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ABSTRACT

A group code defined over a group G is a subset of G" which forms a group under

componentwise group operation. Group codes constitute an important ingredient in the
construction of Geometrically Uniform codes, which include several important classes of
known good codes as subclasses. In this thesis an algebraic approach, similar to the
existing one for studying linear codes over finite fields, is developed for group codes over
finite abelian groups, with emphasis on MDS codes, dual codes over arbitrary finite abelian
groups and cyclic codes over elementary abelian groups.

Maximum Distance Separable (MDS) codes defined over abelian groups, which
include as special cases MDS codes over finite fields, and cyclic groups, are
characterized. The characterization is in terms of a matrix over the endomorphisrh ring
of the abelian group, called associated matrix of the code, which uniquely defines the
éode. The necessary and sufficient conditions for the associated matrix to represent a
MDS group code over abelian group is derived. The specific endomorphisms which, when
appear as entries of the associated matrix, that lead to linear codes over finite fields are
identified. The welll known characterization of linear MDS codes over finite fields is shown
tobe a special case of the characterization obtained for MDS group codes over elementary
abelian groups. A nonexistence result that shows that (« +s,4k) MDS group codes over
elementary abelian group of order p” do not exist, for s,k >2, if max{s,k} = p", is proved.
When specialized to linear codes over finite fields this leads to the known non-existence
results for linear codes over finite fields. Also, it is shown that not all group codes over
elementary abelian groups are linear codes over finite fields, whereas every linear cods
over an integer residue ring is a group code over appropriate cyclic group and vice verse.

Specializing to the case of group codes over cyclic groups it is proved that over

cyclic groups with M elements, where M = p;'p.%...pin (k+s,k) MDS codes, for all s,k 2 2,

do not exist if max{s,k} Zmin{p,, ps....Pu}.



The dual code of a systematic group code over an abelian group is characterized
in terms of the endomorphisms of the abelian group. It is shown that the endomorphisms
of the dual code for a given code are related to the defining endomorphisms of the code.
For the special case of group codes over cyclic groups the identification of dual code
turns out to be much simpler. For cyclic groups it is shown that the dual of an MDS group
code is also MDS. The class of self-dual group codes over abelian groups are also
characterized.

Discrete Fourier transform techniques to study the class of cyclic codes and related
codes over finite fields are well known. This transform approach is extended to study
cyclic codes over elementary abelian groups for the case when the length of the code
equal to size of the group minus one. This class of codes include the conventional
Reed-Solomon codes as special cases, The best codes, obtained by computer search,
in terms of maximum minimum Euclidean distance, for length 3 over €3 and length 7 over
¢2, for certain code sizes, are tabulated. Some of these equal in minimum squared

Euclidean distance the best Isaksson-Zetterberg codes.
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