Mathematical foundations for computational science

Credits: 5 hp + an optional elective 2.5 hp of specialization within some of the course topics

Time frame: The course will be given sep-nov 2025 and will be repeated biannually. The first
lecture is scheduled for September 3, 10:15. The room is not yet decided.

Course structure: The course is divided into two blocks: “Foundations of approximation theory
and functional analysis” and “Foundations of probabilistic modelling”. The course will be given
as a series of lectures, be pre-recorded and/or live, in combination with seminars where the
material is discussed.

Examination: The course will be examined through assignments and project work, including
oral presentations to the group.

Level: The course is targeted to beginning graduate students with some background in
mathematics and scientific computing. As an example, we would expect the students to have
seen the finite difference method and the finite element method, and to be aware of machine
learning on a conceptual level, but not to have advanced knowledge in these areas.

Content: The course will cover the most fundamental theory and tools that are needed to
analyze and evaluate numerical methods for simulation and data analysis. Specifically the
following topics will be included:

Properties of univariate, multivariate and tensor product approximations.
The relation of approximation theory to convergence estimates in optimal recovery
problems.

e Polynomial approximations with error estimates and sampling inequalities, best N-term
approximations.

e Machine learning theory from an approximation theory perspective, generalization
bounds, complexity measures (Rademacher, covering numbers). Optimization
guarantees for convex, non-convex and overparameterized models (as elective
modules).

e Probabilistic/stochastic convergence, weak convergence, law of large numbers. Monte
Carlo method.

e Basics of Bayesian estimation and uncertainty quantification, aleatoric and epistemic
uncertainty. Metropolis algorithm.

e Convergence of functions, function space

Contact persons:
Elisabeth Larsson, elisabeth.larsson@it.uu.se
Prashant Singh, prashant.singh@it.uu.se
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Stefan Engblom, stefan.engblom@it.uu.se

Registration: Please email elisabeth.larsson@it.uu.se to let us know before September 1, if
you are planning to follow the course, and if the preliminary schedule below for the first block
works for you.

Should you miss the deadline, come talk to us in person about whether it can be possible to join
the course as a latecomer.

Tentative schedule

The first block has scheduled lectures/seminars, while the second block tentatively has only
recorded lectures. The preliminary times and dates for the first part are as follows:

Sep 3, 10:15-12

Sep 15, 10:15-12

Sep 22, 10:15-12

Oct 2, 10:15-12

Oct 9, 10:15-12

Oct 17, 13:15-15
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