MA-415: ALGEBRAIC SYSTEMS AND CODING THEORY (3 Credits)

An introduction to the use of abstract methods in mathematics, using algebraic systems that
play an important role in many applications of mathematics.

Abelian groups, Commutative rings with identity, fields, Ideals, Polynonial rings, Principal
Ideal domains, arithmetic of integers mod n and finite fields. Vector spaces over arbitraty
fields, Examples of Algebra of Polynomial rings over an arbitrary field, subspaces, bass,
linear transformations. Eigenvalues, eigenvectors, eigenspaces, Characteristies, Polynomial,
Minimal Polynomial, Linear Transformation as a matrix operator, geometric and algebraic
multiplicity and diagonalisation. Groups: subgroups, cosets, Lagrange’s theorem,
homomorphisms.

Applications to coding theory will be chosen from: linear codes, encoding and decoding, the
dual code, the parity check matrix, syndrome decoding, Hamming codes, perfect codes,

cyclic codes, BCH codes.

COURSE OBJECTIVES:
o To gain proficiency in dealing with abstract concepts, with emphasis on clear

explanations of such concepts to others.

o To understand the concept of a field and to recognize fields, including finite and
infinite fields.
o To understand the basic group theoretical concepts such as subgroup, coset and

homomorphism, and their elementary properties.

o To understand the basic concepts of a vector space over and field, subspaces, bases
for a vector space and to be able to recognase these entities in given examples.

o To understand what a linear transformation is, the properties of a linear
transformation, and the relationship of the matrix of a linear transformation to a given
basis.

o To be able to calculate eigenvalues and eigenvectors of a linear transformation, and to

use these to diagonalise a matrix.

o To apply the algebraic concepts that are studied to the theory of error correcting
codes.
o To use the internet and the library to research some areas of the course.
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