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Logical relation is a powerful mathematical technique to prove mathematical
properties of functional programming languages such as: observational equivalence of programs,
strong normalization of lambda terms and parametricity principle of second-order lambda calculi. The

main contribution of this research project is a construction of categorical models for higher-order
(high-level) functional programming languages starting from categorical models of first-order
(low-level) programming languages. We applied this construction technique to give adequate
categorical models for higher-order functional programming languages with algebraic effects and a
higher-order functional programming language with continuous probabilistic distribution and "
scoring” mechanism. Our construction can be regarded as a program translation technique of
higher-order (high-level) programming languages into first-order (low-level) programming languages.
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