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Construction of mathematical optimization methods for discrete data useful in
machine learning algorithms.
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Machine Iearnin? is now a fundamental technology in processing data in
natural languages. If we convert natural language sentences converted into vectors of number and
then applied the latest machine learning techniques, such as deep learning, we would meet difficulty
in interpreting the meaning of the learning results. Moreover, we would have no guarantee that the
natural structure of a sentence are adequately represented with vectors whose structure is very
flat. In this study, we have developed optimization mathematics and algorithms for machine learning
for parse trees in context-free languages, which are mathematical models of natural language data,
sentences in first-order predicate logic, and patterns, which are direct algebraic representations

of word sequences.
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