
ICRA XXII Program
June 22nd – July 3rd, 2026

1 Workshop: June 22nd – June 27th

1.1 Schedule
All lectures will take place in Lecture Hall Chabauty at the Institut Fourier, 100 Rue des
Mathématiques, Gières.
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1.2 Titles and abstracts
1. Thomas Brüstle (Université de Sherbrooke / Bishop’s University): Persistence theory

from a representation-theoretic perspective
Persistent homology is a central tool in topological data analysis, used to detect geometric
and topological features in data across different scales. In the classical one-parameter setting,
these features are created (birth) and destroyed (death) at specific moments, closely reflecting
the behavior of critical points in Morse theory. Persistence modules are obtained by applying
homology functors to a filtered set of topological spaces, giving rise to representations
of partially ordered sets. This allows techniques from representation theory to be applied
to study questions arising in data analysis. In this minicourse, we introduce the basic
theory of pointwise finite-dimensional persistence modules over a field. Topics include the
classification and stability theorems for one-parameter persistence modules, as well as the
associated barcode and persistence diagrams. Time permitting, we will also discuss recent
developments in the theory of multiparameter persistence modules, highlighting both the
new challenges that arise and the role played by representation-theoretic methods.

2. Martin Gallauer (University of Warwick): Tensor-triangular geometry
This course introduces the basics of tt-geometry to anyone who has some familiarity with
derived categories or similar methods. The theory will be illustrated in examples that come
from algebra/representation theory.

3. Johanne Haugland (NTNU): Higher homological algebra
Homological algebra provides an indispensable toolbox in the study of the representation
theory of algebras. At the heart of this theory, one finds certain fundamental classes of
three-term sequences, namely short exact sequences and distinguished triangles. This
mini-course gives an introduction to a higher analogue of classical homological algebra
that has emerged as a very active area of research over the past two decades. In higher
homological algebra, classes of (𝑑 + 2)-term sequences are the key players, where the case
𝑑 = 1 recovers the short exact sequences and distinguished triangles from the classical setup.
In particular, the integer 𝑑 ≥ 1 counts the number of middle terms in the distinguished
sequences. The mini-course is intended to be accessible to anyone with basic knowledge in
representation theory and homological algebra.

4. Muriel Livernet (Université Paris Cité): Infinity-categories
This is an introductory course on infinity-categories. Over the first two lectures, we will
define quasi-categories, the concepts of limit, colimit and localisation. The aim is to present
quasi-categories as a natural concept at the interface between categories and topological
spaces through the lens of simplicial sets and to understand the notion of equivalence between
quasi-categories. The aim is to understand statements that use infinity-categories, whilst
trying to be as non-technical as possible. The content of the third lecture will depend on the
time available. The aim, however, is to briefly discuss other models of infinity-categories, to
explain why there is an infinity-category underlying a DG category and, time permitting, to
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introduce stable infinity-categories. The first two lectures will draw mainly on Cisinski’s
book “Higher categories and homotopical algebra”.

5. Hiroyuki Nakaoka (University of the Ryukyus) / Yann Palu (Université de Picardie
Jules Verne): Extriangulated categories
In this mini-course, we will introduce extriangulated categories, a notion that was developed
as a common generalization of exact categories and triangulated categories. In Part I,
Nakaoka will present the basic theory of extriangulated categories. Topics to be covered
include the definition of extriangulated categories, exact and triangulated categories as
typical examples, closure under extension-closed subcategories, ideal quotients by projective-
injective objects, and a brief mention of 𝑛-exangulated categories. In Part II, Palu will
mention some results that make use of extriangulated structures. First, the role of cotorsion
pairs will be highlighted, mainly via Hovey’s correspondence. Then, the notion of a 0-
Auslander extriangulated category will be introduced, and illustrated with several examples.

6. José Simental (UNAM): Braid varieties
Braid varieties are smooth affine algebraic varieties constructed from the data of an element
in the positive braid monoid of a simple Lie algebra. They generalize prominent algebraic
varieties in the context of Lie theory, such as Richardson varieties and double Bott–Samelson
cells. Their coordinate algebra admits a locally acyclic cluster structure of really full rank,
and many important cluster algebras (such as those of finite cluster type) can be realized as
the coordinate ring of a braid variety, up to frozen variables.
In the first lecture, I will define braid varieties and explain how other algebraic varieties
appearing in Lie theory can be realized as braid varieties. In the second lecture, I will
sketch the construction of a cluster structure on the coordinate algebra of a braid variety, and
elaborate on basic properties of this structure. In the last lecture I will give further properties
of the cluster structure, and some consequences this structure has on the geometry of the
braid variety and other closely related varieties.

7. Zhengfang Wang (Nanjing University): Surface models of graded gentle algebras
This lecture series explores the connections between the representation theory of graded gentle
algebras and surface topology, providing a comprehensive framework for understanding
derived equivalences. Diverging from traditional topological definitions of line fields, the
approach utilizes a purely combinatorial geometric model. The main geometric objects
are compact, oriented smooth surfaces equipped with boundary stops and dissections. By
assigning integer labels to boundary paths, one can dictate the degrees of arrows in the
quivers and explicitly construct the associated graded gentle algebras.
The primary focus of these lectures is the application of combinatorial winding numbers
to classify derived equivalence between these algebras. For genus zero surfaces, this
equivalence is determined entirely by boundary stop data and boundary winding numbers.
In higher genera, additional invariants are necessary. The framework introduces a greatest
common divisor (gcd) invariant derived from non-separating simple curves for genus one
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surfaces, while higher-genus surfaces require richer extractions like parity data and Arf
invariants to complete the classification.
Finally, we will explain why these invariants work by transitioning to a strictly algebraic
perspective using the mechanism of 𝐴∞ algebras and categories. Specifically, we will
demonstrate how a cyclic higher product allows an object to be replaced by an iterated
twisted complex without altering the underlying perfect derived category. This algebraic
mechanism of generator replacement naturally connects to the topological partially wrapped
Fukaya category of a graded surface with stops.
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