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Ma�eo Capucci
I’m a PhD candidate at the University of Strathclyde, Glasgow (UK), under the
supervision of prof. Ghani and prof. Cunningham. My research focuses on the
categorical foundation of cybernetic system theory, i.e. the study of
compositional syntax for models of controlled systems with feedback. The aim is
to extend and unify the existing framework for open games and learners, in order
to treat other kinds of cybernetic systems (from control theory, evolutionary
dynamics, history dynamics, Hamiltonian mechanics, quantum machine
learning, message passing programs, etc.) and to provide a common description
and understanding of the behaviour of such systems.

Research interests
Beside my work in categorical cybernetics, my interests gravitate around pure
and applied topics in category theory. I’m fond of topos theory, categorical logic,
and internal methods (I wrote my MSc thesis about internalisation of stochastic
calculus). More broadly, I love to understand how ideas from different fields can
contaminate and be contaminated by ideas from category theory.
I’m interested in applying mathematical ideas in non-mathematical contexts, like
philosophy, anthropology and social sciences.

Papers
Diegetic representation of feedback in open games, 2022
Ma�eo Capucci
Accepted in ‘Proceedings of ACT22’

Abstract: We improve the framework of open games with agency by showing
how the players' counterfactual analysis giving rise to Nash equilibria can be
described in the dynamics of the game itself (hence diegetically), ge�ing rid of
devices such as equilibrium predicates. This new approach overlaps almost
completely with the way gradient-based learners are specified and trained.
Indeed, we show feedback propagation in games can be seen as reverse-mode
differentiation, with a crucial difference explaining the distinctive character of the

mailto:matteo.capucci@gmail.com
http://matteocapucci.wordpress.com
http://twitter.com/mattecapu
http://github.com/mattecapu
https://arxiv.org/abs/2206.12338


phenomenology of non-cooperative games. We outline a functorial construction
of arenas of games, show players form a subsystem over it, and prove that their
`fixpoint behaviours' are Nash equilibria.

Infinite Horizon Extensive Form Games, Coalgebraically, 2021
Ma�eo Capucci, Neil Ghani, Clemens Kupke, Jérémy Ledent, Fredrik Nordvall
Forsberg
To appear in M4C

Abstract: Game theory is the study of how agents make decisions in order to
maximise their outcomes (Osbourne and Rubinstein, 1994; Leyton-Brown and
Shoham, 2008). A strategy profile describes how each agent will play the game,
and is said to be a Nash equilibrium if no player has any incentive to deviate
from their strategy; it is called subgame perfect if it is a Nash equilibrium in
every subgame of the game. In a series of papers (Bridges, 1982, 1989, 1994, 2004),
Douglas Bridges investigated constructive aspects of the game theory of games
where players move simultaneously (so-called normal form games), and their
preference relations. This article is concerned with a constructive treatment of
games where players move sequentially. A common way to model sequential
games is using their extensive form: a game is represented as a decorated tree,
whose branching structure reflects the decisions available to the players. When
the number of rounds in the game is infinite (eg because a finite game is repeated
an infinite number of times, or because the game may continue forever), the
game tree needs to be infinitely deep. One way to handle such infinite trees is to
consider them as the metric completion of finite trees, after equipping them with
a suitable metric (Mycielski and Taylor, 1976). However, as a definitional
principle, this only gives a method to construct functions into other complete
metric spaces, and the explicit construction as a quotient of Cauchy sequences
(Bishop and Bridges, 1985, § 4.3) can be unwieldy to work

Towards foundations of categorical cybernetics, 2021
Ma�eo Capucci, Bruno Gavranović, Jules Hedges, Eigil Fjeldgren Rischel
Accepted in ‘Proceedings of ACT2021’

Abstract: We propose a categorical framework for processes which interact
bidirectionally with both an environment and a 'controller'. Examples include
open learners, in which the controller is an optimiser such as gradient descent,
and an approach to compositional game theory closely related to open games, in
which the controller is a composite of game-theoretic agents. We believe that
'cybernetic' is an appropriate name for the processes that can be described in this
framework.

https://personal.cis.strath.ac.uk/jeremy.ledent/assets/pdf/infinite_games.pdf
https://arxiv.org/abs/2105.06332


Translating extensive form games to open games with agency, 2021
Ma�eo Capucci, Neil Ghani, Jérémy Ledent, Fredrik Nordvall Forsberg
Accepted in ‘Proceedings of ACT2021’

Abstract: We show open games cover extensive form games with both perfect
and imperfect information. Doing so forces us to address two current weaknesses
in open games: the lack of a notion of player and their agency within open
games, and the lack of choice operators. Using the former we construct the la�er,
and these choice operators subsume previous proposed operators for open
games, thereby making progress towards a core, canonical and ergonomic
calculus of game operators. Collectively these innovations increase the level of
compositionality of open games, and demonstrate their expressiveness.

Preprints
Actegories for the working amthematician, 2022
Ma�eo Capucci, Bruno Gavranović

Abstract: Actions of monoidal categories on categories, also known as actegories,
have been familiar to category theorists for a long time, and yet a comprehensive
overview of this topic seems to be missing from the literature. Recently,
actegories have been increasingly employed in applied category theory, thereby
encouraging an effort to fill this gap according to the new needs of these
applications. This work started as an investigation of the notion of monoidal
actegory, a compatible pair of monoidal and actegorical structures, and ended up
including a sizable reference on the elementary theory of actegories. We cover
basic definitions and results on actegories and biactegories, spelling out explicitly
many folkloric definitions. Motivated by the use of actegories in the theory of
optics, we focus particularly on the way actegories combine and interact with
monoidal structure by describing "distributive laws" between the two. In the last
section, we provide three Cayley-like classification results for these situations.

Fibre optics, 2021

Dylan Braithwaite, Ma�eo Capucci, Bruno Gavranović, Jules Hedges, Eigil
Fjeldgren Rischel

Abstract: Lenses, optics and dependent lenses (or equivalently morphisms of
containers, or equivalently natural transformations of polynomial functors) are
all widely used in applied category theory as models of bidirectional processes.
From the definition of lenses over a finite product category, optics weaken the
required structure to actions of monoidal categories, and dependent lenses make
use of the additional property of finite completeness (or, in case of polynomials,
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even local cartesian closure). This has caused a split in the applied category
theory literature between those using optics and those using dependent lenses.
The goal of this paper is to unify optics with dependent lenses, by finding a
definition of fibre optics admi�ing both as special cases.

Highlighted talks and posters
Optics in three acts, 2021
MSP101, University of Strathclyde

As part of the MSP101 seminar series, I talked about three different approaches to
optics and how they are tied together. Slides and video can be found here.

Parametrised categories and categories by proxy, 2021
CT20→21, Università di Genova

Talk about the Para and Proxy constructions at the annual international
conference on category theory. Slides can be found here, a companion paper is in
the works.

Translating extensive form games to open games with agency, 2021
ACT2021, University of Cambridge

Talk accompanying the eponymous paper. Accepted as ‘distinguished talk’ at
ACT2021. Slides and recording on the conference website.

My name is stochastic calculus but everybody calls me calculus,  2021
TallCat, TalTech

As part of the TallCats seminar series, I gave a talk introducing my ideas on
internalisation of stochastic calculus, including a new sheaf-theoretic treatment
and numerous advancements from my thesis. Slides and recording here.

Education
2020—now

Ph.D. in Computer and Information Sciences — University of Strathclyde

Advisors prof. Neil Ghani (MSP group), prof. Sco� Cunningham and Dr. Jules
Hedges
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2019—2020

M.Sc. in Mathematics — Università degli Studi di Padova

Graduated with 110/110 cum laude

Thesis advisor: do�. Samuele Maschio
Thesis title: Internal mathematics for stochastic calculus: a tripos-theoretic approach

The work aims at reducing stochastic calculus to regular calculus in a suitable
topos of ‘stochastic sets’.

2018—2015

B.Sc. in Mathematics — Università degli Studi di Modena e Reggio Emilia

Graduated with 110/110 cum laude

Thesis advisor: prof. Beatrice Ruini
Thesis title: Categorie monoidali, gruppoidi e loro prime applicazioni (Monoidal
categories, groupoids and their first applications)

A short introduction to the world of (A)CT through some examples of groupoids
as modelling tools for ‘partial symmetries’ and monoidal categories to describe
resource theories (following Fong and Spivak’s Seven Sketches)

2010—2015

Maturità Scientifica — I.I.S. Fermo Corni

Graduated with 100/100

Community involvement
I’m a moderator of the Category Theory Zulip Server, for which I also maintain
the archive website. I’ve been among the organizers of ACT2022.

Teaching experience

2020—now

TA — University of Strathclyde

Teaching assistant duties for introductory courses on computation, logic and
database theory (CS208, CS103, CS106, CS411, CS209, CS990) for computer
science students.
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https://categorytheory.zulipchat.com
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2019—2020

TA — Università degli Studi di Padova

Teaching assistant duties for introductory courses in calculus (Analisi
Matematica 1) and physics (Fisica 1) for computer science and mathematics
students.

Language skills
Italian: native speaker.

English: fully proficient.

Spanish: intermediate.


