Title (Units): COMP4156 Advanced Artificial Intelligence and Machine

Learning (3,2,1)

Course Aims: To cover advanced topics in artificial intelligence and machine learning, including

trustworthy and efficient foundation models, discrete optimisation, reinforcement
learning, and generative multimodal models. The course cultivates research
thinking and covers hands-on skills through critical reading of academic papers,
analysis, and research-oriented mini projects.

Prerequisite: COMP3057 Introduction to Al and ML OR COMP3117 Applied Artificial

Intelligence

Course Intended Learning Outcomes (CILOs):
Upon successful completion of this course, students should be able to:

No. | Course Intended Learning Outcomes (CILOs)
Knowledge

1 Describe various advanced machine learning algorithms and their applications

2 Explain the capabilities and limitations of various machine learning technigues
Professional Skill

3 Implement the selected machine learning algorithms

4 Solve the problems using selected machine learning techniques

5 Analyse a piece of research work and understand open questions in the field
Attitude

6 Show an understanding of the uncertainties and complexities as part of the research and/or problem-
solving process

Calendar Description: This course discusses advanced topics in artificial intelligence and machine

learning.

Teaching and Learning Activities (TLAS):

CILOs Type of TLA
1-2 Students will learn core concepts and techniques through lectures and in-class exercises.
3-5 Students will be assigned two mini projects: one focused on defining new problems and
identifying key challenges, and another on implementing solutions using advanced machine
learning methods.
6 Students will present their projects through presentations and engage in guided discussions,
developing their communication skills and awareness of conducting research.
Assessment:
No. | Assessment | Weighting | CILOs to be Description of Assessment Tasks
Methods addressed
1 Continuous 20% 1-2 Two analyses and presentations: Students will
assessment critically read and analyse advanced research
papers, focusing on problem definitions, key
challenges, and methodology insights. The
analyes/presentations aim to assess students’
understanding of advanced methods and their ability
to analyse research work. Students participate in
peer assessments.
2 Group Mini 40% 3-6 Students will implement selected methods to
project I address the defined problem and present their
solution. Proposed breakdown:
* Project completeness (20%);
* Code implementation (50%);
* Technical report (15%);
* Oral presentation (15%).




3 Individual 40% 3-6 Students will identify the novel Al problems under
Mini project course instructors’ guidance and articulate key
I challenges. Proposed breakdown:
* Project completeness (20%);
* Code implementation (50%);
* Technical report (15%);
* Oral presentation (15%).
Assessment Rubrics:
Excellent (A) Good (B) Satisfactory (C) Marginal Pass (D) [Fail (F)

Achieves all the core
CILOs (1-4) with
strong evidence of
having achieved the
research- and skill-
oriented CILOs (5—
6).

Achieves all the core
CILOs (1-4), with
some evidence of
engagement with the
research and skill-
oriented CILOs (5—
6).

Achieves some of the
core CILOs (1-4),
with limited evidence
of achieving the
others, showing a
basic understanding
of key concepts and
skills.

Achieves a few core
CILOs (1-4) with
minimal evidence of
understanding,
showing only a
superficial grasp of
key concepts.

Achieves none of the
core CILOs (1-4),
with little
understanding of key
concepts or
methodologies in the
selected topics.

Demonstrates a
thorough
understanding of
theoretical concepts
and practical
techniques in

Demonstrates a solid
grasp of key machine
learning concepts,
with competent
implementation of
algorithms and

Able to provide

acceptable solutions
to standard problems
in machine learning.

Able to produce
partially correct or
incomplete solutions
to simple problems in
machine learning.

Unable to provide
correct or meaningful
solutions to basic
problems in machine
learning.

variety of appropriate
methods to analyse
problems and
develop effective
solutions.

appropriate methods
to solve well-defined
problems in Al and
machine learning
contexts.

adequate but limited
understanding of
selected advanced
topics.

and fragmented
knowledge of the
selected topics.

advanced Al and techniques.
machine learning.
Able to apply a Able to apply Demonstrates an Demonstrates limited [Knowledge of the

subject is below the
minimum acceptable
level.

Shows initiative,
critical thinking, and
originality in
engaging with open-
ended tasks and
research-oriented
activities.

Shows the ability to
analyse research
ideas and present
findings clearly, with
some initiative in
open-ended tasks.

Applies some
appropriate
techniques to familiar
and guided tasks with
moderate success.

Relies heavily on
guidance when
applying basic
techniques to familiar
tasks.

Unable to apply
relevant techniques
or reasoning to
practical or
theoretical tasks.

Course Content and CILOs Mapping:

Content CILO No.

| Current Research Trends in Artificial Intelligence Overview of the 1-2
Topics in Artificial Intelligence and Their Relationships

Il | Learning and Reasoning in Foundation Models 1-6

111 | Multimodal Understanding and Generation 1-6
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Course Content:
Topic

I Current Research Trends in Artificial Intelligence Overview of the
Topics in Artificial Intelligence and Their Relationships

. Learning and Reasoning in Foundation Models
A. Trustworthy Foundation Models
B. Efficient Foundation Models
C. Al Alignment and Agents
D. Machine Reasoning

I1. Multimodal Understanding and Generation
A. Multimodal Alignment and Learning
B. Self-Supervised Representation Learning
C. Vision and Language
D. Large-Scale Generative Models



