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 Academic Org: Dept of Computer Sci & Engg – Subject: AI: Systems & Tech

Course: AIST4040 Course ID: 015377 Eff Date: 2026-07-01 Crse Status: Active Apprv. Status: Approved [New Course]
Mathematical Foundations of Deep Learning 深度學習的數學基礎

 
The purpose of this course is to provide students with a solid mathematical background for modern machine learning, deep learning, and artificial intelligence. The course 
contains selected topics in linear algebra, numerical analysis, optimization, applied probability and classic machine learning algorithms.

本科的目的在於為學生提供現代機器學習、深度學習與人工智慧所需的堅實數學基礎。內容涵蓋線性代數、數值分析、最佳化、應用機率以及經典機器學習演算法等精選主
題。
 

Grade Descriptor: A

EXCELLENT – exceptionally good performance and far exceeding expectation in all or most of the course learning outcomes; 
demonstration of superior understanding of the subject matter, the ability to analyze problems and apply extensive knowledge, and skillful use 
of concepts and materials to derive proper solutions.

有關等級說明的資料，請參閱英文版本。

B

GOOD – good performance in all course learning outcomes and exceeding expectation in some of them; demonstration of good 
understanding of the subject matter and the ability to use proper concepts and materials to solve most of the problems encountered.

有關等級說明的資料，請參閱英文版本。

C

FAIR – adequate performance and meeting expectation in all course learning outcomes; demonstration of adequate understanding of 
the subject matter and the ability to solve simple problems.

有關等級說明的資料，請參閱英文版本。

D
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MARGINAL – performance barely meets the expectation in the essential course learning outcomes; demonstration of partial understanding 
of the subject matter and the ability to solve simple problems.

有關等級說明的資料，請參閱英文版本。

F

FAILURE – performance does not meet the expectation in the essential course learning outcomes; demonstration of serious deficiencies 
and the need to retake the course.

有關等級說明的資料，請參閱英文版本。

Equivalent Offering:
Units: 3 (Min) / 3 (Max) / 3 (Acad Progress)
Grading Basis: Graded 
Repeat for Credit: N
Multiple Enroll: N
Course Attributes:  

 
Topics:

COURSE OUTCOMES
Learning Outcomes:

At the end of the course of studies, students will be able to:
1. Derive advanced deep learning algorithms by hand;
2. Understand the mathematics behind state-of-the-art deep learning systems;
3. Prototyping basic deep learning algorithms.

 
Course Syllabus:

Week 1: Course Introduction: Why mathematical foundations matter in deep learning
Week 2: Linear Algebra: Vector Spaces and Matrices
Week 3: Numerical Linear Algebra: Algorithmic Efficiency in Machine Learning
Week 4: Probability Foundations: Random Variables, Distributions and Central Limit
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Theorem
Week 5: Selected topics in Bayesian Inference (Bayes' Rule, Prior, Likelihood, Posterior)
Week 5: Selected topics in Probabilistic models (Overview of Graphical Models)
Week 6: Optimization in Deep Learning I: Concepts and Algorithms
Week 7: Optimization in Deep Learning II: Large-scale Model Training
Week 8: Modern Deep Learning I: Universal Approximation and Model Architectures
Week 9: Modern Deep Learning II: Inference and Training of Large Models
Week 10: Modern Deep Learning III: Generalization Theory
Week 11: Modern Deep Learning IV: Weight Geometry and Regularization
Week 12: Information Theory Interpretation of Deep Learning
Week 13: Review & Connections to Foundation Models (eg, Large Language Models)

 
Assessment Type: Examination ：30%

Homework or assignment ：60%
Participation ：10%

 
Feedback for Evaluation:

1. Test or quiz
2. Course evaluation and questionnaire
3. Question-and-answer sessions during class
4. Student consultation during office hours or online

 
Required Readings:

  -

 
Recommended Readings:

1. Bishop C M, Nasrabadi N M. Pattern recognition and machine learning. New York: springer, 2006.
2. Goodfellow I, Bengio Y, Courville A, et al. Deep learning[M]. Cambridge: MIT press, 2016.

OFFERINGS
1. AIST4040 Acad Organization=CSD; Acad Career=UG 

COMPONENTS
LEC : Size=60; Final Exam=Y; Contact=3
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TUT : Size=60; Final Exam=N; Contact=1

ENROLMENT REQUIREMENTS
1. AIST4040 Enrollment Requirement Group:

Prerequisite: (ENGG1120/ESTR1005 or ENGG1125/ESTR1007 or ENGG1130/ESTR1006 or ENGG2760/ESTR2018 or
ENGG2780/ESTR2020) AND (AIST3030/ESTR3112)

New Enrollment Requirement(s):
Pre-requisite = (ENGG1120/ESTR1005 or ENGG1125/ESTR1007 or ENGG1130/ESTR1006 or ENGG2760/ESTR2018 or
ENGG2780/ESTR2020 ) and AIST3030/ESTR3112

Additional Information
eLearning hrs for blended cls      0  
VTL-Onsite face-to-face hrs      0  
VTL-Online synch. hrs      0  
VTL-Online asynch. hrs      0  
No. of micro-modules      0  
Research components (UG)      0%  

< E N D  O F  R E P O R T > 


