RBRXEFEFAMBIREER SarFTnIS4A

HRLRETOY 5 L
RRHEE
RHB : EL 294 9H19H
EZN
O

RIR F E: P2 7HE
BB 2 % HPAFER R
& & : B

K % BA HiE
MEEESL  N1EROEHR T

OiEfnsk
E3 Z: ARSI
MEHBER: ATSAKE A1 324 VKR
MEELE: [ARER] =or VoFrvabivz
(&% - KA] #9% —or VLo o b5 7% (Elon Lindenstrauss)
JE il HA R P2 843 H26 A~FA2 943 H8H (34 8H)

OEMmLARE D HIR
¥IZHL.



RBRXEFEFAMBIREER SarFTnIS4A

MRERETOT S L
[RR]
O7BYzY FORRRUVSHDER
- ARBE

MELIIFRICHEEZRLFETCH >z FTRHFANEOIOY - YTV bIORKEIE
HRICERETER, TORRELT ITHRTEHREL— FEABREDOEDESRE] LUV
BRRZHB. NEHEREBRTEEICHERALTETHD ERFRE] OXRBEMIZHLLWI 7—
TarvThy, SROILLIBREAISHFINS. ®BXIBE, FHMFIEELTHS. D
izd, VoTo a bSO RREFFHRTICADLDZOMBIZOVTHEEIZERL, 74
TT7EXELE. LROERFRBOMEZERNT, FEHBIXUCEFEEFDIETITEE > TN
M IFE, BTORESHBRIZOEMNBEALSIEREELTLNS.

RIZ, R—=S 2V FEEDIFEL - Ty bR VER—F, NTSAKZICSHEL-DZRLVES
ELT, KREBRZENR. TORRELT, TEBLEOFZED, VILFINTA—FAERD
BHRAABBEADER] & RT—r7 - ABOEEBOH IT7—2av] EVWSZODHKEEE
f=. BIBEFIAY - YTV aARSDREK, 3F42 -y rI UK, FAD 3 ATUEHIIZEL
ERXDEREZREDOHICHRTSHEDTHY, BHBEIRNT—FT - ABICLE5 0FIFEFOD
FTEHEZFIYBWEICHETIRETHS. REDORIBIZEMECHKRBLTHY, ATEDHRX
FUBHAEELA T, BEST Y FI VRS AT EHEZRTTHS.

FEISVUR - T—YIMERDIILNT - AHOPIRELBRZENR, BEATHRES HHEY
HEMTHXZE . EMEFICRERBRTHS.

CDEST, " FFEDFETHIXZARPET LI ENTERDIEX, MEYDERTHDIEE
ATULVS.

- ERERMAEDILES - Ry FT—H DIBE

ETHLBRICBR L=k 512, EBRERMARICE>T, ZEALOENGEEATELONATNS. &
LELHITHRESETVERLL. T, HEHE - RXPEICFELSLBVETEH, ATSMKED
FRICEBFCHARELLNOFISETSELGRBZERTHENTE. SROMROREMICHEE
[CHEZTSRESS LHEELTWLS.

- R ERXOERR - RRFOKRE. BRFEFTOERRKE [FPEEST]

(1) EME£ZERSC : From rate distortion theory to metric mean dimension, Elon
Lindenstrauss, Masaki Tsukamoto, ik ixFE .

(2) EFEFHEZRI : A Lipschitz refinement of the Bebutov—Kakutani theorem, Yonatan
Gutman, Lei Jin, Masaki Tsukamoto, =Tzl I&FE.

(3) EFEHFEEZRI : On the energy of quasiconformal mappings, Herve Gaussier, Masaki
Tsukamoto, ZAffiEsIc&fa.

(4) EFEHEZERSC: Application of signal analysis to the embedding problem of Z°k
actions, Yonatan Gutman, Yixiao Qiao, Masaki Tsukamoto, #)FaMmFEm L, HEEZEM
[FRFz vy,



RBRXEFEFAMBIREER SarFTnIS4A
MRERETOT S L

- ENRBERICE - TERLERENFE

HZ2DHE, BREDVAMODERICE >DTELONEETHS=0, SEDA XTI ITILFETH
REDEEAHFTHLICHELI LG EFIFICGL. BRICEORWTRBL=& 512, HRICFEM
LtDELDERNHY, TORRESERLEENGIEBLTNCESS.

Ff-, BEEREMICATSAKRETOHARRRTHLIEALTREVD, ANTS A KFICHES
SHFEYEICERICRREZER . BRICRETRIEANEDOED, ETHRY CFENEET
DERIZ, FhE—HITEBRITh o7, §% BATTI M —FUIEHETHRICHTRIIL
DRERRICE RS,

- ENIRBREED LISROER

SHOERARMARTHEONHEREL, ENLSLICHBARLGT —ITHAIDT, HREHRE
LTWERW. HIIAY - YoTova bIDRAREARTREFOHARIIEEZETHY, &
LHEIVTWKFETHS.



RBRXEFEFAMBIREER SarFTnIS4A

MEERETOTS L
e
KN RBEE
ORGFEEFER
B 5] % : Department of Mathematics, Faculty of science
B 4 : Assistant Professor
K 4 : Masaki Tsukamoto

FEXEERE L : Mean dimension of dynamical systems
JE ML 3 RS : From 26th March 2016 to 8th March 2017.

OEMEFR

E3| % : Israel

BF X #RBY 2 : Hebrew University, Einstein Institute
ME=E4L %% : Elon Lindenstrauss

ZAMZEES . Elon Lindenstrauss

O

The Einstein Institute of Mathematics in Hebrew Univeristy is a quite unique and wonderful
environment for my study of mathematics. My main research theme is a study of mean dimension,
which is an averaged number of parameters of dynamical systems. My host researcher in the Einstein
Institute is Professor Elon Lindnestrauss. He is one of the pioneers of mean dimension theory and the
world authority of dynamical systems theory (he won the Fields medal by his works in the field of
dynamical systems). | cannot imagine a reaech place better than the Einstein Intitute for my study of
mean dimension theory. Professor Elon Lindenstrauss and | have already jointly worked on mean
dimension for more than 5 years. This stay gave me an execelent opportunity to enlarge our
collaborations.

The Einstein institute has a long and very nice tradition of dynamical systems theory, originally
directed by Professor Hille Furstenberg (the Wolf prize winner) and Professor Benjamin Weiss for
many years (probably more than half a century). Now their former students become world leading
mathematicians (for examples, Elon Lindenstrauss, Alex Lubotzki, Yuver Peres, Mike Hochman,
Tamar Ziegler....; this is a really surpring list of high level mathematicains) and many of them are
professors of the Einstein Institute. So the study of dynamical systems is very active there. For
example, there are usually three seminars on dynamical systems in one week. (This is quite high rate
compared to the world standard.) This is an idealistic environment for me. | absorbed plenty of hot
information every week, and conversations with the above mentioned high level mathematicians were
always impressive.

Another (a bit less important but quite nice) attractive point of the institute is its library. It has a
unique style. First, it displays books according to the subjects (e.g. dynamical systems, probabilty,
algebraic geometry, complex analysis, etc.). | love this style,which provides me an opportunity to
meet unexpected nice books. Second, it is the library for both the mathematics department and the
computer science department. So we can find not only math books but also computer science books.
This is quite helpful for my research because mean dimension theory (and many other branches of
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ergodic theory and dynamical systems) has deep connections with computer science. Indeed (as | will
write below) one of my chief achievements during this visit is to find the new relation between mean
dimension theory and rate distortion theory (one of the important branches of information theory,
originally introduced by Claud Shannon).

As | described above, the environment of the Einstein Institute is quite nice. Influenced by this, my
research was developed rapidly. The most important achievment is to find a new variational principle
in dynamical systems theory. Variational principle is a classical result in dynamics, which originally
connectes topological entropy with measure theoretic (Kolmogorov—Sinai) entropy. Jointly with
Professor Elon Lindenstrauss, | found a totally new kind of variational principle. We proved that the
metric mean dimension (an important quatity in mean dimension theory) of dynamical systems can be
expressed by the rate distortion functions of the associated stochastic processes. This discovery
connectes the mean dimension theory with the information theory more concretely and introduces
probabilistic ideas in the context of mean dimension theory, which expand the scope of the theory
substantially. The joint paper was already written up and submitted to a journal.

Besides the above mentioned work on new variational principle, Professor Elon Lindenstrauss and |
also discussed other problems on foundational issues of mean dimension theory quite frequently. I am
sure that it will result in another important development in a future.

I also developped other collaborations. Professor Yonatan Gutman (a math researcher in Poland)
once visited the Einstein Institute. We discussed the embedding problem of multi-parameter
dynamical systems (in technical terms, continuous actions of higher rank abelian groups on compact
metric spaces). We found a very new approach to the problem, which deeply uses the ideas of
communication theory. The first version of our joint paper was already written down. Now Proffessor
Gutman is checking the manuscript. I hope that we will be able to submit the paper to a journal in a
very near future.

I also worked on other problems: Jointly with Professor Yonatan Gutman, I proved a new version of
Bebutov—Kakutani’s theorem in dynamical syetems theory. Original Bebutov—Kakutani’s theorem
is a classical nice theorem (proved about 50 years ago) but it has one drawback. We found its more
satisfactory (without the same drawback) refinment. The joint paper was already submitted to a
journal.

Moreover | wrote a paper on quasi-conformal mappings (a classical theme in complex analysis) and
pseudo-holomorphic curves jointly with Professor Herve Gaussier (a researcher in France). We found
a new intersting connection of the subject with fractal geonetry. The paper was already submitted to a
journal.

As a whole, I wrote four papers during the stay in Israel. I am sure that the nice environment of the
Einstein Institute helped this high productivity.

Professor Elon Lindenstrauss gave me an opportunity to give a mini-course on mean dimension
theory. It was a great pleasure to give a course in front of world-leading mathematicians. I think my
course was succesful. I explained the solution to a problem posed by professor Elon Lindenstrauss in
1999, which is probably one of the most beatiful developments of mean dimension theory in the last
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decade. (This is a joint work with Professor Yonatan Gutman.) One audience kindly told me that our
result is quite nice.

Hebrew University is located in Jerusalem, which is certainly one of the most historical places in the
world. The history of the city is very long and complicated. Staying in this historical city was an
influencial experience for me. Many delicate (socail, political, religious) issues remain and TV news
around the world frequently report several affairs on Jerusalem. It is true that many troublesome issues
sometimes happen in Jerusalem. But | love this city and people there. The city has many interesting
traditions. The best one (for me) is Yom Kippur. It is the most holy day in year. Surprisingly, no one
drive a car on Yom Kippur. So people can walk on every road. It is a realy impressive experience to
walk on big roads which have many (possibly 10) traffic lanes. There also exist many other religious
activities all over the year. They are kind of experiences that we never see in Japan (or, probably, in
most Western countries).

My family often went to the science museum in Jerusalem close to the Hebrew University in the
weekend. This museum is very nice. It is not so big but its exhibitions are highly elaborated.
Childrean (and also their parents) can learn science very pleasently though the exhibitions. It is a
shameful fact that Japan does not have such a nice science museum although Japan is a much larger
country than Israel. The experience of this museum will be helpful in the future when I try to do some
out-reaching activities.

As a conlusion, my stay in the Einstein Institute was very successful from the view point of
mathematics.



