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Colors 1n an Interdisciplinary Perspective:

R H

Biology, language, culture, history and

society

graduate
students

‘i =2 Oliver Streiter

FARRDLA

AL AT

ol 2 (AR

3 credits

4 a1 English

22 HAZ Objective

This 18-week interdisciplinary course explores the phenomenon of colors through a comprehensive lens, integrating physics, biology,
anthropology, history, and cultural studies. The curriculum begins with the physics of light and the human eye, examining how perception
occurs even in darkness or clouds, and delves into the neurological processes behind color recognition. It then explores the cultural
symbolism of colors across societies—such as white in Hindu mourning or black in Western customs—nhighlighting how color meanings
evolve over time. The course traces the history of color sampling, from ancient ochre use in archaeology to the development of color
charts by scientists and dyers, emphasizing the role of chemistry and industrialization in producing synthetic colors. Students will study
how color classification influences social hierarchies, artistic practices, and scientific understanding, including the impact of color charts
on global trade and cultural identity. The curriculum also covers the biological diversity of color perception across species, the linguistic
categorization of colors, and their representation in literature, culminating in contemporary issues of color standardization, reproduction in
print and digital media, and the role of colors in branding and cultural identity. Throughout, students will critically analyze how
technological advances and cultural shifts shape our understanding and use of color, fostering an interdisciplinary appreciation of this
complex phenomenon.

P73 5= teaching methods

This course offers you a unique lens through which to view the interconnections between the world's minerals, plants, peoples, histories,
languages, and cultures. Colors serve as a powerful conceptual tool, offering daily insights into these global relationships. Through
detailed exploration of color usage and color perception, we'll discover the role of colors in illuminating key concepts in the humanities

and social sciences.

Our hands-on approach centers on interactive learning materials including world maps, mineral and plant specimens, commercial
packaging, multilingual terminology, and classification systems. Each week, we'll reorganize and analyze the color specimens through

different frameworks - linguistic, cultural, geographical, and technical. This dynamic approach allows us to:

® Share cross-cultural knowledge about color usage and its significance
® Develop multilingual glossaries of color terminology
® Raise awareness of colors in  modern and historical societies

® Provide in-depth knowledge of colors for students who want to pursue the topic of colors in advanced linguistic, literary or

cultural studies.

Week 1: Introduction to Color Phenomena — Overview of the course.

Week 2: Exploring why humans perceive and value colors; discussion of color in everyday life, perception in clouds, darkness, and the
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universality of color experience.

Week 3: Physics of Light and Color Perception — Examination of the physics behind light, the chromatic spectrum, and how the eye and
brain perceive color; Newton s contribution and the nature of light as a wave and particle.

Week 4: Biological and Neurological Bases of Color Perception — Study of the structure of the eye in humans and animals; how
different species perceive colors; neurological pathways involved in color recognition; colors and emotions; early and contemporary
theories.

Week 5: Colors as Cultural Symbols — Analysis of color symbolism across societies; white for mourning in Hindu tradition, black in
Western cultures, and the evolution of these codes over time; the internal and external worlds of color perception.

Week 6: Archaeological and Prehistoric Use of Color — Exploration of the earliest evidence of color use, such as ochre by Australian
Aboriginal peoples for 40,000 years; significance of natural pigments in early human societies.

Week 7: Color in Anthropology and Human Classification — Study of skin color, Broca™ s color charts, and the historical use of color as
a means of social and racial classification; implications of color in racial ideologies and history.

Week 8: The Development of Color Sampling and Charts — Review of historical color charts from Richard Waller to Henry Pecin,
including the role of dyers and chemists; the standardization and rationalization of color naming and classification.

Week 9: The Industrial Revolution and Synthetic Colors — Impact of chemical innovations; creation of synthetic dyes like mauveine; the
chromatic revolution; how industrialization transformed color production and accessibility.

Week 10: The shift from poetic to numerical color naming systems. Color palettes and standardized color names for design, printing and
fashion.

Week 11: Colors in Art and Society — Examination of the societal implications of color use in art and fashion; the stratification of
society through color.

Week 12: Color Production and Natural Sources — Study of traditional dye sources: plants, minerals, animals; processes of dye
extraction, fermentation, and color hiding; the role of bacteria and fermentation in color development.

Week 13: Color Production and Color Patterns in Taiwan Indigenous Weaving — Taiwan traditional dye sources and dye production.
Color patterns of Taiwan Indigenous clothes, techniques, meanings, social class and social identity.

Week 14: Cross-Species and Linguistic Perspectives on Color — Exploration of how different species perceive color; linguistic
categorization of colors in various languages and their influence on perception and literature.

Week 15: Color and Cultural Identity — Analysis of color symbolism in national, religious, and social identities; how colors reinforce or
challenge cultural narratives; the role of color in literature and art; color anomalies in literature.

Week 16: Color Standardization and Reproduction in Media — Study of color reproduction technology: print, digital screens, and color
management; issues of standardization, color names, and the transition from material to virtual color worlds.

Week 17: Contemporary Issues in Color — Discussion of current debates: color in branding, marketing, and identity politics; global
standardization efforts; the future of color technology and cultural shifts.

Week 18: Final Projects and Course Reflection — Student presentations integrating interdisciplinary perspectives; reflection on how the
study of color reveals broader cultural, scientific, and technological insights; course wrap-up.

BFE/27F textbook

Finlay, V. (2002). Color: A natural history of the palette. Random House.

Harvard Art Museums. (n.d.). Forbes Pigment Collection: An atlas of rare & familiar colors. Harvard University.
Rossotti, H. (2003). Why the world isn” t grey. A & C Black.

Birren, F. (1961). Color and human response. Van Nostrand Reinhold.
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SR

THEAE criterion

Course Participation: 30%
Assignments 70%

All coursework must be handwritten in a notebook, called the Color-Book, not smaller than A4. Submit
your Color-Book after class; they can be picked up the next day with feedback and grades for the
assignment (70 points, 15 points per assignment). Students will have one week to revise assignments
based on the feedback provided.

s EalE R class discussion
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(gt g 2 8enEg ) &9 TH249P K7 <

o

ERE T NN R LR ) =y

1. Tran Ngoc Thém (P2 ) (1997) o (Cosovanhoa VietNam) ( (48 =+
CHEHY ) o # EP T Gido dyuc 11 5RAL o

2. Nguyén Pang Duy (*=% %) (2000) - {Tinngudng va vin hoa tin ngudng
VietNam) ( (A& s 5 &2 #r2 b)) ) o @R 1 TOngido ) st o

3. Nguyén Duy Hinh (=2 ) (1999) - (Pao MauViétNam) ( (Axs = #
Z ¥y ) o @ p : Khoahoc Xahoi ) sxit o

4. LéHongLy (%= 4) (2009) - (VinhoaléhoiVietNam) ( (dxs & A& =
ft) ) @] : Vinhoa Thong tin I} 554k o

5. Nguyén Thi Hién (*=< %) (2015) - (Dao Mau vadién xudng hiu dong trong
xahoi duong dai) ( (#2224 “4%a hFEKRY) ) > (Tapchi Vanhoa
Nghé thuat) -

6. Ta ChiPai Truong (#tx + £) (2014) - (Than, nguoi va dat Viét)
( (A ~Agdxs 2 ) ) o 2P 3 : Nhaxuat ban Vin hoa Thong tin

B AARY L RABRA ]

1 MEE (2021) o (FARNGE b @WFT T D BB X 2 WL p]) o (R
LML) 0 %188 o

2. FEME (2024) o (Axmw B3 Mg R G P T ) 0 (21
FREBRE rmEH ) -

3. 24~ TranQuang Hing (M) (%) (2023) » (j4&2 it 2in
BY c B R FEAE IR o

4, mpgr (2018) o (FARFE 2 L1t Fa B BY ) o (TRt
TET) %32 o

5. Nguyén Tan Loc (*=ig4% ) (2022) - (So sanh vin hoa dan gian Viét Nam va
Pai Loan) ( (a2 4832 titi) ) o # 2P 5 : Pai hoc Quéc gia
Thanh phé H6 ChiMinh ! 554k o

=4 £ % Evaluation (Criteria and Ratio)

P EL (%8F) 130%

HRIFL (% 16F) :40%
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HiELHEE» 5 Y (Project-Based Learning) -
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HALLH () | mRABEERR T A S 35~
A2 AL (%) | Virtual Reality Project Development A#bn |25
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REPN XEELOBE LG

}PEE/34E

1P 2/Arduino & & » P& 5™ @ F A# AL 3 BR3P ERF (5 48)/ 4% TR
o> L @/ ISBN13 @ 9786264251761

2. P 2/Arduino B & » PR T TG T B RFERE(F 2R/ QETARGG
)L 7/ ISBNI3 : 9789863475972

3. 44 #/42 B2 Arduino 3 #5383 » F* (5 5 5) /A% > F 22 2/ [SBN1S:
9789863128199

4.4ZF3RF%RE/R AT S-2aHETREd WREFEL - FELAEIE A K
J&* f2+47/ ISBN10 : 2966621133

5.®HE > A/ ERSSRA BB/ EEHEVRAAH A TIRY #* Inity+ 2 &
gL A @ Unityd. XOU P RE/FHEHM)/ c PRI RFF A28/
[SBN13 : 9789864555079

AR
Participation (Class Discussion, Team Projects, Project Presentations) -
30% Midterm Exam - 30% Final Exam - 40% 2} #imi®e & 50~ R B 40209

PP kR EIARER 2T E Pk R L et
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[ #8435 ] 4+ 3
WA o F4&

®OR KB 84
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x M SR - 48

P SCRAE L AR S ()

3 LR A 4 #%| Introduction to Analysis (IV)

& R Bl S T InEY .

2 ria =
Az RE &2 BF B B A A E; . g2
M

EERBEK I ERE) T2NLBIBHUIBOHIETR > AERRIPHBPHRAR - SHD - BH D UEAME
REZMHEHHRIERELE -

#E B4R

FREFAHRP AL RSN O E RN  EARTFRH IS o BB A BAEAGARDH (4o 0 08 ol 8 % 36H)
A8 o) Rt -

R X
Wikl Bm | BRI IMESEY | FATHARS | oB@s T % HAb
100 % 0 % 0 % 0 % 0 % 0 %
RENFHERE
REN B

(1) Integration on $\r"n$
(2) Fundamental Theorem of Vector Calculus
(3) Introduction to Functional Analysis

RAZEHE:

% — ~ A i# Riemann integration on Jordan regions

# 7x ~ 1+ i the Fubini theorem #o change of variables theorem
$+— ~ +2# #A the line and surface integrals

%475 ~ ++ # The Green theorem - divergence theorem ~ Stokes theorem
F+AB FREE
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##E  25F
##% . An Intorduction to Analysis, 4ed.
{5 : William R. Wade
Z8AT S HE T e R
2 B R AZ AT S AR
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W e 1F 10 % R RARE ) 40 % 2R 2%
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BB EASFRARELANHARBYFE

MEABH 114 5= 10 A 07 8

BB % FELE Mumgw |2 AE®E  LIHE®

M Xx#4: = 48
PRXERLBAGEREBARER (=)
3% X 3R #2 4 #5|Complex Analysis and its Applications (IT)
N I s /S | [] 218 M %1%
rsmmtatae 04 U5 RBABERE T

w2

This subject is a fundamental course for undergraduate students. Preliminaries include: Calculus and Linear Algebra.

#EBR

The first objective is to develop those parts of the theory that are prominent in applications of the subject. The second objective

is to introduce applications of residues and conformal mapping. The applications of residues include their use in evaluating real
improper integrals, finding inverse Laplace transforms, and locating zeros of functions. Considerable attention is paid to the use

of conformal mapping in solving boundary value problems that arise in studies of heat conduction and fluid flow.

R X

P 3o o 93 B8R oA A RAT | FRTFRRE | wERE £ % Hib
80 % 20 % 0% 0% 0% 0%

REANBFRER

Eighteen weeks in this semester:
Two to three weeks on a topic:

Residues and Poles

Applications of Residues

Mapping by Elementary Functions
Conformal Mapping

Applications of Conformal Mapping
Integral formulas for the Poisson Type

@y h g ) (g o=

HHE  $E5F R

Churchill, R., & Brown, J. (2014). Complex Variables and Applications. Grading: Attendance & in-class discussion (60%),
McGraw-Hill. and assignments (40%). The due date of each
assignment is a week after the assignment is
posted.
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BISEAZERBEANHARET H R

HWLEBE 114 £ 10 B 07 8

%

O M GEEE e | RS L

) ke Fam
PR L A MMy (=)
¥ 3R A2 4 4% Numerical Differential Equations (IT)
2 5 3 25 & / #f5 | wfs VE#

=) M 12

Aemlxtgz 0O & M5 AT HRRRAE %; —

RA2 A

This subject is an advanced course based on problem-based learning principle for graduate students, and mainly covers numerical
methods for selected differential equations arised from real-world problems. Preliminaries include: Calculus, Linear Algebra, and

Numerical Analysis. Programming skill is preferred.

HEBR

This subject will introduce numerical methods for ordinary differential equations and three basic types of partial differential
equations that relate to many mathematical models arising from real-world problems. Students will develop fundamental skills
(either in strong or weak programming base) and deep learning methods to solve practical ordinary and partial differential

equations.

R KX

HEamsh etz (ARG RERTH | FARERRS | 95RE R b
50 % 30 % 20 % 0% 0 % 0 %

RENFRER

Eighteen weeks in this semester:

Two to three weeks on a topic. Systematic procedures for each topic are shown as follows:

Terminology explanation

Background and derivation of mathematical models
Numerical methods (and stability analysis if possible)
Implementation and demo results

W N =

HHE  $5F

FaRE

1. Christopher Bishop & Hugh Bishop, Deep Learning: Foundations and
Concepts, Springer Nature, 2023

2. Randall J. LeVeque, Finite Difference Methods for Differential
Equations

J. David Logan, Applied Mathematics, 3rd Edition.

4. Steven C. Chapra & Raymond P. Canale, Numerical Methods for
Engineers, 6th Edition.

Grading: Attendance & in-class discussion (60%),
and assignments (40%). The due date of each
assignment is a week after the assignment is
posted.
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BYRERPRABZANHARBTHFX

HEkAM: 104 &£ 10 A 15 8

B oW K ON|RFE migre (W OAEE LI REE
[ REF:_ F&

T XREL M| A ESHGH PR TZ(D)

3 X 3R 42 4 #% |Data-Driven Science and Engineering (II)

2 5 ¥ 3 &5 o [ #fE | [ 2% W =%

xsauAntne: 02 W5 =

FA2 M A

ARBEHAMBHOAPHIRDALSERE R SEF LS LS TR S AR EREY
RN - FHATHEHNSEAGER R HIEG% BREARSRE TN SO E L4
EH - BHEMES A (DMD) ~ #Hei e 8 A% (SINDy) ~ Koopman operator B2 24 82 247 -
e ¥ER 2% (LQR, KalmanFilter) R-F4TH A 1L E £48 > SRR AR HLEE > SRR H
BRAREBICLEAHN S AR I RERYERES -

% B &

I ZIZAHFTHESHEHLMGERAS SR EANEE AT BHEL AW -

2. AEHEAZGKHEN L@ 54 H ik > 4o DMD ~ SINDy $2 Koopman operator °

3. S BRARAREFNERFHORARTEAHUTE » B85 T HFLHINTEIT A SR P) Sir 253t o

4. #E$EM Python  MATLAB # T A& ik TMAN BN R ARBE Z0 5
# e

R X
ik astnm [ ERIFRAEREN | FATFLRE | 9HBE | K% b
60% 0% 40% 0% 0% 0%
RENERER

01 8 BEREEM: THEDZRES SRR E

# 2-4 i Data-Driven Dynamical Systems : DMD, SINDy, Koopman operator
% 5-7 i Linear Control Theory : LQR, Kalman Filter, LQG

% 8-10 #@ Robust and Frequency-Domain Control

% 11-13 #  Balanced Model Reduction, System Identification

F14-15 8 KA EA B oI K I KRR LI5S

F16-17 8 HARIML A B3t

BEHE I 4E2E AR R
S. L. Brunton and J. N. Kutz, Data-Driven Science and BT L2H20%) + 1FE£40%) + #7
Engineering: Machine Learning, Dynamical Systems, and R AR 2 (40%)

63
1




Control (2022), Cambridge University Press (2nd ed.)
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AEf "T#2 A8 E (Mathematical Artificial Intelligence) ; § R Z#HLEHMNALE
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% 7 @ . BAiP&4e (Graph Neural Networks, GNNs)
#ALE L (Graph Laplacian) -~ A 1%1E (Message Passing) #&#|8L7R 41k -
xF1EE2 - A PyTorch Geometric Z24% GNN #A! -

# 8 A LR B PRI R
77\# ?é i'J C BRI AR BRI R SRR G ey B
x L F A Simplicial Neural Networks )@yt -

# 9 8 s mesi (Simplicial Neural Networks, SNNs) I
NPBLAAN - SEMRERETF 0 N8 SNN e932H %4 -
*E/EES SN T EayLEy -

# 10 8 BaEmmemik (SNNs) 11
#—F1E: SNN e e B SR HENE Y
*xEE2 SN £ FRBEEEHGER

% 11 B BHEHa e (Sheaf Theory & ShNNs) I
ﬂ\%’}% (Sheaf ) ~ #:8 (Cosheaf) FR ] B 5 82 By SR — ZR R B9 AR A o
kufe) - R AR LeyMEE

# 12 B : Bipsesmz (Sheaf Neural Networks, ShNNs) II
## Sheaf Laplacian #2385 %] > B>~ ShNN 44 GNN 94EEH K -
xE/EE #H PySheaf s B & ShNN A -

# 13 A HBEAIFENELER
WathofT& 4 TDA ~ SNN #2 ShNN #47 % B R&GH#HEE -
*TH  MRFAMBEFA MR -

F 14 B SR ABH T q S
ZEMBUABWAR L NRANCRET R -
k #HE 24 BT AT E A o

% 15 @ $AAERBX LGN
POV LT EY LT ﬁﬁﬂ1@%ﬁ@ﬂ%%°
K % IR F LIRS o

% 16 B : HA KRR L dE e st
A mEITH R OBERER R R E T BARENRBEERAT TG -
XEBERRIETERBERAN IS -

¥HE / 5EE FoIRE

HPE: AR & & RlEx (25 %)

ERAEE WXIRE (25 %)

1. Edelsbrunner, Herbert, and John Harer. AR FAadLER A (40 %)
Computational topology: an introduction. s m e leE (10 %)
American Mathematical Soc., 2010.

2. Kaczynski, Tomasz, Konstantin Mischaikow, and

[o)10%)
N
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. Hansen, Jakob, and Thomas Gebhart. "Sheaf

. Barbero, Federico, et al. "Sheaf neural

. Barbero, Federico, et al. "Sheaf attention

. Bodnar, Cristian, et al. "Neural sheaf

Marian Mrozek. Computational homology. Vol.
157. Springer Science & Business Media, 2006.

. Bronstein, Michael M., et al. "Geometric deep
learning: Grids, groups, graphs, geodesics, and
gauges. " arliv preprint

arXiv:2104. 13478 (2021).

. Ayzenberg, Anton, et al. "Sheaf theory: from
deep geometry to deep learning." ardiv preprint
arXiv:2502. 15476 (2025).

. Chazal, Frédéric, and Bertrand Michel. "An
introduction to topological data analysis:
fundamental and practical aspects for data
scientists." Frontiers in artificial
intelligence 4 (2021): 667963

neural networks." arXiv preprint
arXiv:2012. 06333 (2020).

networks with connection
laplacians." Jopological, Algebraic and
Geometric Learning Workshops 2022. PMLR, 2022.

networks." NeurlPS 2022 Workshop on Symmetry
and Geometry in Neural Kepresentations. 2022.

diffusion: A topological perspective on
heterophily and oversmoothing in

gnns. " Advances in Neural Information
Processing Systems 35 (2022): 18527-18541.
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B S K2R BE AR T FR

YiEkam: 114 = 10 A 13 =&

Mﬂﬁ +3t [] ¥ +32
[] KL 4R

OB O mHEE PR SR 4R

oA L A AR R R

3 3L A2 4 #5|Complex Networks and Mathematical Modeling

e n 1 3 & s/ g [ sfs @1%1"%
?%@ﬁfiihéiéf'é;‘ﬁﬁi ) d 7%_ D@ %%%%fi%*& %ﬁg %’;%’_
A2

A Ty 2 (Complex Networks and Mathematical Modeling) | § 48 M4 #1423
BEIR AR L AT B SRR SRS A b MEARBE T B~ PR AMILEREAEL > B 5T L Ek
B I — SN SRS RMNERES -

FRAZ N UL B o B IR A By AR 0 AR 3 o AT AR BRI 35 S AT AR RS AE AR AT M B T AR R AR ) o i
— i B4 SR E B LSt % (Graph Signal Processing, GSP) #i[E 4 4 % (Graph
Neural Networks, GNNs) &9#t4:3att - 3248 H fx [B] 4 & 4828 oY 45 4k ik (Feature Diffusion) -
Gy PP R Y PR &R BERERE S FH A %43 (Molecular Dynamics, MD)
YA AL R AT AR ERAR TR T TR AR B RREH -

ARBUERBELHE WU ZEFREURCER > BESEAHE - W - RENF FOHE
ARG EREEMBANBEAE AL LS HERANERRAHRITHGRED  ARSE
BREATRE St E AN NI T NP FARG L E R A -

# %8 &%

50 ARRRE > FABEERATEE BAR

1. IEARAR 4k 48R 0 B St
o B mEMBA LML > CIEHIE ~ o~ AFBERE - Jr oty BT
% o Re AR s O Kl R o) SE AR M MG HE B 14 -
2. O AR A S MR ILAT A
AE LA S — ) B 22 A AT AL B AR IR ~ AP AR IS ~ A AL S R EWEE 0 YRS T R ®
B)R AR BMEAERRRE TSN LITAHBRBRAR -
3. # BB LeyinstRI2EA (Graph Signal Processing, GSP)
o M AREAY L M SRS AT HIRIIE A FHEBH TR 0 Al GSP FikIRHE% e
BAR AR E SRR R -
4. F 15 B AP 2 E AR RO ) R 22 3
o IZFRE 44249388 (Graph Neural Networks, GNNs) $i2 H k#4442 % (Graph Diffusion
Models) &9#2% et » GIEMEARBARH ~ T4 M (equivariance) 148 F M
Mo REIEI A X L2 Eae -
0. WA TEAPHE FOHEBREM T X

(o]

1
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o Ao T A RLE B HAE Sy TRER NG SBRELRT@s ) BHUREEE
S 4 A 0 B 8 -
6. BAEERATHLESA SIS
o fgBt Python 48 B T A A7 A A Mis okt o AT S B T B > It ARCRIREE SR IR L
2.
T. R IE S A
o REHR AU » TS A M0 AR BU 5 SRR - SR SRR AR
ARWIES > LTI BA EREATR B 5 H YR RBRBAE -

#RH X
W AR | BE o RS KA | FATFARS | RS T 5 HAb
70 % 10 % 20 % 0 % 0 % 0%
RENERER

N EEE (16 Veeks » R4M FIRA, HPHRE RN TREAL IRZRABEHALE)

%01 38 ¢ R4 W ST A 4 BN

WRNE - LUVAEZRPEFXRNA HALE AW HEATRAKEE  AARBERHAR
HERMEBAES -

* /&% : Python / NetworkX =53k &2 81483843401t -

% 02 8 ERH A AR AT TR

B MR AR E B AE R~ B MRS R F AR SRR R A (A
B~ ot~ £ RER) HBPEER -

kA BB ¢ A 3 3b b AR AR A B S Ay M s 0 R AR BT AR o

%38 meydEss iy
NBE R ERATER ~ FRERSES T S RAEBERR G BE R
*FAEEL A NumPy $2 SciPy #4TE 493547 ©

% o4 3B ks 2 E R AR R
s F A KA TR E oM EHA > AR E MR REATSEOBPE LT -
XFAEEE M EML e IR SR SRS o

¥ 5 8 B LeyinskRi®3®s | (Graph Signal Processing, GSP)
HEEEE M (GFT) » RASEBBRIB AT HOMS -
kEAE &2 0 pA GSP AT R TR S AR Ik IR -

% 638 B EeysbREmEsn 11
b B B A EE BR kst i GSP SR B H F ey B A B -
*RAEEL | BABRERSMMRER -

% 738 : @bkt (Graph Neural Networks, GNNs) I

43 GNN #9308 s ph gz %% (Message Passing) 4222 ¢ 447 %44 (equivariance) #17
%M (invariance) #9323 H i o

* TEEE - & PyTorch Geometric A& GNN #2A! -
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% 8 i Eibeswmek it 11
3 GNN By &R A ~ @ F %3 % (oversmoothing) #3% %% (spectral GNN) = B Bt -
* RAEEE © GNN Ao A E F 4 E o) 9 4k sz =T AL

# 9 i EAaraemsiEyaE A 1 (Graph Diffusion Models)
480 I sm ey B %% 0 fu4E diffusion kernel ~ heat kernel ~ $14% A5 514 o
kB Eh ¢ i AR 0 ) AR PR AL 8 TE A o

# 10 38 B AP SR IE A A 11

YRR AR B A s B ey A 5 33 GNN diffusion $2 score-based models &4I%
Wik s o

kEAEEL C KAEM B4 diffusion-based GNN -

% 11 8 - Babe i 111

AP BT H E S 44 (4o simplicial sk sheaf-based diffusion) ; #F3d Ik 4Pk ¢ Ik 45
W dia A2 ) BB X A M5 AT -

I EEL ML RS LB S AT AR o

12 8 T8 AR MK ET

PR3 o o7 LA S 4R BS SE ARG Ml o F RIS ZARE R ~ SR ER LS AEAS T N R THIEEE « HAF
[ $i2 ) /1 S M WL -

X FAEEE o FAEER 4K interaction network e

# 013 8 A RS EE SRR
ATl F ik (GSP ~ GNN ~ Diffusion ~ MD) #A#EABIR B 47 343487 T A2 AR M 1 38 3 B 8% o
*EH  MAFRMEFTHE M -

# 14 8 B RahxEgitn |
ZBMRAAMA R RS ERARSL R TR PR -
IR AR AWML AR -

% 15 @ FAMm R amcEan 1]
LHEBATTHRE ZAREEN BIRERHEB N
k FE5  BLH M E AR AR RIS E -

% 16 3 HRI|EMBAELL
B R IR AR R O AL 0 B AR R RIEN TG o
K EBHAT xR AL B B 4R R BT RS -

#HE / 54E PR
HHE T BHHR g R (10 %)
wEELE w3 (30 %)

1. Ortega, Antonio. Introduction to graph signal |#+# (30 %)
processing. Cambridge University Press, 2022. #kE (30 %)

2. Cui, Qiang, and Ivet Bahar, eds. MNormal mode #9k %48 (Optional Bonus @ 20 %)
analysis: theory and applications to biological
and chemical systems. CRC press, 2005.
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Bronstein, Michael M., et al. "Geometric deep
learning: Grids, groups, graphs, geodesics, and
gauges." arXiv preprint

arXiv:2104. 13478 (2021).

Ayzenberg, Anton, et al. "Sheaf theory: from
deep geometry to deep learning." ardiv preprint
arXiv:2502. 15476 (2025).

Wu, Lingfei, et al. "Graph neural networks:
foundation, frontiers and

applications." Proceedings of the 28th ACH
SIGKDD conference on knowledge discovery and
data mining. 2022.

15 R SH

1. Ortega, Antonio, et al. "Graph signal
processing: Overview, challenges, and
applications." Proceedings of the [EEE 106.5
(2018): 808-828.
2. Zhang, Si, et al. "Graph convolutional
networks: a comprehensive
review." Computational Social Networks 6.1
(2019): 1-23.
3. Hansen, Jakob, and Thomas Gebhart. "Sheaf
neural networks." arXiv preprint
arXiv:2012. 06333 (2020).
4. Barbero, Federico, et al. "Sheaf neural
networks with connection
laplacians." Topological, Algebraic and
Geometric Learning Workshops 2022, PMLR, 2022.
5. Barbero, Federico, et al. "Sheaf attention
networks. " NeurlPS 2022 Workshop on Symmetry
and Geometry in Neural Representations. 2022.
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Hk B 114 &= 10 B 9 8
A
B oW® 6| R Mo o AR L HRE
[ K& 4R
VOIRAR AR BRI B E A
¥ L 3RA2 4 #%| Matroid theory and its applications
N R D s/ #BE | [ o K G
5 s - 5 E’E ,Eﬂ.fa
RFaRXMtee (] 2 K5 REBEAWE o

WM

B (matroid) & 4R HEAH LA S H 4 Sibfo— AR L M T — A% —IER R EHF S @A F P oy B o £ B (graph
theory) » iz £t (optimization) » & network design P » @ b5 Wi i T R A &  RITN A SR I 5 fodp 8
5% 4T (tropical geometry) » X 3% % {57 (algebraic geometry) 34 R % BB - £ 2022 #3EM 24843 £ June Huh i i

—

AR H — A P M H BRI SR ST OO B M PE 0 AR 7% - BRIRIEIRAR B TR S M 4E Rt B T APl ey st AR 2

IEAEATE (Week 1 — Week 8) A4k 8 [O] Chapter 1 — Chapter 6 it - ££ Week 10 — Week 13 #5419 4§ 34 34 5% b 52 35
LM RACMATHRA; E244# [KV] & [S] Pe94aM 8 - Week 14— Week 17 A B EIE— s ibey 29

Wil -

HEBR

® T ARHRMRAY T & AAE M Ak AR AR

© P Rk P 3P 36 L 3 6 M BE 0 o o feT A R R0 3h AR AR ] 35 09 A A A (4o spanning trees, cuts, and flows)

® GERUVBMITHM—LEZRA

® THRESTRNEEIG

BRI X

Wikl g | BESM RS WA | $ATERRE | 9HAE LR HAe
100% 0% 0% 0% 0% 0%

RENFRER

% —i8-% — i Motivation and Overview; Axioms and Examples
3 =i Duality

#v9 il Minors

% 7 3 Connectivity

#7518 Graphic Matroid

3 18- % A\ Representable Matroid

HAGE YA

%+ 34 The Greedy Algorithm

% -+ —3i8 Matroid Intersection and Union

% + —3i8 Matroid Parity and Matching Problems




# -+ =318 Polymatroids and Submodular Optimization

FtwmiE- £+t8 RHELAL)
® Submodular flows and cuts
® Matroid constraints in network design

® Approximation and randomized algorithms

F+ANB BRF

#HE /25T

FaRE

1.

[O] J. Oxley, Matroid Theory, 2nd ed., Oxford (2011)

20% ¥ (Bm#E—%)

2. [KV]B.Korte & J. Vygen, Combinatorial Optimization: Theory and 40% 3 o
Algorithms, 6th ed., Springer (2018)
y o - , 40% #7K#
3. [S] A. Schrijver, Combinatorial Optimization, Vol. A, Springer (2003)
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WEABH: 114 % 10 B 08 |

e = B 5t O] #d=3m
% O® S8 4R 3% e &
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PxRursn BHIER
% x4 44| Game theory
2 5 % 3 gy o /&g | O s W OE%

B £, 1o

AT aAwRe B 2 OF & E B RRAE E;; o
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TRERA—TIAR " Rptb B, S MOMBR | F 5 EE MR 04 34
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MERRERHERKRIE S
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Bl AR 3% ©

4. IEERA T EBEHES APEBEIRR ~ BURR ~ 34 -8 %
BMAFAEE P RRETS -

R K

s 33 | MR R R TN | FATHERSE | 9¥EE 5 Hib

80 % 0% 20 % 0 % 0 % 0 %

RENFRER

[ntroduction to Games and Their Representation
Equilibrium Dominance

. Nash Equilibrium

Nash Equilibria in Games with Continuous Action Spaces
Mixed Strategy Nash Equilibrium

Subgame Perfect Equilibrium

Repeated Games

i Al i o
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TE S RRFE B F8| Topics in Combinatorics (1V)
Lo
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EORERRETE: 0 B »8 EORPERE

BRI

This is a Ph.D.-level research seminar, serving as a continuation of Topics in Combinatorics I-I11. The course explores
advanced topics in combinatorial design theory, group testing, and coding theory, with a particular focus on traceability
codes, fingerprinting schemes, and related combinatorial constructions.

We will study recent developments and classical results on combinatorial schemes for protecting digital content, including
frameproof codes, separable codes, cover-free families, perfect hash families, and IPP (Identifiable Parent Property) codes.
Special emphasis will be placed on the traceability problem—a fundamental model in traitor tracing, multimedia
fingerprinting, and secure broadcast systems.

Throughout the course, students will read and present selected papers (see references below) that address:

1. Construction methods using finite fields, BIBDs, and probabilistic techniques (e.g., the Lovisz Local Lemma)

2. Upper and lower bounds on the size of traceability or fingerprinting codes

2. Connections between resolvable designs, error-correcting codes, and traitor-tracing schemes

Readings will be assigned based on both the instructor's guidance and student interest. Active participation through
presentation and discussion is expected. Students should have prior knowledge of elementary combinatorics, basic coding
theory, and design theory.

HIEEE

By the end of this course, students will be able to:

L. Understand and explain advanced combinatorial structures related to fingerprinting, traitor tracing, and traceability
codes.

2. Analyze the relationships between different classes of codes, including frameproof codes, separable codes, cover-free
families, and traceability schemes.

3. Apply techniques from design theory, finite geometry, and probabilistic methods (e.g., the Lovasz Local Lemma) to
construct and evaluate combinatorial codes.

4. Interpret and critique current research papers in the fields of coding theory and combinatorial designs, identifying
key contributions and open problems.

5. Formulate and present mathematical ideas clearly through in-class presentations, including definitions, theorems, and
proof sketches from assigned readings.

6. Explore research directions by engaging with recent results, conjectures, and methods in traceability codes,
multimedia fingerprinting, and related applications.
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This is a research seminar course. Weekly topics may be adjusted according to students’ interests and paper
selection. Students will present assigned or selected research papers during Weeks 4-16.

Week 1:

Course introduction

Overview of combinatorial models in traitor tracing, fingerprinting, and design theory. Background review:
traceability codes, frameproof codes, group testing, and basic definitions.

Week 2:

[nstructor-led lectures

Review of classical constructions: frameproof codes, cover-free families, and separable codes. Preparatory
discussion for paper reading.

Week 3:

Instructor-led lectures (continued)

Traceability codes and their connections to design theory and coding theory. Guidelines for reading and
presenting research papers. Paper assignments and scheduling of student presentations

Weeks 4-16:

Student presentations on selected research papers. Each student will present and explain key results,
definitions, theorems, and proof ideas from the assigned paper.

Presentations may cover topics such as:

Traceability codes and traitor tracing; Fingerprinting and IPP codes; Frameproof and separating codes;
Cover-free families and conflict-avoiding codes;Applications of perfect hash families and the Lovész Local
Lemma; Connections to error-correcting codes and block designs.

Group discussion: summary of insights, research techniques, and open problems.

Week 17-18:
Final wrap-up session
HEE  2EE TR
This course does not follow a designated textbook. Instead, a series of Participation 20%
research papers will be assigned for reading, presentation, and discussion. | In-class discussion 50%
Final report 30%
SR REDERRLRE
EizOeen ST A OBETT HEzD | SO8En | #ERzG
52 i il 22 B B
BxEEn 10% BERTRE Rla P wa) 70%
A 0% WERRIRRAE 80% HEH 0%
RIERES] e BIREREE 0% maTsAd 1
B BN B0 RS RIERSEE 1% AliES 0%
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BRI SR A

PR TS 41
Course Title
(English)

AR H S A4
Course Title
(Chinese)

AT BB RORHE TR
(FRERF R BRI )

Introduction to Web Mining and Privacy Preservation

s 4R
Class

B e T
Class Code

ETa%

A11304; A901 E AR B — FE R

Credit

B

ket =

TGRS (Primary) -

PEEREET Py ~ — i e taoht o e
A — 25445 (Yu-Chuan Tsai) Compulsory/Ele (Elective) Course taught in [EZE(GMENS)

ctive Courses Languages  |BCHEENSO K

B RS B R a2 s B - BREET RS

ZEHFE Objectives

FEN TS R ST SR FISE Fan s > (ERBERHVERAE J BERETE I EEN WA 2ERE ARG Z K BB
REMiEZ 10T sensor » {EH%ZFEEEHELA T BREA RN R IRET - ASRAE L IE Ry tH SRR T B RHEYE ~ B -
RGN SR e B R AL R RS - AER IR (World Wide Web) P AZERE ~ €& HELR
[EITUREFERYEGR - AT E (e B = i B A 2B (HERVE NSRS AT FIARIE - @R R — (8 E A & e
BETT o SRS DA BR NS 2 B B S 2 4l B T il e EL U o e VO (A T A T T A BRRRAE Z PRe ) > 0l R R Z i
B - EERGE 2 ERHSiE LB Z R AL R Sl - B S A B AR B e sl e mlE 7 - ASERt
EERE N SR BRI SRR IR E R EIS 4 - SRS RIS TEAVE AL S © S R BRIl 2 5 K FOTE A e
RAREE FNEMETIHETET o NomBERHEE - EaEL - 2IREERE G RHE I Bk 2 AL R 2 Rile & B A
RIEEESMEEAFNER - AR E SR 2 S2ALE T T AR ST 2 B - IAER 5 CESEREE S I Z -

FZaff 2 Class Types

HEmediasam | (EESMTEESRENT BEEFoERE HErFEE P, Hoff -
Lectures and Case Study or Work Thematic Projects and Field research/Field Ex frniment /(Sthers
Discussions Analysis Reports Work P

40 % 40 % 20 % 0% 0% 0%

SHFE N AREBERE Course Description and Progress Outline

L BELASIEATRE 2 NE 2. NLEEE vs HMESSEERE T 3. VST ERIRE R HIERSURAK 4. st ERHEEUR
HIEFELRAC 5. WIaTAE KA NG _ L2 BRI RED f SLERIELR A 6. Wiat RBARE R T KB BEIRAK 7. WS HIE
BREE R T4 2 AL R R

+2 FEHE BN ERFENZE Alternative Learning

Bl A DT E TS, SRR R I, BT Z2EEERER L2 E V5 KMOVIE 8E
%15 B BENR LB (FF - JERPATERSRE  BEETR) - EREE AL HEEE, B L2 B3R

2Rl /2% E References/ Textbook/ Documents

1. Baeza-Yates and Ribeiro-Neto.  “Modern Information Retrieval", Addison Wesley, 1999. 2. Soumen Chakrabarti.
Web: Discovering Knowledge for Hypertext Data” , Morgan Kaufmann, 2002. 3. Jiawei Han and Micheline Kamber.  “Data Mining:
Concepts and Techniques” , Morgan Kaufmann, 2000. 4. Charu C. Aggarwal and Philip S. Yu.  “Privacy-Preserving Data Mining

Models and Algorithms” , Springer, 2008. 5. Benjamin C. M. Fung, Ke Wang, Ada Wai-Chee Fu, and Philip S. Yu.  “Introduction to

“Mining the

Privacy-Preserving Data Publishing Concepts and Techniques” , Chapman & Hall/CRC, 2010. 6. ZE5d18, Fakl, ATHEEZELKT,
KIEXAE 7. ZEZE, Brefar, KT3UE 8. BHEH, BHRERERMT, SEER 9. 2HIE, ATFHR, KT UE 105555,
BECR, REREHAR 11226818, BRI, AT2041, K TF321E

SEFEAE Evaluation (Criteria and Ratio)
1. BEEETERELHE-10% 2. FHIEHE-35% BE—mEE G 3. INETET-15% 3. HAREE0-20% 4. HIR#H 5 -20%

SHEESTEEIERY Office Hours

= 4RA%0RE JIE REER E Basic Disciplines and Core Capabilities of the Department and the University

2 B fa o BEAZ OREJIHERE | HIERIZOEES) BARLBEIEE | BIERGZOEE T

FMZLRE IR IR e e BE : . ; 4

Core Competency-Dent Intensity Seale Core Competency- Corresponding Capacity Core Competency of Corresponding Capacity
peiency-Lept ”’ College Index of College NUK Index Of NUK
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