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Course Description

Department of Mathematics

Nature of the course
[ required [ elective

Area i f EFF RS 0 A EJRE D °
On et O soxOf eedpt O 5o gt iF
O Onzt Oggscesd O e Ok P9 brog

Calculus O Calculus A O Calculus B
Course number \ Section number g i \ Number of credits \
Course title AL H D ARATER A
Instructor ## © Shu-Cheng Chang
I. %k Contents :

We will focus on Canonical Metrics in Sasakian Geometry including :
1. Sasakian structures and Sasakian geometry.
2. Sasaki-Einstein.
3. Analytic transverse minimal Model Program.
4. The Sasaki-Ricci Flow

Course prerequisite : Basic notion of differential and algebraic geometry.

* Reference material ( textbook(s) ) :

1. Kenji Matsuki, An introduction to Mori Program, Springer-Verlag New York, Inc. 2002.

2. Boyer and Galicki, Sasakian Geometry, Oxford University Press, Oxford, 2008.

3. V. Tosatti, KAWA LECTURE NOTES ON THE KAEHLER-RICCI FLOW, Ann. Fac. Sci.

Toulouse Math. 27 (2018).
4. H.-D. Cao, THE KAEHLER-RICCI FLOW ON FANO MANIFOLDS, arXiv:1212.6227v2.

V. kGrading scheme @ s 8 £383- 4 2 F A0 > Bilde D 8¢ 30% & 40% (T% 10% 3K+ 20% 0 it
100%
Report papers related to the topic.
V. * Course Goal :
Hope students are able to work on the related topics.
1. k55 wEF
2. ~HpMFFEE B 200 F
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Course Description

Department of Mathematics

Area}ﬁ-"ﬁﬂ“éﬁ JERE o M ERER
Orgegeh Osdr Pyrsen D)m%)@w&%
O3 Oy O 0828 Ok & beey

Nature of the course
O required [ elective

Calculus O Calculus A O Calculus B

Course number \ Section number % \ Number of credits \ 4
Course title A2 -4 - Geometry and Topological Field Theory (1), (I1)
Instructor ¥ ¢ Chin-Lung Wang (F 4 5€)

V1. 3k Contents :

In this course, we will give the detail of “mirror symmetry” from both the mathematical and physical
theories.

VII. Course prerequisite :

Prerequisites: Algebraic geometry (at least Riemann surfaces), differential geometry (tensors, differential
forms, Riemannian geometry, curvature etc.), basics in calculus of variations (Lagrangian and Hamiltonian
formalisms), general intersect in theoretic physics.

VIII. % Reference material ( textbook(s) ) :
MIRROR SYMMETRY, Vafa et al. Clay Mathematical Monographs, \Vol. 1, 2003.

IX. kGradingscheme @ g3 % &35~ 2 F A > bil4e D 8¢ 30% # % 40% iF% 10% 3%+ 20% - i3 100%

Homework 50%, Reports 50%.

X. sk Course Goal :

During the last 30 years, the “mirror symmetry” discovered by string theory proved to be one of the most
fundamental breakthroughs in the study of Calabi--Yau manifolds and 3-dimensional algebraic geometry.
Many difficult problems are solved with the help of it, e.g., the counting curves problem. However, the full
strength of it has not yet been fully understood. The major reason is that the full correspondence between
physics and mathematics requires many new notions to be rigorously developed. The Clay Lecture by Vafa
et al. was a serious attempt toward this goal. The main focus of this course is to go through the contour of it
in detail from BOTH the Mathematical and Physical point of view.

In the first semester the goal is to understand (1) the notion of supersymmetry and its impact on topological
guantum field theory, (2) how the CY condition arises and what is the Hori—Vafa—Givental mirror
construction, (3) the mathematical theory on Gromov—Witten invariants and a proof to the mirror
prediction in the semi-Fano toric setup.

In the second semester the goal is to reveal later development of the theory, including (1) Kodaira—Spencer
theory and BCOV theory of higher genera, (2) Strominger—Yau—Zaslow mirror symmetry, homological
MS, and their latest developments, (3) the mathematical theory of quantization formalism.
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Course Description

Department of Mathematics

Area i f R 9 EREN 0 NERER °
Otgerdcn  Oadr My rgipl O Eokr &8
O Oz Digschd Of s Ok FH - B2eg

Nature of the course
O required [ elective

Calculus [ Calculus A 1 Calculus B

Course number | Section number | f | Number of credits | 3
Course title PRAL LA s S % 4 Topics in Differential Geometry
Instructor E g O

Xl. *Contents :

The main theme of this course is to studying the critical states of certain geometric functional. The
main tools that will be introduced in this course are global analysis and geometric PDE’s (elliptic and
parabolic). Here are specific topics:

® Existence of closed geodesics.

® Sacks—Uhlenbeck theory on minimal 2-spheres, and the theorem of Micallef—Moore.
® Eells—Sampson theorem on the existence of harmonic maps.
()

Some topics of harmonic maps (depend on time).

XI1. Course prerequisite :

® Riemannian geometry, in particular, geometry of submanifolds.
® Some familiarity with algebraic topology would be helpful, but not required.

XII1. % Reference material ( textbook(s) ) :

® J.D. Moore, Introduction to global analysis. Minimal surfaces in Riemannian manifolds.
® R. Schoen, S.-T. Yau, Lectures on harmonic maps.

XIV. kGrading scheme @ s 8 &304 2 7 A0t > bilde @ 8¢ 30% & 40% (T% 10% 3¢+ 20% 0 Ayt
100%
Homework 50%

Final Report 50%

XV. *k Course Goal :

Understand the machinery from analysis for studying Euler—Lagrange equations in geometry.
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Course Description

Department of Mathematics

Area B £ 57 9 EHTS] 0 A 5 R :
%a:zaiﬁl;éhe COl\J/rseelxective Valpgsh Dot Dpegdpft O Rak” 55
O Otz Ofpdcseg OH e OR2FA3H- B2y
Calculus ] Calculus A ] Calculus B
Course number \ Section number g 5 \ Number of credits \ 3
Course title WA - 4L 0 Linear Algebraic Groups
Instructor et T A
XVI. * Contents :

Finite reflection groups, Coxeter groups, root systems, language of algebraic geometry,
commutative algebraic groups, Lie algebras, Hopf algebras, Weyl groups, representations of

linear algebraic groups, reductive groups, exceptional groups.

XVII.  Course prerequisite :
Bhfto Sk (2RRAR)
XVIIIl. sk Reference material ( textbook(s) ) :

T. A. Springer: Linear Algebraic Groups, 2" ed. Birkhauser Press, 2009.
J. E. Humphreys: Reflection Groups and Coxeter Groups, Cambridge U. Press.
XIX. kGrading scheme @ 348 £ 583- 4 2 7 400 > Bilde D 8¢ 30% & 40% (T% 10% 3¢+ 20% 0 it
100%
Homework on Line: 60%.
Final report: 40%.
XX. * Course Goal :

We introduce linear algebraic groups, putting related algebra and number theory in perspective.
The starting point is finite reflection group, and coxeter group. Root system introduced as basic
ingredients. We require a good background on linear algebra, and basic algebra (honors course).
\ery basic language of algebraic geometry will be employed throughout. This one semester
optional course will cover the theory of reductive groups, and spent sometime on treating

exceptional groups. Basic representations of linear algebraic groups will also be introduced.

Bewm e 5ot 200 F b
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Course Description

Department of Mathematics

Area i f R 9 EREW 0 NERER °
Ox tderigsn Oadr Of e O b2t &5
O Ozt Ofgdcsed O e OR2 A~ 27

Nature of the course
I required 1 elective

Calculus O Calculus A ] Calculus B

Course number \ Section number g i \ Number of credits \ 3
Course title A2 -4 0 Automorphic forms on GL(2)

Instructor K WM

I. Contents :

(1) Local theory of representation on GL(2)

(1) Weil representations on SL(2)

(2) Explicit construction of representations on GL(2) as quotients of Weil representations
(3) Construction of Whittaker models and Kirillov models

(4) Classification of admissible irreducible representations on GL(2)
(11) Eisenstein series on GL(2) and applications

(1) Intertwining operators

(2) Explicit computation of fourier coefficients and constant terms
(3) Non-vanishing of the Riemann zeta function at 1+it, t\not =0

(4) Langlands' computation of Tamagawa number of SL(2)

(1) Theta liftng

(1) Local Jacquet-Langlands correspondence

(2) Jacquet-Langlands-Shimizu lift

(1V) Theory of L-functions

(1) L-functions for GL(2) and converse theroems

(2) L-functions for GL(2)xGL(2): Rankin-Selberg convolution

(3) Quadratic base change

I1. Course prerequisite :

Algebra and complex analysis

Standard knowledge on p-adic numbers and Dirichlet L-functions: Chaper I-V1 in "A course in arithmetic"
by J.-P. Serre.

I11. %k Reference material ( textbook(s) ) :

Jacquet-Langlands. Automorphic forms on GL(2), part I, LNM 114.
Jacquet. Automorhic forms on GL(2), part II, LNM 278.




Shimizu, Hideo. Theta series and automorphic forms on GL(2), J. Math. Soc. Japan, vol 24 p.638-683.

IV. *kGradingscheme : 38 &35 2 2 F A 0 Glde  #¢ 30% ¥ % 40% i+% 10% 3£+ 20% - 3+ 100%
Attendance and final presentation.
V. % Course Goal :

The goal of this course is to provide the introduction to automorphic representations and L-functions on
GL(2).




Course Description

Department of Mathematics

Area iR EFF 9 EHE Y 0 R E R °
Ot s dcn Oadr O el P58k &F
O Otz Ogpicded O e OfR2 73 p2ey

Nature of the course
I required [ elective

Calculus ] Calculus A ] Calculus B

Course number \ Section number \ % \ Number of credits \
Course title AR EAE A A A (Aninfroduction to complex geometry)
Instructor ¥ MERE

I. %k Contents :

The main objects that we consider in complex geometry are complex manifolds (or more generally complex
analytic spaces). These are objects of global nature, locally modeled on open subsets of complex Euclidean
spaces (or complex analytic subsets of them) and glued together via holomorphic maps. While the local
study of complex manifolds is essentially covered by complex analysis, the global study of complex

manifolds necessitates the language of sheaves and cohomology.

When a complex manifold is equipped with a Hermitian metric which is "compatible™ with the underlying
complex structure, we call it a Kéhler manifold. Smooth projective varieties provide many explicit examples
of compact Kahler manifolds, in terms of vanishing loci of systems of homogeneous polynomial equations.
We will see how Hodge theory yields far-reaching consequences on the cohomology of compact Kahler

manifolds, which apply in particular to smooth projective varieties studied in (complex) algebraic geometry.
This course could be regarded as a natural continuation of complex analysis and differential geometry. It
could also serve as a course companion to algebraic geometry. Students who are interested in either complex
analysis, differential geometry, or algebraic geometry, are welcome to join the course.

Lectures will be in English if there are non-Chinese speaking students.

Il. Course prerequisite :

Recommended prerequisite: complex analysis, topology, differential geometry.

I1l. sk Reference material ( textbook(s) ) :




The following is a list of references which cover the basics of complex geometry.

e D. Huybrechts: Complex geometry: an introduction.
e C. \oisin: Hodge theory and complex algebraic geometry.

e J.-P. Demailly: Complex analytic and differential geometry. (https://ppt.cc/fKvxJx)

There is no required reference. We will provide further references during the semester.

IV. xGradingscheme @ ;48 £3583- 4 25 A0 > bil4e @ ¢ 30% H % 40% (T3 10% 4% 20% - 43+ 100%

To be fixed before the third week.

V. *Course Goal :

Students will acquire basic knowledge and language in complex geometry which is necessary to pursue
research in complex geometry or complex algebraic geometry. Here is a tentative list of subjects which
would be covered in the lectures.

Complex structures and Hermitian structures on manifolds and vector bundles.
Sheaves and cohomology theories.

Kahler manifolds, Hodge theory and consequences.

Projective manifolds and their topology.

Complex analytic geometry.

Deformation theory and variations of Hodge structures.

2 AP R EE B 2003 1



https://ppt.cc/fKvxJx

Course Description

Department of Mathematics

Area Jir'f X FF § EaE N 0 & B &3 B (Please select the the

following area or fill in the area
directly) °

Nature of the course O]~ #c = #icey  (algebra or number theory) [ 4 45 (analysis)

O required L1 elective O A& @ 2 47 # (geometry or topology) O+ & 20 j& * # %

(computational or applied mathematics)
4% 3 (probability) [Jxt2*(statistics) O34z #cH (discrete math) OJ
H s (others) O = #3F ~ M= # 3 (seminar or independent study)

Calculus O Calculus A O Calculus B
i % # (not i
Course number Section number . Number of credits
required)
Course title A% -4 - Graph Theory
Instructor ##2 ¢ Shagnik Das




XXI. %k Contents :

Fundamentals: graphs, isomorphisms, adjacency matrices

Trees: spanning trees, enumeration

Connectivity: equivalent characterisations - Mader’s Theorem and Menger’s Theorem
Cycles: Eulerian graphs, Hamiltonian graphs, sufficient conditions

Matchings: Hall’s Theorem and other conditions

Planar graphs: Euler’s formula, platonic solids

Graph colouring: applications, bounds on the chromatic number, Four Colour Theorem

Extremal results: Ramsey Theory, Turan’s Theorem

XXII.  Course prerequisite :

Linear algebra and probability

XXII. sk Reference material ( textbook(s) ) :

The course will be self-contained, but useful texts include:
- West, D., “Introduction to Graph Theory”
- Diestel, R., “Graph Theory”

XXIV. kGradingscheme : ## 3 &8~ 2 F A > blde - #9 ¢ 30% # % 40% (£ 10% 34 20% » 43
100%
(Please fill in the percentage of your grading scheme. For example, midterm 30, final exam 40%,

homework 10%, presentation or project 20%, total is 100%)

Homework: 34%
Midterm: 33%
Final exam: 33%

XXV. %k Course Goal :

Graph theory is a rapidly growing branch of mathematics, perhaps primarily due to its several applications
in fields such as computer science. At the same time, the subject shares close connections with other
mathematical areas such as analysis, algebra, geometry and probability.

In this introductory course, students will become familiar with graphs and their fundamental properties,
learning several interesting classic results in various aspects of graph theory. Students will also be exposed
to different proof methods used in combinatorics, laying a foundation for more advanced courses in the area
later in their studies.

9. kH. 5 HEF > (X 1s the required part that needed to be filled in)
10. % M % F #ic® 2 5 200 F 2+ (Syllabus should have at least 200 words).
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Course Description

Department of Mathematics

Nature of the course
O required M elective

Area i FF 9 EREN 0 N ERER °
Of#kedcs O OfmeiefE OFE2 Rt i1F
Mg Ozt DOdpdcsed OH e Om~> 2 prmy

Calculus O Calculus A O Calculus B

Course number \ Section number g i \ Number of credits \ 3
Course title A2 -4 - High-dimensional probability

Instructor wope o RESE

XXVI.  *kContents :

XXVII.

XXVIIL.

We will focus on probability theory in high dimensions with applications in data science. This
course is intended for senior undergraduate students and graduate students who are interested in
mathematical tools used in data science and high-dimensional statistics. Examples of
high-dimensional probabilistic problems include random matrices, estimation for

high-dimensional data, randomized algorithms, optimization in a disordered system etc.

This course will be divided into two parts. In the first part, we will focus on R. Vershynin’s book
“High-Dimensional Probability”. We will talk about concentration inequalities for random
variables, random vectors in high dimensions and some basic random matrix theory. If time

allows, we will also cover some other interesting (and important) topics in this book.

In the second part, we will more or less follow the book “Information, Physics, and Computation”
by M. Mézard and A. Montanari, and discuss how methods in information theory and statistical
physics can be applied to random optimization problems. This book is a physics book, but we
will try to make things rigorous. Tentative topics include the Random Energy Model, the random

code ensemble, number partitioning, factor graphs and graph ensembles.

Course prerequisite :

Undergraduate probability theory, analysis and linear algebra. Knowledge of measure theory is

not essential but would be helpful.

* Reference material ( textbook(s) ) :

R. Vershynin, High-Dimensional Probability. (Available at author’s website:
https://www.math.uci.edu/~rvershyn/papers/HDP-book/HDP-book.html)
M. Mézard and A. Montanari, Information, Physics, and Computation.




XXIX. %k Grading scheme :
Homework 40%, 2 Exams 60% (30% each)

XXX.  *Course Goal :

Our aim is to provide a brief introduction to some mathematical tools used in data science (in
particular, the importance of these tools is rising very rapidly) that are not covered in usual
undergraduate probability courses. Some applications in data science will also be discussed.

11, k55 S EF =
12,5 ] 35 8cE 2 &b 200 5 2



Discrete Differential Geometry (Math 5100)

Lecturer: I-Liang Chern
Time: Monday 16:30-17:20, Friday 15:30-17:20
Classroom: 305, Astromath Building

Course Description Discrete differential geometry (DDG) is a fairly new subject originated
from computer graphics. It has applications in geometric processing, computer-aided design,
meshing, elastic/plastic material simulations, fluid flow simulations, electric-magnetic wave
propagation, etc. In this course, I will partially follow my own Lecture Note and partially follow
Professor Keenan Crane’s Lecture Note at CMU. As quoted in Crane’s website, DDG has been
taught for semester-long courses at CMU (2016,2017,2019,2020) Caltech (2011-2014,2016-
2019,2020), Columbia University (2013), and RWTH Aachen University (2014-2017), as well
as special sessions at SIGGRAPH (2013) and SGP (2012, 2013, 2014,2017,2019). The contents
of this course are

1. Combinatorial Surfaces

2. Curves

3. Exterior Algebra and Calculus

4. Discrete Exterior Calculus

5. Surfaces

6. Connection, Parallel Transport, Curvatures

7. Partial Differential Equations on Manifolds

8. Vector Field Design with application on meshing

Students who are taking undergraduate geometry or differential geometry are encouraged to
learn this subject. Students from computer science or engineering school are welcome to learn
this subject as well. I will try to use less mathematical backgrounds.

Prerequisite Linear Algebra, Multi-variable Calculus, a programming language such as mat-
lab (or C, or C++, or python).

Keywords computer graphics, discrete differential geometry, differential forms, discrete ex-
terior calculus, Hodge star operator, connections, curvature, discrete Laplacian, harmonic map,
conformal geometry, vector field design.


https://www.cs.cmu.edu/~kmcrane/Projects/DDG/
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Course Description

Department of Mathematics
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Textbook
e [-Liang Chern, A Supplementary Note on Discrete Differential Geometry (2019).

e Keenan Crane’s lecture note at CMU (2019): http://https://www.cs.cmu.edu/
~kmcrane/Projects/DDG/

Evaluation
e (70%) Homework: this will include programming skill

e (30%) Students will give oral presentation on projects.


http://https://www.cs.cmu.edu/~kmcrane/Projects/DDG/
http://https://www.cs.cmu.edu/~kmcrane/Projects/DDG/

