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Algebra-geometry bloc

Advanced geometry. Introduction to di↵erential geometry (Jérémy
Toulisse).

The goal of this course will be to give a general introduction to
di↵erential geometry (more specifically, di↵erential topology and Rie-
mannian geometry). We will cover some important aspects of di↵eren-
tial geometry that are fundamental in many di↵erent areas of research,
and this course will be intimately connected with the other courses of
the Algebra-Geometry Bloc.

More specifically, we aim to cover:

• Theory of smooth manifolds: vector fields, di↵erential forms,
Frobenius theorem.

• Theory of vector bundles, Euclidean and Hermitian metrics,
connections, curvature.

• Riemannian metrics, Levi-Civita connection, geoedesics, Rie-
mann curvature tensor.

• Riemannian submanifolds, second fundamental form, Gauss,
Ricci and Codazzi equations

• Comparison theorems in Riemannian geometry (if time per-
mits).

The following references may be useful

(1) Paulin, Groupes et Géométrie (available of his webpage).
(2) Gallot, Hulin, Lafontaine. Riemannian Geometry - Springer

2004.
(3) Kobayashi, Nomizu. Foundations of Di↵erential Geometry Vol.

I - 1996.

Topics in algebra and geometry. Transcendental methods in com-
plex geometry (Junyan Cao).

The goal of this course is to give an introduction to the transcen-
dental aspect of complex geometry. We will start by recalling briefly
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the notions of connection, curvature, and Cherns classes on holomor-
phic vector bundles, which are closely related to Toulisse and Höring’s
courses. Then we will focus on the Hodge theory and its applications in
complex geometry such as Hard lefschetz theorem, Kodaira vanishing
theorems. In the last part, we will discuss its generalization in singular
metric setting and its recent applications in complex geometry.

The following references may be useful

(1) Demailly, Complex analytic and di↵erential geometry - available
on his homepage.

(2) Demailly, Analytic Methods in Algebraic Geometry Higher Ed-
ucation Press, Surveys of Modern Mathematics, Vol. 1, 2010, -
available on his homepage.

(3) Höring. Kähler Geometry and Hodge theory - available on his
homepage.

(4) Huybrechts. Complex Geometry - Springer 2005.
(5) Voisin. Théorie de Hodge et géométrie algébrique complexe. Vol

10 of Cours Spécialisés, SMF, 2002.

Computational algebra or geometry. Introduction to topological
data analysis (Indira Chatterji and Antoine Commaret).

Topological data analysis is an approach to understand large data sets
through their shape. Data sets are often clouds of points in Rn, and
analyzing them is a challenge with many applications. Techniques from
topology have been proven useful to analyze large data sets, reducing
their complexity to allow computer to handle them. A related question
is to reconstruct a geometrical object only knowing a finite set of points
nearby, which is known as geometric inference. This course will study
the basic tools from topology that are used in topological data analysis
and geometric inference. More specifically, we shall study the following
topics.

(1) Simplicial complexes and homology
(2) Simplicial complexes built from data sets
(3) Delaunay triangulations
(4) Distance functions, distance to measures
(5) Persistent homology

The lectures will be completely theoretical. The exercise sessions will
have some hands-on experiments, as well as theoretical problems. We
shall mainly follow the publicly available books below.

• J.-D. Boissonnat, F. Chazal, M. Yvinec. Geometric and Topo-

logical Inference. Cambridge Texts in Applied Mathematics,
vol. 57, Cambridge University Press, 2018


