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To my mother





Preface

These lecture notes were written for the 45th École d’Été de Probabilités de Saint-
Flour in 2015. It was a great honour and a pleasure for me to be invited there
and enjoy the Grand Séminaire, the beautiful surroundings and, most of all, the
wonderful participants. The summer was very warm, with temperatures rising up
to 40ı. However, the old building kept us cool and ready to digest quite a few
lectures each day. Indeed, the amount of mathematical activity was impressive, with
a scientific programme in both mornings and afternoons and many excellent talks
presented by my fellow participants. But there were also numerous other activities:
chatting, hiking, dining, ping-pong, and looking after the small kids.

The notes aim to provide an overview of the techniques used to obtain theoretical
results for models of high-dimensional data. High-dimensional models have more
unknown parameters p than observations n. Sparsity means that the number of
relevant—or active—parameters is actually much smaller than n. However, which
parameters these are, or how many there are, is not known beforehand. The first goal
in these notes is to study methods that perform almost as well as in the hypothetical
case with a known active set. The next goal is then to zoom in on certain parameters
of interest and test their significance.

An important technique in high-dimensional regression is the Lasso method. It is
taken here as a prototype for understanding other methods, such as those inducing
structured sparsity or low rank or those based on more general loss functions. The
common features are highlighted so that—hopefully—they will serve as a good
starting point for the theory of new methods, not treated in this book.

I am very grateful to the Scientific Board for having given me the opportunity
to lecture at the Saint-Flour Summer School. I thank all participants and am greatly
indebted to Claire Boyer, Yohann De Castro and Joseph Salmon, who spontaneously
did a careful reading of the version of the lecture notes available at the time. The
mistakes in the current version have entered after their proofreading. Special thanks
goes to the organisers on the spot, Christophe Bahadoran and Laurent Serlet. I also
thank the two other main lecturers, Sourav Chatterjee and Lorenzo Zambotti for our
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very pleasant time together and for their inspiring courses which opened up new
windows with magnificent views.

I thank my colleagues at the Seminar for Statistics in Zürich for their support, for
their motivating interest and for providing me with an ideal research environment.

Finally, a very special thanks is extended to my family.

Zürich, Switzerland Sara van de Geer
March 2016
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