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1. Introduction

The last three decades have witnessed explosive growth in the number of applications
of abstract mathematics, especially in computer science, and this trend continues on a
steep upward trajectory. Mathematical fields like logic, model theory, universal algebra and
category theory have long had a substantial influence on the development of theoretical
computer science, particularly in domain theory, denotational semantics, and programming
languages research. Dually, progress in theoretical computer science has informed and
inspired some remarkable advances in pure mathematics in the last half-century, just as
physics and physical intuition motivated so many of the mathematical discoveries of the
previous two centuries. (A small subset of the vast literature supporting these assertions
is [1, 2, 4, 5, 13, 15, 16].)

Functional programming languages that support dependent and (co)inductive types have
brought about new and exciting opportunities to apply abstract concepts from category
theory and universal algebra to the practice of programming, to yield code that is more
modular, reusable, and safer, and to express ideas that are often difficult, and occasionally
impossible to express in imperative or procedural programming languages (the Church-
Turing thesis notwithstanding) [3, 12, 7, Chs. 5 & 10]. Moreover, proof assistants like
Agda, Coq, and Lean, as well as the mathematics libraries that we are currently developing
for them, are revolutionizing the way research is done. I am very excited to be taking part
in this revolution.

2. Research Projects

I am passionate about the mathematical foundations of computing science and my re-
search focus reflects this. I will briefly describe two relatively recent developments at the
intersection of theoretical computer science (tcs) and algebra that have reignited excite-
ment in logic and foundations of mathematics. On the one hand (the “Theory A” side of
tcs) we have great advances coming out of the algebraic approach to constraint satisfaction
problems and their computational complexity. On the other hand (“Theory B”) there’s
Homotopy Type Theory and the Univalent Foundations Program, which has deep historical
roots in intuitionism and Martin-Löf type theory, and more recently flourished during a
year-long workshop at the IAS in 2013, followed by many other productive meetings and
summer schools, such as the “Big Proof” summer in Cambridge.

Currently I am engaged in two major research projects, one from each side of these
foundations. My “Theory A” work aims to prove computational complexity dichotomy
(P/NP) results for homomorphism problems of algebraic, relational, and general structures.
That work is described in two recent papers in my publications list. My “Theory B” project
is the computer formalization of mathematics in Martin-Löf type theory using the Agda
proof assistant and programming language.

2.1. The Agda Universal Algebra Library. I am fascinated by the connections be-
tween programming languages and mathematics, and my most significant project to date
illustrates my commitment to developing new foundations for mathematics based on type
theory. The project, which I started in 2018 (initially using the Lean proof assistant), aims
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to formally codify the foundations of equational logic, model theory, and universal alge-
bra in Martin-Löf dependent type theory using the Agda programming language and proof
assistant.

The project reached its first major milestone in January of 2021 when I completed a formal
proof of Birkhoff’s variety theorem (also known as the HSP theorem) [6] in dependent type
theory. Unfortunately, the first version of the proof1 suffered from a number of flaws that
raised concerns about whether the proof was fully constructive and correct. To resolve
these, and to improve the library more generally, I developed a new formal proof of the
HSP theorem, and I am quite confident that the new proof, based on version 2.0.0 of the
agda-algebras library2 is fully constructive and correct.

I introduced the first version of the Agda Universal Algebra Library at the types 2021

conference. A paper describing the latest version of the library has been submitted for
publication in the post-proceedings and a preprint is now available on the arXiv [10].

2.2. Computational Complexity Theory: three recent accomplishments. In recent
join work with Libor Barto and Antoine Mottet (both at Charles University in Prague), we
showed that for a fixed Boolean structure B of arbitrary finite signature—i.e., not necessarily
purely relational—the problem of deciding whether there exists a homomorphism to B is
either in P or NP-complete. This generalizes the celebrated theorem of Schaefer (1978),
which completely classifies the complexity of CSPs over Boolean relational structures, to
general structures (with operations and relations). (We expect to present this new work at
lics 2021.)

A second major accomplishment was our discovery, with Ralph Freese (University of
Hawaii) and Matthew Valeriote (McMaster University), that a certain decision problem
about algebraic structures that previously seemed out of reach is actually computationally
tractable. We considered the following practical question: Given a finite algebra A in a
finite language, can we efficiently decide whether the variety generated by A has a so called
difference term? In our recently published ijac paper [11], we answer this question (pos-
itively) in the idempotent case and then describe an algorithm for constructing difference
term operations in polynomial-time.

Finally, in collaboration with Peter Mayr (University of Colorado, Boulder) and Nik
Ruškuc (University of St. Andrews), we settled the following question: When does a
homomorphism from a finitely generated free lattice onto a finite lattice have a finitely
generated kernel? Mayr and Ruškuc had in mind an application for a fact that is equivalent
to our new result—a characterization of fiber products of lattices. Our new characterization
theorem recently appeared in the International Journal of Algebra and Computation.
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