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Since the inception of computer science, rigorous mathematical proofs have played a major role in
analyzing and understanding computation. Fields like algorithms, datastructures, and complexity
theory---commonly known as "Theory A" or simply "Theory"---seek to understand how efficiently
problems can be solved by a computer, if they can be solved at all. In contrast, disciplines like
programming languages, denotational semantics, and verification---commonly known as "Theory B" or
simply "Formal Methods"---explore how to represent computation, and how to reason about its
correctness.

While these two broad areas share a theoretical perspective on computer science, in recent years they
have diverged substantially. In this talk, I will present a confluence of ideas from the two theories. First, I
will show how coupling proofs, used to analyze random walks and Markov chains, correspond to proofs
in the program logic pRHL. This connection enables formal verification of novel probabilistic properties,
and provides an structured understanding of proofs by coupling. Then, I will show how an approximate
version of pRHL, called apRHL, points to a new, approximate version of couplings closely related to
differential privacy, and a new kind of proof by approximate coupling. This proof technique enables
cleaner proofs of differential privacy, both for humans and for formal verification. Finally, I will discuss
some potential directions towards a possible "Theory AB", blending ideas from both worlds.
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