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Over the years, the usage of Groebner basis in the field electrical engineering has grown
sn;niﬁcantly due to its constructive and algorithmic structure and the availability of computer
algebra software with Groebner basis modules. Here the focus is on the applications of
Groebner basis theory on the description and optimization of problems evolving around the
multidimensional convolutional code construction. Although the one-dimensional convolutional
code has been thoroughly understood, the multidimensional counterpart is still lack of
fundamental description, characterization and efficient implementation. The goal of this research
work is to construct a common ground on definition and notation as well as solve some
fundamental problems by applying the Groebner basis theory.

The problems considered in this work includes: (1) Efficient implementation of the
multidimensional convolutional encoder (minimal encoder problem) (2) The decoding of
multidimensional convolutional code (syndrome decoding problem) and (3) The algebraic
properties of multidimensional convolutional encoder matrix (characterization problem). Several
applications of Groebner basis to the characterization of multidimensional convolutional
encoders are proposed. Six constructive algorithms involving the encoder matrix and its
realization are preseiited. The minimal encoder problem has been solved to a satisfactory level
where the algebraic approach based on the usage of Groebner.basis has been proposed to
reduce the number of delay elements required for realization in the direct canonical form. From
the implementation point of view, the syndrome decoder is currently the only mean for decoding
the multidimensional convolutional code. Based on the usage of the theory of syzygy module,
the constructive method for computing the syndrome decoding matrix is also proposed. This
syndrome decoder construction algorithm can be further used for testing the performance of tne
multidimensional code and make a comparison to the one-dimensional code. In addition, some

further study topics have been suggested in the later chapter.
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