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Traditional program semantics has achieved many results on high-level
programming languages. On the other hand, semantics on the low-level implementation model of
programming languages is still in the developing stage. This research focuses on the affinity
between low-level implementation models and low-dimensional topology such as knot theory, and aims
to construct topological program semantics that can support low-level implementation models. As
first steps towards this direction, we introduced a theory of planar combinatory algebras in terms
of operads and monoidal categories, and studied a braided lambda calculus in which swapping of
variables are realized by braids. Furthermore, we introduced ribbon combinatory algebras, which
correspond to ribbon categories used in the study of invariants of knots and tangles. At the same
time, we studied traced monoidal categories and their lifting problem via Hopf monads.
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