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Lectures on

Gröbner Bases in Commutative Algebra and Combinatorics

Day and Date : Wed, Feb 23, 2005
Time : 2.30 - 4.00

Speaker : Prof. J. Herzog, Univ. of Essen-Duisburg
Title : Gröbner bases in commutative algebra and combinatorics I

Abstract: In this survey lecture, we present two examples of how Gröbner bases can be used not just
as a tool for explicit computations but as a technique to prove general results in commutative algebra
and combinatorics. In the first example we prove a formula of Conca-Herzog for the HIlbert series of
a determinantal ring. The proof is based on the fact that a graded ideal and its initial ideal have the
same Hilbert function. In the second example we discuss the Kruskal-Katona theorem on the number
of facets of a simplicial complex and indicate its proof using Gröbner bases in exterior algebras.

Day and Date : Wed, Feb 23, 2005
Time : 4.15 - 5.30

Speaker : Dr. A. V. Jayanthan, HRI, Allahabad
Title : Gröbner bases and initial ideals I

Abstract: In this lecture, we will present basic results about Gröbner bases of ideals. We will show
that Hilbert function of R/I, where I is a graded ideal in the polynomial ring R over a field, and
R/in(I) are same. Moreover we will also prove that if R/in(I) has property P then so does R/I where
P is any one of the following: reduced, normal, Cohen-Macaulay and Gorenstein.

Day and Date : Fri, Feb 25, 2005
Time : 2.30 - 4.00

Speaker : Prof. J. Herzog, Univ. of Essen-Duisburg
Title : Gröbner bases in commutative algebra and combinatorics II

Abstract: In this lecture, we discuss algebraic shifting theory introduced by Gil Kalai. The idea of
shifting theory is to replace a simplicial complex by a combinatorially simpler simplicial complex which
has however the same basic data. We consider symmetric, and exterior algebraic shifting as well as
combinatorial shifting. We compare the graded betti numbers of Stanley-Reisner ideal of a simplicial
complex and its shifted complex. We also discuss some conjectures related to shifting theory.

Day and Date : Fri, Feb 25, 2005
Time : 4.15 - 5.30

Speaker : Dr. A. V. Jayanthan, HRI, Allahabad
Title : Gröbner bases and initial ideals II

Abstract: We will show that for a graded ideal I in a polynomial ring R, the projective dimension
and regularity of R/I are less than or equal to the projective dimension and regularity of R/in(I)
respectively. Equality occurs in the reverse lex order after a generic linear transformation of coordinates.

Day and Date : Wed, Mar 2, 2005
Time : 2.30 - 3.30

Speaker : Prof. J. Herzog, Univ. of Essen-Duisburg
Title : Gröbner bases in commutative algebra and combinatorics III
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Abstract: There are many examples of ideals which have a linear resolution but whose powers or some
of its powers do not have a linear resolution. On the other hand there are criteria in terms of Gröbner
bases which guarantee that all powers of an ideal do have linear resolutions. Using such a criterion
and Dirac’s theorem on Chordal graphs, it has been shown by Herzog-Hibi-Zheng that all powers of a
monomial ideal having a 2-linear resolution have 2-linear resolutions. We present the main ideas of the
proof of this theorem. The theorem fails to be true if either the ideal is not a monomial ideal or it has
a d-linear resolution for d ≥ 3.

Day and Date : Fri, Mar 2, 4, 2005
Time : 3.45 - 5.00

Speaker : Dr. Clare D’Cruz, CMI, Chennai
Title : Regularity of ideals

Abstract: The notion of Castelnuovo-Mumford regularity goes back to Castelnuovo. Mumford defined
this notion in the generality known today. We will provide bounds on regularity powers of homogeneous
ideal and show that asymptotically it is a linear polynomial. We will also compare the regularity of an
ideal with its radical and compute some examples.

Day and Date : Fri, Mar 4, 2005
Time : 2.30 - 3.30

Speaker : Prof. J. Herzog, Univ. of Essen-Duisburg
Title : The depth of powers of an ideal

Abstract:
In this lecture, we discuss the behaviour of the depth function f(n) = depthS/In of an ideal I in a

ring S. A classical result of Brodmann says that this depth function is constant for large n. We give a
new proof of this fact and present some variations of this. The behaviour of depthS/In for samll n is
less understood. Typically this function is decreasing and we discuss cases when this happens. On the
other hand we show that any bounded increasing numerical function is the depth function of a suitable
ideal. The open question is if any numerical function that is constant for large n is the depth function
of an ideal.
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