Team Forming Deadline 
Select Project Partners; agree on working 
approach; email instructor with names 

20-Oct-20 
Uniqueness Approval 
Deadline 

Team Must have received 'uniqueness 
approval' email from instructor 

20-Oct-20 
Tutorial on Ethics Framework 

Prof. Rob Irish will describe a way to think 
about (and describe) the ethics surrounding 
your project 

28-Oct-20 
Project Proposal Document 
Due Written Document  

29-Oct-20 Project Proposal Slides Due All slides for all presentations 

Nov 3-6 
In-Class Proposal 
Presentations 

4 Minute in-class presentation of Proposal by 
Team 

  Progress Report - cancelled 
removed as a deliverable in 2020 to create 
space for fall study break 

30-Nov Final Presentation Slides Due powerpoint or PDF handed in. 
      

Dec 1 - 8 
In-Class (and Tutorial) Final 
Presentations Presentation of Final Project 

06-Dec-20 Final Report Due Authored by both Team Members 
06-Dec-20 Individual Report Due One Report per Team Member 

Dec 7 - Dec 11 Individual Interviews One-on-One interview with Instructor 
 

TA Mentors 
New this year, a specific TA will be assigned to mentor each project group. 
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Uniqueness Approval 
 
Once you and your partner have formed a team (the deadline for which is above), you should 
brainstorm ideas for what your project topic should be.  Once you have that idea, send an email 
to the instructor – Jonathan.Rose@ece.utoronto.ca with a one to two sentence description of 
the topic.   The instructor will either respond with ‘you have uniqueness approval’ (meaning no-
one else has proposed a similar topic) or ‘please try again, that topic is taken.’  You must have 
received uniqueness approval by the deadline above. 

Project Proposal 
 
This is a document with a maximum of 1200 words.  See the Rubric posted on Quercus. 

In-Class Proposal Presentations 
 
The team will make a four-minute presentation, using projected slides, in class, based on your 
proposal, but with some differences.  See description posted in Quercus. Maximum of 8 slides, 
including the title slide.  The minimum font size is 20. 

Progress Report – Deliverable Removed for 2020. 
 
The report should be a maximum of 1000 words and include the following: 

• Reprise the description of the goal and motivation (what & why) 
• Describe what data you have collected so far 
• Describe your model(s) and at least one result from training of the data 
• Show how the ‘machine’ you’re going to train will be used 
• Describe what work remains to be done together with your plan to achieve it 

 
You should also commit all the code created to-date to your assigned github code repository. 

In-Class Final Presentation 
 
The team will make a six-minute final presentation.  See the Rubric posted on Quercus. 

Final Team Report 
 
This is a document with a maximum of 2000 words.  See the Rubric posted on Quercus.  

Individual Report 
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This is a maximum 500-word document.  See the Rubric posted on Quercus.   

Individual Interview 
 
The individual interview with the instructor is a 20-minute discussion/question answering 
session.   Come prepared to explain all aspects of your project and to answer questions about it.   
The interviews will take place in the same period as the final project presentations.  



15-Nov-20 Update ECE 324 Lecture Schedule Fall 2020 Assign Out Assign In Project Deliverable Tutorial

Date
Lect 

# Day Content
view 

before 

Thursday 

Sept 10 at 

11am 1

view 

before 

Thursday 

Sept 10 

at 11am

Introduction to Course; goals & flow & philosophy; 

software; discuss warmup/software install assignment; 

demo cifar10 classifier; fill out online survey

A1

10-Sep-20 2 Thursday

Questions on L1; Animal neuron->artificial; Single neuron 

classifier of simple image (Assignment 2);  (procedural vs. 

equation via inspection), output classification, 

11-Sep-20 3 Friday

single neuron, cont'd, loss function -> optimization loop; 

activations functions;  gradient descent.

15-Sep-20 4 Tuesday

gradient descent, continued, gradient calculation and back 

propagation;  learning rate and full optimization loop;  

validation; 

Project Discussion 

in Tutorial
Assign 1

17-Sep-20 5 Thursday

Single-Neuron optimization - effect of hyper parameters; 

overfitting, under fitting, data collection A2 A1

18-Sep-20 6 Friday

Assignment 2: Training Loop, Activation Functions, 

(sigmoid and ReLU) Software Development

22-Sep-20 7 Tuesday

Assignment 2: PyTorch Data Structures: Tensors. Defining 

the Single-neuron classifier model in PyTorch.  Training 

loop in PyTorch: Loss functions, optimizers, forward functi
Assign 2

24-Sep-20 8 Thursday

Multi-layer Perceptrons (MLPs); fully connected 

architecture, solving image classification problem with an 

MLP;  What does an MLP learn in image classification?
A3

25-Sep-20 9 Friday

MLP and Assignment 3 - coding the MLP model in PyTorch; 

the adult dataset;  visualizing the data. 

29-Sep-20 10 Tuesday

Key Nomenclature in Machine Learning and Neural Nets: -  

visualization, supervised vs. unsupervised learning; 

classification vs. regression; binary vs. multinomial 

classification;  neural net sigmoid output function;  

Project Structure

01-Oct-20 11 Thursday

Stochastic gradient descent; Train-Test Split; training-

validation split and dataset loading,Types of Classification 

Error;  

02-Oct-20 12 Friday

Classification Error, Continued; Accuracy, Sensitivity, 

Specificity, F1 Score;  Confusion Matrix;  Intro to 

Convolutional Neural Nets

06-Oct-20 13 Tuesday

Convolutional Neural Nets: motivation from fully-

connected nets in image classification context;  kernels, 

output feature maps

A3

Debug Neural Nets 

Part 1; Assign 3

08-Oct-20 14 Thursday

CNN, continued:  the Fully-connected layers, activation 

functions, stride, padding, pooling, complexities A4

09-Oct-20 15 Friday

Coding CNNs in PyTorch, calculating the size of outputs

13-Oct-20 16 Tuesday

CNN, continued: description of few layer CNN, and coding 

in Pytorch; Better Loss Function (Cross Entropy) and Multi-

Nomial Output Function 

Team Deadline Oct 

12

Assignment 4 

Discussion of Part 

1 and Part 2 

15-Oct-20 17 Thursday
Batch Normalization A4P1: Pics

16-Oct-20 18 Friday

Natural Language Processing (NLP) Basics; mapping word 

meanings to vectors; interesting uses and properties of  

word vectors;

20-Oct-20 19 Tuesday

 PRINT_CLOSEST_VECTOR CODE; bias in word vectors;NLP: 

Word2Vec - How to use a Neural Network to create Word 

Vectors;  

Uniqueness 

Approval Deadline; 

Project Ethics 

Framework

22-Oct-20 20 Thursday

TorchText, tokenizing and converting to word vectors;  

Assign 5:  Classifying statements  as  Subjective or 

Objective; Baseline model and CNN Model ;
A5 A4 P2

26-Oct-20 21 Friday

Description of Project Proposal Doc and Presentation; 

Intorduction to Recurrent Neural Networks: Generic RNN

27-Oct-20 22/23 Tuesday

Data Augmentation (22) and Transfer Learning (23)
Proposal Doc Due 

Oct 28

Source Code 

Control and GitHub

29-Oct-20 24 Thursday

RNNs, continued:   Gated Recurrent Units (GRU) & Coding 

in PyTorch;  applied to Assignment 5; 

Proposal Slides 

Due Oct 29

30-Oct-20 25 Friday

Project Proposal Presentations/Review Proposal 

Presentations

03-Nov-20 26 Tuesday

Project Proposal Presentations/Review Proposal 

Presentations

Proposal 

Presentations

05-Nov-20 27 Thursday

 Autoencoders

A5

06-Nov-20 28 Friday

Generative Adversarial Networks (GANs)

10-Nov-20

12-Nov-20

13-Nov-20

17-Nov-20 29 Tuesday

Optimization Methods - Gradient Descent & Momentum;  

adaptive methods: setting learning rate, RMSprop and 

Adam

GPU Acceleration 

of training and in 

the Cloud

19-Nov-20 30 Thursday

Discussion of Final Deliverables for Project

20-Nov-20 31 Friday Debugging & Optimizing Neural Nets Part 2

24-Nov-20 32 Tuesday Review of Course for  Test No Tutorial

26-Nov-20 33 Thursday Questions (from class) on Test.

27-Nov-20 34 Friday

Test from 9am-11am on this day Final Present slides 

due Nov 30

01-Dec-20 35 Tuesday Final Project Presentations Final Presentations Final Presentations

03-Dec-20 36 Thursday Final Project Presentations Final Presentations

04-Dec-20 37 Friday

Final Project Presentations Final 

Presentations; 

Final, Individual 

Reports Dec 608-Dec-20 37 Tuesday Final Project Presentations Final Presentations

Dec 7-11 - Mon-Fri Individual  Project Interviews Interviews

There should be no deliverables due (or midterms/quizzes held) between Saturday, November 7 
at 00:00 and Monday, November 16 at 24:00.

Deliverables due on the Tuesday (November 17) after fall break (from 0000 to 2400) should not 
be significant in weight or preparation requirements.

Fall Study Week-

December 9 is the last day of classes; exams start Friday December 11

November 9-13 Engineering Study Break, no classes or assignments; project deliverables 


