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Combinatorics and Algebraic Geometry have classically enjoyed a fruitful  
interplay. The aim of this series of lectures is to introduce recent development in  
this research area. The topics involve classical algebraic varieties endowed with a  
rich combinatorial structure, such as toric and tropical varieties. Combinatorial  
methods in problems  such as syzygies, projective duality, compactifications and 
recent applications to neighboring fields,  such as algebraic statistics, will be 
presented.

List of speakers:

o Aldo Conca (Università di Genova), conca@dima.unige.it
o Sandra Di Rocco (KTH, Stockholm), dirocco@math.kth.se
o Jan Draisma (Technische Universiteit, Eindhoven), 

jdraisma@win.tue.nl
o Bernd Sturmfels (UC Berkeley), bernd@math.berkeley.edu
o Filippo Viviani (Università di Roma Tre), viviani@mat.uniroma3.it

Preliminary programs of the courses:
Each course will consist on 5 one hour-lectures.

Aldo Conca (Università di Genova)
Koszul algebras, Koszul homology and syzygies

The study of systems of polynomial equations is the subject of commutative 
algebra and algebraic geometry. When we actually study rings or algebraic 
varieties we often want to know their defining equations and the relations among 
them, their syzygies.
The study of Koszul algebras and Koszul homology offers a way to investigate 
syzygies and, in many important cases (e.g. toric rings or determinantal rings), it 
involves combinatorial constructions. 

Sandra Di Rocco (KTH, Stockholm)
Linear Toric fibrations and Cayley polytopes

Toric varieties which are birational to projective toric bundles are associated to a 
class of polytopes called Cayley polytopes. Their geometry and combinatorics 
have a fruitful interplay leading to fundamental insight in both directions. The 
lectures will illustrate geometrical phenomena, in algebraic geometry and 



neighboring fields, which are characterized by a Cayley structure. Examples 
are projective duality of toric varieties, polyhedral adjunction theory, mixed 
discriminants and Chemical reaction networks.

Jan Draisma (Technische Universiteit, Eindhoven)
Infinite-dimensional systems of polynomial equations with symmetry.

Systems of polynomial equations in infinitely many variables arise naturally in
many areas of applied algebraic geometry. For instance, they may be limits of 
systems in finitely many variables that describe statistical models where some of 
the parameters tend to infinity. Typically, these infinite-dimensional systems have 
a lot of symmetry.
In these lectures I will explain how to exploit this symmetry to obtain finiteness
results, both theoretical and computational. Beautiful combinatorics of well-quasi-
ordered sets plays a fundamental role. 

Bernd Sturmfels (UC Berkeley, California)
Maximum Likelihood Geometry

Likelihood functions are certain monomials in linear forms. Motivated by statistics, 
we study the critical points of such functions on any projective  variety. Their 
number, the ML degree, is an important topological invariant.
These lectures give an introduction the beautiful subject of maximum likelihood 
estimation from the perspective of pure mathematics. We present what is known 
for the favorite objects of combinatorial algebraic geometry, including toric 
varieties, determinantal varieties, and complete intersections.

Filippo Viviani (Università di Roma Tre)
Toroidal compactifications of locally symmetric varieties 
 
The course aims at describing the construction and main properties of the toroidal 
compactifications of locally symmetric varieties, with special emphasis on the 
combinatorial aspects of the theory.
The topics that will be covered are the following:
(1) Bounded symmetric domains and locally symmetric varieties;
(2) Homogeneous self-adjoint cones and their polyhedral decompositions;
(3) Toroidal embeddings;
(4) Minimal and toroidal compactifications.
Throughout the course, special emphasis will be put on the following guiding 
examples: the Siegel space, the moduli space of abelian varieties, the cone of 
positive definite quadratic forms. 


