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Course Description

Department of Mathematics

Nature of the course

Area JFr'E EFF § EAE N 0 A ERE D °
Ok dicsn Ot Ox Bedip O3 Fpr ik

LI required OIx elective O O Oaptesed OR 6 D% mat e g
Calculus I Calculus A 1 Calculus B

Course number | Section number | 4.4 | Number of credits |

Course title A2 -4 0 Topics on Complex Geometric Analysis

Instructor % ¢ Shu-Cheng Chang




l. %k Contents :

=

complex manifolds and almost complex manifolds
De Rham theorem and Dolbeault

vector bundles

Pic (X) and Div(X)

Hodge decomposition theorem and Hodge conjecture
currents

Poincare-Lelong formula

line bundles

© 0o N o g B~ wDN

Levi-Civita connections, Chern connection, Chern classes
10. Riemann-Roch theorem

11. L"2 estimates

I1. Course prerequisite : It will be better if

1. Real and complex analysis

2. Riemannian Geometry

I1l. %k Reference material ( textbook(s) ) :

1. J.-P. Demailly : L2 Estimates for the dbar-operator on Complex Manifolds.

J.-P. Demailly : Complex Analytic and Differential Geometry.

Shanyu Ji, Topics on Complex Geometry and Analysis.

o~ N

Fangyang Zheng, Complex Differential Geometry.

IV. kGradingscheme : {3 8 &58:- 4 2 F 44 > bilde t 89 ¢ 30% # % 40% i+ % 10% 2%+ 20% -

1. Report on papers (50%).
2. Write a short note (50%).

J.-P. Demailly : L2 Vanishing Theorems for Positive Line Bundles and Adjunction Theory.

3+ 100%

V. *xCourse Goal : Focus on the methods of geometric analysis on Kaehler Ricci flow and other topics

such as uniformization problems, etc.
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Course Description
Department of Mathematics
Area i X E4Ew > NERED °

Nature of the course

O required B elective

B B Bk

O DO

O 4 47

WAy 8 & &8

Oty O O B2y

Calculus O Calculus A

O Calculus B

Course number 1 | Section number | 44 | Number of credits | 3
Course title A2 -4 0 Advanced Linear Algebra 1, 2
Instructor ## © Ming-chang Kang




VI. sk Contents : The principal axis theorem, Jordan normal forms, simultaneous triangularization of
commuting square matrices, tensor products and exterior products, projective spaces and

projective geometry (the synthetic method and the analytic method), some elementary notion in
representation theory and homological algebra

VII. Course prerequisite :

Linear Algebra (a 2-semester required course) and Algebra (at least one semester)

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

Katznelson, A (terse) introduction of linear algebra.
Hartshorne, Foundation of projective geometry.

IX. *Gradingscheme @ 33 8 &34 2 F A > blde D 59 30% B % 40% 7% 10% 4% 4 20% > 43+ 100%
Home works 70 %

Final examination 30 %

X. %k Course Goal : This is a course of some advanced topics of linear algebra. It starts from some basic

theorems in linear algebra and leads to an introduction of the representation and cohomology
theory.

At the beginning we will review the standard theorems of linear algebra : We emphasize the
approach of vector spaces and linear transformations instead of vectors and matrices.

Then we move to some topics of the classical projective plane: Pappus Theorem, Desargue
Theorem, some problems in enumerative geometry.

Finally we will discuss the “glorified” linear algebra, i.e., the basic notion of modules, group

representations, cohomology, and derived functors.
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Course Description

Department of Mathematics

Area i F € FF 4 SEaE N MERIER MK °

Nature of the course

RE SoF S0 > o dr 02t 5 2
O required O elective Of#kedn Offr O rsdpiE OFEo Rt &1F

O Ozt Ofptcked Ofe Ot haimg

Calculus L Calculus A [ Calculus B

Course number | Section number | % 4 | Number of credits |
. RN PSEpg =

Course title SRR C AL ¢ AIBREE AR

Instructor yope o EAH

Xl. %k Contents :

1. Amitsur, S. A. Rational identities and applications to algebra and geometry. J.
Algebra 3 1966 304-359.

2. Bergman, George Rational relations and rational identities in division rings. II. J.
Algebra 43 (1976), no. 1, 267-297.

3. Swain, Gordon A. Generalized rational identities with automorphisms, antiautomorphisms,
and derivations. Southeast Asian Bull. Math. 28(2004), no. 4, 703-717.

4. Rosen, Jerry D. Generalized rational identities and rings with involution. J.
Algebra 89 (1984), no. 2, 416-436.

XII. Course prerequisite :

Ring Theory I, Il
XIIl. * Reference material ( textbook(s) ) :
1. Cohn, Paul Moritz Skew field constructions. London Mathematical Society Lecture Note
Series, No. 27. Cambridge University Press, Cambridge-New
York-Melbourne, 1977. xii+253 pp.

2.  Rowen, Louis Halle Polynomial identities in ring theory.Pure and Applied Mathematics,

84. Academic Press, Inc. [Harcourt Brace Jovanovich, Publishers], New
York-London, 1980. xx+365 pp.
3. Beidar, K. I.; Martindale, W. S., III; Mikhalev, A. V. Rings with generalized
identities. Monographs and Textbooks in Pure and Applied Mathematics, 196. Marcel
Dekker, Inc., New York, 1996. xiv+522 pp.
XIV. xkGrading scheme * G B & 3 4 2 F 4 v 2 blde D 87 30% & 40% 7% 10% 484 20% - 443+ 100%
3F 2 100%

XV. *xCourse Goal :
The goal of the course is to study the theory of division rings satisfying a rational identity.
The theory was established by Amitsur, Bergman et al. We want to apply their results to study the algebraicity of
division rings and related topics.



https://mathscinet.ams.org/mathscinet/search/author.html?mrauthid=210399
https://mathscinet.ams.org/mathscinet/search/journaldoc.html?journalKey=j_algebra
https://mathscinet.ams.org/mathscinet/search/journaldoc.html?journalKey=j_algebra
https://mathscinet.ams.org/mathscinet/search/author.html?mrauthid=35285
https://mathscinet.ams.org/mathscinet/search/journaldoc.html?journalKey=j_algebra
https://mathscinet.ams.org/mathscinet/search/journaldoc.html?journalKey=j_algebra
https://mathscinet.ams.org/mathscinet/search/author.html?mrauthid=611110
https://mathscinet.ams.org/mathscinet/search/journaldoc.html?id=5996
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=ISSI&s1=222364
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=ISSI&s1=222364
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=ISSI&s1=222364
https://mathscinet.ams.org/mathscinet/search/author.html?mrauthid=150515
https://mathscinet.ams.org/mathscinet/search/journaldoc.html?id=2382
https://mathscinet.ams.org/mathscinet/search/journaldoc.html?id=2382
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=ISSI&s1=2054
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=ISSI&s1=2054
https://mathscinet.ams.org/mathscinet/search/publications.html?pg1=ISSI&s1=2054
https://mathscinet.ams.org/mathscinet/search/author.html?mrauthid=50385
https://mathscinet.ams.org/mathscinet/search/author.html?mrauthid=151270
https://mathscinet.ams.org/mathscinet/search/author.html?mrauthid=194908
https://mathscinet.ams.org/mathscinet/search/author.html?mrauthid=120545
https://mathscinet.ams.org/mathscinet/search/author.html?mrauthid=194353
https://mathscinet.ams.org/mathscinet/search/series.html?id=769
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Course Description

Department of Mathematics

Area frf & 7 ) E AT 0 # 1R °
Ot desgis X240 Ofegipl O3 5ok &8
O Oavt Oapdcded OE e OmR2 231 haemy

Nature of the course
L] required L1 elective

Calculus [ Calculus A [] Calculus B

Course number Section number L9z Number of credits |3
Course title A2 & f ¢ Boltzmann Equations

Instructor ## © Chun-Hsiung Hsia and I-Kun Chen




I. %k Contents : This 1s NCTS Taiwan Mathematics course in PDE series. This is an advanced
course. We shall start with the 89 annals paper of Diperna and Lions to introduce
the most important ingredients of the Boltzmann equations. In particular, the
basic conservation laws, H theorem and entropy inequalities. There are three
useful types solution concepts : distributional solution, mild solution and
renormalized solutions. We shall follow Diperna and Lions’ s idea to show the
advantages of these three concepts and see how they go well together to combine
with other useful ideas to overcome the subtleties to obtain the L"1 existence
theory of cut-off Boltzmann equations. We then connect it to our recent research
work on steady state solutions of Boltzmann equations. Unlike the evolution
equations on flat domains, we do not have the well-known velocity averaging lemma
to help to gain the compactness in the construction of weak solution. Regarding
the issue of steady state solution on bounded domain, we need new key features
to improve the previous results in literature. We shall explore some new ideas

according to our recent work in this course.

Il. Course prerequisite : general PDE course, functional analysis : “duality of L™ p space
(p > =1), weak convergence, compactness arguments” , elementary differential
geometry.

I1l. %k Reference material ( textbook(s) ) :
[1] 1989 annals paper of Diperna and Lions
[2] A preprint of Chen, Hsia and Kawagoe
More references will be assigned in class
IV. *xGradingscheme: #3588 - A2 F At blde: 557 30% # % 40% i+ % 10% 474 20% &3+ 100%
Presentation 30%
Homework 30%

Exams 40%
V. *Course Goal :

This is a preparation course for motivated students who is ambitious in doing

research.
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Course Description

Department of Mathematics

Area i f X FF 9 BRI > N ERER °
Ot g Ordr Porasry Orbopr 8
O Oz Opscd Ofs Ok &9 brFy

Nature of the course
O required [ elective

Calculus O Calculus A O Calculus B

Course number | Section number | % 4 | Number of credits |

Course title AL LA AP AT R AL

Instructor P BERIL

XVI. % Contents :

In the course we will first introduce Geometric analysis techniques and various important applications from
the basic. If time allows we would also like to discuss some recent developments in minimal submanifolds

general relativity and Min-Max theory.

XVII.  Course prerequisite :

Differential Geometry

XVIII. sk Reference material ( textbook(s) ) :
XIX. k Grading scheme @ 8 &35 2 2 F 40 0 blde D 8¢ 30% B & 40% ¥ 10% 4F2 20% 0
100%

homework and presentations

XX. *k Course Goal :
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Course Description

Department of Mathematics

Area i f X FF 9 BRI 0 N ERER °
Otz fen Oatr O wodpE PSR &5
O Oy Ofpsched OF e O md - hoemg

Nature of the course
O required O elective

Calculus O Calculus A O Calculus B

Course number | Section number | % 4 | Number of credits |
Course title Az -4 o Discrete Differential Geometry

Instructor ##2 ¢ I-Liang Chen

Course Description
Discrete differentiable geometry is a new subject originated from computer graphics. It has potential
applications in geometric processing, computer aided design, elastic material simulations fluid flow
simulations, electric-magnetic wave propagation, etc. In this course, we will basically follow Professor
Keenan Crane’s lecture Note at CMU. The contents are

. Aquick and Dirty Introduction to Differential Geometry

. Aquick and Dirty Introduction to Exterior Calculus

. Topological Invariants of Discrete Surfaces

. The Laplacian

1
2
3
4. Normals of Discrete Surfaces
5
6. Surface Parameterization

7

. Vector Field Decomposition and Design
Students who are taking undergraduate geometry or differential geometry are encouraged to learn this
subject.
Prerequisite Linear Algebra, Multi-variable Calculus, Matlab (or C, C++) programming Language.

Keywords discrete differential geometry, differential forms, discrete exterior calculus

Textbook Keen Crane’s lecture note at CMU: http://brickisland.net/DDGFall2017/

Evaluation
(70%) Homework: this will include programming skills

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

Department of Mathematics

Area frF £ 7 ) E 85 &3 AR :
Nature of the course o e g N . " N
I required m elective Oftferfon WMoty DS RRapd 0952 k" &F
O35 Ozt Odpscsed OHe OFK2F7H - B2F3
Calculus O Calculus A [ Calculus B
Course number | Section number | £ 4 | Number of credits | 3
Course title PRAR LA L Rl @
Instructor K MmEP




XXI. %k Contents :

In this course, we are going to give an introduction to the theory of algebraic surfaces, for motivated
students who have some basic knowledge in algebra and geometry and would like to explore the beauty of
algebraic geometry. Our purpose is to give a modern treatment of surface theory with minimal model
theory and some other recent technique in mind, and leave the classical material as applications of general
theory.

XXII.  Course prerequisite :

Algebra (required), and it is better to have some experience on Geometry, Commutative Algebra and
Homological Algebra.

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

(1) A. Beauville, Complex algebraic surfaces.

(2) W. Barth, C. Peters, A. Van der Ven, Compact complex surfaces.

(3) R. Hartshorne, Algebraic geometry.

(4) P. Griffiths, J. Harris, Principles of algebraic geometry.

(5) I. Shafarevich, Algebraic geometry Il, Encyclopedia of Mathematical Science 35.

(6) M. Reid, Chapters on algebraic surfaces, in Complex Algebraic Geometry. IAS/Park City Mathematical
series 3.

(7) R. Lazarsfeld, Positivity in Algebraic Geometry.

XXIV. *xGrading scheme : 3358 £ 5834 2 F A+ blde t #5 ¢ 30% 5 & 40% i+ % 10% 472 20% - 43
100%

Homework  40%
Term Project 60%

XXV. %k Course Goal :

Outline of the course

(1) Review on algebraic curves/ compact Riemann surfaces

(2) Affine varieties, projective varieties (and some commutative algebra)
(3) Cohomology (and some homological algebra)

(4) Vanishing theorems

(5) Divisors and projective embedding

(6) Intersection theory.

(7) Riemann-Roch theorem.

(8) Cone of curves.

(9) Birational maps.

(10) Minimal models program (in general and in dimension two)

(11) Canonical bundle formula and pushforward of canonical sheaves
(12) Biraional classification.

(13) Pluricanonical maps and surfaces of general type.

(14) Elliptic surfaces.

(15) Surfaces with Kodaira dimension 0.

(16) K3 surfaces.

(17) Ruled and rational surfaces.

(18) Surface singularities.

1. k55 S HEH >
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(1) 52447 Statistical Machine Learning  4sfis3e83

(2) SREEAA:

This course introduces methods to extract important patterns/information from data in fundamental science
areas and presents basic concepts of machine learning from a statistical perspective. In particular, it
emphasizes on the selection of appropriate methods and justification of choice, use of programming for
implementation of the method, and evaluation and effective communication of results in data analysis reports.
Topics covered include data preprocessing, visualization, statistical model selection/validation, matrix algebra,
dimension reduction techniques, Bayesian decision theory, supervised and unsupervised learning problems,
convex optimization, kernel methods, neural networks, information theory, etc.

AREREREA RV AE > A EEAAIERER AN E BRI (S BTk - WACETHIAE M aatkas S
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Week 1: Chapter 01 : R 3EZ4RiEFaIE24581/42 Chapter 02 : R 3ESEASE A M
Week 2: Chapter 03 : gy A i}
Week 3: Appendix 1 : —f&f2 =0 ayE SR T4k Appendix 2 : R FRAVEIE R E B4

Week 4: Chapter 04 : &2
Week 5: Chapter 05 : {#f R #EfTERM T

Week 6: Chapter 06 : 4i¢/[E &2 o SCHREN /1
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(5) FEEBSR T4F 13:20-16:10



Course Description

Department of Mathematics
Area i tE 267 4B > REBHEE
gaifc‘; bl R MR $EH Ook OSToRsH O3 ERR A § S
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