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Mohammad Abdulaziz (King’s College London)

Formalising the Theory of Combinatorial Optimisation

Abstract: Combinatorial optimisation is a central area in computer science, applied mathematics,
and operational research. Influential ideas and notions developed within the area of combinatorial
optimisation include polynomial-time computation, linear programming, flows, and matchings. In this
talk I will describe the formalisation, in Isabelle/HOL, of some results from the theory of combinatorial
optimisation, with some focus on the theory of matching. I will briefly discuss mathematically inter-
esting findings, some of the mathematical reasoning styles employed there, and potential contributions
of formalisations in that area. Joint work with multiple authors.

Christoph Benzmiiller (U Bamberg and FU Berlin)

Comments on the formalisation and automation of foundational theories from the point
of view of LogiKEy

Abstract: Abstract: In this talk, which is more a position statement than an ordinary research
talk, T will be defending the following four statements with references to prior experiences in my
work over the past decade, which have been informed by the LogiKEy [1] knowledge engineering and
methodology: (i) The formalisation of maths is a timeless phenomenon, with other areas, such as
the formalisation of legal [2] and ethical [3] theories , being of greater urgency, e.g. to control Al
systems [1]. Furthermore, the fundamental nature of mathematics appears to be less pronounced than
previously assumed. (ii) This century should focus on clever, controlled cut-introduction, rather than
on cut-elimination, which was the main focus of the previous century. This section of the presentation
will present the nearly fully automation of Boolos Curious Inference [4] within Isabelle/HOL [5], which
demonstrates how intelligent cut-introduction can/could enable the automation of exponentially shorter
proofs. (iv) Free logic is worthy of greater attention. (v) Further investigation is also required with
regard to the issue of counter-model finding. Due to time constraints, the latter two points will not be
explored in further detail in this presentation. [1] Designing Normative Theories for Ethical and Legal
Reasoning: LogiKEy Framework, Methodology, and Tool Support. Benzmiiller, C., Parent, X., and van
der Torre, L. Artificial Intelligence, 2020. http://doi.org/10.1016/j.artint.2020.103348 [2] Modelling
Value-oriented Legal Reasoning in LogiKEy. Benzmiiller, C., Fuenmayor, D., and Lomfeld, B. Logics,
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2024. http://doi.org/10.3390/1ogics2010003 [3] Conditional Normative Reasoning as a Fragment of
HOL. Parent, X., and Benzmiiller, C. Journal of Applied Non-Classical Logics, 2024. [4] A Curious
Inference. Boolos, G. Journal of Philosophical Logic, 1987. https://www.jstor.org/stable/30226368
[5] Who Finds the Short Proof?. Benzmiiller, C., Fuenmayor, D., Steen, A., and Sutcliffe, G. Logic
Journal of the IGPL, 2023. https://doi.org/10.1093/jigpal/jzac082

Katja Berc¢i¢, Jure Taslak (University of Ljubljana)

Lean-HoG: Incorporating a database of graphs into a proof assistant

Abstract: Incorporating mathematical databases and software into a proof assistant has benefits in
both directions. We implemented Lean-HoG, a Lean 4 library for finite simple graphs that imports
and verifies mathematical facts from the House of Graphs, a popular collection of more than 23000
curated graphs with associated graph-theoretic invariants. We will discuss some possible approaches
to verify the invariants, focusing on using certificates and SAT solvers. Joint work with Andrej Bauer
and Gauvain Devillez.

Yves Bertot (Inria)

Reconciling Type theory with the use of a single type of numbers for mathematical
education at introductory levels

Abstract: I contend that natural numbers are counterproductive in proof assistants, if the objective is
to use these proof assistants for teaching math to young students fresh out of high school. In this talk,
I explore ways to hide the type of natural numbers from the student’s eyes in mathematical exercises,
using only a predicate to describe the corresponding subset of real numbers.

Kevin Buzzard (Imperial College London)

Capturing mathematical equality

Abstract: I argue that the decision within the mainstream mathematical community to largely reject
constructivism (and in particular not to teach it to first year undergraduates) has led to a confusion
about the difference between a theorem and a definition. Mathematicians have attempted to fix this
by introducing the ill-defined term “canonical isomorphism” and this phrase is now being over-used in,
for example, the number theory literature. This over-use makes my life as a formaliser harder.

Jacques Carette (McMaster University)

Unavoidable Mathematics

Abstract: Taking for granted the constructions given to us by Universal Algebra and Category
Theory, we can examine what mathematics (and computer science!) arises “for free”. Even very simple
theories give rise to a wealth of (known) derived material. Nevertheless, a systematic exploration
has never been done. What is surprising is that rather simple theories give rise to scarcely known
material..Furthermore mathematics of recent interest (eg: containers, lenses, inhabited spaces) arise
naturally. Subtle issues also crop up: Setoids, decidability both make an appearance.In other words,
the simplicity is deceptive as a rich tapestry of concepts lies at the “low Kolmogorov complexity” end
of theory exploration.
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Cyril Cohen (Inria)

Building Measure Theory using Hierarchy Builder

Abstract: In this talk I will present the Hierarchy Builder Domain Specific Language for Coq, and
illustrate its use in building measure theory and the Lebesgue measure in a concise way. This talk is
meant to raise questions that will be relevant for the port of HB to other proofs assistants. Joint work
with Reynald Affeldt, Pierre Roux, Kazuhiko Sakaguchi, Enrico Tassi.

Johan Commelin (Albert-Ludwigs-Universitét Freiburg)

Condensed Type Theory

Abstract: Condensed sets form a topos, and hence admit an internal type theory. In this talk I
will describe a list of axioms satisfied by this particular type theory. In particular, we will see two
predicates on types, that single out a class CHaus of "compact Hausdorff" types and a class ODisc
of "overt and discrete" types, respectively. A handful of axioms describe how these classes interact.
The resulting type theory is spiritually related Taylor’s "Abstract Stone Duality". As an application
I will explain that ODisc is naturally a category, and furthermore, every function ODisc - ODisc is
automatically functorial. This axiomatic approach to condensed sets, including the functoriality result,
are formalized in Lean 4. If time permits, I will comment on some of the techniques that go into the
proof. Joint work with Reid Barton.

William M. Farmer (McMaster University)

An Alternative Approach to Formal Mathematics that Prioritizes Communication over
Certification

Abstract: Formal mathematics is mathematics done within a formal logic. It offers mathematics
practitioners several major benefits over traditional mathematics. The standard approach to formal
mathematics emphasizes certification: Mathematics is done with the help of a proof assistant and
all details are formally proved and mechanically checked. Although there is a very good argument
that the standard approach has been a big success, it has had very little impact on mathematical
practice. Only a small slice of the millions of mathematics practitioners have ever used a formal
logic or proof assistant in their work! We propose an alternative, communication-oriented approach
to formal mathematics that is characterized by (1) the underlying logic is designed to be as close
to mathematical practice as possible, (2) proofs are written in a traditional (nonformal) style, (3)
mathematical knowledge is organized using the little theories method, and (4) supporting software
is unencumbered by the machinery needed to develop and certify formal proofs. We believe that
formal mathematics can be made more useful, accessible, and natural to a wider range of mathematics
practitioners by implementing this alternative approach. We have begun an implementation of this
approach based on a version of Church’s type theory called Alonzo that admits undefined expressions,
tuples, and subtypes. Alonzo is presented in the textbook W. M. Farmer, Simple Type Theory: A
Practical Logic for Expressing and Reasoning About Mathematical Ideas, Birkhaeuser/Springer, 2023.
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Robert Lewis (Brown University)

Teaching Lean vs. teaching with Lean

Abstract: I have taught two courses at Brown University where students have used Lean: one in
which formal verification is the subject of the class, and one (in progress) in which the goal is to teach
traditional discrete mathematics. I will compare and contrast my approaches in these two settings and
ruminate on what has worked and what hasn’t.

Patrick Massot (Carnegie Mellon University)

From informal to formal and back

Abstract: I will explain tools that help turn informal mathematics into formal mathematics and
formal mathematics into informal ones, with the hope that composing those tools leads to better
informal mathematics. In particular [ will explain how the Lean blueprint infrastructure helps preparing
and running a collaborative formalization project, and how it could easily be modified to work with
other proof assistants. Then I will talk about my work in progress with Kyle Miller on Informal Lean,
a tool that turns Lean statements and proofs into informal mathematics where readers choose the level
of details.

Wojciech Nawrocki (Carnegie Mellon University)

Extending the Lean user interface with widgets - a tutorial

Abstract: Part of the promise of formal mathematics is to improve communication. While this is
already achieved to an extent by standardizing statements and clarifying subtleties, visual (for instance
geometric) aspects of reasoning are usually lost in communicated formal proofs. Another part of its
promise is to prove the obvious automatically; and proof automation can often be better understood
by interactively exploring its behaviour. Finally, proof assistants can productively serve as Jupyter-like
environments for computing with mathematical data. The Lean 4 editor environment (primarily, but
not exclusively, in VSCode) can be extended to accommodate these needs and more. In this tutorial
talk, T will demonstrate how to write a simple "widget" visualizing one kind of mathematical object,
as well as (time permitting) how to interactively trace the execution of a tactic.

Lawrence Paulson (University of Cambridge)

Formalising Advanced Mathematics in Isabelle/HOL

Abstract: The formalisation of mathematics is now a reality. A number of recent and highly sophis-
ticated papers have been formalised, in some cases before human referees had time to submit their
reviews. Most of this work has been done using the Lean proof assistant. The speaker will discuss
the accomplishments and conclusions of a six-year research project devoted to formalising advanced
mathematics using Isabelle/HOL and highlight some special considerations arising from that choice.
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Natarajan Shankar (SRI Computer Science Laboratory)

Beautiful Formalizations and Proofs

Abstract: Beauty in mathematics may or may not be a concept that is formalizable, but beauty is
clearly critical for effective formalization. In the context of mechanization of mathematics that has been
ongoing over the last four decades, the criterion for beauty needs to be adapted from that of informal
mathematics. Beautiful informal arguments might turn out to be less than elegant when formalized,
and conversely, the austere beauty of mechanized mathematics might defy conventional standards. In
the context of mechanization, particularly the use of decision procedures, a beautiful formalization is
one that elegantly leverages the power of formal language and automation to deliver clear, concise,
and general definitions and proofs. We illustrate our approach to the aesthetics of formalization with
examples.

Floris van Doorn (Universitit Bonn)

Towards a formalized proof of Carleson’s theorem

Abstract: A fundamental question in Fourier analysis is when the Fourier series converges to the
original function. This is true for continuously differentiable functions, but not always true for contin-
uous functions. In 1966 Lennart Carleson proved that it is true for functions on the real line for almost
all points. This follows from the boundedness of the Carleson operator. Carleson’s proof is famously
hard to read, and there are no known easy proofs of this theorem. Furthermore, generalizations of the
theorem to higher dimensions are subtle. Christoph Thiele et al. proved in 2024 a generalized version
of the boundedness of the Carleson’s operator in doubling metric measure spaces, and I will lead a
project to formalize this theorem in Lean. Thiele and his collaborators wrote a detailed blueprint that
we will use as the basis for the formalization.
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