
Dear Friends of NCTS, this spring is going to be 
another active spring for the center. Highlight con-
sists of the long visits of Horng-Tzer Yau and Leon 
Simon, together with several other NCTS Scholars, 
including Nikos Zygouras, Paolo Cascini, Kaoru 
Ono, and Yujiro Kawamata. Some exciting inten-
sive courses and mini-courses will be delivered. 
Everyone is welcome and students from partici-
pating departments of Taiwan Mathematics School 
and from allied universities of NTU are possible 
to enroll and receive credits from these intensive 
courses. 
 
As the spring time is usually considered as the 
season for younger generations, we have many 
activities ahead of us for the younger generation. 
The first ever NCTS Health Hackathon, focusing on 
mathematics and AI will be held from May 4 to May 
6, that is, 48 hours continuously. For students who 
are interesting in this rapidly developing area, it is 
time to team up. It is also possible to sign up as a 
single and team up on site. Other than that, there 
are several interesting projects in the Undergrad-
uate Summer Research Program (USRP), ranging 
from number theory, geometry, probability, to com-

putational aspects. Students are highly encour-
aged to attend our summer program or summer 
school to explore beyond the regular curriculum. 

During the summer, we are going to call for Topi-
cal Program for the next two years. We welcome 
research proposals representing emerging topics 
and/or emerging research groups, domestically 
or internationally. More details will be announced 
soon.

As theoretical scientists, we believe that the ex-
change of idea plays the most important role in our 
pursuit of frontier research. The resources of the 
center are used mainly for this purpose-to promote 
the teamwork and cooperation. Come to NCTS and 
join the various activities, you will find it pleasant 
and productive to work here.

NewsletterVol. 4 Spring 2018

Inside:

Director’s Message

Taiwan Mathematics School

Interview with
Prof. Horng-Tzer Yau

Young Theoretical Scientist
Award

Highlights of Events

NCTS Research Spotlights

NCTS Health Hackathon 2018

Postdocs all over the World

2018 NCTS Spring Day

  Director's Message

                                           
NCTS Director
Prof. Jungkai Chen

1



2222

NCTSTaiwan
Mathematics School

Introduction to courses this semester

Visiting Scholar Leon Simon (Stanford University)

Taiwan Mathematics School was established 

by NCTS in 2017. With the approaching 

spring semester of 2018, National Taiwan 

University, National Cheng Kung University have 

cooperated to design a whole new series of activi-

ties based on “Geometric Measure Theory”(GMT). 

Those activities aimed to help students receive 

complete and advanced concept leading them to 

a higher stage of GMT. One of those activities is 

“An Introduction to Geometric Measure Theory” 

which already started on March 5th. We invited the 

high-profile figure — Professor Leon Simon as our 

course speaker.

An Introduction to Geometric 
Measure Theory

Professor Leon Simon is a Leroy P. Steele 

Prize and Bocher Prize-winning mathema-

tician. He is currently Professor Emeritus in 

the Mathematics Department at Stanford Universi-

ty. Professor Simon’s main research interests are in 

geometric measure theory and partial differential 

equations, in particular, the theory of minimal sur-

faces and related problems in the geometric calcu-

lus of variations.

Professor Simon is one of the world’s leading 

experts on geometric measure theory. GMT 

is the study of geometric properties of sets 

(typically in Euclidean space) through measure 

theory. It allows mathematicians to extend tools 

from differential geometry to a much larger class 

of surfaces that are not necessarily smooth. The 

following problem lies at the origins of GMT. Does 

every k-dimensional surface without boundary in 

Euclidean n-space bound a (k+1)-dimensional 

surface of minimal volume? One of the principal 

achievements of GMT has been to develop a suf-

ficiently rich and powerful theory of surfaces in 

Euclidean space which can be used to solve this 

problem and many related geometric various prob-

lems. GMT is a very active area of current research 

and has found applications in many areas of math-

ematics, far beyond the problem of area minimiza-

tion.
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The course will cover the bulk of the first 6 

chapters, plus material selected from Chap-

ters 7, 8, of the text “Introduction to Geomet-

ric Measure Theory” by Leon Simon. The main aim 

of the course is to give a general introduction to 

the main ideas and techniques of GMT, suitable for 

anyone planning to specialize in any field related to 

geometry or analysis.

As for the other upcoming event, we in-

vited Professor Kaoru Ono (RIMS, Kyoto 

University) to give a course. The research 

focus of Professor Kaoru Ono lies in symplectic 

geometry, in particular, Floer theory and holo-

morphic curves in symplectic manifolds. He has 

made many fundamental and important contribu-

tions to the field. For example, in a joint work with 

K. Fukaya, he constructed Floer cohomology of 

Hamiltonian diffeomorphisms on arbitrary closed 

symplectic manifolds as well as Gromov-Witten 

invariants and hence settled the Betti number ver-

sion of Arnold’s conjecture. Using Novikov-Floer 

cohomology, he also proved the C1-flux conjecture. 

In recent years, he has been collaborating with 

Fukaya, Oh and Ohta in Floer theory for Lagrangi-

an submanifolds and its implications in symplectic 

geometry and homological mirror symmetry. He 

was awarded the Autumn Prize of the Mathemati-

cal Society of Japan (2005) and the Inoue Prize for 

Science (2006).

The purpose of this course is to introduce 

Lagrangian Floer theory. This is one of the 

main tools of current research in symplec-

tic geometry. For example, it provides a source of 

symplectic invariants and plays an essential role 

in the homological mirror symmetry. The course 

will start with basics on Floer theory, and move on 

to a general theory of A∞-structures, (weak) Mau-

rer-Cartan equation, potential function, bulk defor-

mations, etc., which is then applied to Lagrangian 

torus fibers, followed by related topics.

NCTS Director Jungkai Chen, Prof. Kaoru Ono, Prof. Mao-Pei Tsui,

Prof. River Chiang and Prof. Nan-Kuo Ho

Lectures on Lagrangian Floer Theory

Prof. Leon Simon’s course
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NCTS Scholar Horng-Tzer Yau (Harvard University)

This semester we invited Professor Horng-

Tzer Yau to give a series course of Random 

Matrix for Differential Equations and Sto-

chastic Analysis field. Professor Horng-Tzer Yau is 

currently Professor in the Mathematics Department 

at Harvard University and he is one of the world’s 

leading probability and mathematical physicists. He 

has worked on quantum dynamics of many-body 

systems, statistical physics, hydrodynamical limits, 

and interacting particle systems and random matrix 

theory. More recently, he has been the main driv-

ing force behind some stunning progress on bulk 

universality for random matrices. With Laszlo Erdo
..
s 

and others, Professor Yau has proven the universali-

ty of the local spectral statistics of random matrices, 

a problem that was regarded as the main challenge 

of random matrix theory. He was elected to the US 

National Academy of Sciences (2013) and received 

a MacArthur Foundation “genius” award (2000).

In probability theory and mathematical phys-

ics, a random matrix is a matrix-valued random 

variable-that is, a matrix some or all of whose 

elements are random variables. Many important 

properties of physical systems can be represented 

mathematically as matrix problems. For example, 

the thermal conductivity of a lattice can be comput-

ed from the dynamical matrix of the particle-par-

ticle interactions within the lattice. Random matrix 

theory is a fast expanding research area and this 

course mainly focuses on the methods developed 

by Professor Yau’s research groups over the past 

few years. This topics course will cover most of the 

topics in the book “Dynamical approach to random 

matrix theory” by Professor Horng-Tzer Yau and 

Laszlo Erdo
..

s.

In the past two decades, in mathematical biol-

ogy, there have been shown plenty of scientifi-

cally interesting phenomena due the interaction 

between spatial heterogeneity and diffusion. This 

has led ecologists as well as biologists to conduct 

experiments to verify if the counter intuitive mathe-

matical results could actually take place in ecology. 

An affirmative answer has been obtained recently 

and this has opened up a new direction in ecology 

with many possible consequences. One of the im-

portant by-products for mathematics is that, based 

on the experiments, revisions have been proposed 

to bring the original mathematical models and 

equations closer to reality which, inevitably, poses 

serious mathematical challenges. In this course, 

we invite 10 mathematicians whose research fields 

are close related to the aforementioned issues to 

conduct a series of lectures that would cover quite 

a large range research interests of mathematical 

biology. It is our hope that this lecture series would 

cultivate both the research ability and the research 

taste of our young scholars and students.

Reaction-Diffusion and 
Mathematical Sciences

Topics in Random Matrix Theory

Newsletter
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The following is the list of our speakers which includes leading figures in the related research fields 

as well as young scholars of strong potential: Chao-Nien Chen (National Tsing Hua University), 

Chiun-Chuan Chen (National Taiwan University), Zhi-You Chen (National Changhua University of 

Education), Jann-Long Chern (National Central University), Jong-Shenq Guo (Tamkang University), Sze-

Bi Hsu (National Tsing Hua University), Wei-Ming Ni (University of Minnesota), Hirokazu Ninomiya (Meiji 

University), Feng-Bin Wang (Chang Gung University), Chang-Hong Wu (National University of Tainan).

With all those thriving and various courses, we encourage students who are interested in cours-

es mentioned above or want to know more about those theories to feel free and join us for 

further exploration to mathematics world. With so many great opportunities offered by the rich 

and diverse research environment and those big guns we invited, we hope we can inspire more students 

as the seeds of the impregnable trees of Taiwan Mathematics community.

Prof. Shizuo Kaji (Kyushu University) plans to visit NCTS from Jul. 15 to 

Aug. 19. His research interests are primarily in the areas of Algebraic 

Topology and he will teach a summer course on Image and Shape Ma-

nipulation, which is very popular and useful nowadays.

Besides, Prof. Kaji will host a program for 2018 NCTS Undergraduate Summer 
Research Program. There will be 7 programs in Undergraduate Summer Re-

search Program this year. The programs are as follows: 

1. The Entropy Theory of Dynamical Systems on Groups by Prof. Jung-Chao Ban 

    (NDHU) and Prof. Chih-Hung Chang (NUK).

2. Markov Chains and Cutoff Phenomena by Prof. Guan-Yu Chen (NCTU).

3. Topics in Computational Tropical and Algebraic Geometry by Prof. Jungkai 

    Chen (NTU) and Prof. Yen-Lung Tsai (NCCU).

4. Why Can a Sweeping Robot Reach Every Corner of the Room? by Prof. Xiang Fang (NCU).

5. Diffusion Map and its Applications in the Automatic Sleep Stage Scoring by Prof. Sheu Yuan-Chung 

(NCTU) and Prof. Gi-Ren Liu (NCKU).

6. L-functions for Modular Forms: p-adic Aspects by Prof. Ming-Lun Hsieh (AS).

7. Topological Image Analysis by Prof. Shizuo Kaji (Kyushu University) and Prof. Chun-Chi Lin (NTNU).

On the other hand, the 12th AIMS Conference on Dynamical Systems, Differential Equations and 
Applications is coming soon in this summer from July 5 to July 9. The scale of AIMS 2018 is bigger than 

ever. The conference includes 12 Plenary Talks, more than 150 Special Sessions, more than 100 Con-

tributed Sessions talks, Poster Sessions and Student Paper Competition. The plenary speakers are all 

eminent mathematicians with great contributions to dynamical systems and differential equations related 

topics. The estimated number of participants will be around 1,500-1,800. We hope all the scholars and 

students worldwide participating in this conference will benefit a lot from it.

Taiwan Mathematics School
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Upcoming this summer...

Visiting Scholar Shizuo 
Kaji (Kyushu University)



Interview with Prof. Horng Tzer Yau

This semester NCTS invited Prof. Horng Tzer Yau to give a series course 
of Random Matrix. And we are honored to have Prof. Yau to share his point 
of view about mathematics education in Taiwan.

Q. How did you first become interested in math-
ematics?
My interest in mathematics developed quite early. 

Starting in middle school, I would look for math 

books to study in my spare time. There were lots of 

geometric drawing workbooks available. I bought 

a whole bunch of them and completed them, since 

there weren’t much of anything else to do. Due to 

some life difficulties in middle school, I didn’t study 

any high school level math on my own.

During high school, I was constantly dissatisfied 

with the way math textbooks explain concepts. I 

felt there were always more embedded ideas that 

were left unexplored, so I went looking for more 

books. I started studying calculus and other more 

advanced math on my own once I mastered high 

school level math. Such self-studying during high 

school was a quite common behavior among Tai-

wanese mathematicians. From this experience, the 

biggest influence for me was acquiring the habit of 

finding a topic and completing all the problems for 

it from beginning to end.

Q. You were educated in Taiwan. Could you 
comment on mathematical education here and 
in the US?
I feel that mathematics does not need to be so 

rigorous; not everything needs to be taught in 

university. There are one or two courses, such as 

advanced calculus or complex variables, which 

should be taught with rigor. Rigor is however also 

adaptable. For example, when teaching a proof, if 

one can understand it intuitively by simply being 

shown an image, then it’s fine to just draw an im-

age. If such a pedagogical method were not per-

mitted, students would have to study many times 

over to grasp the same concept. Is that really 

worth it?

I much prefer that students quickly learn concepts 

based on intuition, to be able to see how theorems 

can be applied, and not just to provide proofs in 

the most rigorous way. This is a very swift way to 

learn math. In teaching differential geometry, if one 

can demonstrate calculations of specific examples, 

the students will definitely be interested. There’s no 

need to show all possible details; simply present 

the main point, find a few meaningful examples, do 

the calculations, and show what the calculations 

really represent. If a student wants to become a 

mathematician, he can slowly add the more rigor-

ous details back into the process bit by bit.

Students who are used to standardized instructions 

seem to be find such method of learning unbear-

able. When I taught in New York and Taiwan, I no-

ticed a phenomenon: If I didn’t show a proof very 

rigorously in class, students got upset. They often 

didn’t know whether I had fully proven a theorem or 

weren’t sure if I had hidden some complex steps. 

School math departments have trained students 

to believe that anything and everything is similar-

ly difficult, so that even simple concepts must be 

hiding much greater complexities. In teaching, I 

like to present the key steps and assure students 

that it’s fine not to understand the remaining details 

completely; they can deepen their understanding 

progressively in due time.

66
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Interview with Prof. Horng Tzer Yau

Q. What advice would you give to students in 
university about a career in mathematics? 
During university, choose a few introductory or 

general topics to study; there’s no need to spe-

cialize. Certainly, one can also choose to focus on 

one or two directions. When it comes time to either 

study abroad or continue to study in Taiwan, your 

advisor will have his or her areas of study that will 

determine the course of your research. 

I don’t really pay attention to what’s in style. In the 

popular fields, there are already many good re-

sults and everyone 

continues to race for 

more. At the same 

t ime, the hot top-

ics that have been 

generated are usu-

ally other people’s 

results from many 

years already invest-

ed. To jump in now 

is far too late and 

may not  produce 

research of much 

worth. On the other 

hand, there are some less popular topics that at 

first glance don’t look like much or seem to hold 

much direction. However, you see its potential im-

portance and, maybe five or ten years of hard work 

later, will attain a lot of interesting results. At that 

time, its significance will receive other people’s es-

teem. If in the end it remains unimportant, well, that 

can’t be helped. Such is life. 

Q. What would you say are some of the major 
directions in mathematics in the future?
Mathematicians should consider one thing: how 

is the math that we do today relevant to the rest 

of the world? If we lose that relevance, then math 

dies. It is absolutely necessary, following a period 

of time, for us to re-evaluate how math is connect-

ed to human culture. I don’t believe that math can 

continue to develop as an independent entity out-

side of human culture. One or two hundred years 

ago, if anyone wanted to study science, be it phys-

ics, chemistry, etc., math was needed and math-

ematicians must be consulted. Mathematicians of 

that period only need to know basic calculations 

to be considered a major asset. That is not the 

case today. Nowadays, when we solve a problem 

by saying this equation has a set of solutions, it is 

completely meaningless to other scientists. You 

must be able to on 

some level contex-

tualize the nature of 

this solution, and for 

this contextualiza-

tion to be something 

of interest to them. 

This is a very strict 

standard, and math 

currently often fail 

to meet it. Failing to 

do so could be be-

cause a lot of math 

problems become 

generated by the sciences nowadays fall outside 

of the realm of human capability to solve. We do 

not wish to see the field of mathematics being 

increasingly distant from other fields of study. In 

the spectrum of sciences such as math, physics, 

chemistry, biology, mathematicians are becoming 

marginalized and no longer the core of scientific 

research unlike in the past. Mathematicians must 

understand this reality, and we should put out feel-

ers with the math we’re doing to form connections 

of varying levels with other fields of science. Some 

portions of the math field is purely math and tru-

ly unrelated to other sciences, but the math field 

should also have relevance in other fields of sci-

ence. Of course, this is my personal opinion.

Prof. Mao-Pei Tsui, Prof. Horng-Tzer Yau and
Prof. Chun-chi Lin
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Young Theoretical  Scientist Award
Highlights of Events

1/16 Special Day on Applied Math-
ematics -- Mathematican in 
Industry

2/3 2018 South-Taiwan Workshop 
on Scientific Computations, 
Differential Equations and
Applications

2/23 Young Dynamics Day

3/3 – 3/5 The 9th Taiwan-Japan Joint 
Workshop for Young Scholars 
in Applied Mathematics

3/9 Statistical Education in the Data 
Science Era

3/17 NCTS Spring Day

3/23 – 3/24 International Conference on 
Nonlinear Analysis and its
Applications

3/23 – 3/24 International Conference on 
Nonlinear Analysis and its 
Applications

3/24 The 16th Taiwan Geometry 
Symposium

3/26 – 3/27 2018 Conference on Advanced 
Topics and Auto Tuning in 
High-Performance Scientific 
Computing

3/28 – 3/30 The 5th Taiwan-Japan Confer-
ence on Combinatorics and its 
Applications

Highlights of Courses
Winter Courses

1/16 – 1/19 NCTS Winter School on 
AutomorphicRrepresentations

1/29 – 2/1 NCTS-Taiwan Math School: 
Derived and Homological 
Algebraic Geometry Winter 
School

1/31 – 2/6 Mini-Course on NekCEM - a 
Numerical PDE Solver

2/22 – 2/25 NCTS-Taiwan Math School: 
Introduction to Parallel 
Programming for Multicore/
Manycore Clusters

Dr. Hung-Wen Kuo completed his Ph.D. in 
Mathematics at National Taiwan University. 
He is now an associate professor in National 

Cheng Kung University.

Dr. Kuo is an expert on nonlinear partial differ-
ential equations, especially those arising from 
fluid-dynamics and kinetic theory. He has 

made some significant contributions on the bound-
ary effects in the Kinetic theory of gases, which are 
fundamental important areas in the area of nonlinear 
partial differential equations and statistical theory 
of rarefied gases. Dr. Kuo and his coauthors are 
among the first to study the coupling of boundary 
effects with intermolecular collision and their inter-
actions for rarefied gases and they construct the 
steady state solution to the Boltzmann equation for 
large Knudsen number and small boundary temper-
ature variation and prove its large time asymptotic 
stability for spherical domains.

Their theory holds for both diffusive and Ma-
zwell-type boundary conditions. These are 
deep and important results in the kinetic theory 

of rarefied gases and have been well-received in the 
community. The analysis is illaborate and may be 
useful to other related problems.

Recently, Dr. Kuo has obtained some extreme-
ly interesting phenomena on the asymptotic 
behavior for Rayleigh problem based on the 

kinetic theory. He found different asymptotic behav-
iors depending the ratio of the scale of boundary 
conditions. These are also very important works 
which have substantial significance in both theory 
and applications.

Director Chen and Young Theoretical Scientist
Awardee: Prof. Hung-Wen Kuo
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Young Theoretical Scientist Award
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Courses

2/26 – 6/25 NCTS-Taiwan Math School: 
Topics in Random Matrix 
Theory

3/5 – 5/11 NCTS-Taiwan Math School: An 
Introduction to Geometric 
Measure Theory

4/10 – 5/15 SOC Functions and their 
Applications

4/14 – 6/2 NCTS-Taiwan Math School: 
Lectures on Lagrangian Floer 
theory

4/15 – 5/20 NCTS-Taiwan Math School: 
Reaction-Diffusion and 
Mathematical Sciences

Upcoming Events

4/28 – 4/29 NCTS Workshop on 
Computational Mathematics 
and Applied Analysis

5/4 – 5/6 Health Hackathon 2018

5/8 – 5/10 NCTS Workshop on Geometric 
Measure Theory and Minimal 
Submanifolds

5/28 – 6/1 NCTS Workshop on 
Mathematical Biology

6/8 – 6/9 International Workshop on 
Algebra

6/16 – 6/18 2018 Taiwan-Japan Workshop 
on Scattering, Dispersion, 
Traveling Waves, and Inverse 
Problems

7/5 – 7/9 AIMS 2018

7/23 – 8/24 NCTS Undergraduate Summer 
Research Program

8/2 – 8/5 Taiwan-Japan Joint Workshop 
on MZV’s

12/7 Sze-Lim Lecture

12/27 – 12/29 The International Consortium of 
Chinese Mathematician 2018 
Meeting

Dr. Hao-Wei Huang got his Ph.D. in Mathemat-
ics at Indiana University, Bloomington and is 
now an assistant professor in National Sun 

Yat-sen University.

Dr. Huang works on the exciting topic of free 
probability, which is on the interface of oper-
ator algebras, functional analysis and prob-

ability. The main characteristic of this field, which 
was introduced by Voiculescu, is a “probabilistic” 
framework for non commutative random variables. 
This has also turned to be a powerful tool in areas 
of probability such as random matrices where it has 
provided an alternative point of view, which has led 
to new methods for proving limit laws for observa-
bles of random matrices.

The works of Dr. Huang are distinguished for the 
variety of ideas and tools that they combine 
and which range from functional and harmonic 

analysis to classical probability theory. His works 
and methods seem to push the limits and the impact 
of the theory further.

Dr. Huang has a very good network of interna-
tional collaborators, some of which belong 
to the founders of the field. We hope that this 

award will not only help Dr. Huang carry out his re-
search programme but it will also allow to maintain 
a team of partners, who would be very beneficial for 
the mathematics in Taiwan in general, via scientific 
exchanges and transfer of skills.

Congratulations to these two outstanding 
scholars!

Director Chen, Young Theoretical Scientist Awardee: 
Prof. Hao-Wei Huang and his wife
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NCTS Research Spotlight

Prof. Hao-Wei Huang’s primary research interest mainly lies in the area 
of non-commutative probability theory, which is a branch of the theory of 
operator algebra and often regarded as a noncommutative parallelism of 
classical probability theory.

S
tarting in the early ’80s, this theory was 

treated as a very powerful tool for the study 

of finite operator algebras. The fundamen-

tal idea is to realize a unital algebra A over the field 

of complex numbers (such as C*-algebra or von 

Neumann algebra) endowed with a unit preserving 

linear functional ψ as a non-commutative probabil-

ity space. In such a realization, A plays the role of 

a function algebra over a probability space in the 

commutative case, while the role of the classical 

expectation is taken byψ. In the non-commutative 

framework, two random variables X and Y are re-

placed with matrices or even more generally (bond-

ed or unbounded) linear operators (also referred 

as random variables) on vector spaces for which 

the commuting relation XY = YX no longer holds 

in general. This non-commutative feature of linear 

operators makes it possible to introduce various no-

tions of independence among them and study their 

probabilistic behaviour thereafter. From an operator 

algebraic perspective, one can think of a non-com-

mutative independence as a rule on how to ex-

tendψfrom a family of independent subalgebras to 

the algebra that they generate together. One of the 

most important independencies is the notion of free 

independence (also called freeness) and the theory 

investigating random variables linked by this new 

independence is referred to free probability theory.

F
ree probability theory was initiated by D. 

V. Voiculescu with the intention of studying 

in a probabilistic framework the free group 

factors generated by the left regular representation 

of a free group with n generators. Since then, free 

probability theory has been found in many areas of 

mathematics beyond the theory of operator alge-

bra, such as classical probability theory, harmonic 

analysis, combinatorics, quantum information the-

ory, and representation theory of large groups, etc. 

Especially unexpected connections to matrices with 

randomly sampled entries (the so-called random 

matrices) have made this theory an interesting and 

promising research field. As a practical application, 

the theory of free probability is an important tool to 

analyze and investigate the asymptotic behaviour 

of their eigenvalue distributions, which gives a new 

perspective on random matrix theory.

T
he starting point of the connection with ran-

dom matrix theory is the centerpiece univer-

sality result: free central limit theorem. Given 

a sequence {Xn} ∞n=1 of freely and identically distrib-

uted random variables with mean zero and variance 

one in certain noncommutative probability space, 

the distribution of the sum

1010
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NCTS Research Spotlight

tends weakly to the semi-circular law with density

supported on [-2, 2]. This law, also called Wigner’s 

law, is known to serve as the limiting distribution 

for the eigenvalues of GUEs, suitably normalized 

hermitian Gaussian random matrices Xn with i.i.d. 

entries. The discovery (also by Voiculescu) of 

the asymptotic freeness property of large unitar-

ily invariant independent random matrices also 

strengthens this connection. Another important dis-

tribution in free probability theory, free Poisson dis-

tribution with rate λ > 0, takes freely independent 

variables Xn with common distribution the Bernoulli 

law.

and has distribution coinciding with the limiting 

distribution of the sum

Free Poisson laws describe the asymptotic behav-

iour of singular values of large rectangular N × M 

random matrices with independent Gaussian en-

tries: Marchenko-Pastur law.

Three decades after the foundation of free proba-

bility theory, it has been a wellestablished theory 

in the field of von Neumann algebras. In 2013, 

Voiculescu generalized the notion of free inde-

pendence to simultaneously study left and right 

actions on reduced free product spaces. This 

generalized independence is known as bi-free 

independence (or simply bifreeness) and the the-

ory dealing with left and right random variables 

is referred to bi-free probability theory. To further 

study such objects, combinatorial and analytical 

approaches have been the main research focus 

thus far. The main tools employed include bi-free 

cumulants, bi-non-crossing partitions, and bi-free 

harmonic analysis. Free probability theory, along 

with its bi-free extension, is currently a very active 

research area of mathematics and being studied 

worldwide by researchers in the U.S., Canada, Ja-

pan, and Europe.

Gaussian N x N randon matrix & Wigner’s semicircle:

N=10 N=100 N=1000

N=1000 N=2000

Wishart random matrix XX* & Marchenko-Pastur law:

Example: M=2N 

supported on [−2, 2]. This law, also called Wigner’s law, is known to serve as the limiting
distribution for the eigenvalues of GUEs, suitably normalized hermitian Gaussian random
matrices XN with i.i.d. entries. The discovery (also by Voiculescu) of the asymptotic free-
ness property of large unitarily invariant independent random matrices also strengthens
this connection. Another important distribution in free probability theory, free Pois-
son distribution with rate λ > 0, takes freely independent variables Xn with common
distribution the Bernoulli law (

1− λ

n

)
δ0 +

λ

n
δ1

and has distribution coinciding with the limiting distribution of the sum

X1 + · · ·+Xn.

Free Poisson laws describe the asymptotic behaviour of singular values of large rectangular
N ×M random matrices with independent Gaussian entries: Marchenko-Pastur law.

Three decades after the foundation of free probability theory, it has been a well-
established theory in the field of von Neumann algebras. In 2013, Voiculescu generalized
the notion of free independence to simultaneously study left and right actions on reduced
free product spaces. This generalized independence is known as bi-free independence (or
simply bifreeness) and the theory dealing with left and right random variables is referred
to bi-free probability theory. To further study such objects, combinatorial and analytical
approaches have been the main research focus thus far. The main tools employed include
bi-free cumulants, bi-non-crossing partitions, and bi-free harmonic analysis. Free prob-
ability theory, along with its bi-free extension, is currently a very active research area
of mathematics and being studied worldwide by researchers in the U.S., Canada, Japan,
and Europe.
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My primary research interest mainly lies in the area of non-commutative probability
theory, which is a branch of the theory of operator algebra and often regarded as a non-
commutative parallelism of classical probability theory. Starting in the early ’80s, this
theory was treated as a very powerful tool for the study of finite operator algebras. The
fundamental idea is to realize a unital algebra A over the field of complex numbers (such as
C∗-algebra or von Neumann algebra) endowed with a unit preserving linear functional φ as
a non-commutative probability space. In such a realization, A plays the role of a function
algebra over a probability space in the commutative case, while the role of the classical
expectation is taken by φ. In the non-commutative framework, two random variables X
and Y are replaced with matrices or even more generally (bonded or unbounded) linear
operators (also referred as random variables) on vector spaces for which the commuting
relation XY = Y X no longer holds in general. This non-commutative feature of linear
operators makes it possible to introduce various notions of independence among them and
study their probabilistic behaviour thereafter. From an operator algebraic perspective,
one can think of a non-commutative independence as a rule on how to extend φ from a
family of independent subalgebras to the algebra that they generate together. One of the
most important independencies is the notion of free independence (also called freeness)
and the theory investigating random variables linked by this new independence is referred
to free probability theory.

Free probability theory was initiated by D. V. Voiculescu with the intention of study-
ing in a probabilistic framework the free group factors generated by the left regular rep-
resentation of a free group with n generators. Since then, free probability theory has
been found in many areas of mathematics beyond the theory of operator algebra, such
as classical probability theory, harmonic analysis, combinatorics, quantum information
theory, and representation theory of large groups, etc. Especially unexpected connections
to matrices with randomly sampled entries (the so-called random matrices) have made
this theory an interesting and promising research field. As a practical application, the
theory of free probability is an important tool to analyze and investigate the asymptotic
behaviour of their eigenvalue distributions, which gives a new perspective on random
matrix theory.

The starting point of the connection with random matrix theory is the centerpiece
universality result: free central limit theorem. Given a sequence {Xn}∞n=1 of freely and
identically distributed random variables with mean zero and variance one in certain non-
commutative probability space, the distribution of the sum

X1 + · · ·+Xn√
n

tends weakly to the semi-circular law with density

1

2π

√
4− x2
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Since established in 1997, the primary goal 

of NCTS has always been to promote in-

terdisciplinary research among theoretical 

sciences and their applications. To achieve this 

goal, we provide all kinds of opportunities to assist 

scientists in transforming their theories into real-life 

applications. This year in May, we are hosting one 

of the most significant events at our center, NCTS 

Health Hackathon 2018.

Innovation in healthcare is increasingly depend-

ent on technology and teamwork, requiring 

effective collaboration between technical and 

non-technical disciplines. Through an intensive 

team-based competition event, NCTS Health 

Hackathon 2018 aims to foster multidisciplinary 

collaboration to encourage innovative solutions for 

applying machine learning and/or mathematics to 

problems in healthcare. Participants from a range 

of backgrounds seek to develop novel machine 

learning and/or mathematics based solutions to 

healthcare problems with the goal of advancing 

technology in this field.

The NCTS Health Hackathon 2018 is de-

signed to be a 48-hour team-based compe-

tition. This event expects around 100 par-

ticipants from multiple organizations with a diverse 

range of backgrounds in deep learning, mathemat-

ics, software and hardware, product design, busi-

ness, digital health and clinical practice. We antici-

pate around 15 teams will be formed before/during 

the Hackathon, creating innovations ranging from 

machine learning and/or mathematics based diag-

nostic devices, to networking apps, and to weara-

bles. During the competition, engineers will choose 

an essential healthcare problem to tackle, provide 

their insights, and implement creative technical 

solutions with other team members. At the end of 

the hackathon, the top three teams will be awarded 

in cash to support innovation development. 

For people who want to learn more about 

current healthcare issues before the hacka-

thon, we schedule a workshop on the previ-

ous day of the competition. The workshop will help 

contestants establish a more robust understanding 

of the theme of our hackathon. The judges for the 

hackathon will be delivering speeches and shed 

some light on the latest issues regarding AI tech-

nology and healthcare. Meanwhile, hackathon con-

testants will be able to exchange ideas and learn 

more about each other’s specialties. The workshop 

will serve as a warm-up event before the hacka-

thon, prepping the contestants for the competition 

on the next day.

Health
                               Hackathon
           2018

1212
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NCTS Health Hackathon 2018

NCTS Health Hackathon 2018 is an excellent 

event where you will be able to interact with 

other brilliant minds. By bringing together 

people with all kinds of expertise, we hope to inspire 

innovation in AI technology and create an impact on 

the current status of healthcare. From brainstorm-

ing to hands-on designing, engineers can combine 

theoretical and practical knowledge and bring their 

models to life. Most importantly, the participants get 

to explore business opportunities about their designs 

after the competition. Prospect of new business 

might be just within reach. So hurry up and join this 

once-in-a-lifetime hackathon and make some cut-

ting-edge technological breakthrough!

Intelligent Hospital

Elderly care Hospice care Health insurance
systemPsychiatric care Community

healthcare

Medicine Mathematics SocioeconomicsArtificial
intelligence

High-prof.
computing

Instant
response
system

Tele
healthcare

Internet &
Cloud

computing

Big-data-driven
precision disease
risk assessment

model

Next-generation
automated

healthcare service

The major theme of the hackathon is Intelligent Hospital. The key concepts under the theme are 

shown in the following diagrams.
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Newsletter

Postdocs all over the World

Mario Chan completed his Ph.D. at The University of 
Bayreuth. He was a research fellow at Korea Institute 
for Advanced Study (KIAS-CMC) and is now a postdoc-
toral fellow at NCTS.
This is the third year of my stay at the NCTS. I enjoy a lot the cosy 

environment here. It might not be fair to compare the NCTS with 

the other resourceful national research institutes in other countries 

in terms of the quantity and quality of seminars, conferences and 

other academic activities that they host, but the close and warm 

atmosphere among members as well as the freedom in working 

on one own’s research without too many obligatory duties from 

the centre are not worse than the other institutes, if not better. I am 

grateful for being a member of the NCTS and wish to spend a little 

longer time here.

Hang Fu got his Ph.D. at New York University. His re-
search interests are mainly in number theory, algebra-
ic geometry, and related areas.
I am indebted to Prof. Ming-chang Kang for providing me this 

great opportunity to work with him at NCTS, an invigorating en-

vironment created by so many superb scholars that come from 

different countries and work on different areas. Without being dis-

tracted from teaching, I am able to devote myself entirely to my re-

search, which I believe is particularly important for the recent PhD 

graduates. I wish the next two or three years will witness a further 

growth of NCTS and myself.

Chia-Yu Hsieh graduated from NTU and was once a 
postdoctoral fellow at City University of Hong Kong 
and NTU. He was also a visiting Ph.D. scholar at Penn-
sylvania State University.
As a postdoc here, I really enjoy the research environment at 

NCTS. I can work on the project I’m interested in. And I get much 

advice and help from my mentors Prof. Chiun-Chuan Chen and 

Prof. Tai-Chia Lin about my research. Additionally, there are many 

seminars and workshops in a variety of topics organized by NCTS, 

NTU and AS. We have a lot of opportunities to learn and get in-

spired from other people’s work. I appreciate that NCTS supports 

my academic visits abroad. That is valuable experience to com-

municate and discuss with people from different places.

Postdoc Hang Fu, from China

Postdoc Mario Chan, from Hong Kong

Postdoc Gyeongha Huang, 
from Korea

Postdoc Zheng-Yu Hu, from 
China

Postdoc Chia-Yu Hsieh, from Taiwan
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Postdocs all over the World

.. ..

Manas Kar competed his Ph.D. at RICAM, Austria 
and was a postdoctoral researcher at University of 
Jyvaskyla, Finland. His research focuses on inverse 
problems involving partial differential equations and 
geometry.
NCTS is one of the best platforms for pursuing cutting-edge re-

search in Mathematics. Being a part of the center as a postdoc 

fellow, I feel that it’s a great opportunity for me to explore several 

areas of Mathematics. The work environment is excellent and re-

search-friendly. Many of my colleagues were working in various 

fields of mathematics and it was fruitful to discuss with them about 

interesting mathematical problems. My main area of research is 

inverse problems for partial differential equations and I was lucky 

enough to work with Prof. Jenn-Nan Wang at the center. NCTS or-

ganizes many conferences, workshops, and Mini-courses, which 

was really useful for my research. Also, I would like to thank NCTS 

for providing me fundings to visit RICAM, Austria to work on in-

verse problems. Apart from my research, I had a chance to do 

other activities, for example, playing tennis in the campus which 

helped me to concentrate more on my research.

Nobuo Sato completed his Ph.D. at Kyoto University. 
His research interests include the special values of 
L-functions and its relation to algebraic number theo-
ry.
As my first experience to live outside Japan, I like the life in Taiwan 

as well as the working environment in NCTS. The NCTS postdocs 

have no specific duties such as teaching, so that they can con-

centrate on their own research works. Also, NCTS is an interna-

tional institute in that postdocs come from various countries, which 

provides a good experiences of knowing people with different cul-

tural backgrounds. NCTS encourages postdocs to do academic 

activities such as collaborations, presentations and participation in 

conferences in domestic and foreign institute by providing finan-

cial support for them.  In the support of NCTS, I visited Japan and 

Germany several times in the past few month for collaboration with 

other researchers and presentation of my work, which was very 

helpful to make progress in my research and thus produce more 

papers than ever. As a total, I would recommend NCTS as a great 

opportunity for postdocs.

Postdoc Kian Chuan Ong, from 
Malaysia

Postdoc Nadim Rustom, from 
Lebanon

Postdoc Manas Kar, from India

Postdoc Hiep Dang, from 
Vietnam

Postdoc Nobuo Sato, from Japan
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Guanghui Jin completed his Ph.D. at the Chung-Ang University 
in South Korea and he has several years of teaching experi-
ences. His research interests are nonlinear partial differential 
equations and mathematical physics.
After attending the 2012 NCTS workshop on the theory and computation of PDEs, I hoped that someday I would 

be a postdoctoral researcher at NCTS. And fortunately, in 2017, I started to work as a postdoctoral researcher 

at NCTS, the freest research environment. NCTS doesn’t ask postdocs for extra works, so I can always focus 

on my own research. NCTS also supported my visit to many cities in Taiwan and Korea for academic, and as a 

result, I was working with many professors. I have gained a much deeper understanding of nonlinear partial dif-

ferential equations by making conversation with them, which has motivated me to solve the equation.

Postdoc Haewon Yoon, from Korea

Postdoc Yang-Kai Lue, from Taiwan

Postdoc Yong-Jie Wang, from China

Postdoc Guanghui Jin, from China

Join Us! 
NCTS is calling for 2019 postdoctoral fellows!
Application will be open from Sept. 1, 2018 to Feb. 28, 2019. The appointment starts from August 1, 2019, 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 Geometry and Geometric Analysis, Differential 
Equations and Stochastic Analysis, Scientific Computation, 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 collaborations, and will be supported as a visiting scholar for NCTS. 
Application is always open! 

Please visit http://www.ncts.ntu.edu.tw/ for position details.


