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Takahashi: Your main research inter-

est is graph theory. I f i rst heard this 

word in 1990 when Japanese h igh 

school students part ic ipated in the 

Mathematical Olympiad for the f i rst 

time. I recognized it as a genre that is 

the source of many exam problems.

Kawarabayashi: Yes, problems are 

often taken from graph theory (*1) or 

discrete mathematics (*2) or combina-

torics (*3). 

Takahashi: Whenever I ask what graph 

theory is, no professor explains it to 

me in a single word. They say “it is ge-

ometry of point and edge and line,” or 

“it is unicursal arithmetic,” and so on, 

and it never rings a bell. 

Kawarabayashi: Probably so. But the 

real world is fu l l of phenomena that 

can be expressed with a graph, road 

networks for example. When I was a 

student I only had mathematical inter-

ests, but after getting my doctorate I 

spent a year at Princeton University 

where I came to understand that graph 

theory is widely used for things I knew 

nothing about, so I came to the direc-

tion of theoretical computer science. 

Phenomena tha t occur i n the rea l 

world are quite interesting.

Takahashi: Specifically?

Kawarabayashi: Fo r examp le , the 

mechan ism fo r t ra f f i c j ams. When 

there is an accident somewhere, traf-

fic jams extend widely, thinly and on a 

large scale. How to analyze this “widely 

and thinly” is quite a difficult problem, 

one that is often discussed in math-

ematical circles.

Takahashi: Jamology is trendy now, 

isn’t it?

Kawarabayashi: Jamology is a little 

different. Jamology studies the rea-

sons for traffic congestion. I think that 

ta lk ing about the impact of a traff ic 

jam after it has occurred is something 

complete ly d i f ferent . For example, 

when the shortest route is displayed 

on a car navigation system, the calcu-

lations must be quick with a tolerable 

degree of accuracy and speed, adjust-

ing for accidents etc. with each pass-

ing moment. No matter how accurate, 

ca lcu la t ions tha t take an hour a re 

meaningless. How quickly and how 

accurately to do it are perfect prob-

lems for logic.

Takahashi: How do you choose the 

problems?

Kawarabayashi: I go to the top over-

seas conferences in the field of com-

puter science and I stock up on talk. 

In a 20 minute presentation, the first 

half is devoted to explain why some-

one is working on a problem and how 

it applies in the real world. Graduate 

s tudents overseas are par t icu lar ly 

good at such explanations. The top 

conferences on computer science are 

interesting, they attract bigname math-

ematicians as well as people who are 

involved with the practical aspects. 

A lot of systems people and coding 

people attend as well so it is incredibly 

stimulating. 

Takahashi: Japan does not organize 

such conferences.

Kawarabayashi: To begin with, there 

is not much interaction between the 

mathematical sciences, computer sci-
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(*1) Graph theory is a branch of mathematics 

that studies the properties of graphs consist-

ing of a set of vert ices and a set of edges. 

It has wide appl ications for computer data 

structures and algorithms. 

(*2) Discrete mathematics refers to a branch 

of mathematics that studies discrete (in other 

words, non-continuous) objects. Combina-

torics and graph theory are at the heart of the 

field. 

(*3) Combinatorics is a branch of mathemat-

ics that studies bodies formed of (usual ly 

f inite) objects that fulf i l l certain conditions. 

It is closely related to the principal branches 

of mathematics such as number theory, ab-

stract algebra, geometry and analysis.
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ences and informatics. Besides, when 

modeling a real problem, we need to 

put our heads together with people 

who are working on the practical as-

pects and this is where cooperation 

is still a little lacking. Japanese math-

ematics has a set of values that views 

pure mathemat ics as “ped ig reed” 

and I think practical applications have 

been looked down on in the course of 

its history. But the people, who is now 

at the top of the international union of 

mathematics, is working on discrete 

mathemat ics and var ious pract ica l 

applications, and he has a lot 

of influence on the computer 

sciences. I th ink the t ime is 

changing to a remarkable de-

gree. 

Takahashi: Japan is a l i t t le 

removed from world trends.

Kawarabayashi: Very far re-

moved. It is often said that even the 

salar ies are higher for professors of 

applied mathematics at the top univer-

sities in the United States. 

Takahashi: So the United States is 

still creating the global trends? 

Kawarabayashi: Israel is fairly strong 

in computer sciences. There are also 

some amazing people in India. When I 

was at Princeton University, it seemed 

like one third of the department were 

Indians, one third Chinese and the rest 

where other people.

Takahashi: What about the Japanese?

Kawarabayashi: Not visible at all. No-

body is toughing it out at all.

Takahashi: Recently, even the hard-

ware of Japanese computers has been 

suspect. In the past people used to 

say that the hardware was good but 

the sof tware was hopeless. Th is is 

linked to weaknesses in the theoretical 

and fundamental areas of information 

science, isn’t it?

Kawarabayashi: There is a very strong 

l ink. A long t ime ago, I v is i ted for a 

show time at Microsoft Research, but 

the people in the theory group had al-

most no responsibilities. It was enough 

to be working on your own research. 

However, when other people worked 

on developing software and something 

strange happened, i f i t was a log ic 

problem, everybody came together to 

find the solution. Recently, somebody 

from AT&T (the American telecommuni-

cations company) said that they work 

in the same way. This is clear ly why 

people who are excel lent at theory 

earn much higher salaries than a pro-

fessor of the mathematical science. I 

think Japan must also create an envi-

ronment like this.

Takahashi: Because Yukio Hatoyama 

has become Prime Minister, some light 

might shine on mathematical program-

ming...

Kawarabayashi: Dur ing the reces-

sion in the 1990s, the United States 

increased spending on mathematics. 

Fundamentally, theory is only a matter 

of personnel cost so it is not that ex-

pensive. As for Hatoyama’s discipline 

of operations research, it deals with, 

for example, being able to save billions 

of dol lars in airfares by successful ly 

scheduling major league tournaments. 

A range of condit ions, such as hal f 

each of home and away games, or 

that a nine-game series at home is no 

good, are fed into a computer which 

runs the calculations. It is the kind of 

thing that students at Harvard Univer-

sity or MIT think up and are awarded 

scholarships for.

Takahashi: Perhaps you could receive 

a percentage of the money saved?

Kawarabayashi: You’ re r ight . Even 

10% wou ld be enough to put up a 

whole bui ld ing. I am sure that pro-

fessional basebal l in Japan and the 

J-League could save hundreds of mil-

lions of yen.

Takahashi: When they hear examples 

l ike that, people reconsider 

their opinions of theory.

Kawarabayashi: For that, we 

need excel lent young talent 

to enter this field. That is why 

I th ink i t is important that a 

research inst i tute l ike ours 

does well and that it is widely 

known.

       A Word from the Interviewer

  When you hear that Kawarabayashi 

earned his doctorate after only one 

year of Ph.D. studies at Keio Univer-

sity, you realize that he has a natural 

ability. Mathematics is a world where 

people in their 40s and 50s have held 

sway, but informatics is a fast-moving 

field where people in their 30s must 

play the lead role. Indeed, to win Ja-

pan a world ranking in information is a 

big job and a lot of hopes are pinned 

on Kawarabayashi, who became pro-

fessor at age 34. To change the Gala-

pagos tendencies of the mathemati-

cal world in Japan, to change the way 

society v iews mathematic ians, and 

to increase the number of mathemati-

c ians working at corporat ions. The 

future of Japan depends on bringing 

this to fruition. 

Mariko Takahashi
Staff Writer, Tokyo Head Office, The Asahi Shimbun
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Satoh: To start with, please tell us about your 

field of research, Professor Tatsuta.

Tatsuta: My field of research is mathematical 

logic. It is the discipline that analyzes the way 

human beings think about mathematics by ob-

jectifying and precisely describing the sequence 

of thoughts. It is a discipline with an extremely 

long history dating back to human pursuits in 

ancient Greece, but it has come to attract more 

attention with its application to computers for 

the past several decades. Above all, it is now an 

indispensable discipline in many fields includ-

ing hardware circuits, hardware and software 

verification, software specification description, 

designing programming languages, and reason-

ing by means of artificial intelligence.

  For example, software verification uses math-

ematical proof to confirm whether or not the 

sof tware is funct ion ing correct ly. There are 

bound to be mistakes because the only way 

to produce software even now is for a person 

to write it manually. If there are mistakes in the 

software, the PC freezes, online banking sys-

tems stop working, or we lose control of social 

in f ras t ructure such as a i rp lanes or nuc lear 

power, so that there may be serious disruptions 

to everyday life. All these things are caused by 

‘bugs,’ or parts of the programs where the pro-

grammer unwittingly wrote in mistakes. 

  The normal approach is to launch a test pro-

gram and if it more or less works, the software 

is run in practice. However, serious accidents 

may also occur i f there is an omission in the 

test and it misses the bug. This is also called 

the software crisis. Consequently, in order to 

produce sof tware that is complete ly f ree of 

bugs, a guarantee that the software will work in 

any scenario are required through mathemati-

cal verification.  

  However, as matters now stand, this method 

is seldom adopted because to mathematically 

verify software requires a lot of effort and ex-

pense. Nonetheless, since software plays an 

extremely important role in supporting social 

in f rast ructure, a l l sof tware wi l l probably be 

mathemat ica l ly ver i f ied in the future. A new 

k i nd o f ma themat i cs , p rog ram theo ry i s a 

boundlessly interesting and in-depth discipline 

with the capability to unravel the true nature of 

computation inherent in software. 

Satoh: For example, these days, a lot of com-

puters are installed in cars and verification on 

their correct behavior is turning into a major 

issue. Moreover, with cars, i t is necessary to 

exercise judgment and control in realtime and in-

stantaneously. It seems that mathematical logic 

would have an extremely important role to play 

in such situations as well. 

Tatsuta: That’s true. In addit ion, mathemati-

cal logic is also useful for computer educa-

tion. For example, it plays a role in fostering 

t h e f o u n d a t i o n f o r t h e w a y t h a t s o f t w a re 

eng i nee r s t h i nk . So f twa re i s w r i t t en l og i -

cal ly and executed logical ly and by studying 

mathemat ica l log ic , eng ineers can acqu i re 

the basic grounding they need. 

Satoh: I see. Now, over to you, Professor Hayami.

Hayami: My field of research is mathematical en-

Mathematics / Logic and Informatics
Whether delving into the enigma of the stars in the universe, or predicting the path of a typhoon, or maneuvering 
a robot, unless mathematics is present at the foundation, it is not possible to solve problems. However, mathematics 
is a discipline that began with the curiosity and the desire of human beings to learn, and mathematicians say 
that, similar to art, it possesses ‘a beauty’ that appeals to the emotions of human beings. We listen to a discussion 
about the attraction of doing research in mathematics and logic, from the significance of pure mathematics to 
mathematics that contributes to the world and, above all, mathematics that is applied to informatics.  

Ken Satoh
Professor, Pr inc ip les of 
Informat ics Research Div is ion, 
NI I

Mathematical logic and mathematical 
engineering supporting the everyday world
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gineering. In a nutshell, it is a discipline that fi rst 

converts a problem into mathematical language 

to fi nd the solution and work out the methodol-

ogy for the solution when there is a problem to 

be solved. My specialty within the fi eld is numeri-

cal computation. I develop the basic technology 

for using computers to simulate phenomena, in 

nature, engineering, social phenomena,etc.

  For example, for simulations for weather fore-

casts, including typhoons, or airplane design, 

we have to solve equations that express f luid 

phenomena. They are the mathematical models 

of f luids. So, we solve these equations, but if 

we are dealing with complex phenomena and 

complex shapes, they cannot be solved ana-

lytically by hand, so we use computers to find 

approximate solutions. This is where a process 

called ‘discretization’ is needed. Discretization 

converts and approximates continuous or ana-

log equations into discrete equations that com-

puters can handle. In addition, in order to im-

prove the accuracy of the approximation of the 

discretized equation, for example, when dealing 

with three dimensions, we need to discretize the 

space using an enormous mesh, and the num-

ber of variables handled by the computer also 

increases. Consequently, it is necessary to de-

velop effi cient numerical methods (algorithms) to 

derive an answer using the limited memory and 

computation speed of the computer. 

  Mathemat ics is a lso necessary in order to 

gua ran tee and ana l yze how the numer i ca l 

methods that have been developed generally 

behave, in what situations they function prop-

erly, the degree of accuracy in the answer, and 

the speed with which they approach (converge 

to) the answer.

  Thus, mathematics is necessary for everything 

including modeling the phenomena, discretiza-

t ion, developing and analyzing algorithms. In 

short, i f using computers to simulate various 

phenomena is one of the missions of informat-

ics, I think you can understand that mathematics 

is necessary in every situation.

Satoh: Modeling phenomena and discretization, 

developing and analyzing algorithms – each of 

these deal with how to convert the phenomena 

of the real world into mathematics and to pres-

ent it in a way that is easy to understand.

Hayami: That’s right. The mission is to get as 

close to the real world as possible and in order 

to increase accuracy, models, computational 

methods and computers are required to con-

stantly evolve.

Satoh: Specifically, what kind of research are 

you doing?

Tatsuta: I am working on program theory and 

mathematical logic. The former involves mathe-

matical logic for software verifi cation as I already 

mentioned, while the latter is a discipline that 

dates back to the times of the ancient Greeks. 

One recent achievement was two years ago 

when I found the solut ion to problem No. 20 

on a l ist of 22 open problems compiled by an 

international society of program theory, ‘Provide 

a model theory defi ning the lambda calculus cor-

responding to bijection.’ (Fig. 1). To paraphrase, 

the query says, ‘Define abstract programs that 

Fig. 1   Solut ion to Problem No. 20. 
The Internat iona l Society for 
Program Theor y publ ished a l is t of 
22 unsolved problems in the f ie ld 
of mathematics. Professor Tatsuta 
tack led the problem No. 20, ‘Prov ide 
a t ype theor y that character izes 
the lambda ca lcu lus corresponding 
to b i ject ion, and gave an e legant 
so lut ion as shown here.’

Ken Hayami
Professor, Pr inc ip les of 
Informat ics Research Div is ion,NI I

Makoto Tatsuta
Professor, Pr inc ip les of 
Informat ics Research Div is ion,NI I

TLCA List of Open Problems

http://tlca.di.unito.it/opltlca/

Updated July 11, 2008

Problem # 20 [SOLVED]

Submitted by Mariangiola Dezani-Ciancaglini Date: 2006
Statement. Type theoretic characterisation of hereditary permutations

According to [Bergstra and Klop, 1980, Barendregt, 1984] (Definition 21.2.9) a closed lambda-
term M is a hereditary permutation if the Böhm tree BT (M) has the following properties:

• the label ⊥ does not occur in BT (M);

• each variable occurs exactly once;

• the head variable is the first abstracted variable;

• all other variables occur at one level lower than their abstractions.

The problem is to find a type assignment system in which all and only the hereditary permu-
tations get types of a fixed shape.
Many other sets of λ-terms have been characterised in this way, see for example [Kurata, 2002,
Dezani-Ciancaglini et al., 2005] and the references there.

Solution: Makoto Tatsuta proved [Tatsuta, 2008] that the set of all hereditary permutations
is not recursively enumerable, and therefore cannot be characterized by typability in a finitary
type-assignment system. On the other hand, there is a system such that a term can be assigned
a certain countably infinite family of types in that system if and only if it is a hereditary
permutation.

References

[Barendregt, 1984] Barendregt, H. (1984). The Lambda Calculus. Its Syntax and Semantics. North-Holland,
second edition.

[Bergstra and Klop, 1980] Bergstra, J. A. and Klop, J. W. (1980). Invertible terms in the lambda calculus.
Theoretical Computer Science, 11:19–37.

[Dezani-Ciancaglini et al., 2005] Dezani-Ciancaglini, M., Honsell, F., and Motohama, Y. (2005). Composi-
tional characterization of λ-terms using intersection types. Theoretical Computer Science, 340(3):459–495.

[Kurata, 2002] Kurata, T. (2002). Intersection and singleton type assignment characterizing finite Böhm-trees.
Information and Computation, 178(1):1–11.

[Tatsuta, 2008] Tatsuta, M. (2008). Types for hereditary permutators. In Proceedings of the Twenty-Third
Annual IEEE Symposium on Logic in Computer Science, LICS 2008, 24-27 June 2008, Pittsburgh, PA,
USA. http://research.nii.ac.jp/TechReports/07-010E.html.

1

The joy of solving mathematical 
challenges.
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express one- to-one cor respondence us ing 

analysis of data types.’ As a result I presented 

a proof that ‘it does not exist.’ It was the first of 

the 22 open problems to be solved, contributing 

not only to the development of software theory 

but i t is a lso a major accompl ishment in the 

sense of the search for truth.

Hayami: I am doing research in numerical meth-

ods for solving large-scale simultaneous linear 

equations and least squares problems on the 

computer. Large-scale simultaneous linear equa-

tions appear when discretizing the equations for 

fluid as I mentioned earlier. For example, if the 

space is discretized in to 100 meshes for each 

direction, the whole space is discretized into a 

million mesh points and simultaneous equations 

with one million unknowns is created. The issue 

is how to solve this efficiently. 

  The least squares method was originally devel-

oped by the 19th century mathematician Gauss 

in order to predict and measure the orbits of 

heavenly bodies. (Refer to 2007 NII Public Lec-

ture ‘Mathematics that Counts in Society’) Its 

applications are wide-ranging and include statis-

tical analysis of large amounts of data produced 

by experiments, image processing, signal pro-

cessing and control.

  When you try to solve large-scale least squares 

problems on a computer, the ‘iterative method’ 

which improves the solution by repeated compu-

tation is important. At present, we are develop-

ing methods which can solve even large-scale 

and ill-conditional problems at high speeds, and 

we are analyzing the behavior of the methods 

mathematically. My graduate students come up 

with one new idea after another, and I am enjoy-

ing doing research together with them. 

Satoh: For the average person, both themes are 

mostly unfamiliar and difficult but it is clear that 

mathematics and logic are indispensable to the 

progress of science and technology. 

Satoh: On the other hand, mathematics is not 

only something that is useful to society in spe-

cific terms. In pure mathematics, above all, the 

emphasis is on the quest for truth. 

Tatsuta: Looking back at the history of math-

ematics, there are many examples of how theo-

rems and laws that are important to the quest for 

truth have, after several decades or several cen-

turies, turned out to be useful in the real world. 

Conversely, research is not done having in mind 

from the outset how it can be useful. 

  I believe that there is a threefold significance in 

mathematics and logic and the most important 

is curiosity. The significance of mathematics is to 

enrich the mind by responding to the human de-

sire of wanting to know. Astronomy, for instance, 

is a discipl ine that was in i t ia l ly dr iven by the 

desire to discover what lies beyond the beautiful 

stars. In a word, the meaning of mathematics 

and logic is similar to that of literature. 

NII SPECIAL

Fig. 2   Compar ison of the BA method and the convent iona l method.
Deve loped the BA method, a new i terat ive method for large-sca le least squares problems. When the BA 
method is used, i t is poss ib le to f ind the least squares so lut ion wi th far fewer i terat ions compared to the 
convent iona l method.

Conventional method

BA method

Number of iterations

R
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The value of mathematics is in curiosity 
and emotion. 
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  For example, Fermat’s theorem (*No integers 

n>2, x,y,z>0 exist such that xn+yn=zn), which 

many gifted mathematicians continued to chal-

lenge for many years, or the four-color theorem 

stating that any map can be colored using four 

colors, or questions about large prime numbers, 

or the diffidult problem about the nonexistence of 

programs that can simulate all programs, i.e., the 

universal Turing machine – the source for all these 

lie in curiosity. I believe that literature and the arts 

exist because people are moved when they sense 

their value, and the same is true for mathematics 

and logic. The solution to the difficult problem I 

mentioned before is certainly poignant. 

Satoh: Certainly, when I look at a good proof, 

I th ink that a great job is done and I fee l the 

beauty of it. This is a sensation that scientists 

and mathematicians share and mathematicians 

are able to tackle the so-called difficult problems 

body and soul because they genuinely sense the 

fun and the excitement.

Hayami: Interestingly, it is also a fact that the 

more a theory inspires and exci tes cur ios i ty 

and the more mathematicians instinctively feel 

it is beautiful, the more useful the results wil l 

be to society. 

Tatsuta: Regrettably, since the general public 

find it difficult to understand the curiosity and 

emotion as the significance of mathematics, at 

present there tends to be an over-emphasis on 

the significance of being useful to society. In fact, 

there is no doubt that mathematics and logic 

are indispensable to the development of science 

and technology. However, research in mathemat-

ics and logic takes an incredibly long span of 

time. Fermat’s theorem was solved in 1994 after 

360 years, and the four-color theorem in 1976 

after 120 years. Moreover in many cases, it is 

even much later that it becomes evident whether 

it is useful or not in concrete terms. Logic, which 

has been studied since the ancient Greece, is 

now indispensable to computers, the four-color 

theorem is useful for optimizing a range of com-

putations, while large prime numbers are useful 

in the field of coding, but it took several decades 

and even several centuries for this to happen.

Satoh: It is not just mathematics, you can say 

the same thing for physics. Newton’s low of uni-

versal gravitation was not discovered with the 

intent of making it useful in our daily lives, but 

it led to the discovery of to Einstein’s theory of 

relativity from which the development of nuclear 

energy was started. 

Hayami: Of course, theories sometimes arise 

from the desire to solve a problem, so there is no 

need to regard the fact that it is useful to the de-

velopment of science and technology negatively.

  Incidentally, Gauss concentrated on research in 

number theory as a young man, but later turned 

to ast ronomy, dev is ing the method of least 

squares, and was catapulted to fame for predict-

ing the emergence of a comet. Further, he used 

the method of least squares in the survey of land 

and producing maps. Tackl ing the problems 

in survey, he triggered the birth of di fferent ial 

geometry. In a later generation, differential ge-

ometry was used to construct Einstein’s theory 

of general relativity. In this way, science is struc-

tured like a chain where theories that are useful 

to the real world, stimulate curiosity and give rise 

to new theories. 

Tatsuta: If I may add a word, it may be that only 

the mathematician’s instinct for truth and con-

science can provide the right research directions 

for mathematics and logic...

Satoh: If it is only a matter of usefulness, the 

job is done when the current problem is solved, 

but since there is a generality to a discipline as 

deep as mathematics, there is potential for a 

range of applications. This again creates new 

theor ies , wh ich may become t remendous ly 

useful in unexpected areas.

  Thank you for taking your time today.

                               (Written by Madoka Tainaka)

Fig. 3   Example of apply ing the BA method to 
least squares problems.
I t can be used to interpolate topographica l data 
as shown in the f igure. (Created by Professor 
Hi romichi Hashizume, Informat ion Systems 
Archi tecture Science Research Div is ion, NI I )
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Informatics & Genetics 
Collaboration

  Attempting to create fusion research in new 

areas, the Research Organization of Informa-

tion and Systems organized a ‘Cross-talk for 

Young Researchers’ at Ito in Shizuoka Prefec-

ture in December 2006. In search of a field of 

application for a similarity analysis program he 

had written, Takeaki Uno, Associate Professor 

at the Principles of Informatics Research Divi-

sion, NII, gave a presentation on how fast we 

can find similarities in the human and mouse 

genome sequences in an extremely short time. 

Meanwhile, Dr. Juzoh Umemori, specially ap-

pointed researcher at the National Institute of 

Genetics, participated in search of an analyti-

cal method for the mouse genome sequenc-

ing that he was researching. “This is it !” he 

thought and started talking to Prof. Uno. The 

two of them hit it off and talked until midnight 

about applications for the program.

  Due to its potential, their joint research was 

accepted as a project at the Transdisciplinary 

Research Integration Center, marking the start 

of three years of fusion research.

  

  The first task was to accurately unravel chro-

mosome 13 in the mouse genome sequence. 

This chromosome has an area named Genic1. 

Dr. Umemori had researched this area (Fig.) 

since he determined that the cause for nerve 

abnormal i t ies (photo) that occurred when 

cross-breeding particular families of mice was 

in Genic1. However, the research was hin-

dered by a lack of progress in unraveling the 

genome sequence because there were many 

repeated sequences making analysis of the 

area difficult. 

  Saying that it was his job to find the areas 

where computers can p lay an act ive ro le, 

Prof. Uno started to think about where in the 

genome sequence definition there was scope 

for a computer to take an active role. The ge-

nome is made up of a series of 4 types of base 

pairs called AGCT. With current technology, 

it is only possible to read the sequence by a 

technique of cutting it into chunks and reading 

1000 base pairs at a time. By reading the nu-

merous fragments in a sequence and studying 

how they overlap, it is possible to unravel the 

original sequence. It is as if researchers were 

assembling the pieces of a puzzle. Computer 

programs are needed to find out how the large 

numbers of fragments fit together. Prof. Uno, 

whose specialty is the ‘algorithm research’ 

that designs the calculation methods that de-

termine the performance of the program, pro-

posed a new ‘high-speed homology search 

algorithm.’

  One of the new features of Prof. Uno’s pro-

gram is that it is able to calculate similarity 

for 30 base pairs (Fig. left). Until now, most 

programs have discovered overlapping areas 

by gaining a foothold where approximately 10 

base pairs correspond exactly. Since 4 types 

Fig.   Comparison of sequences of 
mouse genome fragments ( lef t) and 
the base pair sequence in mouse 
chromosome 13
Fig. lef t shows the result of using 
the “high speed homology search 
algorithm” to calculate similarities in 
two genome fragments. It is clear that 
there is overlap in the shaded area 
of the two genome fragments that 
correspond to the clean white area in 
Fig. r ight. By determining the order of 
the genome fragments in this way, it is 
also possible to understand the base 
sequence of mouse chromosome 13. AC158980
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Algorithms to Fill in the Gap of the Genome!
Little by little, the Genome Project has identified the entire gene sequence of living organisms. 
They say that the genome of many life forms has already been unraveled but in actual fact the genomes are 
still gaps of sequences that have not been accurately clarified. New algorithms are attempting to fill in the 
unidentified gaps.In addition, a new approach to biological research is emerging with these algorithms. 

Informatics & Genetics

Takeaki Uno
Associate Professor, Pr inc ip les of 
Informat ics Research Div is ion, NI I

Searching for things that computers 
can do
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of base pairs and 10 characters can be lined 

up in 410 ways = approximately one million, it is 

possible to increase the calculation speed by 

narrowing down the list of overlapping areas 

to 1 one-millionth. However, when dealing with 

genome sequences with more than 10 billion 

base pairs, there are at least 10,000 or more 

areas of correspondence even if the list is nar-

rowed down to 1 one-millionth. In reality, these 

calculat ions are not possib le. When using 

Prof. Uno’s program, there are approximately 

430 types of sequences and there is very little 

chance that sequences that are not the same 

will be equated with one another.

  Another important feature of the program is 

that it takes into account errors in the genome 

fragment sequence that occur in read process-

ing. The correct sequencing for Genic1was 

unraveled (Fig. right) by using the algorithm 

“even i f 1 or 2 base pairs among 30 do not 

correspond, the sequence can be regarded as 

the same.”

  

  At present, the fusion research is entering 

a new stage where the program is providing 

hints for biological research. I f you use the 

‘high-speed homology search algorithm,’ it 

is easy to investigate what kind of repeated 

sequences ex is t wi th approx imate ly what 

frequency in the genome. It will probably be 

possible to acquire new knowledge about the 

repeated sequences, which were thought dif-

ficult even to discover in the past. 

  Prof . Uno says that he only provided the 

tools. “Even if the computer discovers a list of 

repeated sequences, it is, in the final count, the 

human being who makes the judgment. That’s 

why Dr. Umemori with his knowledge of biology 

is incredible.” Dr. Umemori, on the other hand, 

says, “I have started to think that these re-

peated sequences may be highly significant to 

the genome structure. This is the result of the 

influence of the ideas of Prof. Uno, who views 

the genome as simply rows of base pairs.” A 

completely new way of looking at things has 

emerged by fusing two different fields. 

  Referring to the frame of mind for advancing 

fusion research, Prof. Uno says, “Natural ly 

there are discrepancies. That is why we have 

to keep ta lk ing unt i l we understand each 

other.” To begin with, Dr. Umemori was inter-

ested in the biological knowledge that could 

be obtained by using the ‘high-speed homol-

ogy search algor i thm” whi le Prof. Uno was 

interested in finding out how far the program 

he had developed could go in terms of applica-

tion scope. It is tough for two researchers with 

different expertise and goals to work together. 

However, they have obtained unprecedented 

research results precisely because they com-

pliment one another in areas where the other 

falls short. 

  “When you are developing programs, there 

is a tendency to avoid complex real problems 

and to escape into hypothet ica l problems 

that are easy to calculate. I think that with this 

fusion research I have been able to expose 

myself to realistic research that is actually use-

ful as opposed to such information research,” 

says Prof. Uno. On this point, he has been 

highly commended with an award for excel-

lence at an international conference for data 

mining. Tsuyoshi Koide, Associate Professor 

at the National Institute of Genetics, who has 

cooperated with both researchers recalls, “It 

was also challenging for me to use the new 

technique of information to try to solve biol-

ogy problems that had not been solved in the 

past.” 

  This fusion research project wil l come ful l 

te rm in March 2010. However, both Prof . 

Uno and Dr. Umemori agree that there are 

still things they would like to do. There will be 

more days with the two of them discussing the 

data before them.        (Written by Akiko Ikeda)

Photo    Normal mouse (r ight) and genetically incompatible 
mouse ( lef t) 
If you crossbreed a Korean mouse with a Bulgarian mouse, 
some mice wil l have a genetic incompatibil ity and be taken 
with a f it of trembling. Dr. Umemori ascertained that the 
cause is in the Genic1 area.

Juzoh Umemori
Specia l ly appointed researcher, 
Nat iona l Inst i tute of Genet ics

Tsuyoshi Koide
Associate Professor, Nat iona l 
Inst i tute of Genet ics

The genome starts to look different

Cooperating for their respective goals  
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NII-
University Communication

——Please tell me what prompted you 

to study for your current major. 

Yamashita: Originally I studied human-

ities. I had an interest in personal com-

municat ion but I was also drawn to 

mathematics, and when I was thinking 

about studying both, I came across 

the field of mathematical l inguistics. 

Associate Professor Kanazawa had 

been my supervisor since I was a uni-

versity student (Chiba University, Fac-

ulty of Letters, Division of Behavioral 

Science) and as my interest in the dis-

cipline grew, I thought I would like to 

continue learning from him and that is 

why I am studying here. My research 

is on bui lding mathematical models 

that can simulate the various linguistic 

phenomena that people use. 

Morikuni: As an undergraduate, my 

major was in acoustics (Kyushu Uni-

versity, School of Design, Department 

of Acoustic Design). My research for 

my graduation thesis was on the appli-

cation of numerical computation tech-

niques for the purpose of mathemati-

cal prediction of acoustic fields and 

design of them.Since this triggered a 

growing interest in numerical compu-

tation, I found my current supervisor 

and set my sights on this major.

Faisal: I have come from Bangladesh 

where I studied for a bachelor’s de-

gree in computer sc ience at Daru l 

Ihsan University and master’s in East 

West University. Professor Tatsuta is 

my supervisor and I am now research-

ing on the techniques for verifying pro-

gram design and the separation logic 

that forms the basis for this. I have 

also studied lambda calculus and first 

order predicate logic here as a foun-

dation of my current work. I think that 

informatics is the foundation for mod-

el ing and analyzing al l art i facts and 

natural systems. Today, computers 

are gradually gaining entrance in soci-

ety, supporting our lifestyles in various 

ways. We are operating a wide variety 

of programs and there is a demand 

for reliable algorithms and techniques 

for checking the correctness of a pro-

gram to support the designs. 

  I n Bang ladesh , i n fo rmat i cs and 

computer science research is sti l l in 

an embryonic state, but it is a field to 

emphasize in the future. These are 

also reasons why I want to 

do research.  

—— Please descr ibe your 

research for us.

Yamashita: The natural lan-

guage that peop le speak 

has r u l es f o r wo rd o rde r 

and sen tence fo rmat ion , 

which we refer to as ‘formal 

grammar’ when expressed 

in mathematical terms. For 

example, when we say in natural lan-

guage, “Katsuo ate the fish that Sazae 

cooked,” we have a structure with one 

sentence embedded within another. 

The basic query is whether it is pos-

sible to model this kind of ordinary lin-

guistic phenomena by means of formal 

grammar. This query is answered by 

means of the mathematical proper-

ties of formal grammar. My research 

is about investigating these sorts of 

mathematical properties. 

  In programming language, there is a 

software called a compiler that con-

verts programs to a machine language 

that the computer can execute. This 

is where the results of formal grammar 

are used and this is an area where the 

research results can be applied.

Morikuni: My research is closely re-

lated to the simultaneous linear equa-

tions we study in junior high school. 

In the s imultaneous equat ions that 

you learn in junior high, the number 

of equat ions is the same as that of 

unknowns, and the equation can be 

solved by calculating the remaining 

unknown af ter manipulat ing at the 

most two or three variables to elimi-

nate unknowns. 

  At present, I am researching solu-

t i ons fo r s imu l taneous equa t ions 

where the number of unknowns and 

equations do not correspond, and the 

so-called the least squares problem. 

In case of several tens of thousands 

of equations, the amount of calcula-

tion grows massive with the method of 

eliminating the unknown, but if we can 

gradually get close to the unknown by 

repeating a particular algorithm, we 

can find the solution with less calcula-

tion. The method is not empirical but 

must be underpinned with the correct 

mathemat ical support. In pract ical 

terms, it is applicable to predicting av-

alanches based on the status of snow 

observations, or for image processing 

that reconstructs the original image 

from observed data. 

Faisal: When you are in the middle of 

Where is the real thrill in studying mathematics, the foundation for science and, above all, the foundation for 
informatics?  Sho Yamashita and Keiichi Morikuni, who are in the second year of the Five year Ph.D. course in 
Informatics at the Graduate University for Advanced Studies (SOKENDAI), and Mahmudul Faisal Al Ameen, 
who is in the third year of the Three year Ph.D. course at the same university, talk about what motivated them to 
aim for mathematics and why it is interesting.

Why Aspire to Mathematics at the NII?

NII University Collaboration

Mathematics is necessary 
to underpin logic.



11NII Today

developing software, it is extremely 

diff icult to verify whether or not you 

are really going in the direction of your 

goal. My research utilizes structured 

logical systems to try to verify in ad-

vance that partially programmed piec-

es will work according to expectations 

and accurately once they have been 

assembled into the complete soft-

ware. At present, there are limitations 

to the class of programs that can be 

verified, but I am aiming for a method 

that can be applied to more complex 

systems on a larger class. Even if you 

have succeeded in const ruct ing a 

logical system, you need to prove that 

the system has integrity, and that is 

where the challenge lies. 

——When do you fee l the fun in re-

search?

Yamashita: Even though it has been 

cal led a socia l science in the past, 

there were many areas in l inguistics 

that were not science. By using math-

ematics, i t is possible to sound out 

areas that have been left untouched, 

and that is where appeal of research 

lies. Nonetheless, the framework for 

this kind of research has been gradu-

al ly assembled for half a century or 

more with research advancing only 

very slowly, so it is a big challenge. 

Morikuni: For me, the most interest-

ing thing about research is when you 

try out one of those ideas that pop up 

and it works. In the real world, some 

arguments ask what use there is in 

studying mathematics, but i t is the 

foundat ion for a lot o f re-

search, and it is great to feel 

that you are actually doing 

something useful.   

Faisal: In mathematics, to 

show a particular property 

or proving a new theorem. It’

s like solving a game and it 

is very exciting.

——Have you had a chance 

to present research results 

or to engage in external ac-

tivities?

Morikuni: I have been fortu-

nate enough to have oppor-

tunities to make oral presentations at 

academic meetings and conferences 

in Japan and overseas, and to v is i t 

researchers and professors at other re-

search institutes to undertake research 

and presentation. Since I have been 

able to get correct results with calcula-

tion times that are shorter than past 

techniques, I am presenting my work 

and I plan to bring it all together in my 

Master’s dissertation as a comprehen-

sive survey.

Yamashita: I have not yet presented 

at a full-scale academic meeting, only 

at NII Logic Seminar. My master’s dis-

sertation will be the first opportunity 

to bring together some authoritative 

results. 

  It wasn’t an academic meeting, but 

I participated in a summer school in 

France last summer. Since Europe is 

comparatively active in researching 

formal grammar, it was very stimulat-

ing for me. I also felt a keen need to 

polish my English skills.

Faisal: With my other research fel-

lows, I have presented my research 

results in an NI I technical report. I t 

was also accepted by SEFM (Software 

Engineering and Formal Methods), an 

international conference. Professor 

Tatsuta is the first author but if they 

give me the opportunity, it will be my 

first presentation.

—— Please tel l us about your future 

ambitions.

Yamashita: Fo rma l g rammar i s a 

minor f ie ld but after complet ing my 

doctorate, I plan to study with the in-

tention of becoming a researcher. The 

first big incentive was to want to find 

out how language exists in the brain. 

To get at the ultimate truth will prob-

ably be difficult in my own lifetime...

Morikuni: I think I would like to con-

tinue to study more, and to use pro-

grams while constantly adding new 

analyses. I hope that the results of my 

research wi l l be accepted by many 

people for practical situations.

Faisal: After I have earned my doctor-

ate, I will return to Bangladesh and be-

come a university professor to teach 

the next generat ion. Compared to 

Europe, North American and Japan, 

the research infrastructure in Bangla-

desh is insufficient. It is my dream to 

prepare a more advanced research 

environment and to contribute to my 

own country in this field. 

——Thank you for being here today.

　　　    (Written by Asako Tsukasaki)

Keiichi Morikuni
Advisor: Professor Ken 
Hayami

Mahmudul Faisal 
Al Ameen
Advisor: Professor Makoto 
Tatsuta

Sho Yamashita
Advisor: Associate Professor 
Makoto Kanazawa

The fun of giving shape to 
an idea

Wanting to contribute as a 
researcher
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Weaving Information into Knowledge

   Imagine a game like this one. There are a lot of 

numbered boxes and balls in a room. You can put one 

ball in each box. At the start of the game, all the boxes 

are empty. Standing by separately, m players are 

called into the room in random order. 

The player lifts the lid off one box and if 

there is a ball inside, he can remove it, 

if the box is empty, he can put a ball in 

it or he can do nothing at all. However, 

at the end he must without fail replace 

the lid. This action is repeated t number 

of times. 

   A victory of the game is decided as 

follows. If every player guesses whether 

or not he will be the last person to be 

called, they “win,” but all of them “lose” 

if even one of them misses. Seemingly, 

it is a game that cannot be won, but 

with some clever decisions about how to insert the 

balls, there is a way that you can win for sure. The 

players can confer in advance and decide how to put 

the balls in the boxes. In this regard, what can you do 

to make t number of times of opening the boxes as 

small as possible?

   If you know what number player you are, there is one 

method of sure victory. For this, you can use the boxes 

and balls to represent a counter. Namely, regarding a 

box containing a ball as 1, and a box containing no ball 

as 0, you can use the boxes and balls to represent a 

binary counter. Done like this, each player can look at 

the present counter value and raise it by 1. To increase 

the value of the counter by 1, open the box that 

corresponds to the lowest binary digit, and if there 

is no ball in it put one in or if there is, take it out. If 

there is a ball in the box, you go one digit up so all you 

need to do is to repeat the same with the next digit up. 

When the counter value is m, you know that you will 

be the last person. Since the counter value is between 

1 and m, the binary can be expressed as log m bit and 

you are sure to win if you open the box 

t=log m times. 

   This is seemingly the optimal 

method since log m bit is an absolute 

requirement for expressing the numbers 

from 1 to m. However, there is another 

method of certain victory with a smaller t. 

If you think carefully, in this game, it is 

enough for each player to know whether 

they are last or not. In short, there is no 

need to know exactly what number you 

are. In this regard, the method of using 

a counter is redundant, and a more 

suitable method suggests itself.

   In this game, the number of boxes that each player 

can open is limited but how many boxes you use is 

irrelevant. If you think like this, you can actually reduce t. 

The method for putting the balls in the boxes is more 

complex, but t = 5 log log m is a sure method to win.

   In this game, if we equate the boxes with computer 

memory where a box with a ball inside represents 1 

and one with no ball inside represents 0, the number 

of boxes corresponds to the amount of memory (number 

of bits) needed to represent certain information 

(whether you are last or not). The number of times t 

of opening the boxes corresponds to the number of 

times needed to access the memory, or access time, in 

order to obtain the information. Being able to extract 

the information quickly ties in with a better way of 

winning. It looks just like a game but it runs deep.

What can you do to be sure you will win?
Quick use of information decides 
who wins and who loses


