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Advanced Deep Learning Systems

ELEC70109 New short title

The widespread adoption of deep leaming methods has been largely driven by
the availability of easy-to-use systems such as PyTorch and TensorFlow.
However, it is less common for users to explore the internals of the libraries and
understand how they function, as well as how to optimize the high-level code
for hardware systems. When deep learning algorithms are deployed into
custom hardware, they are often modified to run faster and more efficiently.
This module will provide you with the basic concepts and principles of modemn
deep learning systems, and explore how optimizations can be applied from
both the software and hardware aspects of the system stack.
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On successful completion of this module, you'll be able to :

(1) Analyze the design principles of modern machine learning systems

(2) Argue the mapping of high-level Python code in Pytorch or Tensorflow into actual
hardware (such as GPUs and FPGAs)

(3) Assess the potential benefits of software and hardware optimizations

(4) Argue by comparing and contrasting how various vision and language models can
benefit from different optimizations and being mapped to hardware.

The module introduces the design, optimisation, and deployment of modern deep learning
systems, with an emphasis on foundation models and large-scale Al. It covers
transformer architectures for language, vision, and multimodal learning, including
attention mechanisms, embeddings, Mixture-of-Experts, and retrieval-augmented
generation. Students study parameter-efficient adaptation techniques, distributed
training, compiler technologies, model compression, and inference optimisation across
heterogeneous hardware. The module also explores multimodal and embodied Al
systems, agentic Al, and practical deployment considerations, including benchmarking,
evaluation, robustness, and responsible Al. Through analysis of recent research papers
and a substantial group project, students gain experience in designing, implementing,
optimising, and evaluating scalable deep learning systems using modern software
frameworks and hardware accelerators.

This module will consist of 9 two-hour lecture sessions. Lectures will provide you with
the necessary theories and a series of background readings. You will also learn through
a practical project done in small groups during the term.

The module is assessed by coursework which consists of a group project in Deep
Learning (80%), as well as through an online quiz (20%).

You will be provided with written comments on the quality of submitted coursework
results.

A reading list will be provided in lectures
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Assessment details

Pass mark
Grading method |Numeric | 50%
Assessments
rass Must
Assessment type Assessment description Weighting mark pass?
Coursework Group project 80% 50%|N
Examination Test 20% 50% N

100%




