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The research on classifying torsion classes provide a breakthrough in understanding this type of

problems.  The research on non-orientable surface also bring new connection between new area of
representation theory and topology.

Over the period of the research, 1 have had four research projects
published, as well as having four preprints finished and submitted for review. Three of these
research projects are directly related to the proposed research theme. Namely, one article looks at

enlargement of Brauer tree algebras via certain ring theoretical construction; one article
classifies the torsion classes of gentle algebras, based on its connection with surface topology;
and one article extending the connection between algebras and surface topology from the orientable
setting to the non-orientable one. My other research projects revolve around understanding various
homological properties of finite-dimensional algebras, providing various breakthrough in long

standing questions. On top of these, | have also organised school on differential graded algebras
and also school on Koszul algebras, bring together researchers across various areas.
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1. WIZERtRSRIDE R

The origin of gentle algebras can be traced back to the study of representations over the Lorentz group by
Gelfand-Ponomarev; it has been discovered recently that they are closely related to topological Fukaya categories
of surfaces, categorification of cluster algebras, and modular representation theory of finite groups. We propose
to study the derived categories of gentle algebras by looking at their tilting theory. More precisely, as an
extension of the author’s previous works on classification of two-term silting complexes, we are interested on a
more relaxed gadget called torsion classes - full subcategories that are closed under quotients and extensions -
of the module categories.

The notion of torsion class, i.e. full subcategories that are closed under quotients and extensions, in an
abelian category was introduced in the dawn of using categorical technique to study representation theory. A
particular example comes from the class of torsion groups in the category of abelian groups. It gave birth to
tilting theory - in particular constructions of equivalences between derived categories - which is a central theme
in modern representation theory. This research project aims to explore new techniques that can shed light on

understanding torsion classes as well as tilting theory in general.

2. FEDOHEHM

Our main aim is to classify these torsion classes using combinatorial tools coming from both algebra and
geometry. Namely, by associating a gentle algebra with a ribbon graph embedded in a surface, we will establish
a correspondence between certain curves on the surface and the indecomposable modules, and use this to classify
torsion classes using the notion of laminations of surfaces. Moreover, we will use this result to classify certain

silting complexes, and to determine the Bridgeland’s stability conditions that are induced by torsion classes.

3. WIZEDITIE

Our idea for classifying torsion classes of gentle algebras is to use its topological interpretation. Recall that
ribbon graphs are planar graphs on (orientable) surfaces. It turns out that a gentle algebra A can be defined
using a ribbon surface (S,I"), which encodes how a ribbon graph I' embeds into a surface S. Construct a quiver
@ whose vertices correspond to the arcs of I'. For each vertex of I', the orientation of S induces an ordering of
arcs attached to each vertex, then arrows of () correspond to pairs of consecutive arcs in these ordering. Then
A associated to (S,I") is given by the path algebra of @ with relations generated by all compositions of arrows
that do not appear as consecutive pair in these orderings.

This connection to topology allows one to regard A-modules and complexes as certain curves on the associated
ribbon surface. Thus, one might expect some technology from topology of surfaces could bring new inspiration
into classification of torsion classes for gentle algebras. In fact, using our previous works on a similar class of
algebras, we already had a candidate object in surface topology that can be used to classify torsion classes,
namely, the laminations.

Our first goal is to establish a correspondence between torsion classes of A and (generalised) laminations of
the associated ribbon surface. An additional goal is to distinguish the functorially finite torsion classes from
general torsion classes using surface topology. This helps to see the discrepancy between the study of tilting

theory via silting complexes and via torsion classes.

4. WFFERR

The research project has been successful. A preprint is written up and is currently under review. Namely,
we established the correspondence between torsion classes of gentle algebras with a certain combinatorial tool
called maximal noncrossing sets of strings. This is the algebro-combinatorial analogue of curves on surfaces.

This work will provide the first step into further comparison between laminations in classical surface topology



- and those use in the algebraic study of tilting theory for gentle algebra.

Beside its topological significance, our work provides a breakthrough in the classification problem of torsion
classes of finite-dimensional. Explicit classification were only known to very few cases before and showing only
limited phenomenon, and we have now extended to a much larger classes where previously unseen phenomenon
occur.

On top of this work, I have also written up works that are closely related to the proposed research projects.
These concern generalisation of the aforementioned connection between tilting theory and surface topology. The
most recent preprint in this direction give an attempt to generalise the setting of orientable surface topology
to non-orientable ones. It tuns out that this require some rather new tools in representation theory. This work

brings new potential breakthrough not only in surface topology, but also in new aspect of representation theory.
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