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Abstract

In 1948, Claude Shannon [43] published a classical paper entitled ‘A mathe-
matical theory of communication’, which led to the birth of coding theory. Since
then, many researchers have proposed various schemes for reliable transmission of
data through noisy communication channels. Nowadays, error-correcting codes are
widely used for transmission of images from deep space, storage of data, and design-
ing registration numbers, etc. An algebraically-rich family of error-correcting codes
is that of linear codes, which contains many well-known codes (e.g. Hadamard
codes, Reed-Muller codes, etc.) and has elegant encoding and decoding procedures.
The most studied class of linear codes is that of cyclic codes (e.g. Hamming codes,
Reed-Solomon codes, BCH codes, etc.), which has a rich algebraic structure and
can be effectively encoded and decoded using linear shift registers. Cyclic codes are
further generalized to constacyclic codes by Berlekamp [2]. A natural generalization
of linear codes is that of additive codes, which are first introduced and studied over
the finite field Fy by Calderbank et al. [8]. They also provided several construction
methods to construct quantum error-correcting codes from additive codes, due to
which the study of additive codes have recently gained a great deal of attention.
Analogous to the family of cyclic codes, many authors have introduced and studied
cyclic additive codes over various finite commutative rings with unity. Towards this,

Huffman [33] studied a class of cyclic additive codes, viz. cyclic F -linear Fg-codes,
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of length n, where ¢ is a power of the prime p, n is a positive integer coprime to ¢ and
t > 2 1is an integer. In the same work, he studied their algebraic structure by writing
a canonical form decomposition of these codes. Moreover, by placing ordinary and
Hermitian trace bilinear forms on Fy;, he studied the algebraic structure of their
dual codes, explicitly determined all self-dual and self-orthogonal cyclic IFy-linear
F t-codes of length n when ¢ = 2, and enumerated all self-dual and self-orthogonal
cyclic Fy-linear F i-codes of length n for any integer ¢t > 2.

Let ¢ be a power of the prime p, n be a positive integer coprime to ¢ and t > 2 be
an integer. In this thesis, we introduce and study a new trace bilinear form, called
the x trace bilinear form, on th, which is a generalization of the trace inner product
considered by Calderbank et al. [8] and Hermitian trace inner product considered by
Ezerman et al. [22]. We observe that * trace bilinear form on [}, is non-degenerate
for any integer ¢ > 2 satisfying ¢ # 1 (mod p). Furthermore, by placing * trace

bilinear form on th, we
e study dual codes of cyclic F,-linear F -codes of length n.

e explicitly determine basis sets of all self-orthogonal and self-dual cyclic F,-

linear F,:-codes of length n when t = 2.

e enumerate all self-orthogonal and self-dual cyclic F,-linear Fg-codes of length

n for any integer t > 2.

Besides this, we introduce and study another important class of cyclic IFg-linear IF -
codes, viz. complementary-dual cyclic Fy-linear Fg-codes of length n. This class
of cyclic F,-linear F -codes is analogous to the class of complementary-dual cyclic
codes studied by Massey [39] and Yang and Massey [47]. By placing #, ordinary and

Hermitian trace bilinear forms on th, we

e cxplicitly determine basis sets of all complementary-dual cyclic [Fy-linear F -

codes of length n when ¢t = 2.
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e cnumerate all complementary-dual cyclic Fg-linear Fg-codes of length n for

any integer t > 2.

In analogy with the family of constacyclic codes over finite fields, we also intro-
duce and study the family of constacyclic additive codes, viz. constacyclic [ -linear
[F-codes of length n, where ¢ > 2 is an integer (not necessarily a prime number).
This family of constacyclic additive codes contains cyclic F-linear F:-codes (cyclic
additive codes) and negacyclic F,-linear F-codes (negacyclic additive codes) as

special cases. By placing *, ordinary and Hermitian trace bilinear form on ]FZ“ we
e study dual codes of constacyclic F,-linear [F:-codes of length n.
e determine some isodual constacyclic Fy-linear [F:-codes of length n when ¢ = 2.

e cxplicitly determine basis sets of all self-orthogonal, self-dual and complementary-

dual negacyclic F,-linear F:-codes of length n when t = 2.

e cnumerate self-dual, self-orthogonal and complementary-dual negacyclic F,-

linear F,:-codes of length n for any integer ¢t > 2.
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