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Interview with

Project Leader Yujiro Kawamata
and five other professors

Mathematics, Physics, Earth Sciences
Research and Training Center for New Development in Mathematics

| visited the Mathematics Department’s Global COE (GCOE) base to talk with six professors: Yujiro Kawamata,
the Project Leader, Junjiro Noguchi, the Vice Leader, Toshiyuki Katsura, the Dean of the Graduate School of
Mathematical Sciences, and three other younger professors, Toshiyuki Kobayashi, Takeshi Saito and Yasuyuki
Kawahigashi. (Interviewed by Masaharu Yano, professor, COE Program Promotion Office, Oct. Ist, 2008)

Applied Mathematics and Pure Mathematics

Do you think that mathematics is a field with unique features that differentiate it from other natural sciences such
as physics and chemistry?

Kawamata: In the field of mathematics, it is very difficult to launch a new
project. Researchers in this field have a wide range of new ideas, but usually
we do not work as a team for further development, and so it is really
difficult to apply for a research grant to launch a new project. | therefore
feel very grateful, and | think it is essential that researchers in the field
of mathematics can receive financial support through the Global COE
Program.

This GCOE is an extension of the 21°* Century COE. Is that right?

Professor Kawamata

Kawamata: Absolutely. People say that Japan has a
strong tradition in pure mathematics, but substantial

progress is not to be made in applied mathematics. Mathematics Is One
In the 21" Century COE program, we were able

to achieve fair results by promoting research and ¢ Ideal mathematical results, like Fields Medalist
education on mathematics by placing particular focus Kodaira’s, are not confined in the subdivison of
on applied mathematics. For example, we made great algebra, geometry and analysis.

progress in a research project on financial and actuarial o Pure and applied mathematics are inseparable,
mathematics, which we conducted jointly with the as the First Gauss Prize winner Ito’s calculus is
Faculty of Economics. In addition, Professor Arai has now the foundation of mathematical finance.
achieved significant results in his research into visual e Pure mathematicians working in applied
perception. Also in the field of applied mathematics, we mathematics: Kusuoka in mathematical finance,
made definite progress and | think we can be proud of Arai in vision theory, Tsuboi in mathematical
our level of applied mathematics. Against this backdrop, analysis of DNA, Kawamata in derived category
we aim to achieve more in applied mathematics as well (pure math)

as in pure mathematics, in which we are said to have
had an advantage.

Although we are already in a strong position in pure mathematics and have nurtured next-generation leaders, we
cannot optimistically think that future generations will continue to maintain a strong position in the field. So we need to
enhance our activities in the field of pure mathematics as well.



Noguchi: The Ministry of Education, Culture, Sports, Science and
Technology or the Japan Society for the Promotion of Science (JSPS) will
evaluate the 21°' Century COE program some time in the future, but
we have already asked an external organization to evaluate it, and the
evaluation results are summarized in a |7-page report. The report points
out that there are concerns from a practical viewpoint: as mathematicians
become more interested in applied mathematics, for which research results
are more specific and identifiable, they tend to lose interest in research in
pure mathematics or in the study of mathematical principles. | do think that

we share the same concerns. We are actually worried about the decrease
in the number of researchers in the field of pure mathematics. Professor Noguchi

Kawamata: However, this does not mean that we should devote ourselves only to pure mathematics. It is essential to
keep a subtle balance between research in pure and applied mathematics. | think it is necessary for us to regard pure
mathematics as the core, based on which we will also conduct research in applied mathematics. | believe this is the
right way.

Kobayashi: Professor Kiyoshi Ito, who is a graduate of our department,
was the world's first winner of the Gauss Award in the field of applied
mathematics. The theory that Professor Ito established was actually a
theory in pure mathematics, but it was later adopted by Wall Street. This
must have been an unexpected event for Professor I[to himself. Professor
I*t Century COE program, told me that when he
told Professor Ito that he was the most famous Japanese on Wall Street, he

Kusuoka, leader of the 2

was surprised at the fact.
Generally, a theory can become a useful tool when you make an effort
to apply it. However, in some very rare cases where you do not intend to

apply a theory but it turns out to be a useful tool, it might perhaps be a
greater achievement.

Noguchi: Some people conduct research in applied mathematics also at the Graduate School of Information Science
and Technology and at the School of Engineering, and for me, these researchers often seem to need the support of
people who have experience in pure mathematics. There is a demand for people who have received training in pure
mathematics as part of their first degree. At the GCOE, we think that one of our most important targets is to provide
an education that takes this into account.

Do you sometimes ask companies to send their employees to give lectures at your base?

Noguchi: We are launching a new series of lectures, but we have not yet established the lectures as part of a formal
course. We will first start a pilot project by inviting employees from Nomura Securities, a steel manufacturer and other
companies to give lectures. We are now deciding on the details of the course. One of our goals is to give our students
awareness-raising opportunities and show them what society expects of them, thereby eventually supplying society
with the necessary human resources from this base.

Saito: | believe that mathematics provides you with a means to identify the
mechanisms and structures of things and their fundamental elements. Pure
mathematics represents a unique world of numbers, in which you try to
identify its structures.

For applied mathematics, we have two options. First, we can search for
a way to make use of findings in the field of mathematics for the benefit of
other fields, such as physics, for example to use the findings for research into
the structure of cosmic space. Second, we can develop human resources
who have the ability to identify what is essential in society, for which they

need to be specially trained to a certain degree.

Professor Saito



Kawabhigashi: In the Untied States a lot of people continue with research
after graduating from departments of mathematics. Lots of papers also
demonstrate that the authors have studied advanced mathematical
techniques, and mathematics is indeed useful in proposing new
communications systems and in other areas. For example, you need
mathematical knowledge to devise a way to transmit data via a cell
phone. | think it important for us to train our students so that they can
acquire a range of knowledge that they can make use of.

Professor Kawahigashi

Education at the GCOE

How are you implementing the project at this GCOE?

Kawamata: We give first priority to education.

The GCOE is originally designed to give economic Training Plan
support to doctoral students, so that they can live

independently, and accordingly, we give financial Training at an Institute for
support to most students from the first year of their Advanced Research

doctoral course. We can now support them by
treating them as research assistants (RA).

The GCOE is a five-year project, but | want to
continue it in a different form and eventually make

¢ Most PhD students receive salaries as RA/TA

® Oral communication opportunities through

. . overseas visiting program
the Department of Mathematical Sciences a true § prog

* Wide scope of career paths; researchers in core
mathematics and more people who work in new
development in mathematics

center of excellence.

What other support are you giving to your
e Career and course coordinators for young

researchers

students?

Kawamata: We support them in going abroad and in
conducting research. For example, we are planning to organize a number of international symposiums this year.

In addition, we invite eminent professors from overseas for a period of one to two months. For mathematical
studies, all you need is a sheet of paper and a pencil and so researchers in the field can be highly mobile. We often
travel across the world. For example, Professor Kobayashi returned to Japan just yesterday and all the other professors
often travel, too. The new semester will soon begin and so most faculty members have already returned to Japan now.
I myself was in Italy last week. This is very important. Eminent or renowned mathematicians are always busy traveling.

What can you get from this international experience?

Kawamata: When you visit research institutions overseas to give a presentation, of course you need to prepare. You
review your own theory and anticipate some of the questions that might be raised by your acquaintances and prepare
the answers. | think that to speak in front of others provides you with a great learning opportunity, even if you do it
without any suggestions from anyone. International exchanges are therefore very important.

This program is global as the name suggests, and international exchanges represent one of the main themes in the
program, which | think suits the field of mathematics. We have been promoting international exchange and will use the
program to expand the scale.

In the field of mathematics, we do not say in advance, “l will achieve this.” We do not usually make a specific plan,
for example that we will prove a certain theory. We start with a clean slate, not knowing what we will finally achieve.
Professors, associate and assistant professors, and young researchers all make their own efforts individually and the
GCOE just supports them in their efforts.

Research and Training Center for New Development in Mathematics



Making a Start as a Researcher

Katsura: From the next academic year, we will offer new employment or jobs that are not permanent, but that will last
at least for several years. As you know, in the field of mathematics too, there are concerns about the future of students
who complete a doctoral course. Some will continue their research as
post-doctoral researchers and the more lucky ones will become assistant
professors or even associate professors. We want to ensure employment
for students who complete the doctoral course.

In fact, at the University of Tokyo, only very few people become
assistant professors compared with other universities. When the university
implemented measures to enhance its graduate schools, most of the
posts available to researchers were assigned to professors and associate
professors. Before the GCOE was established, there were only four posts
for assistant professors, including a post with a limited term of service.

There were eighteen posts in the past.

Professor Katsura

So you will ensure that your students get their first job as a researcher?

Kawamata: Yes, indeed. Some of our graduates have been employed by other universities but we have decided to
offer more employment opportunities ourselves. For example, we have employed six project assistant professors for
the GCOE.

The GCOE is a five-year project and so it must be difficult to employ researchers at the best timing.

Kawamata: Ideally we want to employ a few people every year constantly because a few excellent candidates will be
added to the list every year. We cannot do everything at a time. We employed a smaller number than possible this
year, and we will employ more again next year. There were so many people on the waiting list and after a long interval
we wanted to employ at least some as assistant professors at the University of Tokyo from among all the candidates.

You need to train your students to be excellent researchers before you can employ them. What is most important
in their education?

Kobayashi: | believe it is very important to provide them with a good research environment in terms of the intangible
aspects. For example, for each mathematician to achieve great results, they need an immense amount of time to think
calmly and continue to take on challenges by trial and error. It is also important for them to have the chance to meet
lots of other researchers, because those kinds
of encounters can lead to some amazing

breakthroughs through the fusion of ideas. Research Plan

Also it is important for students to have the
time to focus on their research without having You Will Meet Someone at Todai

to work part-time to support themselves.

Especially in the field of mathematics, we ¢ |nvite project professors from overseas
have some excellent young students. These ¢ Recruit post-doc researchers from inside and outside of
students can motivate all the other students Japan

of the same year group to improve. Having e International conferences and workshops

a few really outstanding students sometimes . ) .
® Research groups in pure and applied mathematics

helps boost the group of students as a whole. . .
enhancing exchange of expertise

We think it will be beneficial to invite some

o Di . L . .
excellent young researchers from overseas to Disseminate results via video archives and website

improve the level of Japanese students.

Saito: You can do something together with others in a group. But to achieve results, rather than just getting together,

you need to build a network of researchers, which you can do by arranging to meet particular colleagues at a research

meeting and talk with them on a specific theme. Through these kinds of opportunities, you can hit on new ideas.
However, these kinds of networks cannot be built up easily, and it is a difficult task for Japanese researchers who



normally live in Japan. We need to educate young researchers to become global in their outlook, and for this they need
to go abroad and build their own network with their counterparts in foreign countries. | encourage my students to
move in this direction.

Kobayashi: When | was a student, the situation was much better than now. In fact, none of us here today went on
to the doctoral course; instead we became assistants here (at present equivalent to “assistant professors”). We were
therefore able to devote ourselves to research without having to work part-time. However, now it is impossible for
students to become assistant professors immediately on completing the master’s course. If you study on the doctoral
course until around 27 years old and then do post-doctoral research, even if you are excellent, you may feel quite
insecure about your future as a researcher, since you will soon be into your thirties. | witnessed many excellent
researchers give up their careers on the way because of this insecurity. | therefore highly value the support given to
students through this GCOE project, which may not be perfect, but must surely be very useful for students.

Saito: The measures taken to enhance our graduate schools have after all both advantages and disadvantages. Among
the disadvantages, the biggest problem is with assistant professors. It is important for assistant professors, who are
“closer” to students in various ways, including their age and their ability to work and develop with the students. In fact,
however, there are few young researchers who work as assistant professors or as next-generation leaders. We call this
the “discontinuity problem.” Even we, who can be said to be still young, are already seen as “middle-aged researchers”
by our students, and there are no really young assistant professors who bridge the gap between the students and us.
Students tend to think that we “middle-aged professors” naturally know everything, and so they will never be able to
achieve what we have achieved. But if they work with assistant professors, they can imagine themselves as assistant
professors in the future. This discontinuity is a serious problem.

Mathematical Analysis of the Fractal Spiral lllusion (H. Arai-S. Arai,2008)

e,

e A 7

Fractal islands are arrayed
concentrically, however they
seem to form a spiral .

Construction of new filters
 from our pinwheel framelet |

Kawahigashi: | studied at a graduate school in the United States. | didn't pay any tuition fees and instead received a
grant from the school to visit a research institute in the United Kingdom and study in a French research institute for
a year. In the United States and Europe, all graduate students receive scholarships and pay little or no tuition fees. In
Japan too, we need to give equal or more support to our students if we want to educate them to an outstanding level.
We cannot persuade foreign students to study in Japan unless we take those kinds of measures while graduate schools
in the United States are using these systems to attract people from all around the world.

Research and Training Center for New Development in Mathematics



Message to Students

Finally, do you have a message for young students in your capacity as leader?

Kawamata: It is perhaps not widely known that mathematics is a relatively young academic field in which there are
many things left to be done. It is an old and new academic field. Mathematics has been studied since the times of the
ancient Egyptians, but the history of modern mathematics is rather new. For example, Carl Friedrich Gauss was active
from the 18th to [9th centuries.

Fusion of Training and Research

Global COE

(infrastructure for research and training)

young researchers
— senior scientists

The potential of mathematics
(Soil and culture cultivated through long history)

Kobayashi: In the field of mathematics, you might be able to become a world leader, even in your twenties.

Kawamata: Another good point is that you do not need any experimental equipment for mathematics. You can study
it anywhere. Even if you cannot find a place to work in Japan, you might have the opportunity to work at a university in
the United States.

Kawahigashi: Also, in this field, your seniors in the department will never say to you, “Do this” or “Collect the data for
this and this.”

Katsura: International exchange is actively promoted in the field of mathematics. Many Japanese researchers in the field
have written joint papers with overseas researchers. | think all of us here today have done this, too. Many Japanese

researchers have studied abroad and have welcomed their counterparts to Japan as well.

Thank you very much for your time today.
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