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Course Description

Department of Mathematics

Nature of the course g

O required  [M elective

Calculus O Calculus A [ Calculus B

Course number \ Section number g 3 \ Number of credits | 2

Course title AR LA ARAPBIARHE 4w (Basic measure theory and distribution
theory)

Instructor ##2 :© Chin-Yu Hsiao #g#iE&

l. % Contents :

[1] A review of differential calculus in Euclidean space

[11] Lebesgue measure in Euclidean space.

[I11]Lebesgue integral in Euclidean space.

[IV] $L" p$ spaces in Euclidean space.

[V] The Fubini theorem.

[VI]Test functions, convolution, cutoff functions and partitions of unity.
[V11] Definition and basic properties of distributions.

[V111] Applications of distribution theory

Il. Course prerequisite :

® M, M

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

B St

\V2 *Grading scheme : 38 &35 2 2 F A0 0 blde 1 8¢ 30% # k 40% iF% 10% 3£ 20% 0 R
10

V. ¥ %, 30 #F %:40% ¥ *:30%

VI. % Course Goal :

A -PEL NP ER LT L R, PIRGHITA AT EERA AT B,

B EkE - i A M REN TP RS, AT IR FIp R T, FEEE S
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R TEe plRd% FH 2P kPR EHZ S, B2 L3I EB2TY

T erend AT g
T ey - IR R-€ F mih i 5 A & chk v i (distribution theory). Distribution st £ d 2 B #cE

#Laurent Schwartz #1940 & X351 ~, LK

distribution theory £ - £_i1 ¥ PDE, Harmonic analysis, Fourier analysis # 3 Geometric analysis = #.
P RARPIRGS, A E A 5B A~ o Distribution Theory 1 d  Distribution Theory L8k k ad® 2.
e ﬁkﬁ i s 3784, 4o GaussGreen formula, Stoke formula, Cauchy integral formula, Weierstrass

theorem % + & < potential theory. # ¥ + =g kens G f8, 2 { 7 » HxX# 3 #7H PDE,
Harmonic analysis, Fourier analysis % 3§#4%.
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Course Description

Department of Mathematics

Nature of the course: Elective Area: 2o EiRiE
Course number Section number | B8 | Number of credits | 3
Course title RIE4TE - KEAEE (Algebraic Topology)
Instructor HiZ . RIEE
L * Contents:
1. Homology
2. Cohomology
3. Fundamental group
4. Sheaves in topology

II. Course prerequisite:

Familiar with basics of point-set topology (e.g. touched in Introduction to Analysis)

I1I. * Reference material ( textbook(s) ):
Hatcher, Algebraic topology.

Dimca, Sheaves in topology.

IV. * Grading scheme:

Homework assignments (40%), midterm (30%), oral presentation (30%)

V. * Course Goal:

The languages, ideas and tools emerged from algebraic topology have become indispensable in all areas
of mathematics. One aim of this course is to provide a quick and intense introduction to important contents
in algebraic topology. The final part is to go into the theories of categories and sheaves. The goal is to
prepare students with working knowledges in algebraic topology, which are impartant in modern
developments in geometry, e.g., in the study of singular spaces.




Course Description

Department of Mathematics

Area i f R 9 EREW 0 NERER °
Mt s Oatr Ofrdpit O L2k &5
O Oseyt Odpdced O e e~ by

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 A% - ¢ Commutative Algebra

Instructor Pz

I. %k Contents : Localization, integral extension, differentials, smooth morphisms

Il. Course prerequisite :

Algebra I,11

I1l. *x Reference material ( textbook(s) ) :

Atiyah and MacDmald, Introduction to commutative algebra

Matsumma, Commutative ring theory

Hartshorne, Algebraic geometry

IV. kGradingscheme @ g3 8 &35~ 2 F A > bil4e D 8¢ 30% # % 40% iF% 10% 4%+ 20% - i3 100%
Homework, 20%

Final examination, 80%

V. *Course Goal :

We will discuss the notion of localization, integral extensions and dimensions of commutative rings. Then
we recall sheaves of modules on a scheme. In particular, we will introduce the sheaves if differentials and
non-singular varieties.

If the time permits, we will study flat morphisms and smooth morphisms.




Course Description

Department of Mathematics

Nature of the course
Orequired [ elective

Area if X FF g R 0 M ERED °
Beswees Oit Opropt O 5ok &5
O3 Oyt Dgpicd O % Of&71 b2y

Calculus O Calculus A O Calculus B

Course number | Section number | % 4 | Number of credits | 3
Course title A% - 4L ¢ algebraic number theory

Instructor ## ¢ Ki-Seng Tan

* Contents : Algebraic Numbers, Algebraic Integers, Dedekind Domain, Class Groups, Units, Class
Number Formula, Density Theorem.

Course prerequisite Introduction to Algebra

* Reference material ( textbook(s) ) : M. Murty “"Problems in Algebraic Number Theory”

IV. xGradingscheme @ ;48 &350+ 4 2 7 A0 > bilde D 8¢ 30% # % 40% (T3 10% 4%+ 20% - i3+ 100%
To be determined.

V. sk Course Goal : To introduce to students the number theory developed (mainly) in the 19" century.

1. * %’fb :‘é' NS ﬁ%&g f:

2. ~Mp FFHEE B 200 3 0t




Course Description

Department of Mathematics

Area 'R EFF J 8N AERER JAHRS A -
Otz gm vOrdr vOzPaipiE OF 52 R* &5
O O Dgpschkd Of e Ok Fmd - Baemg

Nature of the course
O required [ elective

Calculus L] Calculus A 1 Calculus B

Course number | Section number | % 4 | Number of credits | 3
Course title P4z &AL - Geometry of Several Complex Variables

Instructor ## ¢ Jih-Hsin Cheng

I. %k Contents :

Basic theory of several complex variables (SCV), Geometry of boundary of a complex domain, positive
mass theorem, Levi mean curvature, p-mean curvature, Alexandrov-type problem, isoperimetric problem in

Heisenberg group, flows of CR structure, local embedding problem, index formula.

Il. Course prerequisite :

Theory of one complex variable, Basic differential geometry, Basic elliptic PDE (preferred).

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

Relevant books and papers, e.g., So-Chin Chen and Mei-Chi Shaw’s book on SCV, Howard Jacobowitz’s
book on CR structures, Cheng-Malchiodi-Yang’s paper on CR positive mass theorem, Cheng-Hsiao-Tsai’s
paper on local index formula for CR manifolds with S*1 action, my other papers (with Jenn-Fang Hwang,

Hung-Lin Chiu, Andrea Malchiodi, and Paul Yang) on p-mean curvature equation, etc..

IV. xGradingscheme @ 348 £3583- 4 2 7 At > bil4e @ 8¢ 30% # % 40% (T3 10% %4 20% - i3+ 100%
Homework: 80%

Report (oral or written): 20%

V. %k Course Goal :

I expect that students can start working on some research problems in this field after the course.
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Course Description

Department of Mathematics

Area if X FF g R 0 M ERED °
Otgegn Osd Opeadr prienr wy
O 5 Ozt Opicdes O e Ok 231 h2my

Nature of the course
O required [ elective

Calculus O Calculus A O Calculus B

Course number | Section number | % 4 | Number of credits | 2
Course title A L AL w i B 4§ (Evolutionary Dynamics)

Instructor K M >

l. %k Contents :

Evolution is a central theme in biology. It is also very important in agricultural, medical, and social sciences.
The course introduces basic mathematical principles in evolutionary dynamics and the issue how
cooperation emerges among selfish individuals. The contents cover the Nash equilibrium, evolutionarily
stable strategy, social dilemmas of cooperation, effects of direct and indirect reciprocity, models involving

reputation, and rewards and punishment in the maintenance of cooperation.

Il. Course prerequisite :

Linear algebra, calculus, ordinary differential equations.

I1l. *x Reference material ( textbook(s) ) :

Karl Sigmund: The Calculus of Selfishness, Princeton University Press, 2010.

IV. xGradingscheme @ 348 £3583- 4 2 7 At > bilde @ 8¢ 30% # % 40% (T3 10% 3%+ 20% - i3+ 100%

V. *Course Goal :

The course introduces basic concepts in evolutionary game dynamics.
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Course Description

Department of Mathematics

Area
O Algebra [ Analysis [0 Geometry [ Statistics
[J Applied Mathematics [ Discrete Mathematics [ Others

Nature of the course
O required M elective

Calculus I Calculus A I Calculus B
Course number (221 U2000 Section number Number of credits 3
Course title F3t3t 8 STATISTICAL COMPUTING
Instructor Hung Chen [§%
I. Contents:

1 Simulation Methodology

2 Monte Carlo methods for statistical inference: Maximum Likelihood Estimation and EM
algorithm; bootstrapping; cross validation

3 Nonlinear regression and optimization

3 Numerical methods in statistics ("statistical computing"™)

4 ~ Applications to Parametric Statistics: linear regression and least squares (using numerical linear
algebra); generalized linear models (using numerical optimization); iteratively reweighted least
squares and generalized linear models; Lasso (using convex optimization)

5 -~ Applications to Nonparametric Statistics and beyond: density estimation (kernel density
estimation, choice of bandwidth); regression function estimation ( spline smoothing,
computation of splines using numerical linear algebra, principle component analysis using
numerical linear algebra)

I. Course prerequisite : Calculus, one semester of linear algebra or equivalent, Mathematical

Statistics such as Statistics offered at Math department, some programming experience
preferred.

1. 3RFZ H2: To make the computational statistics techniques available to a wide range of users
including statisticians, engineers and scientists. We will discuss motivations, contents, approaches,
applications and computation codes.

IV. Reference material ( textbook(s) ) :

Lecture notes, slides, reference material will be posted on course web
IV. Grading scheme :

T ¥ 30%, % 4R 2 :20%, Quizzes: 20%, Midterm: 30%
V. Others: Hung Chen e-mail: hchen@math.ntu.edu.tw
Course Goal :

1. To understand and be able to use probability as the language of uncertainty.

2. To read statistical arguments critically.

3. To see how statistics is done in Science, Medicine, Education, Business, Government, Law,
Politics, and other fields.

4. To think in probabilistic terms in dealing with risk in our daily lives.

5. To familiar with one statistical software.



mailto:hchen@math.ntu.edu.tw
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Course Description

Department of Mathematics

Area}ﬁ-"?ﬂ“é‘ﬁ JERE o AT ERER
Orgcgen Ordr Purome Dwﬁf@w&%
O Ozt Ofpdcsesd O e OFRFH - B2eEy

Nature of the course
O required [ elective

Calculus O Calculus A [ Calculus B

Course number | Section number | % 4 | Number of credits | 3
Course title A2 & ¢ D Modules

Instructor ) TEH

I. sk Contents :

I will introduce D modules with emphasizes on the functorial properties. Then I will discuss specific

examples including quantum D modules and Hodge—Stokes structures.

Il. Course prerequisite :

Basics in differential geometry, algebraic topology, and algebraic geometry in the level of Hartshorne’s

textbook chapter 2 and 3.

I1l. *x Reference material ( textbook(s) ) :

[1] Ginzburg: Lectures on D modules (1998 Chicago lectures).
[2] Sabbah: Introduction to Stokes structures, Springer 2013.

IV. xGradingscheme @ g3 % £383- 2 2 7 A > bil4e D 8¢ 30% # % 40% (F% 10% 4%+ 20% - s3> 100%

No exams. Midterm and Final scores are based on presentations of assigned material.

V. *Course Goal :

Many recent advances on Riemann—Hilbert correspondences, integrable systems, quantum cohomology;,
and mirror symmetry via refined study of Gauss—Manin connections require the machinery of D modules
in an essential way.

The goal of this course is however modest. | plan to prepare the fundamental part of the D modules theory,
especially on the six operations in the derived category of D modules. | will also discuss several examples
towards recent researches.

It is expected that participants of this course will get enough background to read more advanced topics
through assigned presentations.
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1. Tensor calculus

7y k1 2. Kaehler geometry
4. The Ricci flow on Kaehler manifolds

HEEE Shall be able to do research in this direction.
BT Ricci flow, kaehler Ricci flow
SRR Need some preliminary of the Ricci flow on Riemannian manifolds.
5 B
SEEH J. Song and B. Weinkove, Lecture notes on the Kaehler-Ricci flow
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Course Description

Department of Mathematics

Nature of the course

N\ A o g 1
O required  [M elective AT, BRI

Calculus O Calculus A O Calculus B

Course number \ Section number g 3 \ Number of credits \ 3

Course title A2 &4 0 Analysis and Geometry on CR manifolds (§ & % & 7235+ ek 474
"S‘ )

Instructor #c# ¢ Chin-Yu Hsiao K E

l. %k Contents :

(DAnN introduction to CR manifolds
(IDAnN introduction to Kohn Laplacian

(1) Kohn-Hormander's L"2 estaimates for Kohn Laplaican

(IV) An introduction to Microlocal Analysis: Pseudodifferential operators and Fourier integral operators
(V) An introduction to Microlocal Analysis: Complex Fourier integral operators

(V1) Microlocal analysis for Kohn Laplacian

(V1) Boutet de Monvel-Sjostrand's theorem for Szego kernel and Fefferman's theorem for Bergman kernel

(V1) Analysis and Geometry on CR manifolds with S*1 action

(IX)  From CR geometry to Complex geometry. Deduce Kodaira vanishing Theorem, Kodaira

embedding theorem, Tian-Yau-Zelditch asymnptotic exopansion.

Il. Course prerequisite :

Differential Geometry, P.D.E, real analysis.

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

B i,

\2 ) Grading scheme : 38 8 23834 2 F 40 > bilde T 379 30% & 40% (% 10% 32 20% 0 it
10

V. #p ¥ :25%, P %:25% 3¢ < :50%

VI. % Course Goal :

PORLENEAF LR - ), AT PR & R A b T AR i
% 2 - i f2+7 s F (holomorphic line bundle):circle bundle. 3% % 4F % = m“%%’ﬁ“’ﬂ;ﬁit’f LR B
A, b enE % E I ﬁiw FE A, aut g, B FEL e 2 /j}nk/%@“’mﬂ Kohn Laplacian € - i 2-¥F
Flend &, #3 43F 5 527, @ X frRHE$84 2 (non-hypoelliptic operator). & g% 7 4 % & 4




m?}iu LR B¢ Aol A1 £ kAJE Kohn Laplacian, 2 1% et sl 4 45
o ﬁb % o R AL B PR RS, AR ¢ e i _Kohn Laplacian enfz 813, F 34 A @
m;g By %,

Lo*BLL iy i
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Course Description

Department of Mathematics

Nature of the course

Area ' X EF § EAEW 0 N B RE G °
Nk A1 SRsdpiE PR RY &S

required elective y o o
aE U S & S A L AR S )
Calculus Calculus A Calculus B
Course number | Section number | % 4 | Number of credits | 3
_ By LS SR - )
Course title IRAE DA S IR R R
Big Data Applications and Theories
Instructor KPR
* Contents :

1.What is Big Data?

2.Google Tools and Big Data

3.TED and Big Data Cases

4.Big Data Research methods |

5.Big Data Research methods Il

6.Taiwan Big Data sources and applications cases |
7.Taiwan Big Data applications cases II

8.USA Big Data applications cases |

9.USA Big Data applications cases Il

10.USA Big Data applications cases Il

11.UK Big Data applications cases

12. Japan Big Data applications cases

13. Australia Big Data applications cases

14.Global Business and industry applications cases
15.Big Data Challenges and Trends

Course prerequisite :

* Reference material (textbook(s)) :

1. Open Data Now: The Secret to Hot Startups, Smart Investing, Savvy Marketing,

and Fast Innovation

2. All You Can Pay: How Companies Use Our Data to Empty Our Wallets(# #; =7+

<ty

3. BUSINESS INTELLIGENCE AND ANALYTICS: FROM BIG DATATO BIG

IMPACT

. Big Data: The Management Revolution, Andrew McAfee and Erik Brynjolfsson



http://www.amazon.com/Open-Data-Now-Investing-Innovation/dp/0071829776/ref=sr_1_1?s=books&ie=UTF8&qid=1461895925&sr=1-1&keywords=Joel+Gurin
http://www.amazon.com/Open-Data-Now-Investing-Innovation/dp/0071829776/ref=sr_1_1?s=books&ie=UTF8&qid=1461895925&sr=1-1&keywords=Joel+Gurin
http://www.amazon.com/All-You-Can-Pay-Companies-ebook/dp/B00TT1VOFG/ref=sr_1_1?s=books&ie=UTF8&qid=1461895713&sr=1-1&keywords=D.T.+Mongan

18

* Grading scheme :

+ AR 40% o P aRE 30% 0 #Pk3E2 30% 0 43 100%

%k Course Goal :

To introduce students to know what and how about big data

1. % EL L L E P

2.

N INES =R EIE
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Syllabus: Spring 2017
St ¥ (Statistical Learning)

Textbook and Reference

® Hastie T, Tibshirani R and Friedman J (2009). The Elements of Statistical Learning,
Data Mining, Inference and Prediction. Springer, 2nd edition.

® James G, Witten D, Hastic T, Tibshirani R (2013). An Introduction to Statistical
Learning with Applications in R. Springer.

Objectives
This course will introduce various statistical techniques for extracting information
from data. Students taking this course are expected to have a working knowledge of

using these techniques in practice.

Course Outline
1. Introduction & overview
2. Linear methods for regression
+ Linear regression
+ Classical model selection methods
+ Shrinkage methods, penalized regression
3. Linear methods for classification
+ Linear discriminant analysis
« Logistic regression
4. Nonparametric models
+ Basis expansion, regularization, splines
+ Generalized additive models
5. Tree-based methods, ensemble methods
+ Classification trees, regression trees, random forest
« Multivariate adaptive regression splines
+ Boosting and bagging
Support vector machines
7. Unsupervised learning
+ Cluster analysis

+ Principal component analysis

Course Prerequisites
Introductory statistics, introductory probability theory, linear algebra, and some

programming background in using R.



Grading
® Homework (60%)
® Project (40%)
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(FX) BE2EE

( X ) Mathematical Software
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EEREFRE FAIERAR
I. Contents :

ARERRA TP E, Dk THEHE WHEXRE  ERSEEFETUE EHE, ER.

i
™

WESEBFEHAEITHE. REATI=KEH.

LMo UBERENFEET. TEBMNRME MATLAB BXFE

|

, AR I{AIE A MATLAB f#R
BEEE,

=, BRERRRMEMR  CRELER  REXSHESEL. (BEEH)
REPKETRESTET, SASTELLE () DEBEHR (MERES, I8, £, e
BZER ), (2 HELRZENEME MATLAB 5551, 3) BN E/FEERREE , (4) FTERSRREREHZHE
BEERRRK.

=. /MEFTE (EEH)

TEENRESHEAREMSE  HERRENAFRER EXANMNEEZ  WEERIREBRE
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I1. Course Goal :
- BRI EHEE
- BEYEERRETHSENRREE  EEEEMENBRAR (CRER)
- BEEEERRIL , L MATLAB BEFER
- EERMEHHEERSR  HEELHEXRRSEREREARE,
- MERENSBNEARE (SRR, HE. BE. ERREL. Bl EEEE)
- ERERNEHBOREARR , MEAAREEREMNERETHENRESD
- HEHRE BB  EMHEERERNEREEIM
- BENBBBEERELD

- BEAE, AIERBERY

I1. Course Prerequisite :

FRETERBLEMENRD , ERFEIHEEBNETEE. SAZNIHED , REAR.

I11. Reference Material (textbook(s) ) :

[1] An Interactive Introduction to MATLAB (www.see.ed.ac.uk/teaching/courses/matlab/)

[2] Data-Driven Modeling & Scientific Computation: Methods for Complex Systems and Big Data Paperback
(2013), J. Nathan Kutz

[3] Coding the Matrix: Linear Algebra through Applications to Computer Science Paperback (2013), Philip N.
Klein

[4] Insight Through Computing: AMATLAB Introduction to Computational Science and Engineering (2010), by
Charles F. Van Loan and K.-Y. Daisy Fan.

[5] “A Matlab Companion for Multivariable Calculus” by Jeffery Cooper. ISBN-13: 978-0121876258

[6] MATLAB BB &FT [AFIR] , (REE

[7] Experiments with MATLAB, by Cleve Moler, 2009 (www.mathworks.com/moler/exm/index.html)

[8] MATLAB Guide (2nd edition) by Desmond J. Higham and Nicholas J. Higham
2



(www.see.ed.ac.uk/teaching/courses/matlab/)

[9] REPRMHBER

IV. Grading Scheme :

AREREZE 20% , NMEZHESR 20% , B E 30% , HIARE 30%
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