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Course Overview
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Course Title
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Course Code MH3520
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Contact Hours 51

Research Experience Components Not Applicable

Course Requisites (if applicable)

Pre-requisites

1) MH2100 and MH3600 and MH3500 and PS0001
OR
2) MH2100 and MH3600 and MH2510 and PSO001

Co-requisites

Pre-requisite to

Mutually exclusive to

Replacement course
to

Remarks (if any)




Course Aims

This course investigates deep learning from the perspectives of several mathematical theories: numerical
optimisation, statistical learning, function approximation, and coding theory. The aim is to shed some light on why
and under what circumstances deep learning can be expected to work well - or not.

Course's Intended Learning Outcomes (ILOs)
Upon the successful completion of this course, you (student) would be able to:

ILO 1 | Describe numerical optimization techniques in deep learning

ILO 2 | Formulate deep learning as a statistical learning problem for a quantitative description of the
inherent complexity

ILO 3 | Use function approximation and coding theory to derive upper and lower bounds on the
approximation power of neural networks

ILO4 | Implement deep learning algorithms in Python

Course Content

- History of deep learning and relation to other machine learning techniques

- Training of neural networks via numerical optimization algorithms such as gradient descent
- Error bounds for deep learning algorithms via statistical learning theory

- Universality of neural networks via the Stone-Weierstrass theorem

- Approximation rates for neural networks via spline approximation

Reading and References (if applicable)

There is no single textbook covering the content of the course, and we will have to glimpse into various pieces of
original literature instead. That being said, the following lecture notes can serve as a guide for the developments in
the course: Philipp C. Petersen (University of Vienna): Neural Network Theory. pc-
petersen.eu/Neural_Network_Theory.pdf




Planned Schedule

Week or
Session

Topics or Themes

ILO

Delivery
Mode

Activities

Readings

1

Introduction to Deep
Learning

1,4

Lecture

Basics of Numerical
Optimization

1,4

Lecture and Tutorial

Training Neural
Networks

1,4

Lecture and Tutorial

Basics of Probability
Theory

2,4

Lecture and Tutorial

Error Bounds for
Deep Learning via
Statistical Learning
Theory

2,4

Lecture and Tutorial

Basics of Functional
Analysis

3,4

Lecture and Tutorial

Universality of
Neural Networks

3,4

Lecture and Tutorial

Basics of
Approximation
Theory

3,4

Lecture and Tutorial

Kolmogorov-Arnold
Representation and
Approximation by
Networks of
Bounded Size

3,4

Lecture and Tutorial

10

Splines and
Approximation by
Wide Networks

3,4

Lecture and Tutorial

11

Wavelets and
Approximation by
Wide Networks

3,4

Lecture and Tutorial

12

Coding Theory and
Best Approximation
Rates

3,4

Lecture and Tutorial




Week or Topics or Themes ILO Delivery Activities Readings
Session Mode
13 Analyticity and 3,4 Lecture and Tutorial

Approximation by
Deep Networks

Learning and Teaching Approach

Approach How does this approach support you in achieving the learning outcomes?
Lectures You will be introduced to deep learning from the perspectives of several mathematical
theories. There will be excursions to fill you in on mathematical background as needed, based
on informal feedback sessions.
Tutorials In your homework, you will reinforce mathematical concepts covered in the lectures, learn

communicate mathematical ideas and arguments.

how to implement deep-learning algorithms in Python, and interpret the numerical evidence in
the light of theoretical predictions. When presenting your solutions, you will train to




Assessment Structure

Assessment Components (includes both continuous and summative assessment)

material. The
problems in
the test are
mostly related
to how to
apply the
theory in this
course to
provide
theoretical
guanrantee to
areal machine
learning
problem.

No. Component ILO| Related PLO |Weightage| Description of [Team/Individual| Rubrics Level of
or Assessment Understanding
Accreditation Component
1 | Continuous 1, 20 You will need Individual Holistic | Multistructural
Assessment (CA): 2, to finish in-
Others(Homework) | 3, total 12 sets
4 of homework
and submit it.
2 | Continuous 1, 20 You will need Individual Holistic | Multistructural
Assessment (CA): 2, to present the
Presentation() 3, solution of the
4 homework
and answer
any questions
from the
audience.
3 | Summative 1, 60 The test will Individual Analytic | Relational
Assessment 2, test youon
(EXAM): Final 3 overall
exam(Short Answer understanding
Questions) of the course

Description of Assessment Components (if applicable)

Formative Feedback




we discuss common mistakes.

The proportion of your solved homework is continuous feedback on your ability to follow the class. Moreover, in the
tutorial sessions, you will receive individual feedback when you present your solutions and collective feedback when

NTU Graduate Attributes/Competency Mapping

This course intends to develop the following graduate attributes and competencies (maximum 5 most relevant)

Attributes/Competency

Level

Adaptability

Intermediate

Curiosity

Intermediate

Critical Thinking

Advanced




Course Policy

Policy (Academic Integrity)

Good academic work depends on honesty and ethical behaviour. The quality of your work as a student relies on
adhering to the principles of academic integrity and to the NTU Honour Code, a set of values shared by the whole
university community. Truth, Trust and Justice are at the core of NTU’s shared values. As a student, it is important
that you recognize your responsibilities in understanding and applying the principles of academic integrity in all the
work you do at NTU. Not knowing what is involved in maintaining academic integrity does not excuse academic
dishonesty. You need to actively equip yourself with strategies to avoid all forms of academic dishonesty, including
plagiarism, academic fraud, collusion and cheating. If you are uncertain of the definitions of any of these terms, you
should go to the academic integrity website for more information. On the use of technological tools (such as
Generative Al tools), different courses / assignments have different intended learning outcomes. Students should
refer to the specific assignment instructions on their use and requirements and/or consult your instructors on how
you can use these tools to help your learning. Consult your instructor(s) if you need any clarification about the
requirements of academic integrity in the course.

Policy (General)

Before each tutorial, you will be asked to indicate which homework problems you have solved. For any problem
marked as solved, you must be able to present a complete and rigorous solution when requested to do so.

Policy (Absenteeism)

You are expected to actively participate in all lectures and tutorials. If you miss a lecture, you must inform the
instructor via email prior to the start of the class. If you miss a tutorial, you must obtain official leave from the
administration. Unexcused absence will negatively impact your grade.

Policy (Others, if applicable)

Diversity and inclusion policy
Integrating a diverse set of experiences is important for a more comprehensive understanding of science.

It is our goal to create an inclusive and collaborative learning environment that supports a diversity of perspectives
and learning experiences, and that honours your identities; including ethnicity, gender, socioeconomic status, sexual
orientation, religion or ability.

To help accomplish this:

e Ifyou are neuroatypical or neurodiverse, have dyslexia or ADHD (for example), or have a social anxiety disorder
or social phobia;

o Ifyou feel like your performance in the class is being impacted by your experiences outside of class;

¢ If something was said in class (by anyone, including the instructor) that made you feel uncomfortable;

Please speak to your teaching team, our school pastoral officer or a peer or senior (either in-person or via email)
about how we can help facilitate your learning experience.

As a participant in course discussions, you should also strive to honour the diversity of your classmates. You can do

this by: using preferred pronouns and names; being respectful of others opinions and actively making sure all voices




are being heard; and refraining from the use of derogatory or demeaning speech or actions.

All members of the class are expected to adhere to the NTU anti-harassment policy. if you witness something that
goes against this or have any other concerns, please speak to your instructors or a faculty member.




Appendix 1: Assessment Rubrics

Rubric for Tutorials: Homework (20%)
Point-based marking

Rubric for Tutorials: Presentation (20%)

For any problem indicated as solved, you must be able to present a complete and rigorous solution
when requested to do so in the tutorial. You will be requested at least 2 or 3 times (depending on
class size) to present a solution and will be scored on it individually as follows.

Grading High standard (20 — 14) Average standard (13 - 7) Low standard (0 — 6)
Criteria

Quality of The solution is accurate The solution is mostly accurate | There is a major mistake or
the solution | and complete. and complete, up to some minor | missing piece.

mistakes or missing pieces.

Quality of The presentation is clear The presentation is mostly clear | The presentation is unclear or

the and well organized. It is and organized. It is possible to | messy. It is difficult or
presentation | easy to follow your follow your arguments. impossible to follow your
arguments. argument.

Rubric for Examination: Short Answer Questions (60%)
Point-based marking



