IFERE BMTELEE REAH
Undergraduate School Course - EMI Course Syllabus

National Chung Cheng University

FSURAR LA #BEEEHEoM | FREM BT ARE L BB AT
(Chinese Course (Department) (Department of Computer Science
Name) and Information Engineering)
P XRA2 G A Introduction to the RERE 114_2_4104073_01
(English Course Mathematical Analysis (Course code)
Name) of Machine Learning
R Hvg Ef ~F& 13:15 - 16:00
(Time) (Thursday 13:15 - 16:00)
R ES EA205
(Location) (Room 205 at College of
Engineering I)
A% B # B (Campus Map):
https://ccu-navigation.ccu.edu.tw/
app/index.php
R EP LRE 2 5% 3
(Instructor) (Tsung-Wei Chiang) (Credits)
RREFBZ B3 SUIR R B RS AL
(Language)
(EMI Course /
Taught in English /
No Enrollment Limit)
b /A O 4 1% (Required) H 3R F 4K REAmWES
(Required/Selected) 1% 14 (Selected) (Level) (Elective for junior and senior
undergraduate students)

RAZB /R A
(Course type)

O A X B I1E3% 4 (Humanistic Care Courses)
0% & E A% 4 (Competition-Based Project

Courses)

O MR8 H 5342 (Problem-Based Learning Courses / PBL)
0O %78 % 9 3% 4 (Project-Based Learning Courses / PiBL)

D4 %342 (Capstone Courses)

OB E 342 (Hands-on Courses / Practical Courses)

O% & (Internship / Practicum)
H At

HMEH B RABESN

(Prerequisites)

158 @ e R om R R BF AR B SR A2

(Basics of probability theory and linear algebra)



https://www.ccu.edu.tw/
https://cs.ccu.edu.tw/
https://ccu-navigation.ccu.edu.tw/app/index.php

RAZARLIL

(Course Descriptions)

(81}

BMBRLVHNRCHEBZREBE SV ik K
TEEH T ERAHBERE 85 KB
FAER CBEM S —HRBERUKEREER
e MRE - S~ BR R R RIEIEIE R 4o
FRENES B BN B TEREEYNRERETIR Y
BRI BEAF AR LT AR EZLEH
B BN ARBRFENLBSLEESGRAAHERE  RiF
ST HE RV EENE > RLB AT BB RS
ZHEEEARAIE S RAE—RMEE > UEFZARE DN ARE T R -

(This course is designed to guide students in initially exploring the core
theories and mathematical analysis methods underlying machine learning. The
curriculum introduces essential theoretical tools and mathematical principles in
machine learning, including learnability, model complexity, generalization
bounds, stability, consistency, and convergence rates, among other key
concepts and analyses. Drawing upon knowledge from linear algebra, calculus,
probability and statistics, and optimization theory, the course emphasizes the
development of rigorous theoretical thinking and demonstrates how to apply
precise mathematical techniques to analyze machine learning problems. This
course is particularly suited for students who wish to delve rigorously into the
mathematical foundations of machine learning using robust mathematical
tools. As the focus is on theoretical principles and mathematical foundations
rather than on introducing various machine learning algorithms or models,
students are encouraged to complement their studies with related courses on
machine learning algorithms or practical Al applications for a more complete
learning experience.)
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4% 812
(Learning Objectives)

1. THRESZEIATIRCERBEEZHE G E#BS ° (Understand the
introductory core theories and essential foundational machine learning
concepts.)

2. BHABBPoMEGLERBEIRIZENA - B S MBAMER
B 5% UK Z A /1 ° (Develop the ability to approach machine learning
problems through mathematical analytical thinking and acquire the
preliminary skills to read related theoretical research literature.)

3. BIAKMNSW LS AR FARARAKRESLZEACRY
B L 1 B2 47 AL o (Establish a systematic analytical methodology
and mindset that provides a solid theoretical and mathematical foundation
for further research and applications in machine learning.)

HAEZREFE BN 1.  Mehryar Mohri, Afshin Rostamizadeh, and Ameet Talwalkar, Foundations
(Textbooks and of Machine Learning, MIT Press, 2nd Edition, 2018.
Reference) 2. Shai Shalev-Shwartz and Shai Ben-David, Understanding Machine
Learning: From Theory to Algorithms, Cambridge University Press, 2014.
R 5 BLEE 3L
F A2 K #(Course Syllabus) (Approximate AN W]
Number of (Core Capabilities)
Hours)
¥ 70 * #(Topic) P %~ 4 Z (Content) i
(Lecture)
1. Introduction Introduction to machine learning theory 3 11w 12@ 13021
02223 31032
33041042
2. Mathematical Review of linear algebra, convex 3 11w 12@ 13021
Tools for optimization, probability, and 022@23M@31032
Analysis inequalities. 33041042




3. Analysis of Notion of learnability, probably 6 11w 12w 13021

Learnability approximately correct learning, sample 022@23@31032
complexity, and examples. 33041042

4.  Analysis of Vapnik-Chervonenkis dimension, 7 11@m12m@ 13021

Complexity Natarajan dimension, Rademacher 022@23@31032
complexity, growth function, and 33041042
examples.

5. Analysis of Generalization error upper bounds, 7 11w 12@ 13021
Generalization generalization error lower bounds, 022@23@31032
Bounds empirical risk minimization, and 33041042

examples.
Midterm Exam 3 11m12@ 13021

02202331032
033041042

6. Analysis of Infinite VC dimension, perturbation 6 11m12@ 13021

Stability sensitivity, uniform stability, relationship 022@23®@31032
between stability and learnability, 33041042
relationship between stability and
generalization.

7. Analysis of Bayes optimal classifier, surrogate 7 112 12m@ 13021
Consistency function, separation mechanism, and 022@23@31032

examples. 33041042

8.  Analysis of Deterministic optimization, stochastic 6 11212 = 13021

Convergence optimization, gradient descent, 022@23@31032
convergence rate, and iteration 33041042
complexity.

9. Other Advanced | Online learning, batch learning, regret, 6 11@12m@ 13021
Topics regret bounds, full information, bandits, 022@23@31032
(Optional/ and other advanced topics. 33041042
LG XA

3£ (Notes) :

ARBRAAHBAZRINE  TAREREBRD - FTENZFR - FERAHREAMAL  AHEHBE AT
Lo PRAFREBRNEAE BREMABFRAE AR E X BLZHEH LN E - (This syllabus reflects the current
course plan and may be adjusted due to national holidays, unforeseen class suspensions, drills, or other special
circumstances. Any changes will be announced through official course channels. The instructor will make appropriate
adjustments to course arrangements and instructional content as needed.)

HFH BAR
(Educational Objectives)

LEERH R EEABAILTOEEEH 0 > KA BT NAAB AR E £ AT (Professional
Foundation Knowledge: Equip students with a solid foundation in their field, preparing them to
become professionals in information technology and related disciplines.)

2 EHBIERN. HRARAERALRN AL T E S P12 AF 0 R R B AR A HT
(Cultivate Creative Abilities: Enable students to apply the knowledge and theories they have learned to
solve problems and innovate using scientific methods.)

3B RWMBAEN AL G LY, RE2AFTNARRE  BHLEH > ZCEEAN - AEREAKE %
R EE >~ 52 Y 2 A /1 (Self-Challenge and Lifelong Learning: Encourage students to embrace
challenges and independent thinking, and to develop skills in innovative thinking, leadership, team
organization, effective communication, and lifelong learning.)




AMREAXFRABRRRE. BRL2AAGHBATOERAEAIF A TARKRER > ARATRE
K A #Fh(Social and Cultural Literacy with a Global Perspective: Instill in students a caring attitude
towards society and a strong cultural literacy, while fostering an international outlook that empowers
them to contribute to their communities, nation, and humanity.)

N
(Core Competencies)

1. BA EINT4248 5 A o3k By T #6945 /1 (Capability to grasp foundational knowledge in
computer science.)

2. BAERETNIAREHRANERFoB 0 54 EAR R A48 B B A8 89 %L /1 (Capability to use computer
science theory and application knowledge to analyze and solve related problems.)

3. ABRRNIROGFLHEARBRT BAEVE—BRERD Hlo: BB -8R S8 24 -
4934 ~ 323 F (Professional in at least one area, including hardware, software, multimedia, system,
networking, and theory.)

1. BF BRI ERMRAE R T B4 88 T B 8948 /1 (Capability to perform computer science
implementations and use computer-aided tools.)

2. BAZFEBEMA L > U RE 28 4E /1 (Capability to design computer systems, components, or
processes.)

3. EAMBEFABRAE

1. BEARTOCAERAARZIIS BTREECHE L4 ERNITAHABRRE % 4850 #
ATHTE R AE|HT#YHE /1 ° (Capability to apply one s professional knowledge to a new application
domain or across multiple different application domains.)

2. BABERLA—PERKREIR—BEEEHNREANLBLEAESE  HALBERESENRESN -
(Capability to lead or participate in group projects, with effective communication, coordination,
and teamwork.)

3. BEARBERAKXBRREBZASN > wEBRIFHEL Y247 o (Capability to adapt to rapidly
changing computer science technology and to develop self-learning capabilities.)

1. BAHEFIE S AXEAHARERWMEF o (The awareness of social responsibilities, humanity, and
contribution.)

2. BAIRGIE - FBAEN BB AAERE o (The awareness of engineering ethics, broad
capabilities, and global and contemporary vision.)

° (Capability to write and present technical materials.)

FREREMAEM  RFERPE MM X HAMETH

R B
(Teaching Key Points Overview)

I 45 B # #§ 3R (Self-prepared presentation slides)
(Teaching 3R 42 3% & (Lecture handouts)

Materials) H ##.(Others)

(%I%e’%:cﬁé 3% 1t (Blackboard-based and slide-based instruction)

H

Methods) H 4, (Others)

o 3R 2 & (Attendance) 10%

If? 11 Lt ’E‘ & % 1F % (Assignments) 30%
( Yla‘lolcl)?s)l on #A F % (Midterm Exam) 30%

£A K 3k & (Final Report) 30% (& @3k &/Written Report)

%il‘( 2 f R HRAZ 435 (Course website)

% e(;%irlcrgé) M EF 4% T #(Digital materials for download)




8 B2 A (This course will be taught in English.)

(nstructor s | yp2 4 o % % 02 4 AR ERRHAE -

Information)

(Students should respect intellectual property rights and use authorized textbooks.)

HEMMESF |FAFE FRARREHELD R - EMELEHERADRATA  HFaHR

1A BRERBAE -

(Course Relative | (Plagiarism is strictly prohibited for all homework, exams, and assignments. Any

Information) | student found engaging in plagiarism will automatically fail the course.)

REBRAKFT AR NAHENE
(Relationship between Course Objectives and Core Educational Competencies)

FAE I ¥w11w12m13021022W23@31032@33041042

1.1

BA BN T 4248 M A o Bk B 82 T A% 89 A5 /1 (Capability to grasp foundational knowledge
in computer science.)

A1 A B (Why Relevant) :

BEZ2EEGA BRI LA TR R EH R FagsaR - FTREPTRGERZEH BN
T EABMATISEARTPIROBMLRIEAESBTEL > Hlo T LM  BAERE RS
LR FE o sboh > BARAHNENEEPERAKREZEEZREMNER > THRRIAR
FRPE AR F R B R B R ETHAT T BE 09 E# - Machine learning theory builds on
core modern computer science knowledge. Mastering its theoretical fundamentals enables
students to grasp essential mathematical principles and tools, such as learnability, model
complexity, and generalization bounds, underpinning artificial intelligence. This competency is
crucial for advanced research and professional practice.)

3% AR 45 42 (Achievement Indicators) :

REEEE - BT A XA RRERE - ARALARIFTON UL > T REIFE A LIAARE
605 7 FE B A#& ° (Grades are determined by assignments, midterm exam, and the final (project)
report. Graduate students must achieve a score of over 70, and undergraduates must exceed 60
to pass.)

FEH K

MEEE -BrPETapmRnps -
HR/S FHREEDR N, L -
L4 FRXREZR| 705U L o
F®/3 AR REED60H A E -
HE®2 FHRREED S0 UL o
LR ERREKRESS ©

Assessment Methods :
Assessment Criteria for Assignments, Midterm Exam, and the Final (Project) Report:

®* Level 5: Submission of 80% of assignments and an anticipated semester grade of 80
points or above, or a report grade of 80 points or above.
Level 4: Submission of 60% of assignments and an anticipated semester grade of 70
points or above, or a report grade of 70 points or above.
Level 3: Submission of 40% of assignments and an anticipated semester grade of 60
points or above, or a report grade of 60 points or above.
Level 2: Submission of 20% of assignments and an anticipated semester grade of 50
points or above, or a report grade of 50 points or above.
Level 1: No assignment submissions or an anticipated semester grade of less than 50
points, or a report grade of less than 50 points.

BRER B MNITAZIE N RN 203k > 47 142 7748 B B 78 89 € /1 (Capability to use computer
science theory and application knowledge to analyze and solve related problems.)




1.2

BfTH Fﬁ (Why Relevant) :

ARRREP KRS LE N cER R Ad 2R E ,ﬁl-ﬁi ST 77 RSB SR S & fE 2 18 22k
¥ A3 ii&%'ﬂﬁﬁﬁ"’izﬁiﬂlﬁzﬁﬁ/ﬂ?/\éﬁﬁ AT RETESN > ABBRERATEHREEE
P RA B FTAE 0 B 04 Ty iR BT L o (This course covers the core theories of machine
learning and its foundational mathematlcs. It equips students with analytical methods to
rigorously derive and empirically analyze key concepts, providing essential methodologies for
tackling real-world challenges in the future.)

iZ & 45 42 (Achievement Indicators) -

ZAAEFE BRI ETARMRRE TR m@ﬁﬁ MEim A BE T BIR f«%‘#“ REE R AR M AE
7 S EAR A DA ~ A A HL R B B B A 700 AL o K & 60
5L £ o (Students will demonstrate their ability to analyze machine learning problems using
theoretical and mathematical tools through assignments, a midterm exam, and a final report.
Evaluation is based on these components, with graduate students needing at least 70 and
undergraduates at least 60 to pass.)

3T ¥ 7 7% (Assessment Methods) :
E A S A 111 ¥ 23 F F /% (Same as the Assessment Criteria outlined in Core Competencies
1.1)

1.3

E’?*ﬂliﬁié’a HLAABY BREVE—BEERS > Blho AR S A%
4934 ~ % o (Professional in at least one area, including hardware, software, multimedia,
system, networking, and theory.)

AT A B(Why Relevant)

ARBLEEEGINTY > EHERIRAEREN S E RN ARZSLotbd THB®
iz} i&%ﬂ‘*‘k}ﬂ‘i Jﬁ » e A 3 xiﬁ@/}"’?i%k”f&AI’g‘;H F]% o (In machine learning theoretical
analysis, possessing Spe01ahzed theoretical skills in computer science facilitates the application of
interdisciplinary knowledge, thereby effectively solving complex contemporary Al problems.)

i A 45 1% (Achievement Indicators) :
B A% S AE A11.1 ¥ 2 3% Ax 45 42 (Same as the Achievement Indicators outlined in Core Competencies
11)

& ¥ /% (Assessment Methods) :
EAZ S HEAN11YP 23 & H/%(Same as the Assessment Criteria outlined in Core Competencies
1.1.)

2.3

B A # 3 E 8 5 4R 89 A8 /1 (Capability to write and present technical materials.)

A 4T % Bl(Why Relevant) :

A AR —HAREARE - E’F&ﬁ'—iré’ﬂﬁﬁiéﬁﬂ%éﬁﬁhki C R BN REAT
R F Y ER %\#ﬁéﬁ%—*d TAR 0 B EHE Pt o éﬁigéxﬂjﬁi'lﬁﬁﬂr E’F&A'-aau\ylﬁc
%Hi BAE#E ? MMEFS G AR ZAN fH& BAERE S > REHARBR IR E LS BRALE L
WATE A R A R AR P RB 8% S HE ) ° (Students are required to submit a final project
report. The report topic may be chosen based on teacher-provided guidelines or focus on a
specific subtopic within contemporary and cutting-edge machine learning theoretical analysis,
allowing for in-depth study and comparative discussion to foster original insights. The report
must be written in technical English. This assignment is designed to cultivate students’
technical writing skills, promote the integration of interdisciplinary knowledge, and enhance their
core competencies in independently conducting research projects and solving complex problems.)

i .46 1% (Achievement Indicators) :
B AZ S AE /11.1 ¥ 2 3% Ax 45 42 (Same as the Achievement Indicators outlined in Core Competencies
1.1)

& ¥ 7% (Assessment Methods) :
B A S HE /11.1F 23 & H /%(Same as the Assessment Criteria outlined in Core Competencies
1.1.)

7%‘1‘"7 A é’JﬂE FARIRZ b > TRT LK B T8 & K Aol A BT B AR RIS S AR i
ﬂ‘ B 2 £ 37 89 A€ /1 (Capability to apply one s professional knowledge to a new application
domain or across multiple different application domains.)




3.1

217 A B (Why Relevant)

LRBRBRLVWpRB L ryBRY LA TR *%ﬂlﬁfﬁikl*’ é’WV INNE 5 1 | 2 ¢
R E P ”‘T&M’Iﬂ%ﬁiﬁh\ﬁ 1B LR RANER - bRk~ Bk HEHEARB o i
WA A AR KA ﬁ?r-i}%jf E #&ﬁﬁ#ﬁ?ﬁﬁd #7 ° (In studying machine learning theory
and mathematical analysis, students master core techniques in computer science and artificial
intelligence and explore in their final report how to apply theoretical analysis and mathematical
principles to emerging fields such as healthcare, finance, manufacturing, and education. Through
interdisciplinary integration, they propose innovative solutions that drive technological
innovation.)

‘8)*%

EEvy

3% AR 35 #Z (Achievement Indicators) :
Bl A% S AE /11.1 P X 3% R 35 4Z(Same as the Achievement Indicators outlined in Core Competencies
1.1)

¥ Z F /% (Assessment Methods) :
EIAZ S HE/11.1% 23 & 7%(Same as the Assessment Criteria outlined in Core Competencies
1.1)

3.3

BEARRERARBREBZASN > 3K B RIFE S E 248 /1 (Capability to adapt to rapidly
changing computer science technology and to develop self-learning capabilities.)

A1 M(Why Relevant) :

hz*mﬂ&#kﬁﬁ A RAL 5 A B %ﬁ %%%%%&\ﬁﬁ¢ B2k R TR
AR SRS RS EES ZLREBIHESH > RAEFERF N o (In
the rapidly evolving field of information technology, this course emphasizes a solid theoretical
foundation and systematic analytical methods, enabling students to quickly grasp technological
trends and emerging concepts, and to apply machine learning theory to deep learning analysis to
maintain competitiveness.)

% 46 7% (Achievement Indicators) :
Bl A% S HE /11.1 F 2 3% A 35 42 (Same as the Achievement Indicators outlined in Core Competencies
11)

¥ & 7 7% (Assessment Methods) -
ElAZ S HE/11.1F 23 & F /%k(Same as the Assessment Criteria outlined in Core Competencies
1.1)




