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Objectives:
The course offers an in-depth study on the mathematical foundations of deep neural networks (DNNs), which
are at the heart of the AI revolution. The first part of the course covers the fundamental aspects of statistical
learning and large-scale convex and non-convex optimization methods for modern machine learning tasks. We
then focus on learning by a DNN, pose the resulting learning problem as an empirical risk minimization, discuss
state-of-the-art methods of large-scale training. Finally, we describe common DNN architectures/types such as
deep convolutional/recurrent neural networks.
Outcomes:
On completion of the course students should be able to:
• Understand fundamental theories on large-scale convex optimization, and non-convex optimization, which
underpin deep learning
• Understand state-of-the art training methods being used at the forefront of deep learning research
• Acquire theoretical background (and practical skills) needed to do research in deep learning, or to apply
these techniques to their field of expertise
Prerequisite
• Linear algebra
• Introduction to Convex Optimization
• Introduction to Probability and Statistics
Syllabus
• Fundamentals of deep neural networks (DNNs): mathematical models, feedforward neural networks, derivations of BackPropagation algorithm
• Large-scale training of DNNs: challenges in DNN training, loss surface, state of the art training methods(
AdaGrad, RMPProp, ADAM)
• Recurrent neural networks (RNN) for sequence modeling: mathematical models for RNNs, training RNNs
(with BPTT), challenges with learning long-term dependencies
• Long-short term memory networks: Motivation, mathematical models, training (with BPTT)
• Convolutional neural networks
• Factor models and manifold learning
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