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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be
directed to the course instructor.

1. EFEL K Course Title =554 Il Advanced Linear Algebra |l

2. % % Department of Mathematics
Originating Department

3 BEHRS

' Course Code

4. %5 Credit Value 4

5. RS L\ FAHE Major Foundational Courses
Course Type
BRF

6. A # 7= Spring
Semester
BRES s . .

7. FHIEXLIE English & Chinese
Teaching Language

X X HHE, WFR
BRHIT. FRER R | 5 3 4 400
H > A=
:;ﬁ(égg)&ﬁ%, LELLEES huy@sustech.edu.cn
8 0755-8801-5910
' Instructor(s), Affiliation&| Yong Hu, Department of Mathematics
Contact Block 3, Room 409, Wisdom Valley
(For team teaching, please list | hyy@sustech.edu.cn
allinstructors) 0755-8801-5910
ERRIBE. FTR¥R. BRR

9. AR £ A4 To be announced
Tutor/TA(s), Contact
BIRABRB(FTAH)

10. Maximum Enrolment

(Optional)

1. BREFR iz JBIFFATR |SERISES] He(EREER) ISESin)
Delivery Method Lectures |Tutorials Lab/Practical |Other (Please specify) [Total
=L 64 32 96
Credit Hours
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17.

SRR, BRI ER e |
Pre-requisites  or  Other| m5%f{% | / Advanced Linear Algebra |
Academic Requirements

SRR, T IAA VG MR
Courses for which this course
is a pre-requisite

Elementary Number Theory, Abstract Algebra

HEERBEARENZER
Cross-listing Dept.

RN K # ¥ H P SYLLABUS
#22 H¥5 Course Objectives
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BATHEAME R, DLE IR AR B i e 4L SR 22 A0 H A
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B IRV e e AR et DU Tk i i

This course is primarily designed for students majored in pure and applied mathematics, and is divided into Parts | and I,
lasting ideally for two consecutive semesters. It aims at leading students into systematic and thorough studies of the
fundamentals of modern algebra, thus getting them to lay a solid foundation for subsequent, more advanced courses in
math major. The contents of the course and the standards of assessment will normally surpass the other courses in the
same series, the objective being to foster students with best background in algebra.

Main topics of this course (Advanced Linear Algebra Il) include: Bilinear forms and inner product spaces, polynomial
factorization and applications, spectral theory of linear operators, Jordan canonical forms, rotation group of Euclidean
spaces, and some selected topics.

A2 BRR Learning Outcomes
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An adequate training through this course should help the students to understand the basics of advanced linear algebra
(such as inner product spaces, Jordan canonical forms, normal operators, spectral theorems) as well as some important
applications. Also, students are expected to gradually foster the ability of abstract thinking and doing logically rigorous
arguments and proofs in math.

REARLRHEER EFRES USSR E, WREAANATURZE: MBSk, #HEARAENR
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)
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BEE HIEEB (2h)
§ 1 [i i (] 5 2 P AR
§ 2 FAR Y 5 P AR T
§ 3 ANAR A% A ARFAIE 14 ]
F—E WEHESNHEE (14h)

§ 1 XWZLMERY 5 Hermite 7Y

1.1 XA J HAR PR R
1.2 BRI
1.3 Hermite & 55 Hermite [
§ 2 Mo i 7 [ A A [ AR 4
2.1 Loz ok AR % 23 A

2.2 IEAZ K R MR FE
§ 3 s 55 AR 23]
3.1 NARAITEEL

3.2 BIYE IR A
3.3 IEATHMIIEA 552
BB ZTASBEINA (8h)

§ 1 ZHAIE S £ TR
1.1 B B — e 2 i
1.2 Z IRk
1.3 Z I % R H A
§ 2 S RACHN A H K% T
2.1 LTI A5 R
2.2 LZ T A5 R
§ 3 A PE(E 2 1
3.1 Z AN R UE
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F=F KUEHETIEHEL (14h)

3.2 R T RN Z T UE
3.3 WEZ A/ 2 T
34 &M I E=fMm

§ 1 R E] ERSET
L1 BT R ILERE
1.2 IR T S HL

§2 i
2.1 P B E R T
2.2 Euclid 7% [A] L) B 5T
2.3 R B 1EAE AH ABAAA 7Y AH )
§ 3 I 5 B A0 5 P A
3.1 IEEHE T AR
3.2 AFERAH S FLAE R

3.3 Moy A Ty B3 e

U Jordan HRHETE (16 2£K))

§ 1) SRR 7S (A AN HE XS £ 7
1.1 78 SONIHE A 5
1.2 BEFH) SURFIE T 23 18] 7 i

1.3 ¥5iE £ 3305 Cayley-Hamilton & 2
1.4 ST xS %
$2 mEHT
2.1 W EHE AR T
2.2 BHE-TMEH R Jordan 73 fif
2.3 PEIAT2% 16 43 ik
§ 3 557 [¥) Jordan bR
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3.1 Jordan ¥t 5 Jordan brifEjE
3.2 fEAEANME— 1t
3.3 SEFBRLE AT 240
BHE BRIRZ R BEE (6 M)
§ 1 IR P2 ) ()

1.1 SEIERUE T IFRETE
1.2 R PG 2 [R) 14 45 P AR 46
§ 2 fH ok = [a] H () e e

SEANE TGV @ #)
$ 1 pal 5 IE &5
§ 2 & EANEAH
§ 3 JEPEI T
§ 4 FE PR AN AR

Chapter 0 Some Reviews (2h)

§ 1 Vector spaces and linear maps

§ 2 Change of basis and transformations of matrices

§ 3 Invariant subspaces and eigenspaces

Chapter 1 Bilinear Forms and Inner Product Spaces (14h)

§ 1 Bilinear and hermitian forms

1.1 Bilinear forms and their matrices
1.2 Symmetric bilinear forms and quadratic forms
1.3 Hermitian forms and hermitian matrices

§ 2 Dual spaces and adjoint maps

2.1 Linear functionals and dual space

2.2 Orthogonal relations and dual bases
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§ 3 Real and complex inner product spaces

3.1 Inner products and norms
3.2 Orthonormal bases
3.3 Orthogonal complements and projections
Chapter 2 Polynomial Factorizations and Applications (8h)

§ 1 Formal polynomials and polynomial functions

1.1 One-variable polynomial ring over number fields
1.2 Division algorithm for polynomials
1.3 Zeros of polynomials and their multiplicities

§ 2 Polynomials with real and complex coefficients

2.1 Factorization of real polynomials
2.2 Factorization of complex polynomials

§ 3 Polynomials taking matrix values

3.1 Substitution of matrices into polynomials
3.2 Substitution of operators into polynomials
3.3 Annihilating polynomial and minimal polynomial
3.4 Triangularization of linear operators
Chapter 3 Spectral Theory of Linear Operators (8h)

§ 1 Operators on inner product spaces

1.1 Self-adjoint operators and their matrices
1.2 Normal operators and their matrices

§ 2 Spectral theorems

2.1 Normal operators on unitary spaces

2.2 Self-adjoint operators on Euclidean spaces
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2.3 Orthogonal and unitary similarity of matrices

§ 3 Positive operators and isometries

3.1 Positive operators and their matrices
3.2 Isometries and their matrices
3.3 Polar decomposition and singular values of square matrices
Chapter 4 Jordan Canonical Forms (16h)

§ 1 Generalized eigenspaces and quasi-diagonal forms

1.1 Definition and basic properties
1.2 Decomposition into generalized eigenspaces for complex operators
1.3 Characteristic polynomial and Cayley-Hamilton theorem
1.4 Quasi-diagonal form of complex operators

§ 2 Nilpotent operators

2.1 Nilpotent operators and nilpotent matrices
2.2 Jordan decomposition of complex operators and matrices
2.3 Decomposition inot cyclic subspaces

§ 3 Jordan canonical form of complex operators

3.1 Jordan blocks and Jordan canonical forms
3.2 Existence and uniqueness
3.3 Practical algorithm and computational examples
Chapter 5 Rotation Group of Euclidean Spaces (6h)

§ 1 Normal operators on Euclidean spaces

1.1 Canonical form of real normal operators
1.2 Isometries of Euclidean spaces

§ 2 Rotations in low dimensional spaces
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Chapter 6 Selected Topics (4h)

§ 1 Quotient spaces and exact sequences

§ 2 Multilinear algebra

§ 3 Matrix analysis

§ 4 Matrix groups and Lie algebras

b R HBESEEE Textbook and Supplementary Readings

#M Textbook:

W, GBI ERE) T S8 AR dbRURAEHRREE, 2007, ISBN: 9787301055793
#4725 % 4 Supplementary Readings:

wbhrh,  GRAE A SIHR D) dERURSAH L, 2008, ISBN: 9787301129050;

&, (RHEARED &), S5HE HReE, 2006, ISBN: 9787040198706,

Sheldon Axler, Linear Algebra Done Right, 3™ edition, Springer, 2015, ISBN: 9783319110790;

Peter D. Lax, Linear Algebra and its applications, 2" edition, 2007, ISBN 9780471751564

R ASSESSMENT
PSR PG B TH) HERERSGE L BT £
Type of Time % of final Penalty Notes
Assessment score
Hi %) Attendance
WERI 5
Class
Performance
NI 15
Quiz
W2 H Projects
SRR 10
Assignments
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BHER 30
Mid-Term Test

BRER 40

Final Exam

BRI E
Final
Presentation

HE (THERE
35 A PP T
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Others (The
above may be
modified as
necessary)

1843773\ GRADING SYSTEM

MA. +=%% %% Letter Grading
OB. —&id4H ] GE/AEEL) Pass/Fail Grading

P it REVIEW AND APPROVAL
AEERRE LT T HENERSHRGET

This Course has been approved by the following person or committee of authority




