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Robust Learning Algorithms, Data Depths,
and Hamilton-Jacobi Equations

Learning algorithms have achieved significant advances in recent years, but their robustness
and reliability remains problematic. Many mathematical approaches have been proposed for
mitigating this issue: the first aim of this talk will be to give an overview of different means
used to achieve this goal, described in the language of classical variational problems. The
second part of this talk will turn towards a particular approach, stemming from classical
statistical theory, which seeks to generalize quantiles and medians to higher dimension: the-
se are known as data depths. Recent work, in collaboration with Martin Molina-Fructuoso,
connects certain types of data depths (specifically Tukey/Halfspace depths) with Hamilton-
Jacobi equations, a first-order partial differential equation that is fundamental to control theo-
ry. We’ll discuss various numerical algorithms stemming from this work which enable compu-
tation of depth functions in high dimensions, which was previously not feasible. This talk will
aim to be accessible to a broad audience in applied math, and will not assume any particular
expertise in statistics or partial differential equations.
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