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Abstract

Coding theory originated with the paper entitled ‘A mathematical theory of
communication’ by Claude Shannon [66]. One of the objectives of coding theory is to
design and study encoding and decoding schemes for reliable and faster transmission
of messages across noisy communication channels. While passing through a noisy
channel, some of the bits of the message may get distorted by noise and the receiver
may receive a message different from the message that was sent. In order to detect
or correct such errors, many families of error-correcting codes have been introduced
and studied. The most-studied family of error-correcting codes is that of cyclic
codes, which was first introduced and studied by Prange [63]. In a related direction,
Berlekamp [15] introduced and studied negacyclic codes over the finite field F,,
where p > 5 is a prime. In a subsequent work, Berlekamp [14] introduced and
studied constacyclic codes over finite fields, which are generalizations of cyclic and
negacyclic codes. These codes form an important family of error-correcting codes
due to the following reasons: (i) many examples of good codes can be found within
this family of codes, and (ii) these codes can be easily encoded and decoded (in
principle) using shift registers due to their inherent algebraic structure. Recently,
the problem of determination of (i) the algebraic structure of constacyclic codes
over finite fields and their dual codes in terms of generator polynomials and (ii) all

self-dual, self-orthogonal and complementary-dual constacyclic codes, has attracted
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a lot of attention. However, the algebraic structure of constacyclic codes over finite

fields is known only in certain special cases.

In this thesis, we determine generator polynomials of all constacyclic codes of
length 4¢™p"™ over the finite field F, with ¢ elements, where p, ¢ are distinct odd
primes, ¢ is a power of the prime p and m,n are positive integers. We also deter-
mine their dual codes, and list all self-dual, self-orthogonal and complementary-dual
constacyclic codes of length 4¢™p™ over F,. Besides this, we provide a method to list
all constacyclic codes of length ¢p” (w > 0 is an integer) over the finite field I, with
q elements, where ¢ is a power of the prime p and /¢ is a positive integer coprime to
q.

Recently, many important non-linear codes (e.g. Kerdock and Preparata codes)
are related to linear codes over the ring of integers modulo 4 via the Gray map. This
motivated many researchers to study constacyclic codes over finite rings. However,
the algebraic structure of constacyclic codes is known only for some special lengths

and over certain special classes of finite rings.

In this thesis, we determine all cyclic and negacyclic codes of length 4p® over
the finite commutative chain ring Fym + uF,m, where p is an odd prime, u? = 0 and
s, m are positive integers. We also determine their dual codes and list some self-dual
cyclic and negacyclic codes of length 4p® over Fpm + ulF,». Extending this work, we
also determine all constacyclic codes of length 4p* over the finite commutative chain
ring Fym + ulF,m, where p is an odd prime, u? = 0 and s, m are positive integers. We
also determine their dual codes and list some isodual constacyclic codes of length
4p* over Fpm + ulfpm.

An important parameter of a constacyclic code is its (Hamming) weight distribu-
tion, which is a measure of its error performance relative to various communication
channels. Therefore the problem of determination of weight distributions of con-
stacyclic codes is of great interest. However, weight distributions of constacyclic

codes are known only in a few cases. In this thesis, we explore this problem for an
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important class of constacyclic codes over fields, viz. irreducible constacyclic codes,
which are building blocks of all the constacyclic codes over finite fields and have
applications in deep space communications. More precisely, we provide a trace de-
scription for all the irreducible constacyclic codes of length n over the finite field F,,
where n is a positive integer and ¢ is a prime power coprime to n. As an application,
we determine Hamming weight distributions of some irreducible constacyclic codes
of length n over F,. We also derive a weight-divisibility theorem for irreducible con-
stacyclic codes, and obtain both lower and upper bounds on the non-zero Hamming

weights in irreducible constacyclic codes.
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