EO 231 ALGORITHMIC ALGEBRA
DEPT. OF COMPUTER SCIENCE AND AUTOMATION

INSTRUCTOR: AMBEDKAR DUKKIPATTI

DESCRIPTION OF THE COURSE

This is a course about study of polynomials in several variables and equations involving
them. Study of polynomials is integral part of many disciplines of mathematics and theo-
retical computer science. This course centers around the theory of Grobner bases and its
applications.

Grobner bases were introduced by Buchberger (1965) as a computational tool for testing
solvability of polynomial equations. It serves as a general algorithmic solution of some fun-
damental problems in commutative algebra and algebraic geometry. Since then the theory of
Grobner bases has held an important place in mathematical research. Due to its algorithmic
roots and its applications in coding, cryptography optimization, statistics etc., it has further
attracted attention from various disciplines: computer science, operations research, electrical
engineering and applied mathematics.

This course emphasizes rigorous reasoning and analysis, and the skills to work with ab-
stract concepts. The course is self-contained and some exposure to discrete mathematics

would be helpful.

OUTLINE OF THE COURSE

This course is taught in four parts

Basic algebraic notions: Integers, Euclidean algorithm, division algorithm, rings and
polynomial rings, abstract orders and Dickson’s lemma.

Introduction to Grobner bases: Term orders, multivariate division algorithm, Hilbert
basis theorem, Grobner bases and Buchberger algorithm, computation of syzygies,
basic algorithms in ideal theory, universal Grobner bases.

Algebraic applications: Hilbert nullstellensatz, implicitization, decomposition, rad-
ical and zeros of ideals

Other applications: Toric ideals and integer programming, applications to graph the-
ory, coding, cryptography, statistics.
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