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New developments in the theory of
Linear Integer Programming

Abstract

In the area of Mathematical Programming (i.e. Optimization and Operations
Research) there are developped methods for solving all kind of optimization
problems occuring in industry or enonometry. These problems are often
of the form: Maximize or Minimize a (real valued) function f(x) under a
collection of constraints which have to be satisfied by a vector x. Depending
on the structure of f and the structure of the restrictions, one distinguishes
in linear, nonlinear, integer or combinatorial optimization.

The aim of my lectures is to introduce some new developments in the
theory of Linear Integer Programming which are mainly based on work of
Conti and Traverso (1991), Sturmfels (1995), Thomas (1995), and some
others (see the literature). The crucial point is that methods from Computer
Algebra can be applied to solve linear integer programs; the fundamental
link being Gréobner bases of toric ideals and test sets for (families of ) integer
programs.



List of Topics

. From Linear Algebra to Integer Programming

Linear restrictions, standard- and canonical form, feasibility, structure
of the set of feasible points, Hilbert bases, Hermitean normal form,
complexity status of the underlying desicion problems

. Ideals in Polynomial Algebras
Hilbert’s Basissatz, Dickson’s lemma, monomial ideals, binomial ideals,
toric ideals

. Test Sets and Orderings

A-orders and term orders, integer programs with variable right hand
side, generic optimization with test sets, existence, termination, com-
patible term orders, theorem of Conti and Traverso

. Test Sets and Grobner Bases
Division algorithm, reduced Grébner basis, the fundamental trilogy,
Buchberger’s algorithm

. Integer Programming with Test Sets
Elimination, ideal quotients, finite generation of toric ideals, testing
feasibility
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