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Elucidation of Structures of Pareto Set

interms of Singularity Theory

Development of Optimization Algorithm by Holding Programing Contests

in Collaboration with Hitachi Ltd. and Hokkaido University
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Hiroshi Teramoto, an associate professor in the Faculty of Engineering Science, has
been working on the development of theoretical frameworks and algorithms through a

mathematical approach and applying them to various scientific fields.
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Definition of singularity and its relation to the Pareto Set
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Dynamical system theory and singularity, which have many
applications to various scientific fields

—— What is your area of expertise?

The area | study is dynamical systems theory and applied singular-
ity theory. Dynamical systems theory is to elucidate dynamics of vari-
ous things ranging from small molecules to celestial bodies through a
mathematical approach using differential equations. Applied singularity
theory aims to apply singularity theory to various scientific fields. Sin-
gularity can mean different things to different fields of science. In the
current context, the simplest example of singularity is a stationary point
of a function, which can be generalized to that of a mapping. Recently,
| have been working on mathematical structures of Pareto sets and
fronts in multi-objective optimization problems by using singularity
theory.

Multi-objective optimization is a field that attempts to optimize
multiple objective functions simultaneously under certain constraints.
However, in general, trying to optimize the value of one objective
function results in a deterioration of the values of the other objective
functions, and it is impossible to literally optimize multiple objective
functions simultaneously. In multi-objective optimization, we therefore
consider what is called the Pareto solution, which is the solution where
the value of at least one other objective function must deteriorate in
order to improve the value of a certain objective function. In general,
there can be several Pareto solutions, and we need to select the ap-
propriate solution from among the Pareto solutions depending on the
situation. To do that appropriately, we need to know the overall struc-
ture of Pareto solutions. Our recent study elucidates the mathematical
aspect of the overall structure of Pareto solutions for a certain class of
multi-objective optimization problems.

—— What made you choose this field of research?

One of the usual practices in singularity theory is to reduce prob-
lems in geometry to those in algebra. | am interested in the fact that a
problem on a seemingly elusive geometric object can be reduced to a

solid algebraic problem by using singularity theory.

Once a problem is reduced to an algebraic problem, it may be
solved on a computer using methods such as computational algebra.
| also find it fascinating to be able to use the power of computers to
solve problems that could never be solved by human hands.

The Pareto set in a multi-objective optimization problem is also
a subset of the singularity set on the map defined by the objective
function, and it is possible to investigate the properties of the Pareto
set by examining the singularity set of the map. Another reason | have
continued this research is that there are various applications. | am also
conducting joint research with companies on this theme.

— How has the research theme changed so far?

“Nature does not know the boundary of science.” are the words of
Professor Kenichi Fukui, who was the first Asian recipient of the Nobel
Prize in Chemistry in 1981 and the founder of theoretical chemistry in
Japan. This is one of my favorite words.

Fields of specializations are boundaries created by people, We
may miss big picture of natural or mathematical phenomena if we get
caught in a specific field. For this reason, | have studied what | con-
sider to be important from time to time, rather than focusing too much
on a specific field.

However, research themes also come in and out of fashion, and
these changes are especially intense these days. | wish to seek some-
thing invariant because we are in an age of rapid change, and | have
chosen research themes that do not follow trends and that can solidify
the foundation.

Application of the multi-objective optimization method to
solve social prohlems
—— What exactly is the methodology called multi-objective optimiza-
tion?

A multi-objective optimization problem is, for example, a prob-
lem to find the mode of transportation to get to a city as quickly and
cheaply as possible. In general, there is a trade-off relationship be-
tween speed and cheapness, and it is common to find that we arrive
faster by plane but more cheaply if we take the train. In this case, the
two objective functions are time and cost. For example, besides going
by train or plane it is possible to go by bicycle, but if you go by bicycle,
it is more expensive than going by train if you include the accommo-
dation fee, etc. along the way. It also takes more time than going by
plane, so going by bicycle cannot be a Pareto solution. A Pareto solu-
tion is in a sense a trade-off, a curve that expresses gaining something
and losing something.

Although which mode of transportation should actually be used
depends on the situation at the time, we need to know the overall
structure of the Pareto solutions, which are a set of all possible choic-
es, in order to select the appropriate solution for the situation.

—— What kind of joint research are you conducting with corpora-
tions?

“Hitachi Hokudai Lab. & Hokkaido University Contest” is a pro-
gramming contest co-sponsored by Hitachi, Ltd. and Hokkaido Uni-
versity. Kansai University also cooperates in creating the problems. In
FY 2020, there were 1,700 participants from Japan and overseas. It
is a contest that aims to devise clear evaluation criteria and algorithms
for solving social issues that are becoming increasingly more complex,
and so far we have set questions concerning pre-processing technolo-
gies for annealing machines, shopping support services, and spatio-
temporal optimization technologies for regional energy systems, etc.
They are problems of algorithms to derive the optimal solution, and
what lies in the background is the multi-objective optimization de-
scribed previously.

The algorithms developed through the contest are examined for
practical application, and research results are presented at interna-

KANSAI UNIVERSITY NEWS LETTER — No.69 — May, 2022

May, 2022 — No.69 — KANSAI UNIVERSITY NEWS LETTER

18



R KANSAI UNIVERSITY
66 NEWS LETTER

Research Front Line

Wi R &AIR

$72. ZHNRELIEIC B 550 — FEA S, HIWEE,
5ER SN B BLOR R EAR DN EA L 55 TE D, B%D
HEREESEZTARD Z 212k, /S — MESGOWEAFNRS Z
LY TELRE, X IE LN D HDE ZOMFE AR T
7PHHTY, 207 v TREEHENEST>TOET,
—ChETTHET -~ EDLIICEDL>TELEDTEH,

[BRITFBOIEREZFS | 2SIl 19814RICT7 9T
THDT ) —~IFE EZE L. HAROBEGLFOMTH 518
i EDOTHET, AAMTEATED S DD T,

HE LD B DIE, AWMES7ERD & 5 g D72 &
F905, HRIZZD &S B AOWETF A ET 5 Z & idkL
Thwd, HYPHIZE obhTLED &, ARBIRS 50T
B BIRO KR E RS faltEn s 0 £4. 20 &S &P
5. HEDEEOHMBBIZE SbNDBZ LmL, ZDHLTH
INEEEEEZ LT EANELTEE L,

7272 WIET — V2 HUT VIR 23D 0 L FHCEOL TId 2 DAL
PP o TOET, B L O 5 22, TEB72T
TR DERDIZNE NS BOAE D, TSR Ehd, B
— I OIMRAID T B &9 BT — v A BATEH Lz,

HSREFRICAD T . SANREEFEZILA

—SENRBLEE. ESVSEFERTLLI D,

%2 Haymos b & 13, BlAILE 2o 08filiE TTE 57210 F
S DRLAT B TE 2 R SRET 28, —fRISIZPE &%k
BT L= FA T OBRS S D ITHETIT < TR AT
ELBHTITLSIPRNEONSIRE LS B2 B 0FEd, 2D

4 2=, ZHNELORNAMBETT, ZOBAITE K
M EREEE NI 20N HBBE 20 £9, BlZIEEE, TRITH
PIAMZEHEEE T 2L &2 5N E4, Hisd T Lih
OEAEFEENNRT 5 EBHETIT KD EEL D&, 1o T
TR D D 22 2 DT, HIRHE T LW DidSL—

MESIIEDSEEA, SL—MREIZHZEH L — KA 7,
DFENAF-RKEET LD BB E > T ET,

TR L OSAT-BETIT REMIZ, ZORORPIUZ K> TH
0 F3HN IRIUSIE U Cuy) 2 i 4 5803 5 7201213, alBek
BN EROEASTH 5750 — MREROREED 375 > T B dh
b Ed.
—REEFEDL D BHARRE SN TVWBIDOTL L5 H,

[Hitachi Hokudai Lab. & Hokkaido University Contest]
. B EYET L ARmER PO T e 7 I v ra v F AT,
BEVY A & BRI L Qg §, 20204FFE I EINAY
51,700 A\OSAH D £ U7z, B 21t S3Rmcimy
T, WL RHEEMEL 7L T ) T LADEREHNE Lz Y T 2
T, ZNET, 72— Y Y ORI B9 2 [,
EIARY — © 2R MR T 3L ¥ — ¥ 2 T 2 Oz b
IR S A E L £ L7, Bffa ko 3 703 4D
BT, ZOMRICH B0, HibD% HEELTY,

IVFAMEMETERINAZTILTY) XL, FIEHImT
TARE A SR L | EFRERE IR 2 J6& L Qg 97, 20204F
FEid. BHRELRREZ LD [F /7)) v Fhy bT—2
THEBROBRAWHE AT 5 2 L2k 26k e BIEHO% H
MRzl ] & AL & L7z,

Hitachi Hokudai Lab.
& Hokkaido University

CONTEST DFE

19

HERERE(E

Climate change

BAKE

Natural disasters

FU/0J0E]k

Technology evolution

VERREDA—T>7OT L LMk - Open problem based on social problem

Declining birthrate Eﬁﬁ{t

HE B AT A X ALBEAED L T X 2021 [RROBESHEES55< W] Source : Hitachi Hokudai Lab. & Hokkaido University Contest 2021 “Future autonomous distributed city development”

Aging society
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tional conferences. In FY 2020, we published a paper “Multi-objective
Spatio-temporal Optimization of Transportation and Power Manage-
ment by Using Multiple Electric Vehicles in Nanogrid Networks,” which
summarized the top performers and the outcomes.

Topology optimization to construct the optimal structural

design
—— What are your aspirations for the future?

| am currently engaged in joint research on topology optimization.
Topology optimization is to optimize material distributions under certain
constraints to maximize or minimize a certain objective function. For
example, maximizing body stiffness of a car under a weight constraint
is a typical problem in topology optimization. In the previous stud-
ies, manufacturability of optimum material distributions has not been
taken into account and thus their application to the actual manufacture
was limited. We proposed a method in topological optimization tak-
ing manufacturability of optimum material distributions into account in
the paper “Topology optimization with geometrical feature constraints
based on the partial differential equation system for geometrical fea-
tures (Overhang constraints considering geometrical singularities in
additive manufacturing)”, which was awarded the Japan Society of
Mechanical Engineers Medal for Outstanding Paper in April 2021. In
the example of car design, by taking its manufacturability into account
on top of body stiffness, its optimization problem becomes a muilti-
objective optimization problem.

—— It has been a year since you started working at Kansai University.
Please tell us your impression of Kansai University.

The university is unique and different from others in that the De-
partment of Mathematics is independent under the Faculty of Science
and Engineering, and that specialized education is being developed. |
think this is one of the characteristics of the university. Also, the profes-
sors at the mathematics department are wonderful, and | am hoping
to do joint research with many of them.

—— Finally, can you give a message to the students?

In recent years, research fields come in and out of fashion rapidly.
For example, technologies such as deep learning, which were un-
heard of a few decades ago, have suddenly gained attention as the
performance of computers and other devices has improved, and new
technology such as quantum computers is expected to emerge in
the future. However, the foundation of mathematics underlying these
technologies has not changed significantly even in this time of rapid
changes. | hope you will not only acquire skills that are immediately
useful, but also the knowledge to survive through this time of rapid
changes at the university.
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