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These notes are based on graduate (‘Nachdiplom’) lectures given in spring term
2022 at the Department of Mathematics, ETH Zürich, Switzerland. I am very grateful
to the Forschungsinstitut für Mathematik (FIM) at ETH Zürich for hosting me, as
well as to Afonso Bandeira and Sara van der Geer for their hospitality during my
visit.

Chapters 1 and 2 develop a framework of Bayesian Gaussian process methods in
non-linear random design regression models and give sufficient conditions to obtain
global convergence guarantees for posterior measures in PDE-type inverse problems.
Chapters 3 to 5 develop the local theory about fluctuations and shape of posterior
measures in high dimensions, and touch on the related issue of convergence proper-
ties of gradient-based MCMC algorithms. The reader will require background in real
analysis, measure-theoretic probability and stochastic convergence theory – one may
consult [46] or similar texts. We will frequently use mathematical techniques from
high-dimensional statistics and probability as developed in [60]. Relevant material
from elliptic partial differential equations, functional analysis and stochastic calculus
will be reviewed in Appendices A and B.

I would like to thank the many colleagues whose feedback and input over the
past years have helped shape my understanding of this material. Let me mention
Francis Bach, Afonso Bandeira, Ismaël Castillo, Victor Chernozhukov, Marc Hoff-
mann, Ankur Moitra, Francois Monard, Kolyan Ray, Sebastian Reich, Markus Reiß,
Philippe Rigollet, Judith Rousseau, Christoph Schwab, Vladimir Spokoiny, Botond
Szabo, Andrew Stuart, Edriss Titi, Sasha Tsybakov, Sara van de Geer, Aad van der
Vaart, Harry van Zanten and Martin Wainwright; as well as current, former and visit-
ing members of my research group, among them Kweku Abraham, Randolf Altmeyer,
Jan Bohr, Matteo Giordano, Hanne Kekkonen, Aksel K. Rasmussen, and Sven Wang.
I would particularly like to thank Gabriel P. Paternain for the many inspiring discus-
sions about non-linear inverse problems over the past years – these notes owe much
to them.
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