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Course Description

Department of Mathematics

Area i EFF J AN 0 A EJRE D °
Oy Vad Of i ViEopr &8

Nature of the course

O ired O electi )
require elective O Oz Ofpsclhed Ofw Ok 234 ey

Calculus 1 Calculus A [ Calculus B

Course number ‘ Section number ‘ 3 ‘ Number of credits ‘ 3

Course title AR LA A > 42 (Delay Differential Equations )

Instructor K ii\E R

l. % Contents :

(= o5 z_)
a. fReny hrE- T2 b AN TMIES o W pFF A4 (delay feedback control )

5]
d. 2>t~ s (global bifurcation

—

Il. Course prerequisite :

MM N E s W s D AR S

1. * Reference material ( textbook(s) ) :

T. Erneux: Applied Delay Differential Equations, Springer, 2009.

J.K. Hale: Theory of Functional Differential Equations Springer, 1977

J.K. Hale, S.M. Verduyn Lunel: Introduction to Functional Differential Equations, Springer, 1993

H. Smith: An Introduction to Delay Differential Equations with Applications to the Life Sciences, Springer,
2011.

V. % Grading scheme : 338 235354 2 F A0 o blde T 8¢ 30% & 40% (TE 10% R 20% 0 g3
100%
% 70% ~ #F % ¥ 30%

V. % Course Goal :

PAL— B A A %ﬁr’v’ﬂﬁ,’,ﬂ&.ﬁf—”"bﬁ%jﬂ&/}‘% 2 o
piR= ?;#f_ﬁ’zpm,:,c,__\va‘~ AR T IR o
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Course Description

Department of Mathematics

Nature of the course: elective Area: fCEELYGE, (] HLHLEE

Course number Section number TeiE ‘ Number of credits | 3
Course title At - B B

Instructor ESE A NI

l. * Contents - Comparisons of cohomology theories, absolute Hodge
cycles, Tannakian category, Nori’'s construction, periods, exponential

motives, special values as periods and their Galois groups

. Course prerequisite : Algebra, algebraic topology (including singular
cohomology), working knowledges in algebraic geometry (including

cohomology of coherent sheaves)

. * Reference material ( textbook(s) ) :

Huber and Miiller-Stach, Periods and Nori motives. Springer 2017.

Fresan and Josse, Exponential motives.

V. * Grading scheme : #F (7 B A= TR AR B U PR HE G S R T 5 s NS By sl R i 2 2 AN [r) i

# :100%

V. * Course Goal :

The theory of motives contains many central ideas in algebraic geometry. Although a large part of the
structures of the theory remain conjectural, the philosophy has indeed provided useful guiding principles and
served as the cores underlying different invariants by regarding them as various realizations of the common
objects. The central topics of this course discuss the comparisons of different cohomology theories in algebraic
geometry, regarded as various realizations of motives, the periods of motives and their structures. We focus
on two constructions of motives: one uses the notion of absolute Hodge cycles and the other relies on Nori’s
diagram categories. The Galois theory of the resulting periods will be discussed. Examples include the
category generated by abelian varieties. Finally we move to the exponential motives recently developed by
Fresan and Josse, which in particular provides a further factorizations of classical motives and potentially
gives more links between differential Galois theory, Fourier transformation and transcendences of special
values of interesting functions (e.g., Siegel’s E-functions).

1.k SRy EARIL

2. RANEFRICa ) 200 FLLE
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Course Description

Department of Mathematics

Area i f £ FF 9 EapN 0 R EAREB °
Naturepfthecourse . Ottt Oatr Ofesipf O 587 58
[ required [ elective ) . o N ) .

O3 Ozt Ofpdcsed O e OF2 7 p2amy
Calculus ] Calculus A [ Calculus B

Course number

‘ Section number ‘ 2 ‘ Number of credits ‘ 3

Course title

AL A

A i

yo

Instructor

A




VI. %k Contents :

The first half of the course will introduce the basic measure theory (6 weeks), the concept of probability (1
week), and vague convergence of probability measures (1 week). The second half of the course will turn to
exchangeable sequences, stationary sequences and ergodic theory. Examples from mathematical statistical
mechanics will be provided. Topics like point processes and random matrix theory may be covered if we

have time.

VIL. Course prerequisite :

Basic analysis.

VIII. * Reference material ( textbook(s) ) -

Leadbetter, A Basic Course in Measure and Probability Theory for Applications (2014)

Kirsch, A Survey on the Method of Moments (2015)

Resnick, Heavy-tail phenomena Probabilistic and Statistical Modeling (2007)

Krishnapur, Lecture Notes for Random Matrix Theory (2011)

IX. * Grading scheme @ G35 8 23552 2 F A0k o Blde DB P 30% # & 40% ¥ 10% R4 20% 0 it
100%

One tutorial hour every other week, 30 %; two exams 70%.

X. % Course Goal :

Providing enough backgrounds for undergraduate students who are interested in probability theory. Students
will learn how modern probability theory interacts with statistical physics. The first correlated system beyond
the concept of ‘i.i.d.” is the exchangeability. In physics, there is no obvious reason to differ one particle to
another. De finnetti’s theorem tells that exchangeable sequences are mixtures of i.i.d. sequences. An approach
to analyze this problem is based on moments of random variables. Other correlated systems are point processes
and random matrices. They could be used to understand real data.

Course Description

Department of Mathematics

Area frF X5 ) EA Y - X5 RE G :
O s OAr Ofpoipl 095 & pr &5

Nature of the course

[ required [ elective O % Ozt Odptcses Of e Ok =9 Bha2mg
Calculus O Calculus A O Calculus B

Course number ‘ Section number ‘ X ‘ Number of credits ‘ 3
Course title AR LA R AIRER

Instructor ¥ EES




XI. %k Contents :

Basic concepts for continuous-time stochastic processes, Poisson point processes and Gaussian processes.
Spectral analysis of stationary processes. Renewal theory. Continuous-time Markov processes. Interacting

particle systems. Examples from many fields of sciences

XIl. Course prerequisite :

Measure theory

XIII. * Reference material ( textbook(s) ) :

Todorovic, An Introduction to Stochastic Processes and Their Applications (1992)

Brémaud, Fourier Analysis and Stochastic Processes (2014)

Resnick, Adventures in Stochastic Processes (1992)

XIV. * Grading scheme @ G35 3 235352 2 F At o Blde DB P 30% # & 40% ¥ 10% R4 20% 0 it
100%

One tutorial hour every other week, 30 %; two exams 70%.

XV. %k Course Goal :

We will discuss various types of stochastic processes and mathematical tools for understanding the random
phenomenon which depends on time continuously. Providing scientific examples for students to get used to
real applications. Systems with continuous parameters are benchmarks for discrete problems. Poisson and
Gaussian distributions are two typical cases when experts do stochastic modeling. Renewal theory is the tool
for analyzing systems repeating itself again and again. The interacting particle system, especially the contact
process, is a way probabilists understanding the infectious virus.

Bewm e 5t 200 F b




Course Description

Department of Mathematics

Area i EFF J AN 0 A EJRE D °
Vidgdgh Oftr VArZipg OF5epr &kF

Nature of the course

[ required O elective O Ozt Ofpscks Ofe Ot h2img
Calculus [ Calculus A ] Calculus B

Course number | Section number | % 4 | Number of credits | 3
Course title Az - ¢ Algebraic Geometry

Instructor KR IARER

* Contents :

This course aims at providing an introduction to the basic theory of algebraic geometry.

Part 1:

We will talk about the (semi)classical setting of algebraic varieties. We will introduce basic notion of this
part in the style of J.-P. Serre's "Faisceaux algébriques cohérents." On the other hand, we will have
discussions on concrete examples, such as varieties in affine spaces or in projective spaces. The goal of this

part is to have the audience get acquainted with the language of sheaves and learn to practical manipulation.

Part 2:
This part will focus on the basic theory of schemes. The audience will find the role commutative algebra
plays. Notions related to schemes and necessary facts in commutative algebra will appear alternating with

each other.

Part 3:
This part will first introduce the general cohomological theory in terms of derived functors. Then the
general theory will be applied to the case of coherent sheaves on schemes to obtain several fundamental

results in algebraic geometry.

KTy AR NS P A A E o

5 - R0
AP AP (L) w23k T 11 Serre 7% § Faisceaux algébriques cohérents =k $5 4
BAREL T - S F 0 AP EHBGLO AP IR SN RS R LT o

SRS TO R S EE SR SN N CEREE ¥ RS SR

BEB S PAEE 0 S R 2020 E 9 7 30 P WA AR F K G -

TN E A T A ATES ARG G R A BT R DA § o A B E




AR R N BTG > RIS K- ISR PR i RO R ) R

Course prerequisite :

To enroll in this course, it is required to talk to the lecture, Chen-Yu Chi, before Sep. 30, 2020.

0. (Category) The audience should have known the mathematical meaning of each of the following
terms: category, functor, natural transformation (or morphisms between functors), monomorphism,
and epimorphism. Explanations of these terms can be easily found online. DO NOT TRY TO
KNOW MORE ABOUT CATEGORY THEORY BUT THOSE LISTED ABOVE.

1. (General topology) It is required to know the definition and basic properties of topological
spaces, closed sets, open sets, neighborhoods, continuous maps, compactness, and connectedness.

2. (Commutative algebra) Basic understanding of polynomials and the first 3 chapters of Atiyah
and Macdonald's "Introduction to Comutative Algebra"” will be more than enough for the first third
of the course.

3. (Complex analysis) Although not absolutely necessary, it will be helpful to have some
knowledge about the implicit function theorem, smooth manifolds, power series, and holomorphic
functions.

0. (#uMg) FERIEZSeHE Myeseny (B Ey) & category, functor, natural
transformation (or morphisms between functors), monomorphism, and epimorphism - [

A SRR AR RS R E] - 35 T A2 SUERERE EYE B RSB R A o

1. (BEEEFERE) TERZERIE TR E B AME | topological spaces, closed sets,
open sets, neighborhoods, continuous maps, compactness, and connectedness -

2. (THAE) BN TEAIEA T iDL K Atiyah 21 Macdonald 1Y Introduction to
Comutative Algebra HJpT =F$ > ASRIEHY AT =70 Z —AGER TR EH -

3. (53#r) EEARIGIREEEI T - AIERAEH DU T AN AA LEala & /24 2aHY ¢ the implicit function

theorem, smooth manifolds, power series, and holomorphic functions -

* Reference material ( textbook(s) ) :

We will not follow a single textbook. Materials and the way they are presented will mainly be selected from

the following:

Part 1
[1] Mumford, Algebraic Geometry I - Complex Projective Varieties
[2] Harris, Algebraic Geometry




Parts 2 and 3

[1] Grothendieck (assisted by A. Dieudonne), Eléments de Géométrie Algébrique
[2] Fu, Algebraic Geometry

[3] Hartshorne, Algebraic Geometry

Commutative algebra
[1] Atiyah and Macdonald, Introduction to Comutative Algebra
[2] Matsumura, Commutative Algebra

[3] Zaruski and Samuel, Commutative Algebra I & 11
AR GFEREE ——AERE - A EEH T Z L ERIT N IIERAVEE T ¢

F—Eb
[1] Mumford, Algebraic Geometry | - Complex Projective Varieties
[2] Harris, Algebraic Geometry

s =8y

[1] Grothendieck (assisted by A. Dieudonne), Eléments de Géométrie Algébrique
[2] Fu, Algebraic Geometry

[3] Hartshorne, Algebraic Geometry

AHAAEY

[1] Atiyah and Macdonald, Introduction to Comutative Algebra
[2] Matsumura, Commutative Algebra

[3] Zaruski and Samuel, Commutative Algebra | & Il

* Grading scheme ® 33 8 £330 2 F A0 > Blde DB P 30% # Kk 40% (FE 10% R4 20% 0 3 100%

Exercises (regular presentations or paperwork): 50%
Final presentations on selected topics: 50%

Bl (PITHE Bl A5+ 50%
HIPR $1 ¥ 88 FRERY C15H RS © 50%

% Course Goal :

The goal of this course is to train it's students so that they can proceed by themselves into more
advanced areas related to algebraic geometry.

A7 ETETR A RE IR ) [ LB S ] 7 B ) A Py U i A -




Course description

Course title: Introduction to Algebraic Topology

Instructor: Prof. Jing Yu

Contents: Fundamental Group, Covering Spaces, Covering Trans, Homology(Betti), Cohomology, de
Rham cohomology, Differential Form, Eilenberg-MacLane Spaces, Homotopy Groups, Spheres, Graphs,
Surfaces, Galois Theory.

Course prerequisite:

Linear Algebra, Algebra, Analysis, Complex Analysis.

*Reference material (textbook(s)):

Algebraic Topology, an Introduction by W. Massey GTM; Algebraic Topology, A. Hatcher, 2001,
Cambridge.U.Press.; Differential Forms on Algebraic Topology, R. Bott, L. W. Tu, GTM.

Grading scheme:

Homework — 50%, Report — 50%

Course Goal:

Introduction to algebraic topology, fundamental groups and covering spaces, Homotopy Group, Homology
functions ad cohomology functions, Cohomology in terms of differential forms, Sheaf cohomology,
applications of algebraic topology to other fields of Mathematics.

Course Outline:

We will emphasize algebraic methods. Starting with fundamental groups and covering spaces. Topology of
surfaces, graphs and manifolds. Cohomology (Betti, de Rham) will be main concern. From surfaces will
pass to Eilenberg-MacLane spaces, and universal covering spaces and uniformization. If time is permitted
will also discuss topology of Lie groups and tools for exploring further topics, e.g. cohomology operations

on spectral sequences, advanced homological algebra.



SRR AT
* Academic Year: 2nd Semester, 2020-2021
* Nature of the Course: Elective for advanced undergraduate
* Area: Algebra
* Number of Credits: 3
« Course Title: Lie Groups and Lie Algebras Z=EELELZR(LE]
« Lecture time: — 34 V04
« Instructor: Wu-yen Chuang ;2

I. Contents: Lie group theory and Lie algebra theory: Lie’s theorem, Engel’s theorem, Cartan’s criterion,
semidirect product of Lie algebras(Lie groups), fundamental theorems of Lie theory, solvable Lie groups,
nilpotent Lie groups, classical semisimple Lie groups. Complex semisimple Lie algebras: Cartan subalgebra,
root system, Weyl group, Cartan matrices, Serre relations, correspondence theorem, universal enveloping
algebra. Compact Lie groups and their representations: Peter-Weyl theorem, Analytic Weyl group, Integral
forms, Weyl’s theorem, Theorem of the highest weight. Poincare-Birkhoff-Witt theorem, Harish-Chandra
isomorphism theorem, Weyl character formula, parabolic subalgebras, Cartan decomposition, Iwasawa
decomposition, Caylay transforms, Vogan diagrams, and etc.

I1. Course Prerequisite: Linear algebra, algebra and some basics about smooth manifolds.
II1. References:

* Knapp, Lie groups beyond an introduction, 2nd edition.

* Fulton and Harris, Representation Theory, A First Course.

IV. Grading Schemes: 70% homework assignments, 30% course participation.

V. Course Goal: This course will introduce students to the fundamentals of the subject.

Department of Mathematics, National Taiwan University, Taipei, Taiwan
Email address: wychuang@gmail.com



Course Description

Department of Mathematics

Nature of the course: elective Area: Algebra

Course number Section number | G | Number of credits | 3
Course title PMESATE | B HE zeta (HELERIE Y

Instructor Zi#% + Nobuo Sato

l. * Contents : Introduction to the theory of multiple zeta values and iterated integrals
. Course prerequisite : The audience will be expected to be familiar with:
NECESSARY: Complex analysis, Basics of commutative algebra,
RECOMMENDED: Elliptic modular forms, Linear differential equations
1. * Reference material ( textbook(s) ) :
Jiangiang Zhao, Multiple Zeta Functions, Multiple Polylogarithms And Their Special Values,
World Scientific, 2016
José Ignacio Burgos, Gil and Javier Fresan, Multiple zeta values: from numbers to motives,
Clay Mathematics Proceedings

(currently available online at http://javier.fresan.perso.math.cnrs.fr/mzv.pdf)

V. * Grading scheme : Homework assignments
V. * Course Goal : There is a class of numbers with nice arithmetic properties called period of

motives. Among the periods of general motives, periods of mixed Tate motives are in a sense
the most fundamental objects and multiple zeta values (MZVs in short) are simplest examples of
the periods of mixed Tate motives. Despite the speciality of their appearance, MZVs generate all
the periods of mixed Tate motives over Z thus forms an important class of numbers.

This introductory course is an attempt to give a thorough overview of the theory of multiple zeta
values and more general iterated integrals on the projective line as well as its related topics,
from various points of view, and introduce to what extent we know so far and what future
perspective we have about the research in this area.

MZVs have two different aspects; the series expression and the iterated integral expression. The
former half of the course mainly focuses on the series aspect where we shall discuss the topics
such as conical zeta values, finite analog of MZVs, multiple Eisenstein series in relation with the
original MZVs. Then in the latter half, we shall focus on the iterated integral expression of the
MZVs, and see their geometric nature. The topics would include an introduction to the basics of
mixed Tate motives and explain how they are related to MZVs, as well as the theory of
hyperlogarithms and its applications to the Grothendieck-Teihmuller theory. We shall discuss
both the nice special structures and the general theory of hyperlogarithms. Throughout the

course, some of the hard theorems will be given without proof.



http://javier.fresan.perso.math.cnrs.fr/mzv.pdf

