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This non-examinable course is intended to be an introduction to the mathematical theory of
Deep Learning. The course is aimed at part-III students with a mathematical background, with
the goal of attracting their attention to this new research field which is nowadays experiencing
a huge development.

The great success of the application of Deep Learning techniques to a wide range of real-life
problems has raised a number of mathematical questions, some of them being still unanswered,
or partially answered. These questions concern the actual approximation and generalization
power of deep neural networks as well as the success of non-convex optimization techniques
used during training.

During the course, we will give an introduction to the mathematical tools and the notation used
to describe and analyse Deep Learning techniques. Then, we will present the main problems
and challenges arising in the field and review some of the existing results.

The course will cover a selection of topics including:

• Introduction to Deep Learning architectures: Multi-Layer Perceptron, Residual
Networks, Convolutional Neural Networks, etc.

• Expressivity of Neural Networks: results on approximation of functions by means of
one-layer neural networks, the role of the depth, etc.

• Optimization of Deep Neural Networks: convergence of stochastic gradient descent,
loss landscape analysis, implicit regularization, etc.

• Generalization of overparametrized Neural Networks: Neural tangent kernels,
double descent phenomenon, etc.

• Geometrical properties of NN architectures: convolutional NNs, scattering trans-
form, equivariant NNs, etc.

• DL for sciences: Physics Informed NNs, DL for inverse problems, etc.

Prerequisites

This course is addressed to graduate students in mathematics. No specific knowledge is required,
but a background in mathematical analysis, statistics and/or optimization are welcome.
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