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Director’s Message
Dear Friends of NCTS,

This year has been a very difficult year for 
most of us. The pandemic of Covid-19 has 
changed the world and NCTS has been enor-
mously affected as well. One of the major 
functions of NCTS is to serve as a platform for 
international cooperation. During the previ-
ous normal years, we hosted about 300 to 400 
visitors and about 30 international workshops 
or conferences each year. Due to the lock-
down and other measures, it is impossible to 
work as it was. Instead, we have been work-
ing hard to adjust. This includes initiating or 
participating international network of online 
(or hybrid) events, providing strong support to 
our long-term visitors, and so on. 

Another important function of NCTS is to 
promote young talents in Taiwan. We used 
to have various programs, such as USRP (Un-
dergraduate Summer Research Program), 
International Exchange Program, NCTS Sum-
mer School, Taiwan Mathematics School, etc.
Even though all gatherings were prohibited 
during February to April. Thanks to the suc-
cessful measures imposed by the CCDC of 

Taiwan, we are able to run physical summer 
programs and courses as before. Indeed, 
we even invest more resources on various 
training programs this year and initiated new 
program URP (Undergraduate Research Pro-
gram) in order to promote students for ad-
vanced studies in theoretical sciences. 

Also, in this newsletter, we have several ar-
ticles related to the pandemic. There is an 
article by Ying-Hen Hsieh about the math-
ematical modeling of Covid-19. There is an 
interview with Dr. Chi-Tai Fang, who shared 
about their experience at the frontline and 
emphasized how mathematics can be ap-
plied as part of the efforts. Even in our USRP, 
a group of students were analyzing the data 
of Covid-19 from the mathematical point of 
view. We are grateful that all members of 
NCTS remaining safe. We will try our best ef-
fort to help our society in all possible aspects, 
as NCTS always do. 

Group photo of 2020 USRP
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Math Can Help.
Taiwan Can Help.
Interview with Prof. Chi-Tai Fang
We have the privilege to interview Prof. Chi-
Tai Fang, Professor of Infectious Disease Epi-
demiology at National Taiwan University and 
the Epidemiology Advisor of Taiwan Central 
Epidemic Command Center for coronavirus 
disease 2019 (COVID-19), along with his stu-
dent, PhD Candidate Yi-Hsuan Chen. In par-
ticular, they were invited to share their work 
on epidemic control and to tell us about how 
mathematics is being applied as part of this 
effort.

First of all, the Editor-in-Chief asked Prof. Fang 
about the historic background behind the 
development of infectious disease modeling 
as a theoretical framework to inform the ex-
traordinarily successful COVID-19 response 
in Taiwan, as well as prospect in future col-
laborated research and student training on 
applying mathematics to solve public health 
challenges.

Fang: 
“Back to the time when severe acute respira-
tory syndrome (SARS) outbreak occurred in 
2003, Taiwan did not yet have the capability 
to conduct infectious disease modeling in 
advance to ensure the effectiveness of epi-
demic control strategy from the beginning. At 
that time, we fought the SARS epidemic using 
centuries-old quarantine methods, through 
try-and-error. At the end, we lost 74 people 
to SARS, including many frontline healthcare 
workers. Some of these healthcare workers 
were pregnant, and their fetus died with 
them. Many survivors suffered from long-term 
sequalae of SARS, particularly pulmonary fi-
brosis which severely interferes with daily life 
and well-being. These painful experiences, 
along with quarantine-related, complicat-
ed human right, ethical, and legal contro-
versies, highlighted the critical importance 

of cross-disciplinary approach to infectious 
diseases. To prepare for the next epidemic, 
Sheng-Mao Hou, the Health Minister, and 
Si-Chen Lee, President of National Taiwan 
University (NTU), signed a formal agreement 
between Department of Health (later Ministry 
of Health and Welfare, MOHW) and NTU to 
collaborate in 2006, and appointed Prof. Pei-
Jer Chen as the Director of MOHW-NTU Infec-
tious Disease Research and Education Center 
(IDREC), with a mission to systematically pro-
mote cross-disciplinary collaboration in re-
search, education, and specialist training on 
infectious diseases, both inside and outside 
the NTU, in Taiwan. I served as the Executive 
Secretary of IDREC since 2007.

Thanks to the support from professors across 
eight NTU Colleges, including College of 
Science, College of Bio-resources and Ag-
riculture, College of Law, College of Social 
Science, College of Engineering, College 
of Medicine, College of Public Health, and 
School of Veterinary Medicine, NTU estab-
lished the NTU Infectious Disease Program, 
which provides a comprehensive curriculum 
on infectious disease for undergraduate stu-
dents from all background, and those who 
got 22 or more credits can receive the NTU 
diploma on Infectious Disease. Very thanks to 
Prof. Tzai-Hung Wen, Director of Department 
of Geography, who collaborated with me in 
teaching the cross-disciplinary class “Mod-
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eling of Infectious Disease Epidemiology”, 
which comprehensively trains a new genera-
tion of students with the expertise to conduct 
mathematical modeling of infectious disease 
to inform national epidemic control policy. To 
do so, students need to be trained not only in 
mathematics and computer simulation skills, 
but also in key principles of biology, medi-
cine, and public health.”

Prof. Fang emphasized the importance of 
mathematics in solving public health chal-
lenges. He shared his pioneer work on HIV 
treatment as prevention (Fang, et al. J Infect 
Dis 2004; 190: 879-885. 188 citations) which 
reshaped the global HIV control policy. Previ-
ously, evidence supported that HIV patients 
taking antiretroviral therapy are less infec-
tious. However, in population level, the de-
crease in individual infectivity could be offset 
by an increase in duration of infectiousness 
(due to prolonged survival under antiretroviral 
therapy) and an increase in unsafe behavior 
(under a perception that HIV is no longer a 
death sentence, which may encourage peo-
ple to become more risk-taking). The net ef-
fect of introduction of HIV treatment on April 
7, 1997 in Taiwan needs to be measured using 
actual national HIV surveillance data (tempo-
ral trend in numbers of new HIV diagnoses). 
Nevertheless, a problem exists in analyzing 
such data––the time lag between getting 
HIV infection (could be asymptomatic for 10 
years, and therefore, not observable) and the 
diagnosis of HIV infection (months or years 
after the patients getting HIV infection). Prof. 
Fang solved this problem by applying the cal-
culus of convolution, a mathematical formula 
that describes temporal association between 
occurrence and subsequent detection of a 
signal. He proved that, if the following both 
conditions are met: (1) the HIV epidemic (the 
signal) is in an exponential growth phase, (2) 
the procedure of HIV diagnosis and reporting 
(i.e. detection) remains unchanged, then the 
slope of exponential growth in numbers of 
new HIV diagnosis (linear under logarithmic 
scale) will parallel to that of new HIV infec-
tion, and can serve as an unbiased estimate 

for the later. Using convolution calculus, he 
solved time lag problem in analyzing HIV sur-
veillance data, showing a 53% decrease in 
population level HIV transmission rate after 
the introduction of HIV treatment on April 7, 
1997 in Taiwan. This first demonstration of “HIV 
treatment as prevention” in national level 
became a catalyst for the World Health Or-
ganization (WHO)’s “getting to zero” strategy 
(2011) (zero discrimination, allowing early HIV 
testing and treatment to achieve zero death 
of patients and zero transmission to others) 
(see WHO. Guidance on ethics and equita-
ble access to HIV treatment and care. Ge-
neva, 2004: p13; Global HIV/AIDS Response. 
Progress Report 2011, p71) and the “90-90-
90” fast track target (2015) (90% patients get 
diagnosed, 90% diagnosed patients receive 
HIV treatment, and 90% treated patients 
achieved undetectable HIV viral load), which 
turned the tide of global HIV pandemic to-
ward an end in 2030. The aforementioned 
story shows that mathematics can make 
significant contributions in solving worldwide 
challenges coming from HIV prevention.

On December 31, 2019, Taiwan first detected 
the outbreak news on potential human-to-hu-
man transmission of SARS-like illnesses in Wu-
han, China, informed the World Health Or-
ganization immediately, and started border 
quarantine. All passengers from Wuhan and 
nearby regions were put under quarantine 
for 14 days upon entry. On January 20, 2020, 
Wuhan reported 169 newly confirmed cases 
in a single day. This unprecedented situation 
alerted Prof. Fang, a SARS veteran. He re-
membered that SARS never spread so fast, 
and began to suspect that this new virus has 
a much higher basic reproduction number, 
R0 (the average number of secondary case 
from an index case in an all susceptible pop-
ulation, which measures the infectiousness 
of an infectious pathogen). On January 28, 
2020, China Centers for Disease Control and 
Prevention released an updated epidem-
ic curve of novel coronavirus infections at 
Wuhan, by the onset date. Using this more 
comprehensive data, Prof. Fang and his doc-
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toral student, Yi-Hsuan Chen, constructed a 
COVID-19 mathematical model and estimat-
ed the R0 of this virus. They discovered that it 
has an R0 of at least 4.0 (Wuhan data could 
underestimate the actual number of novel 
coronavirus infection case, due to limited 
supply of testing kits), much higher than the R0 
of SARS (2.5-3). Knowing the danger ahead, 
they immediately started to work on seeking 
an effective countermeasure by modeling 
effects of various interventions to stop the 
transmission of COVID-19. Mathematical sim-
ulations showed an alarming result––simply 
copying SARS control measures will not suffice 
to neutralize the threat.

Chen explained:
“If R0 is smaller than one, it means that the 
virus will not continue to spread and the ep-
idemic can be controlled; if R0 is larger than 
one, it will continue to spread. We simulated 
three strategies: the first is isolating sympto-
matic patients to prevent transmission; the 
second is tracing the contacts of confirmed 
cases to quarantine them; the third is surgi-
cal-mask-wearing in general population. Fig-
ure shows simulation results for three strategies 
in different combinations, under the worst 

scenario (an R0 of 6.4). The right panel is all in 
red color (R0 >1), which indicates that, without 
surgical mask-wearing in general population, 
SARS era control measures (isolation of pa-
tients and quarantine) alone cannot control 
the spread of this novel virus. In contrast, the 
left panel shows that a combination strategy 
will be successful: isolating patients alone cut 
the R0 to 2.6; adding quarantine of 75% con-
tacts further decrease the R0 to 1.6; the addi-
tion of general public surgical mask-wearing 
then decisively suppresses the R0 to 0.9. The 
effectiveness of combined interventions will 
be even better if mask-wearing rate increase 
to 75% (reducing R0 to 0.5). The essential role 
of mask-wearing is that mask decreases the 
droplet and airborne spread of virus from 
infected persons to those uninfected. Unlike 
homemade masks (low filtration efficacy) or 
N95 masks (uncomfortable to wear, due to 
hypoxia), surgical mask is not only highly pro-
tective but also comfortable to wear for a 
prolonged period, and therefore, is the best 
solution.”

Prof. Fang added that, to implement the 
above-stated mathematical model in real 
world, Taiwan mobilized all its manufacturers 

(see: Chen YH and Fang CT: J Formos Med Assoc 2020; https://doi.org/10.1016/j.jfma.2020.08.003)
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to mass-produce high quality surgical mask 
in an affordable price. Furthermore, Taiwan 
evenly distributed surgical mask among 
its population through the highly effective 
“eMask” web platform distribution system. The 
rapidly increased supply of surgical mask to 
Taiwanese population and the high use rate 
ensure a less-than-1 R0 of COVID-19 after April 
2020. By September 28, 2020, Taiwan has only 
513 confirmed COVID-19 cases (55 domes-
tic, the last occurred on April 13, 2020) and 7 
deaths after testing 187,693 people.

Continuing dialogue between theorists and 
practitioners can spark great inspiration for 
both sides. Moving on to the next question, 
which must also be of great interest to many 
people: will the coronavirus disappear? Ac-
tually, Prof. Fang said, this can be simulated 
using mathematics. For example, rabies trans-
mission is maintained among wild canine 
populations, and therefore, cannot be elim-
inated. In contrast, human is the sole host of 
smallpox virus, which had been eradicated in 
1977. Other than cases imported from other 
countries, COVID-19 now already disappears 
in Taiwan. But could it reappear like measles 
or influenza in certain situations? Prof. Fang 
said that is also possible. So we should use 
mathematical models to analyze under what 

conditions the virus will disappear, and under 
what conditions it can become seasonal, like 
influenza, with persistent transmission among 
population.

Lastly, Prof. Fang mentioned that Taiwan is 
very willing to share its highly successful expe-
rience in combatting COVID-19. French Sen-
ate had invited Taiwan Ambassador to share 
the successful experience in surgical mask 
policy. United States Secretary Alex Azar, and 
President of Czech Senate milos vystrcil visited 
Taiwan to establish cooperation in building 
surgical mask production lines in the United 
States and Czech. Taiwan will also continue 
to assist and donate surgical masks to other 
countries. The best and most balanced solu-
tion to this pandemic is surgical masks, and 
we sincerely hope that all countries will soon 
be free from the threat of COVID-19 and re-
sume the normal life.

Here we can see that, building a good 
mathematical model can inform critical de-
cision-making in epidemic control policies 
in advance, and thus ensure the ultimate 
success of COVID-19 response from the be-
ginning. To build a good epidemic model, 
modelers and policy makers need to work 
together. 

Prof. Jann-Long Chern, Prof. Chi-Tai Fang, Prof. Chunchi Lin and PhD Candidate Yi-Hsuan Chen
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During the current COVID-19 pandemic, the 
important role that mathematical modeling 
can take in informing policymakers on the 
potential of intervention measures has never 
been more in evidence. In many countries 
including US1-2, UK3 and Japan4, governments 
have utilized real-time modeling analysis to 
assess the feasibility and impact of interven-
tion measures. However, as a consequence 
of the volatility demonstrated by COVID-19 
globally, its dependability and usefulness has 
also been called into question5-6. Therefore, it 
is critical to understand the strengths and limi-
tations of modeling in real world applications. 

The most basic model for infectious diseases 
is the so-called compartmental model, first 
proposed as Susceptible-Infective-Removed 
(SIR) model by Kermack and McKendrick in 
19277. SIR model can theoretically be mod-
ified to describe very complex dynamics of 
any disease transmission process, incorporat-
ing important details including heterogeneity 
in transmissions and impacts of intervention 
measures such as quarantine8 and vaccina-
tion9. However, more complicated models 
require more detailed information (data) on 
the biological characteristics of the infectious 
agent, as well as on contacts and clinical 
progression of patients, for realistic model for-
mulation and meaningful data analysis. This 
important requirement becomes especially 
challenging when dealing with novel viruses 
such as SARS COV-2, the causative agent of 
COVID-19 illness. 

A simpler alternative is a phenomenological 
model10 which simply depict the temporal 
trends in outbreak severity observed in the 
epidemic curve, i.e., the time series of inci-

dence data, which is readily available for 
most infectious disease outbreaks including 
COVID-19. To illustrate, we fit the daily COV-
ID-19 case data in Taiwan as reported by 
Taiwan Centers of Disease Control11 to the 
Richards model12 in the Table. The first wave 
of infections (2/15-3/4) was caused by sev-
eral small local family and hospital clusters in 
late February, the second and largest wave 
(3/5-4/2) comprised mostly of travelers from 
Europe and North America and their local 
contacts, while the third wave (3/23-5/4) was 
due to an outbreak onboard a Taiwan navy 
vessel. The turning points pinpoint the peaks 
of the waves. Interestingly, the turning point 
for the second wave in Taiwan occurred on 
March 20, one day after Taiwan closed its 
border to all international visitors, possibly indi-
cating the impact of intervention measure in 
Taiwan.

The “effective” reproduction number R, indi-
cating the relative transmission potential of 
a wave, is the average number of infections 
by one infective individual during a particu-
lar wave of infections. It is different from the 
more well-known “basic” reproduction num-
ber R0, which is the average number of infec-
tions by a new infective individual entering a 
previously disease-free environment. The con-
cept of R0 originated from R.A. Fisher’s idea of 
“net reproductive value” which determines 
the persistence of a species13, but has be-
come an important and useful quantity for 
policymakers to know when deciding the ap-
propriate intervention measures needed to 
control an outbreak. Unfortunately, it is also 
widely misunderstood. 

NCTS Research Spotlight 
Mathematical Modeling of COVID-19:
Challenges and Promises

Prof. Ying-Hen Hsieh is a professor at the Department of Applied 
Mathematics of National Chung-Hsing University and Department of 
Public Health, China Medical University, Taichung, Taiwan (retired).
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As a quantity that indicates the potential ex-
plosiveness of an infectious disease outbreak 
at its initial stage, larger R0 does not neces-
sarily imply a larger outbreak14. An infectious 
agent with large R0 that can quickly infect a 
massive number of the population could also 
exhaust potential infectees quickly and lead 
to a “flattening” of the epidemic curve, such 
as measles. On the other hand, a virus/bac-
teria with small R0 might persist for a long pe-
riod of time, months or even years, and result 
in high disease prevalence, e.g., influenza. 
As demonstrated previously with the Richards 
model, there are many modeling approach-
es to estimate R0 for specific diseases with 
some methodologies readily available in 
well-known software such as R-software. One 
needs only to input pertinent data to get the 
desired results. Whether the result is correct is 
entirely a different matter.

There are three major challenges when esti-
mating R0, and indeed with infectious disease 
modeling in general. First, infectious disease 
modeling, and its resulting R0, is a theoretical 
concept employed to quantify phenomenon 
in nature. Therefore, there is no single “cor-
rect” value of R0 for any infectious disease. 
What we do have is a range of R0 for a par-
ticular disease, often obtained through con-
sensus reached from estimates by different 
models using different sets of data. (See, e.g., 
Table 4.1 in Anderson and May15). Therefore, 
the accuracy and its uncertainty in estimates 
that result from the choice of model is often 
difficult to ascertain. 

Second, the required data for a reliable fit-
ting often are not fully available, and seldom 
fully accurate. For example, we know that 
asymptomatic infections can play a major 
role in disease dynamics16 and is indeed an 
important factor for the global spread of 
COVID-1917. However, it is impossible to ascer-
tain the actual proportion of asymptomatic 
infectives in a population. Typically, inferenc-
es must be made in order to obtain the data 
or parameter values necessary for modeling, 
which yields further uncertainty. 

The third source of uncertainty is with the ac-
tual numerical estimation. Recent advances 
in sophisticated computation and estimation 

methodologies has made this a relative easy 
task. However, each estimation method car-
ries underlying uncertainties, although that 
can be measured. However, each measure 
of uncertainty is also the byproduct of some 
assumptions which should not be overlooked. 

To conclude, it is important to remember 
that infectious disease modeling is a very in-
terdisciplinary endeavor. A model to study 
variolation of smallpox was first proposed 
by an eminent 18th century mathematician, 
Daniel Bernoulli18, and furthered by a Nobel 
laureate in medicine, Ronald Ross, with the 
modeling of malaria19 at the turn of the 20th 

century. The foundation of modern modeling, 
the SIR compartmental model, was the result 
of collaboration between a chemist, W. O. 
Kermack, and a physician/epidemiologist, A. 
G. McKendrick, to quantify plague in India7.
More recently, the world became aware of
the importance of modeling for HIV/AIDS
through the work of a theoretical physicist,
Robert May, and a biologist, Roy Anderson15.
It is safe to say that infectious disease mod-
eling is a prime example of modern science,
where there is no distinct boundary across
disciplines.

To this goal, the National Center for Theoret-
ical Sciences (NCTS) has played a leading 
role in promotion of interdisciplinary scientif-
ic research in Taiwan, as can be witnessed 
through its support for an interdisciplinary 
Summer Course in Modeling of Infectious 
Disease Epidemiology since 2016. Course 
lecturers include internationally well-known 
infectious disease modeling experts as well 
as Medical Officers from Taiwan CDC. Every 
year, it attracted around 30 students ranging 
from faculty researchers to undergraduate 
students with diverse backgrounds in mathe-
matics, public health, medicine, physics, sta-
tistics, and other related fields, for an intensive 
2-week course ending with a student group
project presentation. Some of the students
have gone on to become infectious disease
modelers, and are currently contributing to
ongoing research in the global efforts to con-
trol the pandemic with intervention policy
modeling, analysis and prediction for COV-
ID-19.
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Table. Results of fitting Taiwan COVID-19 case data by onset or diagnosed date to the Richards 
model, with	95% CI in parenthesis

* Outbreak on board a Taiwanese navy vessel.

Time period Case number K Turning point Effective reproduction
number R P-value

2/15-3/4 50 (41, 59) 2/23 1.22 (1.11, 1.37) <0.0001
3/5/-4/20 392 (387, 398) 3/20 2.35 (1.78, 3.28) <0.0001
3/23-5/4* 32 (31,33) 4/20 2.13 (1.71, 2.75) <0.0001
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The extreme value problems of the variation-
al structure induced from applied disciplines 
such as mathematical biology, mathematical 
physics, chemistry, etc., often correspond to 
a differential equation or a series of differen-
tial equations. Therefore, through the study 
of differential equation(s), the subject will be 
connected an important bridge for such ap-
plied sciences. Among them, exploring the 
mathematical structure of the corresponding 
solutions of differential equations, such as the 
existence, uniqueness, stability and classifica-
tion of the solutions, is often a very important 
and challenging research topic in the tools of 
mathematical analysis. 

In recent years, Dr. Jann-Long Chern with his 
research partners have developed calcula-
tion tools that are different from the Sturm-Li-
ouville comparison theorem on a single 
partial differential equation, which is rich in 
mathematical theories. Through the linearized 
equations corresponding to the solutions in 
the simultaneous system, the progressive be-
havior of the Pohozaev identy,  analytical 
operators with extension theories, deriving 
the corresponding detailed related theorems 
of “degenerate” or “non-degenerate”, they 
can further investigate the related challeng-
ing problems about a series of elliptic partial 
differential equations, such as Chern-Simons 
model, Maxwell-Chern-Simons model, the 

competition equations, etc. Under the con-
dition of multivortex, the corresponding topo-
logical solutions and given the existence and 
uniqueness theory of related non-topological 
solutions under a given flow, Dr. Chern can 
also describe the structural properties of all 
the solutions in this type of system models that 
are extremely detailed and complete. At the 
same time, by using the relevant theoretical 
tools developed here, coupled with diver-
gence analysis and stability theory, he has 
also obtained important with solid works on 
the partial differential equations in the state 
of the competition models of mathematical 
biology. The researching results about the 
uniqueness and stability theory of positive 
solutions in one-dimensional situations, for 
related information, please refer to [1], [4]-
[9] and [15] in the reference paper. On the
other hand, under the condition of conser-
vation of mass, when the diffusion coefficient
approaches to zero, the limit behavior of the
minimum energy solution for a reaction-diffu-
sion equation in the state of time equilibrium,
Dr. Jann-Long Chern can explore the instabil-
ity monotonic behavior to solve the possibility
of existence (please see [13] in the reference
paper).

Moreover, it believes that the in-depth re-
lated mathematical theories and tools de-
veloped here can also be applied to the 

Prof. Jann-Long Chern’s research instrests are mainly focusing on 
Partial Differential Equations, Mathematical Physics, Matrix Compu-
tations and Mathematical problems in image processing. He’s now 
a professor in National Central University.

NCTS Research Spotlight 
Research on the Uniqueness and 
Multiple Properties of Nonlinear Partial 
Differential System
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exploration of a variety of partial differential 
equations at the same time, which is also one 
of the research topics that he is going deep 
into in the future.

Another very challenging research topic is 
about “how the geometric properties of sin-
gular point sets affect the existence and mul-
tiplicity of positive solutions of partial differen-
tial equations.”

In this regard, Dr. Chern discusses two topics:

(A) First, he conducts an in-depth study on 
the existence of the corresponding posi-
tive solutions of an elliptic partial differential 
equation with multiple singularities on the 
boundary of the region.

In many well-known research results (such as 
[3], [4], [12] and [14] in the reference papers), 
it has been extensively explored to use the 
conditions of the curvature method to prove 
this in several different situations for the exist-
ence and related properties of positive solu-
tions of a kind of partial differential equations. 
In this topic, he proposes a more general ge-
ometric condition, using the concept of con-
tact order to study the behavioral estimations 
of the existence of positive solutions. This new 
mathematical method of contact sequence 
is to use the more detailed geometric  char-
acteristics of the singular point set on the 
boundary to further explore the key condi-
tions for the existence of the corresponding 
positive solution. Dr. Chern provides an im-
proved expansion estimation method, and in 
many cases cover the curvature method that 
was already in use before. Here is a brand-
new achievement: Dr. Chern has been able 
to obtain solutions for the existence of positive 
solutions under the domain of convex sets 
(such as sphere, hemisphere or rectangular 
box) that many researchers could not prove 
before. At the same time, through a non-ex-
istence analysis result, he further illustrates 

that the existence results obtained above 
are optimal conditions for certain convex do-
mains. This type of optimality is less involved in 
the previous literature. Furthermore, Dr. Chern 
also extends above results to prove the exist-
ence of the best constant minimizers of the 
Caffarelli-Kohn-Nirenberg inequality when the 
dimension is 3, which also solves the previous 
equation scholars’ research guesses. For de-
tails, please refer to [11] in the reference pa-
per.

(B) Meanwhile, Dr. Jann-Long Chern also 
works on the topic “Evolution equations with 
a Dynamic Hardy-type potential” . 

Dr. Chern is particularly interested in the ex-
istence, nonexistence and uniqueness of the 
solution of the related heat models when the 
singular point set moves with time under ap-
propriate singular potential and initial value 
conditions. He also explores the solution near 
the singular point set and the detailed esti-
mations of upper and lower bounds. Through 
the research and calculations of the radial 
heat equation, the accurate estimations of 
the equivalent integral equation and the 
comparison principle, he then obtained: how 
the singular point set moving with time affects 
the detailed behavior and properties of the 
solution for the time evolution equations. For 
related informations, please refer to [2], [10] 
and [16] in the reference paper.
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Undergraduate 
Summer Research 
Program
From July 20–August 28, 2020 NCTS hosted the 
Undergraduate Summer Research Program. 
This year, NCTS hosted 30 students from uni-
versities around Taiwan to research one of 
eight projects and present their findings.

   Group 1

which was supervised by Prof. Jann-Long 
Chern of NCU, looked at Mathematical Mod-
elling and Data Prediction in Infectious dis-
eases Spread and COVID-19. In this program, 
participants were asked to study and apply 
mathematical modelling and knowledges 
in infectious diseases spread to work on the 
recent diseases problem. They needed to 
conduct and provide the related mathe-
matical and numerical recovering analyses 
to address and detect the prediction effects 
of various countries, US, Brazil, South Korea, 
India, Russia, Italy, on the epidemic of COV-
ID-19.

   Group 2

The research subject of Group 2 was “On the 
rank deficiency of BEM/BIE using degenerate 
kernels”. They were supervised by Prof. Jeng-
Tzong Chen of NTOU. In the past decades, 
the boundary integral equation (BIE) as well 
as the boundary element method (BEM) 
attracts mathematicians and engineers, 
respectively. However, the mathematical 
degeneracy in the BEM/BIEM may appear 
in four aspects: degenerate boundary, de-
generate scale, spurious eigenvalue and 

fictitious frequency. The commercial codes 
of BEM may result in ghost solutions which 
mislead engineers. Mathematicians may be 
interested in this topic while engineers may 
be not capable to interpret the numerical 
outcomes. The degenerate kernel is a pow-
erful tool to explain the mechanism of the 
degeneracy in the BEM/BIEM. Although a 
degenerate kernel plays an important role in 
the theory of integral equations and gives a 
natural approximation, the use in engineering 
problems seems to have taken a back seat 
to other methods such as quadrature and 
collocation. In this regard, they demonstrate 
the power how the degenerate kernel can 
explain the rank-deficiency mechanism of 
degenerate boundary, degenerate scale 
and fictitious frequency.

   Group 3

which was supervised by Prof. Hao-Wei Huang 
of NSYSU, looked at free probability theory 
that studies non-commutative random varia-
bles. This theory was launched by Voiculescu 
around 1985 with the intension of classifying 
the free products of algebras. In this summer 
research program, participants explored this 
theory both from the combinatorial and ana-
lytical aspects. They acquired that the notion 
of freeness of random variables performs the 
analog character of the classical independ-
ence. They also learned that free cumulants 
and free harmonic analysis operate essential 
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implements in investigating this area, and 
proved various known consequences analyti-
cally and combinatorically. In addition to the 
exploration of free probability theory, partici-
pants studied the connection of the theory to 
random matrix theory, such as asymptotical 
freeness of GUE. In the end, participants pre-
sented what they have learned in this sub-
ject.

   Group 4

which was supervised by Prof. Gi-Ren Liu of 
NCKU, looked at Scattering Transform and 
Its Applications. The machine learning con-
sists of two main steps, including the feature 
extraction and classification. Traditionally, 
the feature extraction relied on the Fourier 
spectrogram. In this program, the participants 
first introduced the impact of time warping 
on the Fourier spectrogram. For solving this 
problem, they took the local average of the 
spectrogram along the frequency axis by the 
mel-scale filters. From this step, they under-
stood the motivation behind the definition 
of the scattering transform. The relationship 
between the wavelet transform and the scat-
tering transform was also discussed. They im-
plemented the scattering transform in Matlab 
and applied it to extract features from physi-
ological signals. 

   Group 5

which was supervised by Prof. Je-Chiang Tsai 
of NTHU, were interested in the question: giv-
en a time series data of an evolving system, 
how can one study the dynamics of the un-
derlying system? The study of this topic con-
sists of three parts: (i) Apply Takens’ theory 
(Takens, 1981) to reconstruct qualitative fea-
tures of the phase space of the system from 

a time series of measurements of a single ob-
servable. (ii) Construct the model and fit the 
parameter values. (iii) Set up an approach to 
determine the bifurcation points without the 
exact values of model parameters.

To achieve these three points, Group 5 was 
divided into three subgroups: (i) Sheng-Yu-
an Wu, (ii) Ling-Hao Lin and Tian-Li Yain, and 
(iii) Nobuhiro Morita. Sheng-Yuan has gone
through the proof of Takens’ theory in details,
and applied the theory to the discrete epi-
demic model such as SI, SIR, and SIS models.
Tian-Li studied Sontag’s theory and gave a
weak version of Sontag’s theory on the SIR
model, and Ling-Hao used Python to imple-
ment Sontag’s theory on a realistic epidemic
to predict the associated epidemic param-
eters which are consistent with the values in
the literatures. Finally, Nobuhiro has reviewed
some bifurcation theory and applied the the-
ory to three models to predict the bifurcation
points.

  Group 6

 which was supervised by Prof. Suh-Yuh Yang 
of NCU, looked at Variational Models and 
Numerical Methods for Image Processing. This 
subject aimed to introduce some preliminar-
ies for mathematical image processing. The 
topics include function space BV of bound-
ed variation, calculus of variation, Euler-La-
grange equation, Rudin-Osher-Fatemi model 
for image denoising, a region-based adap-
tive contrast enhancement model, some 
knowledge for image alignment, and the split 
Bregman iterative scheme for solving the as-
sociated minimization problems.

In this program, the participants have stud-
ied a famous feature detection algorithm 
in computer vision to detect and describe 
local features in images, which is called the 
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scale-invariant feature transform (SIFT). They 
have also investigated some feature match-
ing and variational image blending tech-
niques, and all these are critical components 
for the image stitching problem. Finally, the 
participants have successfully realized the im-
age stitching by creating a panorama con-
sisting of multiple images using Matlab and 
Python. The implementation has demonstrat-
ed high performance for combining these 
techniques.

  Group 7

which was supervised by Prof. Chia-Fu Yu 
of Academia Sinica, reviewed notions of 
schemes, algebraic varieties and algebraic 
groups and covered some tools in algebraic 
numbers including Galois cohomology and 
basic Class Field Theory. Participating stu-
dents were working very well: they worked 
out main results of papers [1]-[5]. Under joint 
efforts they obtained the following new re-
sults: (1) Complete the case of cyclotomic 
fields; (2) Determine the range of Tamagawa 
numbers in the case of abelian extensions or 
arbitrary Galois extensions for which the ex-
tension of Gal(K/Q) over Gal(K+/Q) by Gal(K/
K+) splits. 
It remains open to determine the precise 
range of Tamagawa numbers of CM tori.
References:
[1] T. Ono, Arithmetic of algebraic tori. Ann.
Math. 74 (1961), 101-139.
[2] T. Ono, On the Tamagawa number of al-
gebraic tori. Ann. Math. 78 (1963), 47-73.
[3] T. Ono, On Tamagawa numbers. Proc.
Sympos. Pure Math. Vol. 9, 1966, 122-132.
[4] J. Achter, S. Ali Altug, J. Gordon, W.-W.Li,
T. Rud, Counting abelian varieties over finite
fields via Frobenius densities, arXiv:1905.11603
42 pp.
[5] J. Guo, N.-H. Sheu and C.-F. Yu, Class num-

bers of CM algebraic tori, CM abelian varie-
ties and components of unitary Shimura vari-
eties. arXiv:1905.11649v2, 23 pp. To appear in 
Nagoya Math J.

 Group 8

which was supervised by Prof. Wei-Hsuan Yu 
of NCU, studied discrete geometry and opti-
mization. In this program, mentor exposed the 
kissing number problems and the classifica-
tion problem of spherical 3-distance sets and 
5-designs to the students. Students learned
the classical linear programming and three
points semidefinite programming(SDP) meth-
od to estimate the upper bounds for kissing
number problem. In the end, the students use
4 points SDP bounds numerically improving
the case in 5 dimensional Euclidean space
and prove the conjecture proposed in Ban-
nai-Bannai-Xiang-Yu-Zhu particular for the
dimension n up to three thousand.

At the final stage of the research program, 
the undergraduates gave a presentation to 
discuss their findings. All in all, the participants 
were benefited greatly from high-quality 
mentorship and enriching mathematical re-
search experience provided by NCTS Under-
graduate Summer Research Program.
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2020 NCTS PDE Young Scholar Workshop
August 29-31, 2020 @NTTU

This workshop aims to provide a stage/plat-
form for young scholars in PDE and related 
fields to in-troduce their current works and 
to explore new ideas. The speaker list con-
sists of 3 post-doctors, 5 PhD students, and 6 
master students. Meanwhile, we had 10 fac-
ulties from different institutions attended the 

workshop to give feedbacks to our speakers. 
We had 33 participants in total. In this 3-day 
workshop, all the speakers gave very nice 
presentations. Overall, we found that (1) the 
master students made clear descriptions 
on their ongoing projects. (2) PhD students 
showed their strong muscle in PDE analysis (3) 
post-doctors showed both their good knowl-
edge and analysis results in their own pro-
jects. In this workshop, the audience made 
many suggestions to our speakers. It was both 
joyful and fruitful. We are pretty much sure 
that some good research results will come 
out soon as a direct consequence of this 
workshop due to the discussions in this work-
shop. We appreciate the very strong support 
from NCTS and NTTU. 
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2020 Second NCTS PDE Symposium
August 27, 2020 @NCKU

The aim of the NCTS PDE symposium is to 
bring experts and young researchers in PDEs 
together to introduce their current works and 
explore new ideas. It was initialized by Profes-
sors Chun-Hsiung Hsia (NTU) and Kung-Chien 
Wu (NCKU) at NCTS in 13 February 2020. We 
plan to organize this symposium series around 
four times a year. We expect by joining this 
series of symposium, our researchers can 
have chances to talk to each other often to 
inspire each other.

This time, which is the Second NCTS PDE sym-
posium, we had the following list of speakers: 
Chien-Hong Cho (CCU), Ying-Chieh Lin (NUK) 
and Chueh-Hsin Chang (THU). The spectrum 
of the lecture topics is wide including sci-
entific computing of the PDE problem (Prof. 
Chien-Hong Cho), hyperbolic conservation 
laws (Prof. Ying-Chieh Lin) and mathematical 
biology (Prof. Chueh-Hsin Chang). We also 
had discussion session in the afternoon. In 
both the discussion sections and the lecture 
sections, the participants asked many inter-
esting questions and the speakers received 
some interesting feedbacks. Finally, all stu-
dents and postdocs, introduced themselves 
and their research field in dinner. Thanks to 
the support of NCTS, the participants had 
fruitful interactions in a very joyful atmos-
phere.  
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The Taiwan Number
Theory Symposium
September 9-11, 2020 @NTHU

From September 9 to September 11, 2020, NCTS 
hosted the Taiwan Number Theory Symposium in 
National Tsing-Hua University. The purpose of this 
conference is to bring Taiwanese number theo-
rists together, in particular young students, post-
docs and new faculties to discuss their research 
progress. We had 12 speakers, mainly senior 
PhD students and young postdocs, and the top-
ics ranged from representation theory, special 
L-values to function fields. On the other hand, 
we also took this opportunity to give a 35 min 
briefing on some supports from MOST for young 
researchers such as “The Postdoctoral Research 
Abroad Program” and“Research Scholar pro-
gram”. It is our hope that this conference can 
strengthen the cohesion among members in 
Taiwan number theory society and help young 
people plan their academic career as early as 
possible.

Highlights of Events
5/20 – 5/22 2020 Spring Probability
 Workshop – Cancelled

5/21 – 5/23 2020 NCTS Workshop on
 Dynamical Systems – Cancelled

6/5 Spring Day

6/22 – 7/3 On the Non-triviality of
 Arithmetic Invariants and
 its Applications – Cancelled

7/21 One Day Combinatorics
 Workshop

8/3 – 8/4 2020 NCTS Workshop on
 Optimization – Cancelled

8/24 – 8/26 NCTS Summer Workshop
 on Foliation

8/27 Second NCTS PDE
 Symposium

8/29 – 8/31 2020 NCTS PDE Young
 Scholar Workshop

9/9 – 9/11 The Taiwan Number
 Theory Symposium

10/17 Quantum Information
 Science (QIS) and
 Mathematics

Upcoming Events
11/7 – 11/8 The 20th Taiwan Geometry 
 Symposium

11/11 – 11/12 L-values and Iwasawa Theory

11/12 – 11/13 NCTS Workshop on K-stability

12/14 2020 NCTS Optimization Day 
 for Young Researchers

12/18 – 12/19   2020 NCTS South Workshop on 
 Dynamical Systems
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One day Combinatorics 
Workshop
July 21, 2020 @NCTS

It would be fantastic that we get together of 
about 50 people joining this one day combi-
natorics workshop at NCTS in late July. We had 
two young combinatorics mathematicians in 
the U.S. coming back to Taiwan for their summer 
vacation.  Hung-Hsun Yu at MIT talked about 
the polynomial method applying on famous 
finite field Kakeya problem and Erdos distance 
problems. Ting-Wei Chao at CMU presented his 
recent work “Convex k-hole avoiding sets in Rd”. 
Both of them gave quite interesting talks and re-
ceive nice responses. In the afternoon part, we 
had Hong-Bin Chen at NCHU talking about Zhu’s 
counterexample to Hedeniemi’s conjecture, 
Yen-Chi Lin at NTNU talking equiangular lines, 
forbidden subgraph and lattice, Chin-Hung Lin 
at NSYSU talking about the inverse egienvalues 
problem of a graph and zero forcing, Chun-Yen 
Shen at NTU talking about the algebraic meth-
od in additive combinatorics, and Wei-Hsuan 
Yu talking about the open problems in discrete 
geometry. All participants enjoyed a series of 
interesting talks and had nice interactions. We 
believe this nice event would help the starting of 
some collaborations and getting more momen-
tum for the combinatorics society in Taiwan.

Summer Courses
7/6 – 7/10 2020 NCTS Summer Course on
 Local Class Field Theory

7/23 –7/24 NCTS Mini Course on Manifold
 Learning

7/27 – 8/5 2020 NCTS Summer Course on
 Mathematical Biology

8/7 – 9/4 2020 NCTS Summer Course on
 Dynamical Systems: Dynamics
 and Thermodynamics on
 Expanding Maps

8/22 – 9/5 Short Course on Advanced
 Course on Multi-Threaded
 Parallel Programming using
 OpenMP for Multicore/
 Manycore Systems

Taiwan Mathematics 
School: Upcoming 
Courses
9/7 – 9/11 Imaging Principles in Medical AI

9/14 – Algebraic Number Theory
2021/1/18

9/17 – Algebraic Combinatorics
2021/1/14

9/17 – Statistical Foundations of
10/22 Medical AI: Linear Regression
9/18 – Topics in Geometric Measure

2021/1/15 Theory I

9/18 – Symbolic Dynamics on Groups
2021/1/15 and Countable State
 Topological Markov Shifts

10/16 – Representation Theory: Mini
11/13 course on Springer Fibers and
 Quiver Varieties

10/29 – Statistical Foundations of
12/3 Medical AI: Generalized Linear
 Model

12/10 – Statistical Foundations of
2021/1/14 Medical AI: Survival Analysis
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NCTS Workshop on Foliation

August 24-26, 2020 @Xitou Nature Education Area

The notation of foliation was introduced by 
differential geometers and has considerable 
studies for decades. There are increasingly 
interests in applying the various techniques 
of foliation into various kinds of studies of 
algebraic geometry. The decomposition of 
Calabi-Yau manifolds and foliated MMP are 
among many of them.

In order to understand the recent develop-
ment of foliation in algebraic geometry, we 
organized a working seminar started in July 
on foliation. Some basic introduction was 
given in this working seminar. And then we 
organized NCTS Workshop on Foliation, which 
was held from August 24 to August 26, at Shi-

Tou. We arranged seven 90-minutes talks in 
the workshop. Details of the recent work of 
Horing-Peternell, Dreul were discussed. We 
did not make very tight schedule for the 
workshop in order to encourage more discus-
sion and studies. Our participants found the 
arrangement very helpful for the fruitful inter-
action.

Other than the talks, we also arranged a 
challenging hiking tour for 4hrs to the Obser-
vatory, which was the local highest point. 
With these experiences of scientific and physi-
cal challenges, our young members felt more 
confident to take further challenges.
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NCTS Spring Day

June 5, 2020 @NCTS

NCTS Spring Day has been a traditional event 
as a platform for young members to have 
more interactions. The typical arrangement 
consists of Award Ceremony of NCTS Young 
Theoretical Scientists Award, Talks of YTSA 
awardee, and also talks of NCTS postdocs. 
Each awardee and postdocs were invited to 
give a 30-minutes short talks about their work 
or their interests. 

The 2020 NCTS Spring Day was originally 
scheduled at March 20. However, due to 
the pandemic of Covid-19, it was postponed 
to June 5, soon after the open-up of social 
activities. All three awardee: Chih-Wei Chen 
(NSYSU), Wei-Fan Hu (NCHU) and Wei-Hsuan 
Yu (NCU) participated the events and talked 
on their impressive works.

There were 17 NCTS postdocs on-site at that 
time and gave short talks. Other than those 
17 postdocs, there are still some of our unfor-
tunate postdocs who were stock abroad and 
refrained from travelling back to Taiwan. Talks 
were arranged into two parallel sessions, at 
Room 201 and 202 respectively. Several par-
ticipants, ranging from junior to senior ones, 

took the opportunity to seek for possible fu-
ture collaborations.

After the long gloomy per iod of lock-
ing-down, it was quite a beautiful and bright 
day for people to get together for mathe-
matics and to meet each other. Spring Day 
still comes even though it is quite delayed this 
year.
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With the approaching of the new school year, the course plan of Taiwan 
Mathematics School is as follows:

Imaging Principles in Medical AI
Lecturers: Cheng Ying Chou (National Taiwan University)
 Weichung Wang (National Taiwan University)

This course helps students to learn the basic and latest concepts, algorithms, theories, 
and implementations in medical imaging. The course also introduces some applica-
tions in AI-based medical image analysis.
We’ll introduce topics as below:
• X-ray imaging systems
• Computed tomography (CT): reconstruction mathematics, multidetector CT and its 
 applications
• Magnetic Resonance Imaging (MRI): theoretical basis, imaging techniques and
 system layout
• Nuclear Medicine: radioisotope imaging, Single-Photon Emission Computed
 Tomography (SPECT)
 and Positron Emission Tomography (PET)
• Ultrasound Imaging Systems
• Medical image data format (Digital Imaging and Communications in Medicine,
 DICOM)
• Image classification for chest X-ray via deep learning
• Image segmentation on 3D CT images via deep learning
• Image registration on 3D CT and MR imagPes2v0ia geometry and optimization
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Algebraic Number Theory
Lecturer: Chia-Fu Yu (Academia Sinica)

This is an algebraic number theory course with aim to cover Class Field Theory. We first 
plan to discuss in details on algebraic background underlying the ring of integers and 
their extensions as Dekekind domains and fundamental results of them. Then we will 
discuss the standard topics of number fields including ramifications, valuations, adeles 
and ideles.

The central part is to cover Class Field Theory, we follow Lang’s book subject to as-
suming necessary results proved by analytic method. The remaining part is to develop 
cohomology of groups and Galois cohomology.

Algebraic Combinatorics
Lecturers: Eiichi Bannai (Kyushu University)
 Etsuko Bannai (Kyushu University)

The purpose of this course is to explore the audience on “algebraic combinatorics” 
without assuming any previous knowledge of combinatorics. I will try to propose many 
open problems hoping that some of them are accessible and solvable by the  audi-
ence. (We encourage and emphasize the discussions on trying to solve these open 
problems among the audience.) We invited Prof. Eiichi Bannai as our lecturer of this 
course.

Prof. Eiichi Bannai is a worldwide well-known mathematician working in algebraic 
combinatorics area. He had been professor in Ohio State University (US), Kyushu Uni-
versity (Japan) and Shanghai Jiatong Univesity (China). He is passionate to supervise 
students and to teach young generation mathematicians.
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Statistical Foundations of Medical AI: Survival Analysis/ Generalized
Linear Model/ Linear Regression
Lecturer: Hung Hung (National Taiwan University)

This course covers some of the statistical foundations for medical AI. In particular, the 
topics include linear regression, logistic regression, ROC curve analysis, Poisson regres-
sion, and survival analysis. The course will start from continuous data to illustrate the 
rationale of the linear regression model and its applications. The concept will be ex-
tended to different data structures, including binary data, count data, and survival 
data. Another topic of this course will focus on the implementation of the R software 
and the ability to analyze the real data sets. We expect students can choose the ap-
propriate methods (as well as understand the rationale of the methods) to conduct 
the statistical analysis for a given data set correctly.

The topics we covered in this course are: 
• Review basic statistical analysis • Introduction of generalized linear model, MLE
• Simple linear regression • Logistic regression
• Least squares estimate • ROC curve analysis
• R-square & adjusted R-square • Poisson regression
• mean response, prediction, residual • Introduction of survival analysis
• Multiple linear regression • Kaplan-Meier estimator
• Full & Reduced model, ANOVA • Log rank test
  • Cox PH model and its extensions

Topics in Geometric Measure Theory I
Lecturer: Ulrich Menne (National Taiwan Normal University)

This course provides a thorough introduction of the classical parts of varifold theory 
including the fundamental compactness theorems and Allard’s regularity theorem. 
Most of the necessary background from locally convex spaces, distribution theo-
ry, Grassmann manifolds, and curvature of submanifolds shall be developed in the 
course. However, we doassume knowledge of real analysis—in particular, concern-
ing the representation of linear functionals by measures and differentiation theory of 
measures (e.g., covering theorems and densities). The main topics also employ basic 
properties of Hausdorff measures, the concepts of (H^m, m) rectifiability of subsets 
of R^n, and some Grassmann algebra (centred around m vectors and alternating 
forms).

24



Representation Theory: Mini Course on Springer Fibers and Quiver Varieties
Lecturer: Chun-Ju Lai (Institute of Mathematics, Academia Sinica)

In representation theory, the Springer correspondence provides a geometric reali-
zation of the irreducible representations of Weyl groups via top cohomology of the 
Springer fibers, which are resolutions of nilpotent elements in Lie algebras. On the 
other hand, the universal enveloping algebras of Kac-Moody Lie algebras altogether 
with their irreducible integrable modules afford a geometric construction using Naka-
jima quiver varieties, which are geometric invariant theory (GIT) quotients of certain 
spaces of quiver representations.

Our goal is to explain the explicit realization of irreducible components of two-row 
Springer fibers in terms of Nakajima quiver varieties. Our treatment will be made ac-
cessible for graduate students and non-experts. For this purpose, we introduce along 
the way other central objects in representation theory.

Symbolic Dynamics on Groups and Countable State Topological Markov Shifts
Lecturers: Jung-Chao Ban (National Chengchi University)
 Chih-Hung Chang (National University of Kaohsiung)

The aim of ergodic theory is to understand the stochastic behavior of deterministic dy-
namical systems by studying the ergodic invariant probability measures of the system. 
Given such a measure, the ergodic theorems provide quantitative information on the 
long term behavior of almost every orbit. Ergodic theory has been widely applied to 
many disciplines such as number theory, ecological systems, and complex analysis. In 
this course, we will introduce thermodynamic formalism on countable Markov shifts. 
Meanwhile, the theory of symbolic dynamics and cellular automata on amenable 
groups will also be discussed. Amenability, which originated from the study of the Ba-
nach-Tarski paradox, is a property of groups generalizing both commutativity and fi-
niteness. Nowadays, it plays an important role in many areas of mathematics.

We encourage students who are interested in courses mentioned above or want to know 
more about those theories to join us for further exploration to mathematics world.
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Dr. Andrea Galasso
--------------------------------------------------------------------------------------------------------------------

Andrea Galasso completed his Ph.D. at the 
University of Pavia/Milano-Bicocca in De-
cember 2018. Before joining NCTS he was a 
Postdoc at the University of Milano-Bicocca 
in Milan. His research interests concern the 
interface of geometric representation theory, 
complex and symplectic geometry.

In February I started to work as a postdoctor-
al researcher at NCTS. Due to the COVID19 
outbreak, these are very tough times to travel 
across countries, but despite the difficulties I 
was able to safely reach Taiwan with the kind 
and efficient help of Ms. Peggy Lee. In NCTS 
there is an optimal research environment: 
the Postdocs have no specific duties such 
as teaching, so that they can focus on their 
own research works at their best. Also NCTS 
encourages postdocs to do activities such 
as collaborations, presentations and taking 

chances to get 
to know people 
w i t h  d i f f e r e n t 
professional and 
cul tural  back-
grounds. At the 
moment I have 
the opportuni-
ty to work with 
Professor Chin-
Y u  H s i a o  o n 
some generali-
zations of results 

obtained in my PhD thesis. The main focus 
of my research is on the interplay between 
the geometry of a group action and the as-
ymptotics of certain representations arising 
in geometric quantization, using techniques 
from Complex and Microlocal Analysis. I am 
confident that, with all these positive incen-
tives NCTS provides me, my research work will 
have many benefits.

Dr. Bin Nguyen
--------------------------------------------------------------------------------------------------------------------

Dr. Bin Nguyen earned his PhD in Oct. 2019 
at Universidade de Lisboa, Portugal under 
supervision of Prof. Margarida Mendes Lopes. 
His research interest lies in Algebraic Geome-
try, in particular Algebraic Surfaces.

Dr. Chun-Wei Chang
--------------------------------------------------------------------------------------------------------------------

Dr. Chun-Wei Chang compelted his PhD at 
Academia Sinica and National Central Uni-
versity, Earth System Science, Taiwan Interna-
tional Graduate Program under supervision 
of Dr. Chih-hao Hsieh, Dr. Fuh-Kwo Shiah, Dr. 
Kon-Kee Liu and Dr. Hwa Chien.

Postdocs all over the world

We have several postdoc fellows joining us in summer, 2020.
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Dr. Jesse Madnick
Dr. Jesse Madnick completed his PhD at Stan-
ford University in 2018.  Before joining NCTS, 
he was a postdoctoral fellow at McMaster 
University. His research is in differential geom-
etry and geometric analysis, mostly focused 
on minimal submanifolds in special holonomy 
spaces.

I was born and raised in New York City, and 
spent my undergraduate and graduate years 
in Rhode Island, North Carolina, and Califor-
nia. I’m looking forward to stimulating con-
versations here at NCTS, and am excited to 
meet new people and explore Taipei.

Dr Peng-Jie Wong
Dr Peng-Jie Wong received his PhD degree 
from Queen’s University under the supervision 
of Professor Ram Murty in November 2017. Be-
fore joining NCTS, he was a PIMS Post-Doctor-
al Fellow at the University of Lethbridge. The 
majority of his research involves the theory of 
L-functions, arising from Galois and automor-
phic representations, and its applications to 
arithmetic.

My story with NCTS goes back to 2012 when 
I started my research assistantship under the 
supervision of Professor Wen-Ching Winnie Li. I 
always think that NCTS is the starting point
of my adventure of arithmetic. Therefore, I 
am more than happy to have an opportunity 
to continue my research in number theory at 
NCTS.
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Join US
NCTS is calling for	2021
postdoctoral fellows!
Application will be open from Oct. 1, 2020 to Feb. 
28, 2021. The appointment starts from August 1, 
2021, for 1 or 2 years, extendable up to 3 years. 
Every talent pursuing academic excellence is 
welcome. Priority will be given to the following 
areas: Algebraic Geometry, Differential Geome-
try and Geometric Analysis, Differential Equations 
and Stochastic Analysis, Scientific Computing, 
Data Science. 

NCTS is calling for
Research Pairs!
A Research Pair consists of 2-4 
researchers, without the same 
affiliations. Each member in one 
pair is expected to spend 2-4 
weeks at NCTS for research col-
laborations, and will be support-
ed as a visiting scholar for NCTS. 
Application is always open! 


