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Topic 1: Introduction to Hochschild (co)homology

Plenary speaker: VEIEJ7, JbRi ks

Abstract: First we will introduce the notions of Hochschild homology and
cohomology. Their different applications in representation theory, topology and
geometry will be discussed. More precisely, we will review several conjectures
(Happel’s conjecture, Han’s conjecture, strong no loop conjecture) in representation
theory. We will also talk about its relationship with deformation quantization.

Talk1: We first give the definitions of Hochschild homology and cohomology.
Then we will give several motivations from different points of view on why we study
Hochschild homology and cohomology. For instance, it is related to Auslander-Reiten
conjecture, Deligne conecture, Han’s conjecture and deformation quantization. It
plays a crucial role in non-commutative geometry.

Talk2: We discuss operations on Hochschild chain and cochain complexes. More
precisely, we will prove that the Hochschild cohomology ring is a Gerstenhaber
algebra. We will explain that these operations are closely related to deformation
theory.

Talk3: We focus on commutative algebras during this talk. For a commutative
algebra, we introduce the Hochschild-Kostant-Rosenberg (HKR) maps from
Hochschild chain complex to differential forms, and dually from poly-vector fields to
Hochschild cochain complex. We will prove that they are quasi-isomorphisms for
smooth algebras.

Talk4: We introduce the notion of deformation quantization. We explain how
Kontsevich proved the deformation quantization theorem by proving that the HKR
map of Hochschild cochain complex can be extended to an L-infinity
quasi-isomorphism. We will also give an application of deformation quantization to
Duflo isomorphism from Lie theory.

Talk5: We introduce the notion of Tate-Hochschild cohomology, which is

analogous to Hochschild cohomology. We will show several recent developments on

4



this cohomology.

References
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Math. (2) 78 1963 267-288.
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Math. (2) 46, (1945). 58-67.

[3] Keller, B.: Notes for an Introduction to Kontsevich’s quantization the-
orem. Notes at the EMALCA 111, Morelia (Mxico), 2004. Available from
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[4] Keller, B.: A-infinity algebras in representation theory. Representations of
algebra. Vol. I, I, 74-86, Beijing Norm. Univ. Press, Beijing, 2002.

[5] Kontsevich, M., Soibelman, Y.: Deformations of algebras over operads and
the Deligne conjecture. Confrence Mosh Flato 1999, Volume I (Dijon), 255-307,
Math. Phys. Stud. 22, Kluwer Acad. Publ., Dordrecht, 2000.

[6] Voronov, A. A.: Homotoph Gerstenhaber algebras. Confrence Mosh Flato
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Dordrecht, 2000.

Topic 2: Lie theory associated to weighted projective lines
Plenary speakers: 1. MRiErg, B[R

2. RfEd, EITTRE
3. frifte, EITKE

Abstract: The notion of weighted projective lines was invented by Geigle and
Lenzing, motivated by giving a geometric treatment for Ringel's canonical algebras.
By a deep theorem of Happel, up to derived equivalence, a hereditary category with a
tilting object is either equivalent to the module category of a path algebra, or
equivalent to the category of coherent sheaves on a weighted projective line. The
study of weighted projective lines is related to many mathematical areas, for example,

the representation theory of algebras, noncommutative algebraic geometry, Lie theory,



and singularity theory. In this talk we mainly study the Lie theory associated to
weighted projective lines via Ringel-Hall algebra approach. The Ringel-Hall algebra
of the category of coherent sheaves and its Drinfeld double have been studied by
many people, for example, Burban, Kapranov, Schiffmann, Xiao etc. According to
their work, the double composition algebra (certain subalgebra of the Ringel-Hall
algebra) provides a realization of the quantized enveloping algebra of the loop algebra
of a Kac-Moody algebra. By using the Ringel-Hall Lie algebra construction
introduced by Peng-Xiao, Crawley-Boevey gave a realization of the loop algebras of
Kac-Moody algebras, and obtained a Kac-type theorem for weighted projective lines,
which describes the dimension types of indecomposable coherent sheaves in terms of
the root systems for the loop algebras.

Content:

(1) The category of coherent sheaves on projective line;

(2) Introduction on weighted projective lines;

(3) The category of coherent sheaves on weighted projective lines;

(4) Ringel-Hall algebra approach to quantized loop algebras;

(5) Kac's theorem for weighted projective lines.

References

[1] X.W. Chen and H. Krause, Introduction to coherent sheaves on weighted
projective lines, arXiv:0911.4473.

[2] R. Dou, Y. Jiang and J. Xiao, The Hall algebra approach to Drinfeld's presentation
of quantum loop algebras, Adv. Math. 231 (2012), 2593-2625.

[3] W. Geigle and H. Lenzing, A class of weighted projective curves arising in
representation theory of finite dimensional algebras, Singularities, representations of
algebras, and Vector bundles, Springer Lect. Notes Math. 1273 (1987), 265-297.

[4] W. Crawley-Boevey, Kac's theorem for weighted projective lines, J. Eur. Math.
Soc. (JEMS) 12 (2010), no. 6, 1331-1345.

[5] O. Schiffmann, Noncommutative projective curves and quantum loop algebras,

Duke Math. J. 121 (2004), no. 1, 113-168.



Topic 3: Cluster algebras

Plenary speakers: 1. [32%z, P TR
2. B O, RSl
3. EEH, TR

Abstract: This series of talks gives a foundamental introduction to cluster algebras,
which is a relatively young field in mathematics. We present basic definitions and
collect important results in this area, and we select and introduce several fruitful
approaches to cluster algebras.

1 Basics of cluster algebras

In this talk, we introduce the definitons and background of cluster algebras. And we
compute examples in details.

2 Cluster algebras and categorification

We introduce the theory of cluster categories. We discuss how to use these categories
to study cluster algebras.

3 Cluster algebras and scattering diagrams

We present basics of scattering diagrams arising from geometry. We explain how
cluster algebras are related to these diagrams, following the work of
Gross—Hacking—Keel-Kontsevich.

4 Cluster algebra and r -tilting theory

We introduce the 7 -tilting theory. We shall see how the notion of mutation is
generalized to 7 -tilting modules of finite dimensional algebras.

References

[1] T. Adachi, O. lyama and I. Reiten,  -tilting theory, Compos. Math. 150(2014),
no. 3, 415-452.

[2] A.Buan, R. Marsh, M. Reineke, I. Reiten and G. Todorov, Tilting theory and
cluster combinatorics, Adv. Math. 204 (2) (2006), 572-618.

[3] S. Fomin and A. Zelevinsky, Cluster algebras 1V: Coefficients, Compositio
Mathematica 143 (2007), 112-164.

[4] Mark Gross, Paul Hacking, Sean Keel, Maxim Kontsevich, Canonical bases for
cluster algebras, arXiv:1411.1394

[5] L.K. Williams, Cluster algebras: an introduction, arXiv:1212.6263
7


https://arxiv.org/find/math/1/au:+Gross_M/0/1/0/all/0/1�
https://arxiv.org/find/math/1/au:+Hacking_P/0/1/0/all/0/1�
https://arxiv.org/find/math/1/au:+Keel_S/0/1/0/all/0/1�
https://arxiv.org/find/math/1/au:+Kontsevich_M/0/1/0/all/0/1�

MRERIE
Report 1: Modified Ringel-Hall algebras, naive lattice algebras and lattice algebras
Reporter: #icd (PUJ11K2)
Abstract: For a given finitary hereditary abelian category, in some twisted cases it
is shown that the modified Ringel-Hall algebra is isomorphic to the naive lattice
algebra and there exists an epimorphism from the naive lattice algebra to the lattice

algebra. Furthermore the kernel of this epimorphism is described explicitly.

Report 2: On the representation dimension of the algebras of dual numbers over
Koszul self-injective algebras

Reporter: #8375 (FgHER2)
Abstract: Let Abe a Koszul self-injective algebra, and A ®, k[x]/(x?) be the
algebra of dual numbers over A. In this note, we show that if A satisfies Fg,

A®, K[x]/(x*) also satisfies Fg. In particular, if A is a radical cube zero self-

injective algebra of infinite representation type and satisfies Fg, representation

dimension of A ®, k[x]/(x*) isequal to 4. This is a joint work with Qianhong Wan.

Report 3:  Uniformly column sign-coherence and the existence of maximal green
sequences

Reporter: &HEAHR (L RE)
Abstract: Sign-coherence is an important phenomenon in cluster algebras. We prove

that each matrix in M (Z,,)are uniformly column sign-coherence. Using such

matrices, we give the definition of indecomposable skew-symmatrizable matrix. Then
we reduce the existence of a maximal green sequence for skew-symmetrizable
matrices to the existence of a maximal green sequence for indecomposable

skew-symmetrizable matrices. This is a joint work with Fang Li.



Report 4: t-stabilities for a weighted projective line

Reporter:  E#rtt CHRERFEERD
Abstract: We study the t-stabilities on the bounded derived category D°(cohX) of

the category of coherent sheaves on the weighted projective line of weight type (2).

We will introduce the notion of a t-exceptional triple and then show that each finest
effective t-stability on D°(cohX) admits a t-exceptional triple. As an application, we

obtain that each stability condition o in the sense of Bridgeland admits a
o -exceptional triple, which was first shown by Dimitrov-Katzarkov. This result

implies the connectedness of the stability condition space associated to Q.
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