
Introduction

Algorithms to compute with polynomials in several variables are re-
quired because of the increasing interest in multidimensional systems.
Gröbner bases theory provides these algorithms.

It was Buchberger, in the sixties, to define and study Gröbner bases
(Gröbner was the teacher who assigned him a thesis on the subject),
nevertheless a great interest in Buchberger’s work developed starting
from the eighties, when computers spread on a vast scale.

In this thesis Gröbner bases theory is outlined underling the algo-
rithmic aspect of the subject, and in such a way to make generalizations
easier.

Often, in multidimensional systems theory, we find matrices whose
entries are polynomials in which variables appear with negative ex-
ponent. That’s the reason why we have dealt with generalizations
of Gröbner bases theory both to the set of polynomial vectors (i.e.
modules over k [x1, . . . , xn]) and to the set of Laurent polynomials (i.e.
k

[
x±1 , . . . , x±n

]
).

Theory and algorithms remain quite the same in the case of poly-
nomial vectors.

On the contrary computational and theoretic difficulties rise in the
generalization to Laurent polynomials. These are due to the fact that
we are now in a more general setting than the polynomial one, which
is just a particular case. For this reason we will also study an indirect
approach, that is to say a method to reduce a problem with Laurent
polynomials to a problem with polynomials, not needing so a Gröbner
bases theory for Laurent polynomials.

As an example, after having solved the problem of computing syzy-
gies in a polynomial setting (that is all the solutions of a linear omoge-
neous system in which coefficients and unknowns are polynomials), it
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is possible to solve the same problem in a Laurent polynomial setting
by means of the indirect approach.

Finally we’ll use Gröbner bases theory trying to solve two problems
about the design and representation of multidimensional filters. The
first problem concerns with the parametrization of all the inverse FIR
filters of a given FIR filter itself. The second one concerns with the
completion of a unimodular matrix to an invertible one, and in this last
case we’ll consider an heuristic but computationally efficient algorithm.


