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Abstract

Algebraic Coding Theory finds crucial applications in various domains, from secure communications
to quantum computing. The ‘hull’ of a code is essential for understanding the automorphism group
of a linear code. Also, it is useful in evaluating the complexity of certain algorithms which check the
permutation equivalence of two linear codes. This is particularly true when the hull's dimension is
small. This thesis delves into the realm of small dimensional hull codes over finite fields and finite

non-chain rings.

The thesis begins by extending the study of [-Galois Linear Complementary Dual (LCD) codes from
finite chain rings to finite non-chain rings. We introduce a correspondence between [-Galois dual of
linear codes over the finite non-chain ring and [-Galois dual of their component codes over finite fields.
From this foundation, we construct both Euclidean and I-Galois LCD codes, ultimately revealing the
equivalence of any linear code to Euclidean and [-Galois LCD codes over the finite non-chain ring. In

addition, the study includes Maximum Distance Separable (MDS) codes over the non-chain ring.

Next, the focus shifts towards additive codes, as they play a pivotal role in quantum error correction
and quantum computing. Additive codes, being defined over an additive group, have a broader range
than linear codes, which are inherently additive. Apart from their applications in quantum computing,
additive codes offer various forms of dualities using group characters. Specifically, in this thesis, the
Additive Complementary Dual (ACD) codes are studied with respect to skew-symmetric dualities over
the additive group of finite fields. The introduction of skew-symmetric dualities introduces a new facet.
The precise count of symmetric and skew-symmetric dualities over finite fields is determined. The
criteria for an additive code to be an ACD code under arbitrary dualities are unveiled, along with the

necessary condition on the generator matrix for ACD codes over skew-symmetric dualities. Notably,
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vi ABSTRACT

bounds for the highest possible minimum distance of ACD codes over skew-symmetric dualities are
established. In addition, we identify some quaternary codes over non-symmetric dualities with better
parameters than symmetric ones.

Further, the thesis introduces additive codes with one-rank hull, offering key insights and construction
methodologies. A novel approach is developed, establishing a link between self-orthogonal elements
and solutions of quadratic forms, thus setting the stage for the existence of one-rank hull codes over
finite fields. The precise counting of self-orthogonal elements over finite fields, particularly focusing
on odd primes, is done. The highest possible minimum distance among additive one-rank hull codes
is denoted by di[n, k]pe ps. Determining the value of dq[n, k]pe o for k = 1,2 with respect to any
duality M over any finite field further extend the results. Finally, identifying new quaternary one-
rank hull codes over non-symmetric dualities demonstrates their improved parameters compared to
the symmetric dualities.

In a culmination of this exploration, the thesis introduces the study of Matrix product codes with
respect to M-symplectic duality. Matrix-product code is one of the most significant class of long
additive codes over finite fields. These codes are created by combining numerous comparable shorter
additive codes with a defining matrix over finite fields. This study revolves around the application
of Linear Algebra in analyzing Matrix product codes. Specifically exploring aspects such as the
symplectic distance ds(C'), the M-symplectic hull, and the rank of the M-symplectic hull for Matrix
product codes. A crucial requirement for establishing a lower bound for ds(C) is ensuring that the
defining matrix is ‘non-singular by columns’ (NSC). Additionally, we investigate scenarios where the
defining matrix is quasi-symplectic, enabling us to determine the rank of the M-symplectic hull for
the Matrix product code. Consequently, we demonstrate how Matrix product codes can be used to

construct quantum stabilizer codes.
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