CIS6930 Using Algebraic Geometry in Computing

Fall, 2008
Course Description Algebraic geometry is perhaps the most esoteric branch of modern mathematics.  However, the central problem studied in algebraic geometry is the geometry of the solutions of a collection of polynomials, a problem that we all have acquainted in high school when we first plotted parabolas and ellipses on scratch papers.  

In this course, we will investigate recent algorithms, using ideas and concepts originated from algebraic geometry, for dealing with polynomial equations, and several unexpected and exciting applications of these new techniques in combinatorics, integer programming and other areas.  This is not a math course in that proving theorem is not our main focus (although we will study in details several important theorems).  Instead, we will work out numerous concrete examples and stress the computational aspect of the subject.      

Instructor
Jeffrey Ho


Time

Tu. 8th period and Th. 8th and 9th periods
Place

B310 Turlington Hall
TextBook
Using Algebraic Geometry, by Cox, Little and O’Shea, Graduate Texts in Mathematics 185, Springer 2005

Topics
For the first three quarters of the course, we will follow the textbook closely.  Our principal aim is to study materials in chapters 1-3 and 7-8 that deal with solving systems of polynomial equations and other interesting applications, such as integer programming, combinatorics and polynomial splines.  Materials from Chapters 5-7 will be covered as necessary.  In the last part of the course, we will study the optimization problem for rational functions using algebraic geometry techniques.  Topics include:

1. Rings, ideals and varieties,

2. Grobner basis and elimination theory

3. Resultants 

4. Modules and syzygy

5. Polytopes and Bernstein’s theorem

6. Integer programming and combinatorics 


7. Rational function optimization

Grading 
Grading will be based mostly on homework problems.  The textbook contains many exercises and interesting problems, and solving a good portion of them is absolutely essential for understanding the materials discussed in class.  The students are expected to solve two or three homework problems following each class, and there will be several simple programming assignments using Maples during the semester.  There will be no final exam for this course.    

