
Seminar: Advanced topics in linear algebra

Coordinator: Jonathan Lorand

Spring Semester 2018

General information

The seminar will meet Mondays, 13:00 - 14:45, in Y27 H46 (at the math institute on the Irchel campus).
The course website is here: http://user.math.uzh.ch/lorand/FS18Seminar.html

We will discuss the schedule and the assignment of talks in the first meeting on Monday the 19th
of February. For course credit, students are asked to give a presentation as well as write a short report
on the topic of their presentation - a summary of the main concepts and results that form the content
of their presentation. These summaries will be made available to all participants; this will help us
follow along as the semester progresses, and at the end of the semester we will have a nice summary of
everything we learned.

Schedule and Syllabus (tentative)

19.02.18 Meeting 0: Introduction to the topics to be covered. Clarification of organizational ques-
tions.

26.02.18 Meeting 1: Introduction to universal algebra (a.k.a general algebra).

Topics: Primer on aspects of functions and relations; some reminders and conventions about
set theory. Introduction to basic concepts of universal algebra. Discussion of examples of basic
structures: posets, lattices, semigroups, monoids, groups, Boolian algebras, rings, etc.

References:

• Primer on relations and functions: chapter 2 of [17].

• Universal algebra introduction: Section 1.1 in [14], in particular all the examples.

• Further references for relations: for example [22]

• For further background (not for presentation): see [3] (material on relations, posets, lattices).

05.03.18 Meeting 2: Introduction to category theory.

Topics: Introduction to the basic notions of category theory: categories, functors, natural trans-
formations. Discussion of examples, including many examples that are algebras in the sense of
the previous presentation on universal algebra. Also, perhaps discuss the example of dynamical
systems in the category of sets.

References:

• Sections I.1 through I.4 in [13].

• Futher references: Chapter 1 in [16], Section 1.1 through 1.4 of [18].

12.03.18 Meeting 3: Posets and lattices.

Topics: Discussion of the basic definitions and aspects of posets and lattices. Discussion of
various examples, including posets of sets, integers, polynomials, and lattices of subgroups, ideals,
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subspaces, integers, polynomials, etc.. Discuss categorical aspects of posets and lattices: posets
as categories.

References:

• Posets: all of [3]

• Lattices: Section 2.1 of [14], Chapter 1 (at least sections 1-3) of [4]

• Posets as categories: https://ncatlab.org/nlab/show/partial+order

• Optional categorical aspects: initial and terminal objects, products and coproducts.

19.03.18 Meeting 4: Rings, Modules, Algebras.

Topics: Reminder of the basic definitions and aspects of rings. Discussion of the basics of
modules and algebras.

References:

• Rings: see, for example, [1] and [15].

• Modules. In [19]: Chapter 4, up to page 121. Also include the short section “Modules are
not as nice as vector spaces”.

• Algebras. In [10]: Chapter V, sections 5.1 – 5.5, 5.9 – 5.13.

26.03.18 Meeting 5: Polynomial algebras.

Topics: Discussion of a special kind of algebra: ones built from polynomials in one variable. In
particular to discuss: poset and lattice structures, Euclidean algorithm.

References:

• In [10]: Chapter XII, sections 12.1 – 12.18 (full chapter)

02.04.18 No meeting (Easter break).

09.04.18 Meeting 6: Theory of a linear transformation.

Topics: Discussion of the “Jordan normal form” classification of endomorphisms up to conjuga-
tion.

References:

• In [10]: Chapter XIII, sections 13.1 – 13.18, 13.23 – 13.25. If time also sections 13.19, 13.20.

16.04.18 No meeting (Sechseläuten).

23.04.18 Meeting 7: Modules over a principle ideal domain. (Jonathan away; Seminar will take
place)

Topics: Discussion of the basic theory of modules over a principle ideal domain, with a view to
the special case where the base ring is k[x] for some field k.

References:

• In [19]: Chapter 6.

30.04.18 Meeting 8: Linear transformations revisited. (Jonathan away; Seminar will take place)

Topics: Application of the theory of modules over a principle ideal domain to the “Jordan normal
form” classification. Possibly also discuss ’dynamical’ point of view on this classification. Also,
possibly discuss extension of this classification to linear relations.

References:

• In [19]: Chapter 7, also link back to talk of meeting 6.
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• Possible further material to discuss: the ‘dynamical proof’ in this blog post [21].

• Possible further topic: linear relations.

07.05.18 Meeting 9: Introduction to quiver representations and Coxeter functors.

Topics: Introduction of some of the basic definitions and concepts related to quiver representa-
tions. Examples.

References:

• Sections 1 through 3 in [11].

• Further material: Sections 1.1 through 1.4 of [5]. Chapter 6 of [8]. Also [2].

14.05.18 Meeting 10: Gabriel’s theorem, tame quivers, Jordan quiver, D̃4 quiver.

Topics: The classification of representations of quivers and finite and tame type. Discussion of
the example of the Jordan quiver and the D̃4 quiver. Some discussion of the structure of the
isomorphism classes of indecomposable representations in terms of Coxeter functors.

References:

• Sections 4 and 5 in [11].

• Short statement of the classification theorems for finite and tame type: [6].

• Further material: for Gabriel’s theorem, see chapter 6 of [8], and [2]; for classification of D̃4

representations, see [7].

21.05.18 No meeting (Pfingsten).

28.05.18 Meeting 11: Poset representations, four subspace problem.

Topics: Brief introduction to the notion of poset representations, followed by a discussion of the
“four subspace problem”: statement of the problem, applications of its solution, discussion of the
solution and the methods used in [9] to obtain it.

References:

• The main reference is [9].

• Further material for relationship to quiver representations: see the classification of D̃4 rep-
resentations in [7].

• Further reference for the “four subspace problem”: Section XIII.3 in [20].
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