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Agenda

2021 Taiwan Mathematical Society Annual Meeting

January 17, 2022 (Monday)

08:00 - 09:30

Registration

09:40 - 10:00

Opening Ceremony
Chair: President Yng-Ing Lee

10:00 - 10:50

Plenary Talk by Professor Mei-Chi Shaw
Chair: Professor Jih-Hsin Cheng

1F Auditorium
Room 202

10:50 - 11:00 Group Photo Session 1F Auditorium

11:00 - 11:25 Coffee Break IF
Room 1F Auditorium Room 101 Room 102 Room 202 Room 639

11:25 - 12:10 Speaker: Kenichi Bannai (online) Speaker: Shih-Hsien Yu Speaker: Jeng-Daw Speaker: Chi-Kwong Li (online) Speaker: Min-Hsiung Lin

Keynote Talks ] Chair: Ming-Lun Hsich Chair: Kung-Chien Wu Chair: Ju Alfred Chen Chair; Ngai-Ching Wong Chair: Sub-Yuh Yang
12:15-13:45 Lunch Time
Sessions x'::::];:::y Di"“""g:'ﬂ:"':"_\;gg"mi‘ Analysis P”’ﬁ';]q::g::;"ﬁ" Optimization Discrete Mathematics | CY=Amical Systems and Computatioasl Probability Statistics

Room Room 202 Room 101 Room 617 Room 638 Room 609 Room 639 Room 201 Room 102 Room 722 Room 714

13:45-14:10

Speaker: Kuan-Hsiang
Wang

Speaker: Yu-Lin Chang ~ Speaker: Tao-Ming

&

Speaker: Chi-Jen Wang

Speaker: Wei-Fan Hu
Chair: Matthew M. Lin

Speaker: Hsueh-Yung Lin
Chair: Chin-Yu Hsiz

Special Sessions |
& Speaker: Kuo-Zhong Wang

Chair: Danicl Spector
14:15 - 14:40 P
Special Sessions Il

Speaker: Nobuo Sato
Chair. Yi-Fan Yang

Speaker: Ryosuke Takahashi
Chair: Chin-Yu Hsiao

er: Chung-Hsuan

Chair: Rucy-Lin Sheu Chair: Hui-Lan Chang  Chair: Chuch-Hsin Chang

Chair: Jenn-Nan Wang,
Speaker: Chih-Chiang
Huang

Chair: Jenn-Nan Wang

Speaker: Te-Sheng Lin
Chair: Wei-Fan Hu

Speaker: Jia-Yuan Dai
Chair: Chuch-Hsin Chang

Speaker: Jen-Yen Lin
Chair: Rucy-Lin Sheu

Speaker: Wei-Tian Li
Chair: Hong-Bin Chen

Speaker: Chien-Hao Huang
Chair: Hao-Wei Huang.

Speaker: Yuki Chino
Chair: Chien-Hao Huang

Speaker: Shao-Hsuan
Wang
Chair: Ting-Li Chen

Speaker: I-Chen Lee
Chair: Ting-Li Chen

14:45 - 15:10 f" " Speaker: Hsuan-Yi Ligo Speaker: Ming-Cheng Tsai  Speaker: Ying-Chich Lin  Speaker: Yu-Ching Lee  Speaker: Shagnik Das Speaker: Yan-Yu Chen Speaker: Chun-Yueh Chiang ~ Speaker: Wai-Kit Lam s
Special Sessions Il Chair: Chin-Yu Hsiao Chair: Danicl Spector Chair: Jenn-Nan Wang Chair: Ruey-Lin Sheu Chair: Wei-Hsuan Yu Chair: Jui-Pin Tse Chair: Manhew M. Lin Chair:
15:10 - 15:35 Coffee Break
15:35— 16:25 Plenary Talk by Professor Chia-Fu Yu 1F Auditorium
. - Chair: Professor Shun-Jen Cheng Room 202
16:25 — 16:35 Pass-it-on Ceremony 1F Auditorium
- = (National Tsing Hua University, Host of 2022) Room 202
Forum of Public Issues in Math Community
16:40 - 18:00 Speaker: Professor Ching-Hsiao Cheng, Hui-Wen Lin, Mao-Pei Tsui 1F Auditorium
Ch: Professor Chun-Chi Lin
18:30 Banquet La marée
2021 Taiwan Mathematical Society Annual Meeting
January 18, 2022 (Tuesday)
08:30 - 09:00 Registration
09:00 - 09:50 Plenary Talk by Professor Thomas Yizhao Hou 1F Auditorium
: . Chair: Professor I-Liang Chern Room 202
09:50 - 10:15 Coffee Break 1F
Room 1F Auditorium Room 101 Room 102 Room 202 Room 638 Room 639
10:15-11:00  Speaker: Sijong Kwak (onlinc) Speaker: Bo-Yin Yang er-Mao-Pei Tsui  Speaker: Hau-Tieng Wu (onlinc) Speaker: Lung-Chi Chen Speaker: Chiun-Chiuan
Keynote Talks Il Chair: Jungkai Alfred Chen Chair: Chun-Ming Chen Chair: Nan-Kuo Ho Chair: Gi-Ren Liu Chair: Guan-Yu Chen
f Number Theory Differential and Algebraic g Partial Differential ity o . Dynamical Systems and Computational P
Sessions and Algebra it oy Analysis Equations Optimization Discrete Mathematics == o 3 ey ; Probability
Room Room 202 Room 101 Room 617 Room 638 Room 609 Room 639 Room 201 Room 102 Room 722
11:15-11: Speaker: Adeel Khan Speaker: Ya-Shu Wang Speaker: Tone-Yau Huang Speaker: Meng-Huo Chen  Speaker: Jyy-1 Hong

Chair: Hsuch-Y

Chair: Ngai-Ching Wong

Special Sessions IV Speaker: Yung-Ning Peng
air: Chun-Ju La

Chair: Jein-Shan Chen Chair: Jephian C.-H. Lin

Speaker: Jin-Cheng Jiang Speaker: Sen-Peng Eu Speaker: Jung-Chao Ban
[& Chai

Chair: Hao-Wei Huang

: hair: Chun-Hiung Hisa . Chair: Chiu-Yuan Chen Chang-Hong Wu
11:45- 12:10 (45 min) Speaker: Shin-Yao Jow Speaker: Chung-Chuan Chen (45 min) (S_IP‘CEL““‘" Chih-Sheng (45 min) (45 min) Speaker: Yuen-Cheng Kuo i i
Special Sessions V Chair: Hsuch-Yung Lin Chair: Ngai-Ching Wong i -'}m“_ghm . Chair: Jephian C.-H. Lin Chair: Ting-Li Chen
Lunch Time
12:15 - 13:45
Gathering of Female Mathematicians Room 901
13:45 - 14:10 iW::“‘,‘;IE"N‘B‘“"&'v"dilbi Speaker: Sheng-Fu Chiu Speaker: Junsik Bae Speaker: Li-Gang Lin Speaker: Guan-Ru Yu Speaker: Shih-Hsin Chen  Speaker: Chin-Hung Lin . o
Special Sessions VI (ol yosuke Takahashi Speaker: Daniel Spector Chair: Chun-Hiung Hisa  Chair: Jein-Shan Chen Chair: Michacl Fuchs Chair: Chang-Hong Wu  Chair: Min-Hsiu
- Chair: Chung-Chuan Chen
14:15 - 14:40 paan Speaker: Kuang-Ru Wu i) ere Speaker: Ching-Pei Lee case parn s panr peer
Special Sessions VIl Chair: Ryosuke Takahashi Chair: Jein-Shan Chen
14:45 - 15:10 ae Speaker: You-Hung Hsu  SPeaker: Yao-Te Huang - '.J““ R ans . o s .

(Sun Yat-sen University)

Chair: Ryosuke Takahashi )i’ Chung-Chuan Chen

Special Sessions VI

Chair: Jein-Shan Chen

Let's mee at Tsing Hua University next time!
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Timetable

2022/1/17 10:00 - 10:50 KEiEi#

EZ=H# (University of Notre Dame), The Cauchy-Riemann Equations in Complex Analysis  1F EIRR 23R /Room 202
2022/1/17 11:25 - 12:10 {£REEH#E

HEE (RINA2RIEZ), Low Rank Approximation of Entangled Bipartite Systems Room 639

5% (College of William and Mary), Numerical range techniques in quantum information science  Room 202
JEE (PRIFFERE BN, Green's function and Path integral Room 101
Kenichi Bannai (B R EBBZRIAE), Pure Mathematicians meet Machine Learning 1F BIREZE
RILE (BEARZHE %), Moments of Airy Functions as Ufterior Motives Room 102
2022/1/17 13:45 - 15:10 $Ais iR
BEREAE Room 202

13:45 - 14:10 FEEH (BERBEIER), Embeddings of Maximal Tori in Classical Groups, Odd Degree Descent and Totaro's questior
14:15 - 14:40 &£ BEEX (B2 RBRIE %), On alternating multiple zeta values

14:45 - 15:10 TRE (RIMAZREE %), Transformation formulas of p-adic hypergeometric functions
Mo REAHET Room 101

13:45 - 14:10 WEE (BB KBHE %), Motivic invariants of birational maps and Cremona groups
14:15 - 14:40 58072 (RINAZRRE S, Structure of T/2-harmonic spinors

14:45 - 15:10 BEHE (FEARZEEHE ), Formal exponential maps and Fedosov resolutions

24t Room 617

13:45 - 14:40 TE{} (R BRLBEAEZE %), Numerical Ranges of Foguel Operators

14:45 - 15:10 E885 (SR ABBERFE D), Additive Hermitian idempotent preservers
@552 Room 638

13:45 - 14:10 TRE#F (EFIERRIBMRLNY), Ground states for a linearly coupled indefinite Schrodinger system with steep potential well
14:15 - 14:40 558 (PIEAREEE %), Traveling Waves for a nonfocal equation

14:45 - 15:10 MHE7R (BN RERAEE %), Global entropy solution and relaxation limit for Greenberg-Klar-Rascle multi-lane traffic flow mode/
®fEE Room 609
13:45 - 14:10 5 (SZMBALBRE 21), Characterizations of Boundary Condiitions on Some Non-Symmetric Cones

14:15 - 14:40 M E (REAEEARIE ), Joint Replenishment Problem with Permissible Delay in Payments and the Resource Constraints under Power-of-Two Policy

14:45 - 15:10 TRE (BEAR T ETEE2%), Competitive Demand Learning: an Equilibrium Pricing Algorithm

BHME Room639

13:45 - 14:10 T3ERR (8 KB EEEE %), Local Antimagic Vertex Coloring of Trees

14:15 - 14:40 E=EX (PEABREBEE %), Shifted-Antimagic Labelings for Graphs

14:45 - 15:10 Shagnik Das (&2 AE&E %), Tight bounds for divisible subdivisions

BEREEEMEE Room 201

13:45 - 14:10 FHE{_ (PIERREEER), Schivegl” s second model on a Bethe lattice

14:15 - 14:40 Bi=[R (PRAZEREE %), Selective Feedback Stabilization of Ginzburg-Landau Spiral Waves in Circular and Spherical Geometries
14:45 - 15:10 BEF (&2 XBHE %), Weak entire solution with finite excited intervals for a reaction-interface system

FEBE Room 102

13:45 - 14:10 BAEW (PRARBEEB ), A Discontinuity Capturing Shallow Neural Network for Anisotropic Elliptic Interface Problems

14:15 - 14:40 #i38 (RIRZBEABERARE %), Machine Learning to solve elliptic interface problem

14:45 - 15:10 EE S (EERLABEIFFE D), An efficient iteration for solving the extremal solutions of discrete-time algebraic Riccati equations
= Room 722

13:45 - 14:10 S = (BUA R EERARE %), One-dimensional polymers in random environments: the ballistic reqime

14:15 - 14:40 THH= (BELEAZEFHER), A crossover on SAW in random environment

14:45 - 15:10 #E8 (SEREBEE %), Dynamical critical first-passage percolation in two dimensions

#&t Room 714

13:45 - 14:10 THE (PRAZBEEHFEEFT), Perturbation Theory for Cross Data Matrix-based PCA

14:15 - 14:40 EEE (BIhA B2 %), Minimax Design for an Accelerated Life Test
2022/1/17 15:35- 16:25 KEEi#

2RE (PRINEREIERIFEFN, Mass formula and Oort's conjecture for supersingular abelian threefolds  1F EIEY 25288 /Room 202
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Timetable

2022/1/18 09:00 - 09:50 X &iFHi#

#—#l (California Institute of Technology), Potential singularity of 3D incompressible Euler equations and the nearly singular behavior of 3D Navier-
Stokes equations 1F EIFF=2EE /Room 202

2022/1/18 10:15 - 11:00 HFEi&HE

Sijong Kwak ((2EREEGER), Higher secant varieties of minimal degree and del Pezzo higher secant varieties 1F B 255

IS HE (PRAERRENRISIFITE), Postquantum Cryptography and the NIST Competition Room 101

BREEET (BUA AR BRERIERR), The Critical Behavior for Percolation and the Mean Field Behavior for Oriented Percolation in High Dimensions Room 638
ExiE (8EXBREE), Data Geometry and Randomness Room 102

B (BEAEBREB R, Diffusive Lotka-Volterra competition systems Room 639

S5 (Duke University), Sorme recent advances in time-frequency analysis methods for biomedical signals Room 202

2022/1/18 11:15 - 12:10 Sk

MiRE# Room 202

11:15 - 12:10 B2 (P RAEBRIEZ), From nilpotent element to finite W-algebra
ML H M Room 101
11:15 - 11:40 Adeel Khan (“PEFEREIZRFR), Derived specialization

11:45 - 12:10 £+ 5 (BEABEE %), Asymptotic constructions and invariants of graded linear series
11:15 - 11:40 FHE (PEABERBE %), 2-/ocal isometries on differentiable function spaces
11:45 - 12:10 BRp)I| (B PHEREE]
fRiM57A%E Room 638

11:15 - 12:10 JT<BIf (BEEREBRIE ), On the monotonic property of the spatially homogeneous Landau equation

=E(E Room 609

11:15 - 11:40 =& (EF RB2EABE %), Optimality and Duality for Multi-objective Fractional Programming in Complex Spaces.

11:45 - 12:10 FEFH (EEABEAME %), A unified Douglas-Rachford algorithm for generalized DC programming

BB E Room 639

11:15 - 12:10 #7518 (22 e A B B2 %), Hanke/ Determinants from Lattice Paths

B RAREMBE Room 201

11:15 - 12:10 HZ#8 (BUA B REARE %), Stem and topological entropy on Cayley trees

AHEBE Room 102

11:15 - 11:40 FEEE (P IERBRIE %), Aluid-structure interactions: one-field monolithic fictitious domain method and its parallelization

11:45 - 12:10 BEE (SR ABERBRE ), The nonnegative least squares problem

$4= Room 722

11:15 - 11:40 TN (BUAKERABE %), Anm-spread model using branching process

#tit Room 714

11:15 - 11:40 #ERIF (AINFRBHENE R), Monitoring Photochemical Pollutants for Anomaly Detection based on Symbolic Interval-Valued Data Analysis
11:45 - 12:10 #E#F (FBRAZIBAZR G AT RIEBHIRFN), from linear structural equation modeling to generalized muftiple mediation formula

2022/1/18 13:45-15:10 $HisiEE

RS Room 202

13:45 - 14:10 Changningphaabi Namoijam (BZERE28I2 %), Transcendence of Special Values of Goss L-functions Attached to Drinfeld Modules
MOHMALHLEMT Room 101

13:45 - 14:10 ERERC (P HIREIEREN), From Energy-Time Uncertainty to Symplectic Excalibur

14:15 - 14:40 2468 (PHIREIERE), Positivity and negativity of vector bundles

5 | i

BB %), Disjoint dynamics on weighted ORI ICZ spaces

14:45 - 15:10 571608 (BREBA/FBET IR, Semr-orthogonal decomposition via categorical representation theory
13:45 - 14:40 Daniel Spector (&2 08 A 282 %), An Atomic Decomposition for Divergence Free Measures

14:45 - 15:10 S (PUIKBERAREZ), Linear Angle Preservers of Hilbert Bundles

Rif575%E Room 638

13:45 - 14:10 Junsik Bae (EZIBFRBIENR PN, Linear stability of solitary waves for the isothermal Euler-Porsson system
®fE(E Room 609

13:45 - 14:10 # I (PRASEM TIZE %), Axact Optimization: A Status Report with Future Promises

14:15 - 14:40 ZFEEh (PIABRERETFR), Accelerating Inexact Successive Quadratic Approximaltion for Regularized Optimization Through Manifold ldentification

14:45 - 15:10 Jan Harold Alcantara (P#FR&GETF), Proximal algorithms for a class of nonconvex nonsmooth minimization problems involving piecewise smoath
and min-weakly-convex functions

BiH(BEZ Room 639
13:45 - 14:10 =& (SIEMEAZEE %), Enumeration of d-combining Tree-Child Networks
BRI YIBE Room 201

13:45 - 14:10 R B (BRI HHEEBIIER ), On Mathematical Analysis of Synchronization for Bidirectionally Coupled Kuramoto Oscilfators
FTEHZE Room 102

13:45 - 14:10 HEBR (PILAZERBIE %), On the inverse eigenvalue problem for block graphs
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Plenary Talks

=I5 Mei-Chi Shaw

Il
it

Department of Mathematics, University of Notre Dame
E-mail: mei-chi.shaw.1@nd.edu
Fields: Complex Analysis and Partial Differential Equations

THE CAUCHY-RIEMANN EQUATIONS IN COMPLEX ANALYSIS

Holomorphic functions are solutions to the homogeneous Cauchy-Riemann
equations. The profound influence of partial differential equations on complex
analysis began from Riemann's proof of the Mapping Theorem with the Dirichlet
problem. In this talk, we discuss the important role that the inhomogeneous Cauchy-
Riemann equations play in one and several complex variables. The emphasis is on the

recent progress on domains in complex manifolds.

AFFILIATION

University of Notre Dame

RESEARCH AREA

Complex Analysis and Partial Differential Geometry

HONORS

Fellows of the American Mathematical Society, Inaugural class 2012

Bergman Prize 2019

11
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Plenary Talks

1%_?4” Thomas Yizhao Hou

Applied and Computational Mathematics,
California Institute of Technology

E-mail: hou@cms.caltech.edu

Fields: Multiscale Analysis and Computation

POTENTIAL SINGULARITY OF 3D INCOMPRESSIBLE EULER EQUATIONS AND
THE NEARLY SINGULAR BEHAVIOR OF 3D NAVIER-STOKES EQUATIONS

Whether the 3D incompressible Euler and Navier-Stokes equations can develop a finite time
singularity from smooth initial data is one of the most challenging problems in nonlinear PDEs. In
an effort to provide a rigorous proof of the potential Euler singularity revealed by Luo-Hou's
computation, we develop a novel method of analysis and prove that the original De Gregorio
model and the Hou-Lou model develop a finite time singularity from smooth initial data. Using
this framework and some techniques from Elgindi's recent work on the Euler singularity, we prove
the finite time blowup of the 2D Boussinesq and 3D Euler equations with C1# initial velocity and
boundary. Further, we present some new numerical evidence that the 3D incompressible Euler
equations with smooth initial data develop a potential finite time singularity at the origin, which is
quite different from the Luo-Hou scenario. Our study also shows that the 3D Navier-Stokes
equations develop nearly singular solutions with maximum vorticity increasing by a factor of 107.
However, the viscous effect eventually dominates vortex stretching and the 3D Navier-Stokes
equations narrowly escape finite time blowup. Finally, we present strong numerical evidence that
the 3D Navier-Stokes equations with slowly decaying time-dependent viscosity develop a finite
time singularity.

AFFILIATION

California Institute of Technology

RESEARCH AREA

Multiscale Analysis and Computation

HONORS

Fellow of the American Mathematical Society, 2012

Fellow of the American Academy of Art and Sciences, 201
Fellow of Society of Industrial and Applied Mathematics, 2009
James H. Wilkinson Prize (2001)

Sloan Fellowship (1990)

12
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T~ ZX & Chia-Fu Yu

\

Institute of Mathematics, Academia Sinica
E-mail: chiafu@math.sinica.edu.tw
Fields: Arithmetic Geometry

MASS FORMULA AND OORT'S CONJECTURE FOR
SUPERSINGULAR ABELIAN THREEFOLDS

The problem we study in this talk is originated from works of Eichler and Deuring
who proved a beautiful correspondence between supersingular elliptic curves and
ideal classes of a definite quaternion algebra over the rational numbers. Its
generalization to supersingular abelian varieties has been studied by Ekedahlm
Ibukiyama, Katsura, K.-Z. Li, Oort and others. We compute the mass of each orbit of
supersingular abelian threefolds with same crystalline cohomology. This decomposes
the supersingular locus into strata which play a key role for jumps of automorphism
groups and yields a solution to a conjecture of Oort. This is based on joint work with

Valentijn Karemaker and Fuetaro Yobuko.

AFFILIATION

Institute of Mathematics, Academia Sinica

RESEARCH AREA

Number Theory, Arithmetic Geometry and Representation Theory

HONORS
B EL B S BRI 2021
RIS 2010
FUEE B EHEE 2009
ST B RS EE SE B ST B SR A 2006

13
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Keynote Talks

Systems
Chair: 153 )&

2022%F 1A 17H ( E8—) Speaker
Pure Mathematicians Meet Machine Learning Kenichi
Chair: i #4f® Bannai
Green's Function and Path Integral RIEE
Chair: =2#51@ Shih-Hsien Yu
Moments of Airy Functions as Ulterior Motives ~TFE

11:25 = 12:10 Chair: FRELE]l Jeng-Daw Yu
Numerical Range Techniques in Quantum e
Information Science J eI

e Chi-Kwong Li
Chair: 285
Low Rank Approximation of Entangled Bipartite N
MBUE

Matthew M. Lin

High Dimensions
Chair: fR7EF

2022F 1 H18H (£2# ) Speaker
Higher Secant Varieties of Minimal Degree and
Del Pezzo Higher Secant Varieties Sijong Kwak
Chair: BRERS]
Postquantum Cryptography and the NIST -
Competition (]S
Bo-Yin Y
Chair: FRZHH e-rinTang
Data, Geometry and Randomness T
Chair: 1ol FA E] Mao-Pei Tsui
10:15 - 11:00 | Some Recent Advances in Time-Frequency o
Analysis Methods for Biomedical Signals \?EVE
Chair: B3~ Hau-Tieng Wu
The Critical Behavior for Percolation and the
Mean Field Behavior for Oriented Percolation in G

Lung-Chi Chen

Diffusive Lotka-Volterra competition systems
Chair: E&1#

Rz

Chiun-Chuan
Chen

15




Kenichi Bannai
Keio University/RIKEN

PURE MATHEMATICIANS MEET MACHINE LEARNING

I have worked in the field of arithmetic geometry ever since my graduate studies. My speciality is the
Bloch-Beilinson-Kato conjecture concerning the special values of Hasse-Weil L-functions associated
to algebraic varieties defined over number fields. However, in 2016, on the occasion of the founding of
AIP, a new research project in artificial intelligence and machine learning affiliated with RIKEN, I was
suddenly asked to organize a team of pure mathematicians to conduct research in Machine Learning.
In this talk, I will describe the circumstance of the formation of our team, the Mathematical Science
Team, as well as some of the recent projects we are undertaking.

Lung-Chi Chen
National Chengchi University

THE CRITICAL BEHAVIOR FOR PERCOLATION AND THE MEAN FIELD BE-
HAVIOR FOR ORIENTED PERCOLATION IN HIGH DIMENSIONS

In this talk, we consider percolation on the d-dimensional integral lattice Z¢, and oriented percolation
on the d-dimensional body-centered cubic (BCC) lattice IL? in high dimensions.

For percolation, we focus on long-range models, whose bond-occupation probability is proportional
to D. Suppose that D(x) decays as ||~ for some o > 0. Thanks for lace expansion, we can
estimate the bootstrapping functions in the lace-expansion analysis and obtain that the following
critical two-point function

an2—d

G (1) = Py (06 7) ~ {C’am : d>3(aN2)and o # 2,

Colz|*~¢/log|z|, d>6and a =2,
where the constant C,, € (0,00) is depending only on « and L.
For oriented percolation, we focus on nearest-neighbor oriented percolation with independent
Bernoulli bond-occupation probability on ¢ and the set of non-negative integers Z.,. Thanks to
the nice structure of the BCC lattice, we obtain that the infrared bound holds on ¢ x Z, in all di-
mensions d > 9. As opposed to ordinary percolation, we have to deal with the complex numbers due
to asymmetry induced by time-orientation, which makes it hard to estimate the bootstrapping func-
tions in the lace-expansion analysis from above. It’s the joint work with Akira, Handa at Hokkaido
university and Kamijima at NCTS.

Chiun-Chuan Chen

National Tarwan University

DIFFUSIVE LOTKA-VOLTERRA COMPETITION SYSTEMS

In this talk, we consider the wave phenomenon of two and three species Lotka-Volterra competition
systems and present the results collaborated with or inspired by Professor Masayasu Mimura and
his collaborators during the past years. In particular, we investigate the problems related to exact
solutions, 2-species singular limit problems with “latent heat” effect, and 3-species non-monotone
waves.
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Sijong Kwak
(jointly with J. Choe)
Korea Advanced Institute of Science and Technology

HIGHER SECANT VARIETIES OF MINIMAL DEGREE AND DEL PEZZO HIGHER
SECANT VARIETIES

There are two basic objects in projective algebraic geometry: one is a variety of minimal degree
and the other is a del Pezzo variety. In this talk, I'd like to introduce higher secant varieties of
minimal degree and del Pezzo higher secant varieties to nonexpert with modest backgrounds. Classi-
fication and characterization of such varieties have been focused recently. I will also introduce many
interesting examples explaining main results.

Chi-Kwong Li
College of William and Mary

NUMERICAL RANGE TECHNIQUES IN QUANTUM INFORMATION SCIENCE

In this talk, we will discuss how to use numerical range techniques to study problems arising in
quantum information sciences such as quantum tomography, quantum error corrections. Recent
results are open problems will be mentioned.

Matthew M. Lin
National Cheng Kung University

Low RANK APPROXIMATION OF ENTANGLED BIPARTITE SYSTEMS

Gauging the distance between a mixed state and its nearest separable state is important but chal-
lenging in the quantum mechanical system. We, in this talk, propose a dynamical system approach
to tackle low rank approximation of entangled bipartite systems, which has several advantages, in-
cluding 1) A gradient dynamics in the complex space can be described in a fairly concise way; 2)
The global convergence from any starting point to a local solution is guaranteed; 3) The requirement
that the combination coefficients of pure states must be a probability distribution can be ensured;
4) The rank can be dynamically adjusted. The theory, algorithms, and some numerical experiments
will be presented in this talk.

Mao-Pei Tsui

National Tarwan University

DATA, GEOMETRY AND RANDOMNESS

Modern data science uses geometric analysis to find the structural features of data sets before further
supervised or unsupervised analysis. Geometry are very natural tools for analysing massive amounts
of data since geometry can be regarded as the study of distance functions. The point clouds are
finite samples taken from a geometric object, perhaps with noise. We will explain how geometry and
probability can be used to study in understanding the structure of data. We will also show some
examples to demonstrate the success and limitation in real application.
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Hau-Tieng Wu
Duke Unaversity

SOME RECENT ADVANCES IN TIME-FREQUENCY ANALYSIS METHODS FOR
BIOMEDICAL SIGNALS

Analysis of signals with oscillatory modes with crossover instantaneous frequencies is a challenging
problem in time series analysis. One way to handle this problem is considering the chirplet transform
(CT) that lifts the 2-dimensional time-frequency representation to a 3-dimensional representation,
called time-frequency-chirp rate (TFC) representation, by adding one extra chirp rate parameter
so that crossover frequencies are disentangles in the higher dimension. However, in practice we
found that CT has a strong "blurring" effect in the chirp rate axis, which limits its application in
real world data. With my PhD student Dr. Ziyu Chen, we propose the synchrosqueezed chirplet
transform (SCT) that enhances the TFC representation given by the CT. The resulting concentrated
TFC representation has a high contrast so that one can better distinguish different modes and even
crossover instantaneous frequencies. The basic idea is using the phase information in the TFC
representation to determine a reassignment rule that reallocates coefficients to the “true” frequency
and chirp rate of the signal. Besides providing various numerical results, we also provide theoretical
guarantees of SCT based on the well-known oscillatory integral results in the harmonic analysis
society.

Bo-Yin Yang

Academia Sinica

PoSTQUANTUM CRYPTOGRAPHY AND THE NIST COMPETITION

Shor’s algorithm with a large-scale quantum computer will break all currently deployed public-key
cryptography. In anticipation, the U.S. National Institute of Standards and Technology (NIST) is
calling for new standard Key Establishment Methods (KEMs) and Digital Signature Schemes (DSSs)
in an open competition to determine the next generation standards for public-key cryptography. The
result will no doubt decide what the internet will be using for the next two decades. We will go over
the story of postquantum cryptography and the competition, and will describe some of the NISTPQC
candidates as well some mathematics behind them.

Shih-Hsien Yu

Academia Sinica

GREEN’S FUNCTION AND PATH INTEGRAL

In this talk, one presents a way to build a Green’s function of a heat equation for heterogeneous
media.
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Jeng-Daw Yu

National Tarwan University

MOMENTS OF AIRY FUNCTIONS AS ULTERIOR MOTIVES

Anderson introduced the arithmetic Hodge structures and ulterior motives in order to factorize the
motives of Fermat hypersurfaces into simpler, although non-classical, objects. We indicate that such
structures appear as a special case of irregular Hodge structures, and in addition, show that the
symmetric moments of classical Airy functions provide an interesting example. Joint work with

Claude Sabbah.
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Ting-Yu Lee

National Tarwan University

EMBEDDINGS OF MAXIMAL TORI IN CLASSICAL GROUPS, ODD DEGREE
DESCENT AND TOTARO’S QUESTION

B. Totaro proposed the following question in his paper in 2004 : A homogeneous space has a zero-cycle
of degree one. Does it also have a rational point?

In this talk, I will briefly review how to reformulate the question of embeddings of maximal tori
in classical groups into a question of rational points of homogeneous spaces under classical groups.
Then we will discuss the odd degree descent of the embedding problem. At the end of the talk, we
give an affirmative answer to Totaro’s question in this case. This is a joint work with E. Bayer and
Parimala.

Changningphaabi Namoijam
National T'sing Hua University

TRANSCENDENCE OF SPECIAL VALUES OF GOSS L-FUNCTIONS ATTACHED
TO DRINFELD MODULES

Anderson introduced abelian t-modules, and then Goss defined L-function associated to abelian t¢-
modules. In this talk, we discuss transcendence of special values of L-functions attached to Drinfeld
modules (abelian t-modules of dimension one) defined over the rational function field F,(0). We
prove our result by employing a result of Anglés, Ngo Dac, and Tavares Ribeiro, and transcendence
theory of Papanikolas. This is a joint work with Oguz Gezmis.

Yung-Ning Peng

National Central University

FROM NILPOTENT ELEMENT TO FINITE W-ALGEBRA

Finite W-algebra, which is essentially determined by a nilpotent element in a simple or reductive
Lie algebra, can be viewed as a refinement of the universal enveloping algebra. It has appeared in
many different fields of mathematics, possibly with different terminologies. The study of W-algebra
can be traced back to Kostant’s classic works on nilpotent orbits around 1980’s. It has being studied
intensively since Premet’s works on Slodowy slices around 2000’s, where the modern terminologies are
introduced. In this talk, we will focus on the type A case: starting from a nilpotent matrix, we explain
how the associated W-algebra is defined, and then introduce a realization of W-algebra established
by Brundan-Kleshchev, in terms of some algebraic structure called shifted Yangian. Finally we will
mention a recent generalization of this realization to the case of general linear Lie superalgebra.
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Nobuo Sato

National Tarwan University

ON ALTERNATING MULTIPLE ZETA VALUES

Alternating multiple zeta values are periods of the fundamental group of a four-point punctured
projective line. I will talk about my recent work concerning alternating multiple zeta values and
their linear relations arising from differential equations of hyperlogarithms. This is a joint work with
Minoru Hirose at Nagoya University.

Chung-Hsuan Wang
National Cheng Kung University

TRANSFORMATION FORMULAS OF p-ADIC HYPERGEOMETRIC FUNCTIONS

In this talk, we recall p-adic hypergeometric functions F,%. , (t), F{7 o (t), F) 4(t) and the con-
jecture of their transformation formulas. There are the transformation formulas of Dwork’s p-adic

hypergeometric functions
F (1) = (1)) F (7

and the transformation formulas of F\%) 4(t) and Fy %) a(t)

Fa(?-),a@) = _ﬁag"\‘)»a@il)'

)

So far, only some special cases of these transformation formulas have been proved (the case s = 1
andthecaseSZQ,aE%Z,O<a<1andp>N).
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Sheng-Fu Chiu

Academia Sinica

FrROM ENERGY-TIME UNCERTAINTY TO SYMPLECTIC EXCALIBUR

Heisenberg’s Uncertainty Principle is one of the most celebrated features of quantum mechanics,
which states that one cannot simultaneously obtain the precise measurements of two conjugated
physical quantities such as the pair of position and momentum or the pair of electric potential
and charge density. Among the different formulations of this fundamental quantum property, the
uncertainty between energy and time has a special place. This is because the time is rather a variable
parametrizing the system evolution than a physical quantity waiting for determination. Physicists
working in quantum information theory have understood this energy-time relation by a universal
bound of how fast any quantum system with given energy can evolve from one state to another in a
distinguishable (orthogonal) way. In this talk, we will provide a viewpoint of this evolutional speed
limit based on a persistence-like distance of the derived category of sheaves : during a fixed time
period what is the minimal energy needed for a system to evolve from one sheaf to a status that
is distinguishable from a given subcategory? As an application, we will discuss its relation to the
dynamics of classical mechanics, namely the notion of symplectic displacement. We will show that
such categorical energy gives rise to an effective lower bound of Hofer displacement energy.

You-Hung Hsu

National Center for Theoretical Sciences

SEMI-ORTHOGONAL DECOMPOSITION VIA CATEGORICAL REPRESENTATION
THEORY

The derived category of coherent sheaves on an algebraic variety plays an important role in modern
algebraic geometry and related areas. One fundamental way to study the structure of the derived
category is via semi-orthogonal decomposition, which divides a triangulated category into simpler
pieces. On the other hand, categorification has been an active research topic in representation theory
and related areas. One of the essential questions is to lift the representations of Lie algebras/quantum
groups from vector spaces (cohomology/K-theory) to categories (derived category), and such a notion
is called categorical action. In this talk, we explain how to obtain a semi-orthogonal decomposition
from a categorical action of a particular algebra, which we called it the shifted ¢ = 0 affine algebra.
The main idea comes from the interpretation of the Kapranov exceptional collection in terms of
convolutions of Fourier-Mukai kernels under the categorical action. Finally, if time permits, we
provide an explicit example which shows that the projection functors to components in the semi-
orthogonal decomposition are kernel functors.
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Shin-Yao Jow
National T'sing Hua University

ASYMPTOTIC CONSTRUCTIONS AND INVARIANTS OF GRADED LINEAR SERIES

Let X be a complete variety of dimension n over an algebraically closed field K. Let V, be a graded
linear series associated to a line bundle L on X, that is, a collection {V}, }men of vector subspaces
Vi, € HO(X, L®™) such that Vo = K and V}, -V, C Vi, for all k, £ € N. For each m in the semigroup

N(Vs) ={m e N|V,, # 0},
the linear series V,,, defines a rational map
Om: X --» Y, CP(V,),

where Y;,, denotes the closure of the image ¢,,(X). We show that for all sufficiently large m € N(V4),
these rational maps ¢,,: X --+ Y, are birationally equivalent, so in particular Y,, are of the same
dimension k, and if kK = n then ¢,,: X --+Y,, are generically finite of the same degree. If N(V,) #

{0}, we show that the limit
dimg V;,
vol,(Va) = lim K Vi
meN(Ve) m~/k!
exists, and 0 < vol,(Vs) < oco. Moreover, if Z C X is a general closed subvariety of dimension &,
then the limit
Dpin---NDy.NZ)\ Bs(Vi,
Vi Do = 1 H P ~02)\ Bs(Vin)

meN(Vy) m»

exists, where D, 1, ..., Dy, € |Vin| are general divisors, and
(Vo Z)mov = deg(¢m|Z3 Z -=» ¢m(Z)) vol,. (V)

for all sufficiently large m € N(V}).

Adeel Khan

Academia Sinica

DERIVED SPECIALIZATION

I will discuss a derived version of the specialization functors of Kashiwara-Schapira and Verdier, and
explain how it can be regarded as a categorification of Kontsevich’s virtual fundamental class. I will
also discuss some connections with topics such as Beilinson’s singular support of étale sheaves, and
with Joyce’s categorification of Donaldson-Thomas invariants of Calabi-Yau threefolds.
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Hsuan-Yi Liao
National T'sing Hua University

FORMAL EXPONENTIAL MAPS AND FEDOSOV RESOLUTIONS

Exponential maps arise naturally in the contexts of Lie theory and smooth manifolds. I will explain
how exponential maps can be understood algebraically and how these maps can be extended to graded
manifolds. As an application, I will show a new construction of Dolgushev—Fedosov resolutions in
deformation quantization.

Hsueh-Yung Lin

National Tarwan University

MOTIVIC INVARIANTS OF BIRATIONAL MAPS AND CREMONA GROUPS

(Joint work with E. Shinder) The study of Cremona groups has been one of the central themes
in algebraic geometry since the late 19th century. We will focus on questions and results related
to the non-simplicity of Cremona groups. Motivated by weak factorizations of birational maps, we
construct invariants of birational maps of motivic nature. Relying on these invariants, we provide
new explanations of the non-simplicity of Cremona groups, as well as negative answers to questions
of Cheltsov and Dolgachev.

Ryosuke Takahashi
National Cheng Kung University

STRUCTURE OF Z/2-HARMONIC SPINORS

In this talk, T will briefly introduce the development of Z /2-harmonic spinors and discuss the structure
of it. This is a very important ingredient in the study of higher dimensional gauge theory. The main
difficulty of study Z/2-harmonic spinors is to figure out the deformation theory for the moduli space.

Kuang-Ru Wu

Academia Sinica

POSITIVITY AND NEGATIVITY OF VECTOR BUNDLES

Positivity of direct image bundles plays an increasingly important role in complex geometry since
the recent works of Berndtsson, Mourougane, Takayama, and many others. In this talk, we will take
a different turn and study negativity of direct image bundles. One of our results is that Kobayashi
positivity implies ampleness and convex Kobayashi positivity. We will also talk about that it is pos-
sible to prove Kobayashi positivity for ample vector bundles with additional curvature assumptions.
This last part is work in progress.
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Chung-Chuan Chen

National Taichung University of Education

DISJOINT DYNAMICS ON WEIGHTED ORLICZ SPACES

We give some sufficient and necessary conditions for translation operators on the weighted Orlicz
spaces to be disjoint topologically transitive and disjoint topologically mixing. In particular, we show
that in certain cases, operators are disjoint topologically transitive if, and only if, their direct sum is
topologically transitive. This is a joint work with Prof. S. Oztop and Prof. S. M. Tabatabaie.

Keywords: Disjoint topological transitivity, Translation operator, Orlicz space, Locally compact

group.

Yao-Te Huang

National Sun Yat-sen University

LINEAR ANGLE PRESERVERS OF HILBERT BUNDLES

Let x,y be two vectors in a (real or complex) Hilbert C*-module H over a C*-algebra .A. The angle
Z(x,y) between x and y can be defined in several ways. When A = Cy(X) is a commutative C*-
algebra, in other words, H is a continuous field of Hilbert spaces over a locally compact space X, we
define the cosine of the angle, u = cos Z(x,y) € C(X), by the equation

[{z, y)| = [z][ylu.

We show that if T : H — K is a linear module map between two Hilbert Cy(X)-modules preserving
(cosines of) non-flat angles, then T" = aJ for a bounded, strictly positive and continuous scalar
function o on X and a module into isometry J : H — K.

Daniel Spector

National Tarwan Normal University

AN ATOMIC DECOMPOSITION FOR DIVERGENCE FREE MEASURES

In this talk we describe a recent result obtained in collaboration with Felipe Hernandez where we
give an atomic decomposition for the space of divergence free measures. The atoms in this setting
are piecewise C' closed curves which satisfy a ball growth condition, while our result can be used to
deduce certain "forbidden" Sobolev inequalities which arise in the study of electricity and magnetism.
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Ming-Cheng Tsai
National Taipei University of Technology

ADDITIVE HERMITIAN IDEMPOTENT PRESERVERS

Let L be an additive map between (real or complex) matrix algebras sending n x n Hermitian
idempotent matrices to m x m Hermitian idempotent matrices. We show that there are nonnegative
integers p, ¢ with n(p+ ¢) = r < m and an m X m unitary matrix U such that

LA =U|I,® A)® (I, ® A") ®0,,_.JU*, for any n x n Hermitian A with rational trace.

We also extend this result to the (complex) von Neumann algebra setting. This is a joint work with
Chi-Kwong Li, Ya-Shu Wang and Ngai-Ching Wong.

Kuo-Zhong Wang
National Yang Ming Chiao Tung University

NUMERICAL RANGES OF FOGUEL OPERATORS
In this talk, we will present some properties of the numerical ranges of Foguel operators
ST

=

g [ 0 S
things, we show that if 7" is nonzero compact, then the numerical radius w(Fr) is strictly less than
1+ (|7)|/2), and if T is a scalar operator al, then W (Fr), the numerical range of Fr, is open and
is not a circular disc unless a = 0. For the Foguel-Halmos operator Fr, where T' = diag(ay, as, . . .)
with a, = 1 if n = 3* for some k > 1 and a,, = 0 otherwise, we show that W (Fr) is neither open nor
closed and give lower and upper bounds for w(Fr).
Co-author: Hwa-Long Gau, Pei Yuan Wu

, where S is the simple unilateral shift and 7" an operator, both on ¢2. Among other

Ya-Shu Wang
National Chung Hsing University

2-LOCAL ISOMETRIES ON DIFFERENTIABLE FUNCTION SPACES

Let E and F be Banach spaces. Let S be a subset of the space L(E, F') of all continuous linear maps
from E to F. A (non-necessarily linear nor continuous) mapping A : E — F'is a 2-local S-map if
for any x,y € E, there exists T}, € S, depending on x and y, such that

A((L’) = Ta:,y(x) and A(y) = Tx,y(y)'

In this talk, I will present a description of the 2-local isometries between continuously differentiable
function spaces CV[0,1], equipped with the norm ||f|| = sup {|f(z)| + |f'(z)|}.
z€[0,1]
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Junsik Bae
National Center for Theoretical Sciences

LINEAR STABILITY OF SOLITARY WAVES FOR THE ISOTHERMAL EULER-
POISSON SYSTEM

The Euler-Poisson system with the Boltzmann relation is a fluid model which describes the dynamics
of ions in electrostatic plasmas. We introduce the linear stability result of small amplitude solitary
waves of the isothermal Euler-Poisson system as well as the linear instability criterion for the large
amplitude solitary waves. In order to study the eigenvalue problem, we show that the Evans func-
tion for the Euler-Poisson system converges to that for the KdV equation as the small amplitude
parameter tends to zero. If time is allowed, we briefly present a finite time blow-up scenario for
the pressureless Euler-Poisson system. Our result particularly implies that smooth solutions to the
pressureless Euler-Poisson system can break down even if the gradient of initial velocity is identically
zero. These are joint works with J. Choi and B. Kwon.

Reference

[1] J. Bae and B. Kwon, Small amplitude limit of solitary waves for the Euler-Poisson system , J.
Differential Equations 266 (2019), 3450-3478.

[2] J. Bae and B. Kwon, Linear stability of solitary waves for the isothermal Euler-Poisson system
, to appear in Arch. Ration. Mech. Anal.

[3] J. Bae, J. Choi, and B. Kwon, Formation of singularities in cold ion dynamics , preprint,
arXiv:2012.09657
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Chih-Chiang Huang
National Chung Cheng University

TRAVELING WAVES FOR A NONLOCAL EQUATION

In this talk, we consider a nonlocal equation induced by a free energy. Based on Turing’s instability,
we can observe pattern formation and wave propagation. By applying a variational method, we
construct the existence of traveling waves. Moreover, we pose a sufficient condition for wave speeds
of two traveling waves, which ensures the existence of the third wave.

This is a joint work with Prof. Chao-Nien Chen, Prof. Yung-Sze Choi and Prof. Shyuh-yaur Tzeng.
Keywords: Traveling Wave, Variational Method, Non-local Equation

Reference
[1] C.-N. Chen, C.-C. Chen and C.-C. Huang Traveling waves for the FitzHugh-Nagumo system on
an infinite channel , J. Differential Equations 261 (2016), 3010-3041.

[2] C.-N. Chen and Y. S. Choi, Traveling pulse solutions to FitzHugh-Nagumo equations , Calculus
of Variations and Partial Differential Equations 54 (2015), 1-45.

[3] P. C. Fife and J. B. Mcleod, The approach of solutions of nonlinear diffusion equations to
travelling front solutions , Arch. Rational Mech. Anal. 65 (1977), 335-361.

[4] S. Heinze, A wariational approach to traveling waves, Preprint 85, Max Planck Institute for
Mathematical Sciences, 2001.

[5] M. Lucia, C. B. Muratov, and M. Novaga, FEzistence of Traveling Waves of Invasion for
Ginzburg-Landau-type Problems in Infinite Cylinders , Archive for Rational Mechanics and Anal-
ysis, 188(3),(2008) 475-508.

[6] A. Volpert and V. Volpert, Ezistence of multidimensional travelling waves and systems of waves,
Comm. Partial Differential Equations 26 (2001), no. 3-4, 421-459.

Jin-Cheng Jiang
National T'sing Hua University

ON THE MONOTONIC PROPERTY OF THE SPATIALLY HOMOGENEOUS LANDAU
EQUATION

In this talk, I will describe a time-dependent functional involving the relative entropy and the
H' seminorm, which decreases along solutions to the spatially homogeneous Landau equation with
Coulomb potential. The study of this monotone functionial sheds light on the competition between
the dissipation and the nonlinearity for this equation. It enables to obtain new results concerning
regularity /blowup issues for the Landau equation with Coulomb potential. This talk is based on the
joint work with L. Desvillettes and L.-B He.
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Ying-Chich Lin
National University of Kaohsiung

GLOBAL ENTROPY SOLUTION AND RELAXATION LIMIT FOR GREENBERG-
KLAR-RASCLE MULTI-LANE TRAFFIC FLOW MODEL

In this talk, we consider the Greenberg-Klar-Rascle multi-lane traffic low model. This model is a
relaxation system with the equilibrium state that is a discontinuous function of the car density. We
study the existence of global entropy solutions and the relaxation limit for the GKR model. To
construct the approximate solutions, we find two sequences of invariant regions under some suitable
condition of initial data. As the relaxation time approaches 0, we prove that the limit of the entropy
solutions for the GKR model is a weak solution of its equilibrium equation. It is interesting that the
equilibrium equation is a scalar conservation law with discontinuous flux.

Kuan-Hsiang Wang

National Center for Theoretical Sciences

GROUND STATES FOR A LINEARLY COUPLED INDEFINITE SCHRODINGER SYS-
TEM WITH STEEP POTENTIAL WELL

In this talk, we are concerned with the investigation of a class of linearly coupled Schrédinger systems
with steep potential well, which arises in nonlinear optics. The existence of positive ground states
is investigated by exploiting the relation between the Nehari manifold and fibering maps. Some
interesting phenomena are that we do not need the weight functions in the nonlinear terms are
integrable or bounded and we can relax the upper control condition of the coupling function. This
is a joint work with Prof. Tsung-fang Wu and Prof. Ying-Chieh Lin.
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Jan Harold Alcantara
Academia Sinica

PROXIMAL ALGORITHMS FOR A CLASS OF NONCONVEX NONSMOOTH MIN-
IMIZATION PROBLEMS INVOLVING PIECEWISE SMOOTH AND MIN-WEAKLY-
CONVEX FUNCTIONS

We establish global convergence of a class of proximal algorithms for minimizing the sum of two
functions, where one is piecewise smooth and the other is the difference between the pointwise
minimum of finitely many weakly-convex functions and a piecewise smooth convex function. For
minimization of a piecewise smooth function over a nonconvex set that is expressible as a finite
union of convex sets, we establish the local linear convergence of a projected subgradient algorithm.
We also propose two globally convergent acceleration schemes, one by extrapolation and another
by component identification. Our framework is then applied to a feasibility reformulation of the
linear complementarity problem. Numerical results exemplify that the proposed acceleration and
identification procedure significantly improve the efficiency of the non-accelerated counterparts. This
is a joint work with Ching-pei Lee.

Yu-Lin Chang

National Tarwan Normal University

CHARACTERIZATIONS OF BOUNDARY CONDITIONS ON SOME NON-
SYMMETRIC CONES

In contrast to symmetric cone optimization, there has no unified framework for non-symmetric cone
optimization. One main reason is that the structure of various non-symmetric cone differs case
by case. Especially, their boundary conditions are usually mysterious. In this paper, we provide
characterizations of boundary conditions on some non-symmetric cones, including p-order cone, el-
lipsoidal cone, power cone and general closed convex cone. These results will be key bricks for further
investigations on non-symmetric cone optimization accordingly.

Chih-Sheng Chuang
National Chiayr University

A UNIFIED DOUGLAS-RACHFORD ALGORITHM FOR GENERALIZED DC PRO-
GRAMMING

We consider a class of generalized DC (difference-of-convex functions) programming, which refers to
the problem of minimizing the sum of two convex (possibly nonsmooth) functions minus one smooth
convex part. To efficiently exploit the structure of the problem under consideration, in this paper,
we shall introduce a unified Douglas—Rachford method in Hilbert space. As an interesting byproduct
of the unified framework, we can easily show that our proposed algorithm is able to deal with convex
composite optimization models. Due to the nonconvexity of DC programming, we prove that the
proposed method is convergent to a critical point of the problem under some assumptions.
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Tone-Yau Huang
Feng Chia University

OPTIMALITY AND DUALITY FOR MULTI-OBJECTIVE FRACTIONAL PRO-
GRAMMING IN COMPLEX SPACES.

In this paper, we consider a complex multi-objective fractional programming problem(CMFP). We
establish the necessary optimality conditions of problem (CMFP) in the sense of Pareto optimality,
and derive its sufficient optimality conditions using generalized convexity. Finally, we construct the
parametric dual problem to the primal problem (CMFP) and their duality theorems.

Keywords: multi-objective fractional programming, generalized convexity, duality theorems

Yu-Ching Lee
National T'sing Hua University

COMPETITIVE DEMAND LEARNING: AN EQUILIBRIUM PRICING ALGO-
RITHM

We consider a periodical equilibrium pricing problem for multiple firms over a planning horizon of T
periods. At each period, firms set their selling prices and receive stochastic demand from consumers.
Firms do not know their underlying demand curve, but they wish to determine the selling prices to
maximize total revenue under competition. Hence, they have to do some price experiments such that
the observed demand data are informative to make price decisions. However, uncoordinated price
updating can render the demand information gathered by price experimentation less informative
or inaccurate. We design a nonparametric learning algorithm to facilitate coordinated dynamic
pricing, in which competitive firms estimate their demand functions based on observations and adjust
their pricing strategies in a prescribed manner. We show that the pricing decisions, determined by
estimated demand functions, converge to underlying equilibrium as time progresses. We obtain a
bound of the revenue difference that is related to the squared number of the competitive firms and
is of an order O(T%) related to T', and a regret bound that is related to the number of competitive
firms and is of a O(v/T) rate related to T. We also develop a modified algorithm to handle the
situation where some firms may have the knowledge of the demand curve.
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Ching-Pei Lee

Academia Sinica

ACCELERATING INEXACT SUCCESSIVE QUADRATIC APPROXIMATION FOR
REGULARIZED OPTIMIZATION THROUGH MANIFOLD IDENTIFICATION

For regularized optimization that minimizes the sum of a smooth term and a regularizer that promotes
structured solutions, inexact proximal-Newton-type methods, or successive quadratic approximation
(SQA) methods, are widely used for their superlinear convergence in terms of iterations. However,
unlike the counter parts in smooth optimization, they suffer from lengthy running time in solving
regularized subproblems because even approximate solutions cannot be computed easily, so their
empirical time cost is not as impressive. In this work, we first show that for partly smooth regularizers,
although general inexact solutions cannot identify the active manifold that makes the objective
function smooth, approximate solutions generated by commonly-used subproblem solvers will identify
this manifold, even with arbitrarily low solution precision. We then utilize this property to propose
an improved SQA method, ISQA+, that switches to efficient smooth optimization methods after
this manifold is identified. We show that for a wide class of degenerate solutions, ISQA+ possesses
superlinear convergence not just only in iterations, but also in running time because the cost per
iteration is bounded. In particular, our superlinear convergence result holds on problems satisfying
a sharpness condition more general than that in existing literature. Experiments on real-world
problems also confirm that ISQA+ greatly improves the state of the art for regularized optimization.

Jen-Yen Lin
National Chiayi University

JOINT REPLENISHMENT PROBLEM WITH PERMISSIBLE DELAY IN PAYMENTS
AND THE RESOURCE CONSTRAINTS UNDER POWER-OF-TWO PoOLICY

When there are multiple items in an inventory system, the manufacturing process or replenishment
of different goods often encounters the same elements, such as common suppliers, common personnel
costs, and common transportation costs. In order to achieve Economies of Scale, the joint cost can
be combined and considered in the manufacturing or replenishment process to achieve the goal of
reducing the average total cost. Besides the common costs, permissible delay in period and resource
constraints also have a huge impact on the supply chain. In this paper, we combine permissible
delay in payments with resource constraints and add them into the joint replenishment problem. We
provide some theoretical analysis for the optimal solutions, propose an efficient algorithm, discuss
the complexity of the proposed algorithm, and conduct some numerical experiments.

Keywords: Joint Replenishment Problem, Permissible Delay in Payments, Resource Constraints
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Li-Gang Lin

National Central University

EXACT OPTIMIZATION: A STATUS REPORT WITH FUTURE PROMISES

The nonlinear programming, from a bottom-up manner, is being explicitly analyzed via a novel
perspective/method. More specifically, the up-to-date optimization literature can be classified by
three levels: (1) equality-constrained quadratic programming (QP); (2) linear equality-constrained
optimization problem with twice-differentiable objective, as solved using Newton’s method by reduc-
ing it to a sequence of equality-constrained QPs; and, after further imposing inequality constraints,
(3) interior-point methods, which reduce the problem to a sequence of (2). For the first time from
the proposed viewpoint toward exact optimization, (1) together with the QPs subject to inequal-
ity, equality-and-inequality, and extended constraints, respectively, can be algebraically solved in
derivative-free closed formulae. All the results are derived without knowing a feasible point, a pri-
ori and any time during the process. Moreover, a variety of practical validations, evaluations, and
comparisons with benchmark literature (such as MATLAB®) are provided to demonstrate the su-
periority of the proposed method, notably the enhanced computational efficiency. Meanwhile, much
more comparisons/interactions with extensive (numerical) solvers can be more efficiently obtained by
virtue of collaborations. Remarkably, the very first idea along this research direction was originated
in Taiwan, the progress so far is obtained by Taiwanese only, and thus it is expected that all the
main observations will be Taiwan—marked before reaching out to diverse applications in the world.
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Shagnik Das

National Tarwan University

TIGHT BOUNDS FOR DIVISIBLE SUBDIVISIONS

Alon and Krivelevich proved that for every n-vertex subcubic graph H and every integer g > 2 there
exists a (smallest) integer f = f(H, ¢) such that every K y-minor contains a subdivision of H in which
the length of every subdivision-path is divisible by ¢. Improving their superexponential bound, we
show that f(H,q) < 10.5gn + 8n+ 14¢, which is optimal up to a constant multiplicative factor. This
is a joint work with Nemanja Dragani¢ and Raphael Steiner.

Sen-Peng Eu

National Tarwan Normal University

HANKEL DETERMINANTS FROM LATTICE PATHS

In this talk we survey results on Hankel determinants from the counting of lattice paths. Some new
results and conjectures are also given.

Wei-Tian Li
National Chung Hsing University

SHIFTED-ANTIMAGIC LABELINGS FOR GRAPHS

The concept of antimagic labelings of a graph is to produce distinct vertex sums by labeling edges
through consecutive integers starting from one. A long-standing conjecture proposed by Hartsfield
and Ringel is that every connected graph, except a single edge, is antimagic. Many graphs are known
to be antimagic, but little is known about sparse graphs as well as trees.

In this talk, we will study the k-shifted-antimagic labeling which uses the consecutive integers starting
from k + 1, instead of starting from 1, where k is a given integer. We establish connections among
various concepts proposed in the literature of antimagic labelings and extend previous results in three
aspects:

e Some classes of graphs, including trees and graphs whose vertices are of odd degrees, which
have not been verified to be antimagic are shown to be k-shifted-antimagic for sufficiently large
k.

e Some graphs are proved to be k-shifted-antimagic for all £, while some are proved not for some
particular k. In particlar, we determine the values of k£ for which trees of diamter at most 4
are k-shifted antimagic.

e Disconnected graphs are also considered. We characterize the linear forests and star forests
that are k-shifted antimagic for every integer k.

This talk contains the joint work with Fei-Huang Chang, Hong-Bin Chen, and Zhishi Pan and some
work with my students, Eranda Dhananjaya and Yi-Shun Wang.
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Tao-Ming Wang
Tunghat University

LocAL ANTIMAGIC VERTEX COLORING OF TREES

For a finite simple graph G = (V, E), an antimagic labeling is an bijection from F to {1,--- ,|E|}
such that the induced vertex sums are pairwise distinct, where the induced vertex sum is the sum
of all incident edge labels at such vertex. A well-known conjecture of Hartsfield and Ringel[8] is
that every connected graph other than Ky admits an antimagic labelling, which is still unsettled till
present. In past decades various labeling problems of antimagic types have been studied extensively.
In 2017 Arumugam et al.[1] and Bensmail et al.|6] independently introduced and initiated the study of
the weaker notion of a local antimagic labeling, where only adjacent vertices must be distinguished
by vertex sums. Thus any local antimagic labeling induces a proper vertex coloring of a graph G,
where a vertex is assigned the color with its vertex sum. The local antimagic chromatic number
X1a(G) is the minimum number of colors taken over all colorings induced by local antimagic labelings
of G. A conjecture raised by Arumugam et al.[1] claims that for a tree T' with at least three vertices,
the local antimagic chromatic number x;,(T) = k + 1 or k + 2, where k is the number of leaves of
the tree T

In this talk, we will survey more recent progress of local antimagic labeling and local antimagic vertex
coloring of graphs. In particular, to support the above mentioned conjecture, we will present the
local antimagic chromatic number x;,(7") for a complete full ¢-ary tree T, t > 2. More open problems
will be posted.

Reference
[1] S. Arumugam, K. Premalatha, M. Baca, A. Semanicova-Fenovéikova, Local Antimagic Vertex
Coloring of a Graph, Graphs and Combinatorics (2017) 33, pp. 275-285.

[2] S. Arumugam, Y.-C. Lee, K. Premalatha, T.-M. Wang, On Local Antimagic Vertex Coloring for
Corona Products of Graphs, arXiv 1808.04956, Aug. 15, 2018.

[3] S. Arumugam, Y.-C. Lee, K. Premalatha, T.-M. Wang, Local Antimagic Chromatic Number of
Trees - I, Journal of Discrete Mathematical Sciences and Cryptography, July 23, 2020.

[4] M. Baca, A. Semanicova-Fenovcikova, R.-T. Lai, and T.-M. Wang, On Local Antimagic Vertex
Coloring of Complete Full t-ary Trees, accepted by Fundamenta Informaticae, 2022.

[5] M. Baca, A. Semanicova-Fenovcikova, and T.-M. Wang, Local Antimagic Chromatic Number for
Copies of Graphs. Mathematics 2021, 9, 1230. https://doi.org/10.3390/math9111230

[6] J. Bensmail, M. Senhaji, K. S. Lyngsie, On a combination of the 1-2-3 Conjecture and the
Antimagic Labelling Conjecture, Discrete Math. and Theoretical Computer Science, Vol. 19, 2017,

421,

[7] J. Haslegrave, Proof of a local antimagic conjecture, Discrete Math. and Theoretical Computer
Science, Vol. 20, 2018, #18.

[8] N. Hartsfield and G. Ringel, Pearls in Graph Theory, Academic Press, Inc., Boston, 1990.
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Guan-Ru Yu

National Kaohsiung Normal University

ENUMERATION OF d-COMBINING TREE-CHILD NETWORKS

Phylogenetic networks have replaced phylogenetic trees in many applications in biology within the
past few decades. Among the many different subclasses of phylogenetic networks, the one that has
attracted the most attention is the class of tree-child networks. Several recent studies have addressed
counting questions for bicombining tree-child networks which are tree-child networks with every
reticulation node having exactly two parents. In this talk, we extend these studies to d-combining
tree-child networks where every reticulation node has now d > 2 parents. So far, we can completely
solve the one-component situation. As for the general situation, we can solve the case of networks
with a maximal and a fixed number of reticulation nodes. Moreover, we also tried to extend a recent
conjecture by M. Pons and J. Batle from d = 2 to d > 2. In this talk, we will explain the above
results and outline some open problems which we plan to tackle in the near future. This is a joint
work with Michael Fuchs, Hexuan Liu, Michael Wallner, and Yu-Sheng Zhang.
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Jung-Chao Ban
National Chengchi University

STEM AND TOPOLOGICAL ENTROPY ON CAYLEY TREES

In this talk, we consider the existence of the topological entropy of shift spaces on a finitely generated
semigroup whose Cayley graph is a tree. The considered semigroups include free groups. On the
other hand, the notion of stem entropy is introduced. For shift spaces on a strict free semigroup,
the stem entropy coincides with the topological entropy. We reveal a sufficient condition for the
existence of the stem entropy of shift spaces on a semigroup. Furthermore, we demonstrate that the
topological entropy exists in many cases and is identical to the stem entropy.

Yan-Yu Chen

National Tarwan University

WEAK ENTIRE SOLUTION WITH FINITE EXCITED INTERVALS FOR A
REACTION-INTERFACE SYSTEM

In this talk, we study a reaction-interface system which is a singular limit problem of a FitzHugh-
Nagumo type system. To understand the global dynamics of it, we consider the entire solution. Due
to the annihilation of the interface may occur, we introduce the definition of weak entire solution
with finite excited intervals. Then, we show that any weak entire solution with one excited interval
must be a traveling pulse solution. Also, we obtain that any weak entire solution with two excited
intervals must be a two-facing traveling pulse solution annihilating at some time. Finally, we prove
there are no weak entire solutions with m excited intervals for m > 3

This is a joint work with Professor Hirokazu Ninomiya and Professor Chang-Hong Wu.

Shih-Hsin Chen

National Center for Theoretical Sciences

ON MATHEMATICAL ANALYSIS OF SYNCHRONIZATION FOR BIDIRECTION-
ALLY COUPLED KURAMOTO OSCILLATORS

Synchronization is regarded as an universal feature in real world. There are a variety of models used
to demonstrate such interesting phenomena. Among these models, Kuramoto model has attracted
extensive attention and been applied in various subjects. In this talk, I will briefly introduce some
literature works related to the synchronization problem for Kuramoto model. Then, I will show our
main results of phase synchronization and frequency synchronization for the first order bidirectionally
coupled Kuramoto model. If time permits, I will provide numerical simulations as well.
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Jia-Yuan Dai
National Chung Hsing University

SELECTIVE FEEDBACK STABILIZATION OF GINZBURG-LANDAU SPIRAL
WAVES IN CIRCULAR AND SPHERICAL GEOMETRIES

The complex Ginzburg-Landau equation serves as a paradigm of pattern formation. Within circular
and spherical geometries, the existence and stability property of Ginzburg-Landau spiral waves have
been proved. However, many spiral waves are unstable and thereby rarely visible in experiments
and numerical simulation. In this talk we selectively stabilize certain significant classes of unstable
spiral waves. Our tool for stabilization is the control triple method, which generalizes the celebrated
Pyragas control to the setting of PDEs. This is a joint work with I. Schneider and B. de Wollff.

Chi-Jen Wang
National Chung Cheng University

SCHLOEGL’S SECOND MODEL ON A BETHE LATTICE

Schloegl’s second model involves spontaneous particle annihilation at rate p and autocatalytic par-
ticle creation rate. We analyze this model on a Bethe lattice when the coordination number z = 3.
Precise behavior for stochastic models on regular periodic infinite lattices is usually surmised from
kinetic Monte Carlo simulation on a finite lattice with periodic boundary conditions. However, the
persistence of boundary effects for a Bethe lattice complicates this process. We explored various
boundary conditions and unconventional simulation ensembles on the Bethe lattice to predict be-
havior for infinite size. A discontinuous transition to the vacuum state on the infinite lattice occurs
when the annihilation rate p around 0.053.
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Meng-Huo Chen
National Chung Cheng University

FLUID-STRUCTURE INTERACTIONS: ONE-FIELD MONOLITHIC FICTITIOUS DO-
MAIN METHOD AND ITS PARALLELIZATION

In this research we implement the parallelization of the method: one-field monolithic fictitious domain
(MFD), an algorithm for simulation of general fluid-structure interactions (FSI). In this algorithm
only one velocity field is solved in the whole domain (one-field) based upon the use of an appropriate
L? projection. "Monolithic” means the fluid and solid equations are solved synchronously (rather
than sequentially). For simulation of fluid-structure interactions on 3D domain the algorithm and
the solving of the linear systems arising from the discretization need to be parallelized in order to
reduce the simulation time from several months to few days. At the initial stage of the research we
focus on parallelizing the algorithm on uniform meshes. The implemented parallel algorithm is then
extended to the simulations on nonuniform meshes, where an adaptive mesh refinement scheme is
used to improve the accuracy and robustness. Our goal is to provide an efficient, robust algorithm
which can handle the difficult fluid-structure interactions such as the collision of multiple immersed
solids in fluid where the high resolution mesh is necessary for resolving the phenomena near the
collision and fluid-structure interfaces.

Chun-Yueh Chiang

National Formosa University

AN EFFICIENT ITERATION FOR SOLVING THE EXTREMAL SOLUTIONS OF
DISCRETE-TIME ALGEBRAIC RICCATI EQUATIONS

Algebraic Riccati equations (AREs) have been extensively applicable in linear optimal control prob-
lems and many efficient numerical methods were developed. The most attention of numerical so-
lutions is the (almost) stabilizing solution in the past works. Nevertheless, it is an interesting and
challenging issue in finding the extremal solutions of AREs which play a vital role in the applica-
tions. In this talk, based on the semigroup property, an accelerated fixed-point iteration (AFPI)
is developed for solving the extremal solutions of the discrete-time algebraic Riccati equation. In
addition, we prove that the convergence of the AFPI is at least R-suplinear with order » > 1 under
some mild assumptions. Numerical examples are shown to illustrate the feasibility and efficiency of
the proposed algorithm.
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Wei-Fan Hu

National Central University

A  DISCONTINUITY CAPTURING SHALLOW NEURAL NETWORK FOR
ANISOTROPIC ELLIPTIC INTERFACE PROBLEMS

In this talk, a new Discontinuity Capturing Shallow Neural Network (DCSNN) for approximating
d-dimensional piecewise continuous functions and for solving anisotropic elliptic interface problems
is developed. There are three novel features in the present network; namely, (i) jump discontinuity is
captured sharply, (ii) it is completely shallow consisting of only one hidden layer, (iii) it is completely
mesh-free for solving partial differential equations (PDEs). We first continuously extend the d-
dimensional piecewise continuous function in d + 1-dimensional space by augmenting one coordinate
variable to label the pieces of discontinuous function, and then construct a shallow neural network
to express this new augmented function. Since only one hidden layer is employed, the number of
training parameters (weights and biases) scales linearly with the dimension and the neurons used
in the hidden layer. For solving elliptic interface equations, the network is trained by minimizing
the mean squared error loss that consists of the residual of governing equation, boundary condition,
and the interface jump conditions. We compare the results obtained by the traditional grid-based
immersed interface method (IIM) which is designed particularly for interface problems. The present
results show better accuracy than the ones obtained by IIM.

Yuen-Cheng Kuo
National Unwversity of Kaohsiung

THE NONNEGATIVE LEAST SQUARES PROBLEM

We propose an index search method (ISM) for solving nonnegative least squares problems (NNLS).
This method uses inner and outer schemes to find the index set corresponding to the nonzero com-
ponent of the optimal solution. The outer iteration updates the approximate index set such that the
objective values of the sequence generated by ISM are monotonically decreasing. Hence, the index
set generated by ISM does not repeat, and the optimal solution can be achieved with finite itera-
tion steps. Some normal equations need to be solved in the inner iteration, which is the dominant
computational complexity in ISM. Numerical experiments are provided to support the theoretical
results.

Te-Sheng Lin
National Yang Ming Chiao Tung University

MACHINE LEARNING TO SOLVE ELLIPTIC INTERFACE PROBLEM

We propose a shallow neural network for solving elliptic problems with delta function singular sources
on an interface. In addition, we introduce the level set function as a feature input. The loss function
can be formulated using either the problem residual or the corresponding energy of the problem. We
perform a series of numerical tests to demonstrate the accuracy of the present network as well as its
capability for problems in irregular domains and in higher dimensions.
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Jephian C.-H. Lin

National Sun Yat-sen University

ON THE INVERSE EIGENVALUE PROBLEM FOR BLOCK GRAPHS

The inverse eigenvalue problem of a graph is asking whether a given spectrum can be realized by
some matrix whose zero-nonzero pattern is prescribed by the adjacency of the graph. The strong
spectral property is a matrix condition that allows one to perturb the matrix without changing its
spectrum, and it is powerful in creating matrices with the same spectrum and more nonzero entries.
In this talk, we will introduce some techniques where the matrix does not have the strong spectral
property and provide partial solutions to the inverse eigenvalue problem for block graphs.
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Yuki Chino
National Yang Ming Chiao Tung University

A CROSSOVER ON SAW IN RANDOM ENVIRONMENT

Self-avoiding walk is one of statistical-mechanical models which describes behaviour of polymers in
homogeneous medium. The model shows the phase transition and the asymptotic behaviour around
the critical point has been studied actively. From physics point of view, by introducing a random
environment, we expect that the behaviour change affected from the environment. Our interest is
how much the random environment affects the original system.

In this talk we consider self-avoiding walk in random environment. This model shows us a crossover
between weak and strong disorder depending on the structure of underlying graph. This crossover
gives a part of the answer for our question. I will show how much we have known and what we want
to know.

Jyy-1 Hong
National Chengchi University

AN m-SPREAD MODEL USING BRANCHING PROCESS

When an infectious disease spreads among a population, it may cause different reactions in indi-
viduals. To understand and study the spread patterns is always one of the key things to do for
decision making during an epidemic. In this talk, we will introduce a model to describe a spread
pattern which depends on the spreading history within certain time period and construct an induced
branching process to study the long term behavior of the spread pattern and the spread rate. This
is a joint work with Jung-Chao Ban and Yu-Liang Wu.

Chien-Hao Huang
National Chengchi University

ONE-DIMENSIONAL POLYMERS IN RANDOM ENVIRONMENTS: THE BALLISTIC
REGIME

The polymer gets rewards when it visits a new site. Therefore, it tends to stretch itself. When the
external force is large, the polymer goes with a speed. This result is part of the joint work with Q.
Berger, N. Torri and R. Wei.

92



Wai-Kit Lam

National Tarwan University

DYNAMICAL CRITICAL FIRST-PASSAGE PERCOLATION IN TWO DIMENSIONS

In first-passage percolation (on the triangular lattice), one puts nonnegative i.i.d. random weights
(7,) on the vertices, and studies the induced pseudometric 7. The critical case is the case when
P(r, = 0) = 1/2, where 1/2 is the critical threshold for site percolation on the triangular lattice. In
this case, there are lots of large finite clusters of zero weights, and the behavior of T is very different
from that in the "usual" case, namely P(7, = 0) < 1/2.

We consider a dynamical version of the model in the critical case, where weights are resampled
according to Poisson processes. We study the "exceptional times", at which the model exhibits a
completely different behavior. Based on joint work with M. Damron, J. Hanson and D. Harper.
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I-Chen Lee
National Cheng Kung University

MINIMAX DESIGN FOR AN ACCELERATED LIFE TEST

Due to time constraint and experimental cost, how to plan an efficient accelerated life test (ALT) to
obtain more accurate lifetime information of products is an important research issue. Many literatures
proposed strategies to design a locally optimal planning of an ALT under the pre-specified planning
values of parameters. On the other hand, the optimal design for an ALT also depends on the
model assumption, such as lognormal or Weibull distribution. However, the true parameters and the
underlying model are usually unknown before the experiment. To deal with the problems, this study
adopts a minimax strategy to obtain a more robust design for an ALT. To find a minimax design
efficiently, this study adopts particle swarm optimization (PSO) techniques. The result shows that
the minimax design can be determined as long as we specify the range of sample failure probability
and provide candidate models. Compared to the locally optimal design, the minimax design is more
robust and more practical.

Liang-Ching Lin
National Cheng Kung University

MONITORING PHOTOCHEMICAL POLLUTANTS FOR ANOMALY DETECTION
BASED ON SYMBOLIC INTERVAL-VALUED DATA ANALYSIS

This study considers monitoring photochemical pollutants for anomaly detection based on symbolic
interval-valued data analysis. For this task, we construct control charts based on the principal
component scores of symbolic interval-valued data. Herein, the symbolic interval-valued data are
assumed to follow a normal distribution, and an approximate expectation formula of order statistics
from the normal distribution is used in the univariate case to estimate the mean and variance via the
method of moments. Moreover, we consider the bivariate case wherein we use the maximum likelihood
estimator calculated from the likelihood function derived under a bivariate copula. In addition, we
establish the procedures for the statistical control chart based on the univariate and bivariate interval-
valued variables, and the procedures are potentially extendable to higher dimensional cases. Monte
Carlo simulations and real data analysis using photochemical pollutants confirm the validity of the
proposed method, and the results particularly show the superiority over the conventional method
using the averages in identifying the date on which the abnormal maximum occurred.

Keywords: Anomaly detection; Control chart; Monitoring photochemical pollutants; Principal
component analysis; Symbolic data analysis.
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Sheng-Hsuan Lin
National Yang Ming Chiao Tung University

FROM LINEAR STRUCTURAL EQUATION MODELING TO GENERALIZED MULTI-
PLE MEDIATION FORMULA

Causal mediation analysis is advantageous for mechanism investigation. In settings with multiple
causally ordered mediators, path-specific effects (PSEs) have been introduced to specify the effects of
certain combinations of mediators. However, most PSEs are unidentifiable. Interventional analogue
of PSE (iPSE) is adapted to address the non-identifiability problem. Moreover, previous studies only
focused on cases with two or three mediators due to the complexity of the mediation formula in large
number of mediators. In this study, we provide a generalized definition of traditional PSEs and iPSEs
with a recursive formula, along with the required assumptions for nonparametric identification. This
work has three major contributions: First, we developed a general approach (that includes notation,
definitions, and estimation methods) for causal mediation analysis with an arbitrary number of
multiple ordered mediators and with time-varying confounders. Second, we demonstrate identified
formula of iPSE is a general form of previous mediation analysis. It is reduced to linear structural
equation model under linear or log-linear model, to causal mediation formula when only one mediator.
Third, a flexible algorithm built based on g-computation algorithm is proposed along with a user-
friendly software online. This approach is applied to a Taiwanese cohort study for exploring the
mechanism by which hepatitis C virus infection affects mortality through hepatitis B virus infection,
abnormal liver function, and hepatocellular carcinoma. All methods and software proposed in this
study contribute to comprehensively decompose a causal effect confirmed by data science and help
disentangling causal mechanisms when multiple ordered mediators exist, which make the natural
pathways complicated.

Shao-Hsuan Wang

National Central University

PERTURBATION THEORY FOR CROSS DATA MATRIX-BASED PCA

Principal component analysis (PCA) has long been a useful and important tool for dimension reduc-
tion. Cross data matrix (CDM)-based PCA is another way to estimate PCA components, through
splitting data into two subsets and calculating singular value decomposition for the cross product
of the corresponding covariance matrices. It has been shown that CDM- based PCA has a broader
region of consistency than ordinary PCA for leading eigenvalues and eigenvectors. In this talk, I
will introduce the finite sample approximation results as well as the asymptotic behavior for CDM-
based PCA via matrix perturbation. Moreover, I introduce a comparison measure for CDM-based
PCA vs. ordinary PCA. This measure only depends on the data dimension, noise correlations, and
the noise-to-signal ratio (NSR). Using this measure, we develop an algorithm, which selects good
partitions and integrates results from these good partitions to form a final estimate for CDM-based
PCA. Numerical and real data examples are presented for illustration. This joint work is with Prof.
Su-Yun Huang.
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