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The Research Center for Advanced Science and Technology shall aim to contribute to
the development of science and technology by expeditiously taking on new challenges
arising from the advancement of science and changes in society thereby exploring
new areas of advanced science and technology for humankind and society.

Article 2,

Rules for the Research Center for Advanced Science and Technology,
The University of Tokyo
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Manipulate single quanta of collective excitations in solids

towards realizations of quantum computers and quantum information networks
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(1] BEe=EHREBEYETE Y MNRT
Superconducting quantum bit
inside a superconducting cavity
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Ferromagnetic single-crystalline sphere
for single magnon manipulation

IControlling quantum dynamics
in the millimeter world

Quantum mechanics is one of the most fundamental theories

in the modern physics and is believed to describe everything

from microscopic to macroscopic. On the other hand, we never
experience superposition of states, a basic principle in quantum
mechanics, in our daily life. However, it has recently been
demonstrated that quantum superposition states can be realized
not only in microscopic objects such as atoms but also in millimeter-
scale devices if they are properly prepared, which has stimulated the
ideas for novel information processing technologies. Our research
focuses on quantum control of collective excitation modes in solids,
such as electromagnetic excitation in superconducting circuits, spin
excitation in ferromagnets, and phonon excitation in crystals. We
also aim at its applications to quantum information science.

ITransfer quantum states between optical
and microwave signals

Superconducting quantum bits realized in superconducting circuits
process information while interacting with microwave photons.

On the other hand, optical fiber communications for remote
quantum information transfer exploit infrared photons. Energies

of microwave and infrared photons differ from each other by four-
orders of magnitude, which makes interfacing quantum information
challenging. Our research targets are to develop technologies for
the goal as well as for quantum computing based on collective
excitations in solids. With that, we hope to extend the framework of
quantum information science.

B—T 5 VEIEDTH DFRIRBRT
Oscillating membrane device
for single phonon manipulation
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Exploring mechanisms of proteins based on theoretical molecular chemistry to present a new strategy

for molecular design and bioengineering

IZEEOREICE-DZEENRZ A vE—V%
NFEED SIREHT
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FIRILE->TEBENTEBIETTY, BICHBEESETZD
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JUnderstanding of the principles of protein function
on the basis of the molecular structure

Proteins consist of only 20 types of amino acids, while they show
large variety in their functions, e.g., redox activity, transporter,
sensor, and antibodies. To clarify a relationship between functions
and structures of proteins, we analyze molecular structures of
proteins at the atomic level and calculate physical or chemical
constants on the basis of theoretical chemistry.

Certainly, functions of proteins should be fully explained solely by the
molecular structure even if the functions are seemingly complicated.
"Just computing molecules" is not in our interest. Our mission is to
uncover new but simple principles essential to the protein science
through careful analysis of the target proteins. For example, we are
trying to clarify the reaction mechanisms of natural photosynthetic
proteins, e.g., O2- evolution, electron transfer, and proton transfer
reactions. We also develop new tools for analysis of protein function.

Our challenges include:
(1) Toward understanding of functional mechanisms of proteins
and macromolecules for molecular design
« Electron, proton, and energy transfer reactions in
photosynthesis
« Correlation between structure and functions of
photoreceptor and ion transporter
+ Toward more active catalytic centers: elucidation of
minimum key components that contribute to enzymatic
reactions in enzymes
(2) Development of new chemical theories and computational
methods
» Quantum mechanics model for molecular dynamic
simulation
« Theoretical prediction of acid dissociation constants (pka)
by quantum chemical calculation

(1) MEERIBBECBITZKHETO b BEEES
Proton transfer pathways in the water-oxidizing
enzyme photosystem Il
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KEEFBOBET 27 R Y BOKF v R ILOES
Structure of the water channel in aquaporin
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All members of our laboratory have wonderful
personalities
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Develop high-performance photonic devices using compound semiconductors

II-ViE{E &L BEFERVESEISEETRT NS X

GaAsPINPO K S RIN-VIRIEEGYFEERK(F. BRNS VI XIP
HBHTAF— R, FEED—SREDSHEREEEERT /N A 2D ¥}
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FoTU—HDBEREZIRT DIFFENZET /N A ZADERZESD
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NTEF LD, FELXENHATENEREIDILA P EHEAE L.
EMRIENPFTCEET, FEXEROOATE E FANEBEZ 818
FIB|IEIFY—L VDB PBEEUCHFUWERREEZ
WT. BN ESUEBPERELZOTF v P ICHI AT RS AL
EREBRTNA ZADHRBEBIBELTVETD,

IZBN\S A4 RROT A A1 FEEEEFRERW:
SHEETF PV IFNAL R
CHsNHsPbls[CRERTSNDEE/\ 5S4 RROT R HA MPEIFFE >
e <BFLWMESYEEH T 7 = U—TF, BORICR>T. TOMEN
KIGEBDIEIE UTHEO TENTVD I ENFEESNE Uiz, RO
TAHA FIKBEMSIEAEDEMT. KB HRROHEHNZE—Z
SHEREREULTCHRPOWREDFEZEDHTVET, LML, &
DHEOEBANBHENBERET 20D, ABBHOS 5555
RAGITIFADHNERDONGE, BERPRIENFEAEDDDTL
Fth. IEBIEZOMBIOWED/INA A _7ELT. EB/N\NTAR
ROTZADA FEEBEOERYIM AT 2R ELTULT, &5
[CRFRBNTINA R7ZRIFT 2122, FTUWBEREENHER -
BEMEHIHREDHEICEIBATNETD,

domain

Non-Inverted
domain

(1] ZEEHCAVIDFRILIFY—%E
Molecular beam epitaxy apparatus

%

< —_

i F =T

Takashi KONDO, Professor
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ERZERITIRGaAs/ AlGaAS B R T\ A 2
GaAs/AlGaAs wavelength conversion device

IHigh-performance wavelength-conversion
devices using lll-V compound semiconductors

I1I-V compound semiconductors are widely used in high-performance
devices such as high-speed transistors, LEDs, and laser diodes. We
have been working on semiconductor-based wavelength-conversion
devices utilizing optical nonlinearities of these materials. Superior
material properties of IlI-V semiconductors are expected to lead

to wider wavelength ranges, higher performances, and higher
efficiencies, compared to conventional devices based on oxide
dielectrics. We are developing high-performance wavelength-
conversion devices using a novel crystal growth technique, sublattice
reversal epitaxy, we have developed for fabricating nonlinear optical
devices, with applications to high-speed optical signal processing
and chemical analysis chips in our mind.

IMetal-halide perovskite semiconductors and their
application to high-performance photonic devices

Metal-halide perovskite-type materials such as CHsNHsPbls are of a
new compound semiconductor family. Recently, it has been revealed
that these materials are promising for solar-cell applications. The
perovskite solar cells were discovered by Japanese researchers.
However, fundamental properties of these materials are not
clearly understood in terms of their remarkable performances in
solar cell applications. Moreover, further improvements of device
performances are still deadly needed. As a pioneer of perovskite-
semiconductor study, we are now studying fundamental properties
of these materials. We are studying novel crystal growth and
composition/conduction control techniques of metal-halide
perovskite semiconductors in order to realize innovative photonic
devices.

1 Gahs
[100]
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ROTRAA MEEEONT OHEE
Hetero structure of perovskite semiconductor
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Project Professor
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Development of advanced structural material by stabiliz

ing mechanical response

through the control of geometric feature of microstructures

I HBUEWV] #MEZELBPDITEHIZT

eBDBDEY ORLIGEEREZZ DMEOEEEF. 1T
2ORLGRBI—XICIHRADEEDIC, BEEE D DITEFEDER
BEtZBUTCER REMEOUEICTESIDEHEFINTVE
9, DD, SR ZEICH, PILZZOLESR. XTIV
LABEEVSEEBMEIY., B vIRAME. FAETIERER
MHER(E TS AT v IRE, BRLRBMHEIOBERERIN. EEHEDE
DRBIFERECOIEBRICEEZERTCRELUE. UM L. BEB
MIOEBETIRILF—EP, BEXROLZEMY - ZEMDEHREVDE
mh5, BEMEIEERETHDREFTHRLS [ULEPH] ThHhdI
EHEBICKDEN., TNHERDIEBRELLOEMEDRE>TET
WET, 2T, WeBEOMRETIE. [ZHZHITRIOKREINRE
FEBHEDOIFETEFRL. BIRDBIES T ALEEFHICFERH G
2] EVWSERNS. MERNIBORAIRIC K AL ESE) Z
I DI RIBREICET SR ZETH>TLETD,

AREREESR T D AN ZXLZERT B2 DSBERENT
FEDRFEP. MRREFZTATIHEYZ 21—V 3 VFEDRH
FHDM, A CIFLLTORGEEBICHIJEATVNET -

- DT AR REERE) (C T I EEN T N RO EDEIH

- REGEICKD2EBEESYOSEIEL
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I Control deformability of materials
which is never believed to be deformed

Enhancement of strength of structural materials meets the
requirements in many applications, and especially contributes
to the improvement of the resource and energy problem from
the body-in-white weight reduction of automobiles. Increasing
demand to develop lighter and stronger structural materials
have encouraged the inventions of many new structural
materials such as advanced high-strength steel, aluminum
alloy, magnesium alloy, ceramics, and more recently carbon
fiber reinforced plastics. To reduce the energy requirement in
machining process and to maintain the reliability of final
product, however, the deformability is also required for
structural materials, which have limited further improvement
of their strength. To enhance deformability of structural
materials without loosing strength, our lab aim to characterize
and analyze defects, deformation, and fracture in structural
metals and alloys, and metal-metal and metal-matrix
composites.

Current research activities focus primarily on the effect of

microstructure and metallurgical property on novel high-strength

and high-toughness steels, reliability of interconnects
in integrated circuits, and defect nucleation in nanocrystalline
metals and alloys. In addition, our lab also focused on the
following subjects:
- Effect of slip systems in variant selection during martensitic
transformation of lath martensite
« Toughness improvement of intermetallic compound coating
film through the control of interface microstructure
» Development of performance prediction method for
structural materials based on data-driven approach

Bonding Strength > Strength of Mg alloy

Mg alloy

EREHPTHET 20T HDOF/IRR

Strain localization observed in martensitic steel
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Micromechanics, Numerical modeling
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Strong steel/Mg alloy bonding by ultra-thin
intermetallic compound
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Numerical models for predicting
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evolution and deformation of materials
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Researches on photonic nanostructures, bio-MEMS, and related subjects towards innovative device technologies

174 b=y oF/iBELE MROVAIVES TS

774 b Z v I RBREFHDREEREDBEITXREAPEEZE DAL
HEMEIT, TNZAATDETREDHV R TIIRETH >
B RHIERIM PR ROAPRFIGEDRRD TEEE R F T,
BLldE. DT hZvIRBRZEFCHET DT v T T /1
BERWCAB RO EYEOHEEEROTHI#EEZDINAICET S
MR, BICEARFLPEFAZRTFNOEMZEELIMAZT
TWVET, &Flew T+ bZwIF /EBEZRVWTERYIR7 VAL
E— AR EDRHRBICRDEREZDILAICET MRBEHTL
FI. THIC. PROV-DBRZAVTHLER. BIEROHIC
REEEZNZINA LIRS N AORRZBE LI ROV A
VBB TZDMRDEDTNE T,

INIAIFUZ DI DEREYY—T LA

NAFZRTFUTEIFNE YT —(F. R BEwZTEEICT
BEMEVTHFENTLE T, H4lE. MEMS (Micro Electro
Mechanical System) ##fi¥>TFT (This Film Transistor) %
HRC.FUVWNAA IV INOZI AV AT LADREFEZEIELTVE
J. EFNICE. ALS (BERIERAIZREE(LE) ORSBREBIERERD
MRICEMI B EEBIELTET T/ AKRA L TOREMMRE
B (ERHPLEERRE) DIBELZOHRICET 2R BERN
IRV TU—=BAIEFEAZBVT. DNAF VI EFTO74 >V F v D
FOBTINARZTRECT BT UABINAF T T —DRBEFICE A
TVET,

IPhotonic nanostructures and topological
wave engineering

Photonic crystals are artificial optical materials possessing a
wavelength-scale periodic structure in refractive index. Novel optical
functionalities and unique optical phenomena can be realized using
photonic crystals. Our research focuses on the control of light and
light-matter interactions by using photonic nanostructures including
photonic crystals, especially, aiming at the development of novel
light-emitting devices and quantum optical devices. We are also
interested in the generation of unconventional optical beams,

such as optical vortexes and Poincare beams, utilizing photonic
nanostructures and in their applications. Moreover, we are exploring
topological wave engineering aiming at realizing novel control of
light, sound, and elastic waves using the concept of topology. We
expect the unique features will lead breakthroughs of the device
technologies in various fields.

lintegrated sensors array for biological
material investigation

Development of micro-sensors for bio-medical instruments is a hot
topic nowadays to push forward the limits of disease investigation.
We are developing novel bio-electronics systems based on the
MEMS (Micro Electro Mechanical System) and the TFT (Thin Film
Transistor) technologies, for two areas of application. 1) Investigation
on living electrogenic (neuromuscular or heart) cell tissue cultivated
on the surface of electronics, to model and study intractable disease,
such as ALS (Amyotrophic Lateral Scleosis). 2) Development of array
bio-sensors to propose DNA-chip or protein-chip like devices with an
electrical label-free measurement approach.

(1) w7+ Fo v IS
Semiconductor Photonic Crystals
concept of topology
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Satoshi IWAMTO, Professor

J BRH E7F /I hZTR,
~NROYAIVKEI TS

Specialized field : Quantum Nanophotonics,
\ Topological Wave Engineering
¥ . E-mail : iwamoto@iis.u-tokyo.ac.jp

N RO Y — DRV K DRIESR O
Control of light and elastic wave based on the

NAA AT 4 HIVREREEY 7 LA
Integrated sensor array device for bio-medical
applications
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Agnés TIXIER-MITA, Associate Professor

BAREH 7 /XD ROZIR. NAFMEMS
Specialized field : Nanomechatronics, Bio MEMS
E-mail : agnes@iis.u-tokyo.ac.jp
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Innovative R&D on next-generation high-efficiency solar cells and low-cost production technologies

IREOYUIVABEBD 2 EU EO T RILF—ZR IHigh-efficiency beyond the present

MEZ BT R ENRKIEEhOHRFFHFE silicon solar cell technology
ERICBVFTULWVWHEEAMECET T /HEEZEALT. XBE New semiconductor materials and new quantum nanostructures
O IRGREZBEENICED D EODHEEITV. KB HEBHEI;M are exploited in order to achieve high-efficiency photovoltaic solar
DA I R— 3 VAEEEEULTVET, BANRICIE. energy conversion reaching 50% under concentrated sunlight and

(1) BFRw MOBSRESLEAEEERNT. FROLD 2 BRREY innovation on alternative energy technologies.

Research target includes:
(1) Intermediate band solar cells with photocurrent enhancement
by two-step infrared photon absorption using quantum dot

RN (C KW EAERDIERZBE UTchRE/ N\ REY
(2) B2 ERBEREBESEC. KEBLEEDART MUY vF

V%R BRG] arrays or highly mismatched semiconductor alloys.
3) BLIRILF—DRY hFvUFESEHISWMIE L. HHE (2) Multi-junction solar cells with improved spectral matching for
EDBEBR=Z=EE LRy v U 7R sunlight by stacked semiconductor junctions.
BRECEY . EXIET CEIRMES0%ICEB L AEB DS (3) Hot carrier solar cells with high output voltage by hot carrier
DEREEIRLTVET, extraction.
|28 - BEOX FNBIEKIEE ICRE T B HFER ILight-weight and Low-cost thin-film solar cells
KB OBEEAXEHRERNS., IEIFV v UTNAT Epitaxial lift-off (ELO) technique is developed in order to peel-off Ill-V
ELOEMICE~THBHIT DT SHBEREAELBEIHETE compound semiconductor thin-film solar cell from the substrate.
2O EMERRL. LAY BBEARE LRSI N EEH This allows to reuse the expensive substrate for many times, which

c N can lead to a drastic reduction of the production cost. Thin-film solar
WICEIAMET B CZBIRLET. BRABELLREN DI cells are light-weight and flexible and a wide commercial application

l/:‘:/‘j_\)btﬁ%)t_\  RIZXRDOBHFEERET S ETHE (such as solar-powered EVs) becomes possible, which will contribute
HEEBLVBANBEINTE Y., BERFUROERRICHITE to future low-carbon and sustainable society.
FIRAMFEFED—DTI,

N . . IHybrid concentrator
I\12'VUwy RCPV-TEY 1 —ILDIRFRFH |?|l

photovoltaic / thermal module

EHXBKRIGHFAB(CPV)EBFBICLD. NATUw RIX)LF— Hybrid concentrator photovoltaic and thermal module, so-called
CIRDIZSHDCPV-TEY 1 —)LBEZEIT>TVET . KBEKICELD CPV-T, is developed. High efficiency energy usage can be realized by
HKEBEKEHROAROWNERBFICTD I ET. KEXLIRILFE—DF] co-generation of electricity via photovoltaics and thermal energy
AR ESHET, through collection via hot water.
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Quantum dot intermediate band solar cell Thin-film solar cells by developed with Hybrid CPV-T module
ELO technique
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¢ Project Associate Professor
Yoshitaka OKADA, Professor
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ELO - SBEEXRIZE Naoya MIYASHITA
Specialized field : Next-generation solar cells, IFteyj i ey
Semiconductor crystal growth, =
Epitaxial lift-off thin-film solar cells FER o
E-mail : okada@mbe.rcast.u-tokyo.ac.jp Eégegwsodate
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Understanding formation and variability of the climate system and extreme weather through big data analysis and

diversified numerical simulations

IXS&EEDEEERAD SRIREE ZHHE<
WIRDOKRE AR EBFDNEVICHELG > TERSN. BICEE)
ULET. 2FW. URRBEDHZ ANBFHEICKRAT 2EREH
FESE) B AREROHINRER LR EAEEREINDILEL LTD
REIZLICEBULTVDDTY . K2T. HRICKELFELSIE
BRIRPIURDFRE(CORE(CF. WERREIEE EDICBAZSE
ZOTATREMDERERD D ENARART, TNTZHEMRE
WRR T 2RECT,
FIEBEDMEICRTRBDEIIEROEA T —5 T, HIRDK
[EBFEHZEBFRICIRTICHEIL. ERFRTOE - XUE - 8
E - & - BKOER - A0R - 18D, SOCFBKEECEFINSAK
NDH - KEKBHIER EZBEN SIREX Tz LIcBDTI NS,
PARNICEY I TF—IICRUET, —A. IVE21—9Y=Zalb—
Y 3vH. JURORRZLDMREE DR, UIRRAN CTEMICHEER
T 2ERINEEDERZRDH D LTAIRTY, Fic. BEREEFHDH
FAMEEZRL. PHREEDI NI DEEY DEXTITD [PUY
VIIRE] &, [BEZEFORBRIKICHTSERERERHELL,
TRITREMZFHE T 5 L CRHTHEMTT . INSHEDIF. #DOH
D [LHIR] DERT—I Y bEFERINEEDTT,
WEBRFINSDERRT —I ZLFIZBEN SUIVEY . HEHR
PIERICE D NFEW. BRI UIcSERMIBRURE T LR
ZREUT. [UEVRAT LATEIDHRCBFEBREDRRDAHZX
LR TR DBIAZEE L TVLE T,

1) 20105%8A[CEAICERNEEE
BIES U LZDF - BREDRS
Wavy pressure anomalies caused
a heat wave to Japan in August 2010

BiR

ch#d i

Hisashi NAKAMURA, Professor

BMI9E : [UEREHZE. AUBHEEIER.
EBRIRDNFE

Specialized field : Dynamics for climate variability
and extreme weather, air-sea interaction

E-mail :

hisashi@atmos.rcast.u-tokyo.ac.jp

BPXFY BRI S IOERBARUEFEEER
Active air-sea interaction along Kuroshio and Gulf Stream

IDeciphering Earth's climate system from
a viewpoint of ocean-atmosphere interactions

Earth’s atmosphere and ocean interact mutually to form the climate
system and make it vary. Natural variability of the system arising from
its internal chaotic processes is superimposed on long-term climate
change in responding to external forcing typified by anthropogenic
increase of greenhouse gasses. We study both the natural variability
and climate change, which is thus necessary for deepening our
understanding of extreme weather events and future climate change
both exerting significant impacts on our society.

We utilize observational data of the climate system. History of the
evolving climatic state is recorded as global three-dimensional
distributions of atmospheric variables such as winds, temperature,
humidity, precipitation and cloudiness, and of ocean currents,
water temperature, salinity, ice/snow cover and heat and moisture
exchange between the atmosphere and ocean as well. Thus we
have to handle the “big data”. Numerical simulations with ocean/
atmosphere models are necessary not only for future projection

of the climate system but also for deepening our understanding

of complex interactive processes in the climate system. Ensemble
simulations with a large number of model time integrations with
slightly modified initial conditions under the particular boundary
conditions and/or external forcing are highly effective in clarifying
mixed causality behind the climate variability and extreme weather
events and assessing their predictability. We utilize the outputs of
those simulations as “big data” for “virtual Earth”.

We explore mechanisms and predictability of various phenomena
occurring in our climate system with various spatiotemporal scales,
by applying statistical analyses and theoretical diagnoses and by
performing purpose-oriented diversified numerical simulations.
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Arctic sea ice reduction cools Asia in winter
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Research Associate
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Project Research Associate
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Co-Creative Community Planning, Design, and Management

VR - BEHRE
Koizumi - Hashimoto Laboratory
http://ut-cd.com

HAICKBIAZI 2T rBE - F5IKWDHDEREFENEEH

Research and Development on Theory and Method for Co-creative Community Design, Planning, Management

102217 (1 BECRIIERERBFEZORRE
dZ3Z574% [F5] OBEEHS L. FHAY. ooz
VIZFULTRRIRY NDFERYFLE. TNSZZZ DERER
[CDWVT., TEERT7IO—FhHSEKL, EBEOIZT 2 "7«
BETOVII MPESILKVUICINAHT D EEREDTEHELT
WET, ZDIHIC. FEeDHR 7 O—F Z#EMBICIRWVWE T,
ZDrHIT. FEEOWET7 O—F ZEHHICTIRNETD,
(1) FA&am - FEDHR
(2) 5tE - HIE - AHIDIE
(3) SRR
BEF—DJ—REULTIE. PUARR=ZA NSV VT U
ARAAXAF VT, TUPIYRIAY N, AXN—hIZa2Z54. A
R—=YEEIY, RNEBFY AV, SHETFY AV, SHEEXE
F. OS2/ —yavFY4a4y, A2 12574 EIRRABEND
ET,

ISEOTREET DKV AT LEERS

REIGKZ, RENIC. FRIERE CHRIGT DCHDIY AT A
DY EBKEIMCOVTIHRELTVE T, FIC, MY XKW
HAERYEZRRICHRETRBESBEMICEBELTVET. K
FKD SBEPRRMED ZRE L CTREIKZEMN T D8E ./ BRHY
28, B SERIKZERT 2ERBNEL. BEELEZSO
HREMTEASNTECVE T, ITETIE FKLEKDERABFH
RICHBRAINTETSY . SHZE2UDERT RS X T LD
FEHITVWET. Fleo AOBH TOEWTIEKEHES AT LDHEH:
OJREENRRE CH Y. HEESLOBRAN S BMAZED TLFRT,

FIEAT AT DL

BOBABERESUREIT2 IS 127 A DFPA V&
YRIAY K
Integrated approach for Co-creative Community

Design and Management Living Approach

2404

VR Fi

Hideki KOIZUM\, Professor

FM9EH  AFEmdaOHRIRS I,
J=Za2=F4FFA Y. TUPIRIAY K
Specialized field : Collaborative

and co-creative planning and

design. Community design, Area
management

E-mail : hide@cd.t.u-tokyo.ac.jp

LTELFEEANE. SARRIFT-FEAR

| : # r
Copyright©2012 Tokyu Corporation Al Rights Reserved. i H‘ﬂ . A~
JZ 315 UEVTCRBMAMEEMDEE
(RREBH. WEMELEBID)
Rebirth of Suburban Area with Community

IDeveloping urban design based upon heritage

Our laboratory’s principal work is not limited to the development

of theories, but also involves the crafting of methodologies for co-
creative community designing, planning and management, which
can be later applied to actual projects.

Accordingly, we conduct cross-objective researches withthe following
approaches:

(1) Methodological approach

(2) Planning, institutional and structural approach

(3) Practical approach

Furthermore, we develop case studies, conduct field works, and
provide discussions for students to enhance their communication
skills and community-based interests.

Keywords: Place Based Planning and Management,Participatory
Design, Participatory Democracy,Communication Design, Public
Realm Design, Smart Community, Active and Sports friendly
Community Design,Community Business

IDevelopment of sustainable urban water
systems

Our research field is urban water systems and water treatment
technologies for sustainable safe drinking water supply. Among
them, membrane filtration technology, which enables to produce
safe drinking water from surface waters or even from sea waters, is
major focus of our group. Recently, application to the potable reuse
of wastewater has attracted great attention and securing treated
water safety is one of the issues. Our research focus is, then, to
develop the proper water treatment technologies for sustainable
safe water supply.

(3] mEB{LEOREGE (FIVFFT 7Y, IZFL)
Water fetching in off-grid area in Ziniaré,
Burkina Faso
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Takashi HASHIMOTO, Lecturer e
BPI9E : SRS AT L, K.

IR2BIIR, KA > T SHEREZHA

Specialized field : Urban water

system, Water treatment technology.,

Membrane filtration, Health

monitoring of water infrastructure

E-mail : hashimoto@env.t.u-tokyo.ac.jp
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Renewable energy system by interdisciplinary approach between electronics and chemistry
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SOMERETE. CDKIBFT /EREOKEN SABRB LD T
LEHEFE TEZE—BUTIT>TVET, Ffle. ¥ ERKERIEFELREE
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A country with high solar imadiation

(1] TABHRE] ICKBIRILE—VRT L
“Solar-fuel” energy system

265
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Masakazu SUGIYAMA, Professor

BMI9E  BUEAGAHEE. PEFRENE
MHEIT. TR)LF—256

Specialized field : High-efficiency photovoltaic,
Semiconductor crystal growth and device
process, Energy conversion

E-mail : sugiyama@ee.t.u-tokyo.ac.jp

(2] IEI+Y vILRERICLIBHEASESH
High-efficiency epitaxial solar cells

fE # sees
Tsutomu MINEGISHI
Project Associate Professor

B0 GEXRER e
Kentaroh WATANABE
Project Lecturer

Bk IEE o

Masahiro SATO
Research Associate

IHigh-efficiency photovoltaic and chemical
energy storage

Solar energy can take a majority of energy supply in our society if
we can realize an energy system in which solar energy is stored in
chemical substances in the regions with high irradiance and they
are transported to the region of large energy demand. For such

a system, it is promising to combine high efficiency photovoltaic
(PV) power generation and electrochemical reactions to produce
solar fuel, which is capable of long-term storage and transport. Our
objective is to develop high efficiency PV cells and electrochemical
reactors which are included in the system to produce "solar fuel."

The core competence is semiconductor nano-crystals. PV can be
twice as efficient as conventional technology by implementing the
epitaxial nanostructures of compound semiconductor crystals into
the modules with sunlight concentration. Our laboratory develops all
the relevant technologies from the growth of nano-crystals to system
evaluation. Semiconductor crystals are also important as the active
sites of electrochemical reactions. Learning from photosynthesis

in natural leaves is important in order to boost an efficiency of
electrochemical water splitting and the active sites in leaves are
composed of metal oxides, a kind of semiconductor. We aim at high-
efficiency production of "solar fuel" by implementing an essential
mechanism of natural photosynthesis into artificial crystals. The

key exists at the interface between a semiconductor and a solution.
Trials are continued to obtain a guiding principle for controlling
electrochemical reactions through an interdisciplinary approach
between semiconductor physics and electrochemistry.

Furthermore, system integration is our important target including the
construction of circuit systems to manage the efficiency-maximum
operation point of each element and the backcasting approach to
extract the key issues of elements from the performance of an entire
system.
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Metal-organic vapor-phase epitaxy
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Project Research Associate
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Exploring mechanisms of global linkages in climate variability to identify a key for climate prediction

|t RSOTIRTE EE VDT 3 EREE
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ITeleconnections link remote climate variations
over the Earth

A regional disturbance in the atmosphere is transmitted to remote
regions through changes in atmospheric circulation, a phenomenon
called “teleconnection”. It is excited through feedback processes that
often involve ocean-atmosphere interactions, and induces another
feedback in remote regions, sometimes leading to extreme weather.
Ocean variability evolves slowly compared to the atmosphere and
influences climate worldwide for seasons to even decades. This
process also provides a key for seasonal climate predictions.
Such natural climate variability interferes with human-induced
climate change. On one hand, this can make heat wave even
severer. On the other hand, it sometimes leads to regional cooling
despite the ongoing global warming. Attribution of observed climate
variability to human influence, which provides important implications
for energy and climate policymaking, requires deep understanding
of natural variability and various numerical simulations of climate
change.
We pursue understanding of global covariability of the climate
system and identification of a key to climate predictability through
analyzing observational and climate simulation data sets and
designing and performing climate model simulations. Major research
topics include

(1) Mechanisms and predictability of extreme weather in East Asia

arising from global-scale atmospheric circulation variability
(2) Mechanisms of ocean-atmospheric variability in the Indo-
Pacific Oceans and its global influence
(3) Attribution of various climate change signals
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An East Asia-Indian Ocean remote climate linkage

in summer a climate model
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Yu KOSAKA, Associate Professor

BMSE : [ERL. REIR.
SMEV=a—v3av

Specialized field : Climate change, Abnormal
and extreme weather, Climate simulation
E-mail : ykosaka@atmos.rcast.u-tokyo.ac.jp
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Research and development of next-generation photovoltaic devices for a low-carbon society

http://www.dsc.rcast.u-tokyo.ac.jp

IZBERIECRET 3EMEABEE O IResearch and development of high-efficiency
BATET 2L E—DRERD—DTH éjd;,a_%ljf LR —DBE solar cells working under various light conditions
FAIF. TRILFE—PBIEREEEZ DE(C. REEEES> TV Solar energy is one of the most representative renewable energy
*9, EUDF. KERIRILE—ESA LT FILEEW(LE?@?Z) el sources. Therefore efficient utilization of solar energy plays an
EDT=B AT DS ML OSHE LD RO SN TNET important role in considering global energy and environmental

issues. Under these circumstances, there have been growing
requirements for development of high-efficiency and highly
functional solar cells to generate electricity in a cost-effective way.

PNHNIE. ABBHRICKBEIX MEBOZRRICEITT, 13
Befi = 7NA ZBEEA . SETRRMZER R U, SEBR R *Jr’(b/e,&'
TOEX TIEROAEIR KRG EIR & DX BEIRT /N1 DI Z

ToTVET, BTH, ROTRHA bKGESEMIE, KEODEMS Toward the realization of low-cost solar cells, our research focus is

OTFATIERT DI ENTE. 20%U FOITR)IVF—ZIRGHR%1E directed to 1) syntheses of photovoltaic materials based on organic

ﬁtZ'Cz‘;é:E)@:E)a?)U\ /Aﬁ{tjﬁﬁﬁ e L CHEEEINTVET., = chemistry, and 2) development of solution processed-solar cells.
CBEVARR 2T LRSS [ BT U B T H D AT St Development of solar cells structures to utilize solar energy spanning

in a wider solar spectral range and ultra-high efficiency solar cells
based on colloidal quantum dots are another important aspects of
our research activities.

*%Je@ﬁﬁn’@\ BIECTER T 2EF N Y MRV CBEWEAGS
OEBIAREIT>CVE T, 51 A—/N—TVE21—9—7%H
WZEHERIZZE A UK B I D BRI S DIRCE

WA TOET, Understanding of photovoltaic properties is also deepened with the
BRLUAICHFAEBOEOOY ([CHET 2BRNNOLIT R)LE—F] aid of computational chemistry using super-computers.

B, I0THROERICEIFEIRILF—N—RZISEULT. EBHY There are a variety of light energy sources except sunlight.

PRAEESTETCVNET, 200, KREEECHSMEREH T Utilization of light energy sources available in our daily life then

SIS TR . BB E CEIET B T 2L+ —/\— has been becoming increasingly important from the viewpoints of

energy savings and so on. Research on self-driven energy harvesting

NARTNA ZDWAFFHDRIEL TVF T devices including solar cells is also carried out by focusing organic

CNEDRAZHENITHEES B BT=DIC. ERNDKF LT solar cells because the solar cells can yield relatively high power
BEDHEIFRZERULTVE T, TSI, DINUONDIFFERMEDE conversion efficiency.

RERFEDDICDICF. BEEREFHTIFEN—RERST, TH#
FHRCERWED I DAY T, 2T BRABEERDALED Collaboration between industry and academia is crucial to promote
EEE UBH S, RHHNETIRT )\ ZEDDC. TRILE—sE practical applications of our research results. Establishing good
PFNA ZOWERIRET > TVET partnership between industry and academia is one of the important

aspects of our research activities.
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Colloidal quantum dot-based solar cells Organometal halide perovskite solar cells Computational simulation of molecular structure
BrERER HrEsEEm EF oK s
=S =] Ryota JONO
af% Eat HIJF ﬁ ﬁl& P?'Io ject Research Associate
Takaya KUBO, Project Professor Takeru BESSHO, Project Lecturer
BFI9E | KBRS, Ba=AREt. SPI5E | BT T
ZyestAl FUVFY RILVT FOZIR
Specialized field : Solar power Specialized field : Opto-electronics
generation, Ultra-high efficiency solar devices, Printed electronics
cells, Modulation spectroscopy E-mail : tbessho@dsc.rcast.u-tokyo.ac.jp

E-mail : ukubo@mail.ecc.u-tokyo.ac.jp
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The research of innovative renewable energy system

With the aim of coexistence with nature, learn from nature, to convert energy from the wind and the wave

BSGaaeBETREI RIVE—Y AT LR
BAEOREIRIVF—IRT ARG, BROEETCEELI NS
ARER I RILVF—IV AT LTI, ERERDDBEVELEOFED IR/
F—IRAFTLAEEZD LT, BEIDIRIVF—CHDIEARDIRIL
F—EFAUCBETREIRIF—IY AT AEBERL, a8 T
WK CEIFFEBICEERT—VYTI, L ULIEHS, BABEBTOR
W IRIVF—Y AT LABRRICIIEENS L, BARAOBETELRT
EWVNDS T EE. BROEM M, RHESEM. TUTESHREZERELU. L)
MICERET. BRICRBSETOLKH D EERERGDET,
BCRADEBVPEARBOIR)IVF—REBZDIEARDRVHEIE.
ESEPERGEDAKTDRELHEEIRICIDFEZS(TEI,
CDFEFEMBIART MU ZEFDORNIBERZEHFHLU. ZNITRE
R 2HENS TIVIREDRBENFELET, Fle. BHORECH
WCRITEBEANEDD, REHECEHEREBELGEOHESE N
DOFRBEHFUBLTVET, BHRETIF. AREHEYZ 20—
Va3 VEMIC KD YIBIRK MBS HL(C, BBREEZHRL. EAN
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UTFDRDBARBEEZITO>TCVET,
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(1] BAHRBREY ORREREY S 21—y 3y
Computational fl ow simulation around

the wind turbine system

BB
Makoto IIDA, Project Associate Professor

iz

Wave energy, Fluid engineering
E-mail : iida@eco.rcast.u-tokyo.ac.jp

(2] BRRERTO—R—ILENFBY XTI
Natural symbiotic blow-hole wave power generation

BI9E  BETREIRILF—F. BORSB. RHFSB.

Specialized field : Renewable energy, Wind energy,

ISustainable renewable energy systems
development

Renewable energy system is a sustainable energy system, which is
operated under the natural environment. In considering the future
of the energy system of our country, it is important to develop

a renewable energy system that uses the natural energy that
circulates. However, there are many issue to optimal energy system
development in the natural environment, it is important to operation
in the natural environment, to understand the nature of complexity,
the uncertainty and diversity, and to reflect to the design of systems.

Especially, natural wind that is a source of energy of wind power
system is affected by the atmosphere of the state and terrain
properties such as low pressure and typhoons. This influence
produces a flow phenomenon with a complex spectrum and causes
some issues such as a failure trouble to the renewable energy
systems. In addition, an introduced in recent years in wind power
generation system, the social acceptance issues such as noise
problems and bird strike issues have abound. In our laboratory, along
with the physical phenomenon elucidated by large-scale numerical
simulation technology as computational fluid dynamics (CFD), to
solve a variety of problems, practical wind power generation system,
with the aim of optimization of wave power generation system, and
we are conducting research and development, such as the following.
(1) The optimum wind power generation system development
by using computational fluid dynamics
(2) The wind turbine control technology developed by a
non-contact laser wind measurement
(3) The social-acceptable wind power generation system
technology research and development
(4) Wind power SMART MAINTENANCE technology research
and development
(5) Small wind turbine technology development
(6) Natural symbiotic blow-hole wave power generation system
development

(3] BHEBRY— b X YT FRITHRER
Wind power SMART MAINTENANCE technology
research and development
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Artificial intelligence for revealing data generating mechanisms and monitoring health status of systems
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Simultaneous localization and mapping by non-linear dimensionality reduction
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While deep learning is attracting much attention these days, we
are especially interested in unsupervised learning, which is one of
main topics in machine learning research. An important purpose of
unsupervised learning is to reveal latent structures or patterns such
as clusters and low-dimensional intrinsic subspace behind the big
data.

We are also studying on algorithms of learning dynamical systems
(LDS), which aims at identifying mathematical models of natural
and artificial dynamical systems from observation data. Obtained
models can be utilized for control and prediction of those systems.
Furthermore, we are applying these techniques to health monitoring
and anomaly detection of large-scale artificial systems such as
artificial satellite. The goal of our study is to make the world safer
and more secure, with artificial intelligence.
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Anomaly detection for artificial satellite telemetry by unsupervised learning

Specialized field : Artificial intelligence, machine learning,
aerospace engineering, prognostics, health monitoring
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Cutting Edge Laser Technology and Photonic Devices for Communications,
Precision Measurements, Bio-Medical and Industrial Applications
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World-Smallest CNT-based Femtosecond
Fiber Laser

Acquisition Images
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Shinji YAMASHITA, Professor
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Specialized field : Fiber Photonics,
Nonlinear Optics, Nano-Carbon
Materials, Bio-Photonics

E-mail : syama@cntp.t.u-tokyo.ac.jp

EERSIOCTY AT L - BEEUSER
Swept-Source OCT system and High-speed

JAdvanced Lasers and Photonics Devices using
Nanocarbon

Nanocarbons, such as Carbon nanotubes (CNT) and graphene,
have very useful electrical and photonic properties. We are
pursuing researches on lasers and devices using these nanocarbon
materials, and applications to optical sensings. Especially, we pay
much attention on the ultrafast saturable absorption property of
such nanocarbon materials, and realized a very short pulse fiber
lasers that emit lights at the duration as short as 0.1ps. We are also
working on nanocarbon-based highly functional devices.

JFast Color-swept Lasers for Sensing and
Medical Applications

We are working on the fiber lasers using Rare-earth (e.g. Er or

Tm) doped fibers or semiconductors for sensing applications. We
currently emphasize on the fast and wide wavelength swept fiber
lasers that can sweep its color (wavelength) in wide sweep range
(>100nm) at very fast sweep speed (Repetition rate > a few 100kHz).
We are also trying to apply the lasers to the optical coherence
tomography (OCT). At the same time, we study on fiber lasers at
mid-IR wavelength regions (27~"5um) that have been difficult using
optical fibers, and application to optical sensing.

IPioneering 3D imaging platform

3D services e.g. 3D modeling, acquisition of spatial information
for computer integrated manufacturing systems will revolutionize
factories. High-precision 3D laser scanners play a significant role in
introducing such wide variety of 3D services to “Industry 4.0”. Our
goal is to create sophisticated and pioneering 3D measurement
technologies by full exploitation of polarization and phase of
lightwave, which have been overlooked in measurement fields.

3RTU—PRF 0 FYRT L EBUSIRTTER
3D Laser Scanner system and Acquisition 3D Image
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Specialized field : Laser Systems,

Ultrafast Optoelectronics, 3D LIDAR,

Integrated Photonics

E-mail : set@cntp.t.u-tokyo.ac.jp
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Understanding and utilization of brain functions via the reconstruction of neural circuits in the insect brain
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IExploring advanced science and technology
from insect neuroscience

Insects and animals have evolved sophisticated brain systems in the
history of life. Understanding of their brain mechanisms will bring

a major breakthrough in both biology and engineering. We aim to
understand the insect brain mechanism by reconstructing neural
circuits from single neurons. Furthermore, we have been developing
novel olfactory sensors using insect olfactory receptors employing
genetic engineering. We believe that the advance of insect science
will bring a breakthrough for neuroscience and engineering.

IWhole insect brain simulation and the
understanding of insect intelligence

Our target is the understanding of insect intelligence through the
large scale simulation of the insect brain which has 10*-10° neurons.
We are tackling to the secret of insect brains by experimental and
computational approaches. We are investigating morphological

and functional properties of single neurons and neural circuit by
electrophysiological and imaging techniques. Furthermore, we

are reconstructing connections between neurons and developing

a large-scaled neural network model. We employ the K /post-K
supercomputer for the simulation of the model, which can replay
the real-time activities of the insect brain.

IDevelopment of odorant biosensors based on
insect olfactory systems

Insects have sophisticated olfactory systems that detect odorant
molecules in the air with high sensitivity and translate odor
information into adaptive odor-tracking behaviors. We are examining
molecular and neural mechanisms that underlie the generation

of adaptive behavior using silkmoths by employing transgenic and
genome editing techniques. We have also successfully reconstructed
the functions of several insect-derived odorant receptors in cultured
insect cells and olfactory receptor neurons of silkmoths using genetic
engineering. By applying these technologies, we aim to develop a
"cell-based sensor chip" for detecting various odorant molecules as a
fluorescence pattern of transgenic sensor cells, and a "sensor moth"
for finding an odor source on demand.

EEERY LT

(1) 7T OEVRENENMT B A3 Bombyx mori)
Pheromone-searching behavior of an adult
male silkmoth (Bombyx mori)
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Ryohei KANZAKI, Professor

BI9H | BnT LS. REREE

| RFEER. ARG

Specialized field : Genetic engineering,
Neurophysiology, Brain reconstruction,
Biohybrid system

E-mail : kanzaki@rcast.u-tokyo.ac.jp
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Reconstruction of the insect brain
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Project Lecturer
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Project Research Associate

BEAFREV YT v FICRBEVETE
Measurement results of a cell-based sensor chip
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Project Researcher
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lJamology: solution for various jams in the world

Economic losses caused by traffic jam is no less than 12 trillion yen
per year; however, not only vehicles cause jam. Our daily life is
satisfied with full of jams such as delay of trains, congestion in
commuting rush hours, and long queues at service windows.
Furthermore, jams in a broad definition are observed in the Internet,
queue of ants, flow of blood and protein in our body, factories, and
logistics. We study these jams and their solution by "Jamology",
which is a mathematical scientific approach to jams. We model the
systems by applying mathematics and physics such as stochastic
process and fluid dynamics and understand the mechanism of jams
by analyzing them as phase transitions. We also suggest solutions for
jams and validate their effectiveness by real experiments.

For example, terrible traffic jam occurs by a little deceleration at a
gentle ascent if vehicles are driving with small headway distances.
However, if we approach to the jam slowly, we can delay the growth
of jams. As a result, there is a possibility that small jam about 1km
is completely solved. This solution can be also applied to jams in
production lines in factories. Besides, when many people try to
evacuate from the building at the same time, the exits often get
clogged. It is investigated that setting a suitable obstacle at an
appropriate position prevents the clogging and improve the flow of
people.

Jamology tries to emergently solve jams from the view point of
"more haste, less speed" as in the examples above. We have also
started big data analysis and persevered in studying in order to
contribute our society by our applicative research outcome.

In addition, we have established a joint-venture with several
corporations to promote crowd management and related
cooperation between public and private institutions.

(1) 3RRNER (JAFE DHEIRR)
Jab absorbing experiment (in collaboration with JAF)

HEOPESITY 5 ADER
Pedestrian experiment (pedestrians walk

T COEBDHEOHRTF
Jam of stocks in a factory

through a congested area)
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Specialized field : Mathematical physics, Jamology
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Ultimate optical approach for nano manufacturing world
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Super-resolution inspection of semiconductor patterns
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Laser-assisted nano-processing and structuring,
Cell-in-micro-factory
E-mail : takahashi@nanolab.t.u-tokyo.ac.jp
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Simultaneous inspection of nano defects by
autonomous defects detection probe

Specialized field : Laser-assisted nano-measurement,

We conduct research on advanced micro/nano production
technology, which can be applied to the next-generation ultra-
precision manufacturing by focusing on photon energy, which
is the ultimate energy believed to be the root of our life. Especially
we are developing photon based cutting-edge techniques for micro/
nano manufacturing science, such as laser-assisted nano-in-process
measurement, laser-assisted nano-processing and structuring, and a
novel concept about a future micro production system, cell-in-micro-
factory, with which we can product innovative micro/nano functional
devices supporting our future life. In order to realize our target,
not only conventional light energy propagating in free-space but
also localized light energy emerging at near-field region of bulk
material is applied to our research from both a practical viewpoint
as manufacturing techniques and a scientific viewpoint based on
basic physics. Our research involves (a) proposal of new concept not
only about elemental technology but also about a whole production
system, (b) theoretical and experimental analyses unraveling its
characteristics, and (c) experimental verification for practical
realization. Some of our ongoing projects are as follows:
(1) Nano-stereolithography using evanescent light energy.
(2) In-process super-resolution high-sensitive optical
measurement for nano-defects in semiconductor industry.
(3) Laser direct fabrication of three-dimensional microstructures
using photocatalyst nanoparticles.
(4) Study on cell-in-micro-factory based on active control of
localized photon energy as a future micro production system.

(3] INRVEY METER LR —T
A gingko tree leaf, the University of
Tokyo's symbol, created using
evanescent light

19



20

IMNEHR=E

M2 INVERY 24 N
7'5%1@*"’% 5] ﬁ . . Kotani Laboratory
ERASUERRENY Photon based Advanced Manufacturing Science

http://neuron.t.u-tokyo.ac.jp

FEFETAIEN & DFRIFERORS C & SEMERIRR O

Research on bio-complexity

by developing biomedical measurement technique and mathematics on dynamical systems
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IDevelopment of bio-medical signal processing
for human support systems

Recent advances in experimental and analytical techniques have
revealed that biological systems are precisely organized to do various
functions better than we had imagined. We have been developing
theories for dynamical systems and methods of measurement in
order to elucidate the underlying mechanisms of complex biological
phenomena. We also apply the basic biological findings to a wide
range of fields, including diagnosis, rehabilitation, and human
interfaces. Specifically, we have conducted studies on:
(a) Developing theoretical methods for nonlinear and time-delayed
stochastic systems on complex networks, (b) Understanding the
functions of working memory and recognition using multi-scale brain
models and noninvasive brain measurements, and (c) High-speed
brain-machine interfaces using virtual reality.
The main topics for our research group are as follows:
- Mathematical theory for dynamical systems in biology
- Dynamics of gene-regulatory networks with time-delayed
interactions
+ Elucidating information processing in the brain using multi-scale
brain models and noninvasive brain measurements

- A signal processing method for precisely evaluating blood flow
in the brain

+ Robotic ultrasound examinations to prevent lifestyle related
diseases

- A support system for manufacturing workers using noninvasive
evaluation of the autonomic nervous system

+ Novel brain-machine interfaces based on augmented reality

(1) =RV ERE RS aET l A DiESE RIS Z WV e -# A > 9 71— HIBET)L S HIBRATIC R D EHRR DR
Development of brain function evaluation Novel brain-machine interfaces based on Mathematical and theoretical biology
using near-infrared lasers augmented reality
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Understanding and designing the body schema based on human factors
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Researches on "Information Somatics" is about supporting and
augmenting innate functions of human such as sensory, motility, and
intelligent processing. We investigate the mechanism of human body
based on physiological, cognitive, physical knowledge. We propound
designing truly "Human-Computer Integrated" systems enhancing
human 1/0 in a way that we control instruments and systems just like
we control our own body.

IEnhancing human 1/0

In order to design "Human-Computer Integrated" systems, we need
to recognize users’ intentions and give proper feedbacks to their
bodies. We enhance human 1/0 by integrating sensing technologies
like wearable sensing; perception and prediction technologies like
machine learning; actuation technologies like electrical muscle
stimulation.

lAcquisition of new body schema

We enhance human ability by applying VR, AR, wearables, robot,
and telexistence. Through this effort, we investigate a way to acquire
new body schema. Implementing practical application for hyper-
aged society is one of our research goals.

Isharing and Transferring subjective experience
We aim to develop technologies that enrich our quality of life (QoL)
as supplement by recording, reproducing, and transferring subjective
experience. Entertainment, super-human sports, skill transferring
are application domains.

(1] stroms VR FEY
Metalimbs: Multiple Arms Interaction VR Kumamon
Metamorphism
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Virtual reality, Entertainment computing

E-mail : drinami@star.rcast.u-tokyo.ac.jp

ul

KRR Ry IR—)L
D-Ball: Virtualized Sports using Diminished Reality

SEEM _ M4 KB o
18l Sl
- Atsushi HIYAMA, Lecturer
: BFISE  EORER
,\@ Ea1—<YAYITI—R,
JrOovro./039—
Specialized field : Mixed reality, Human-

computer interaction, Gerontechnology
E-mail : hiyama@star.rcast.u-tokyo.ac.jp

21



22

AI 1" 5—2a®E Ny
AERLERAENE Communication Science

HPiARE
Tanaka-Ishii Laboratory
http://www.cl.rcast.u-tokyo.ac.jp

HENSEMREHIENICIER S

Mathematical/Computational Exploration of Social Complex Systems
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Box plots of the Taylor exponents for different kinds of data
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SLSROEMARZ. HNFE/ REFE. SHESEF

B S

Deep learning and machine learning,

Complex systems theory for discrete systems,
E-mail : kumiko@cl.rcast.u-tokyo.ac.jp
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Mathematical modeling of time series and networks,

We explore the universal properties underlying real symbolic
dynamics through mathematical models derived by computing with
big data obtained from large-scale resources. Using these models,
we explore new ways of engineering to aid human social activities.

IAnalysis of large-scale social systems by
applying complex systems theory

Common scaling properties are known to hold across various large-
scale social systems. Using real, large-scale data, we study the nature

of these properties from the viewpoints such as complexity, degree of
fluctuation, and self-similarity, and construct a mathematical model that
explains them.

IDeep/Machine learning methods for complex
systems

We discuss the potential and limitations of deep learning and other
machine learning techniques with respect to the nature of complex
systems, and we study directions for improvement. Moreover, we
explore unsupervised and semi-supervised methods for state-of-the-
art learning techniques.

IMathematical informatics across language,
financial markets, and communication

We explore common universal properties underlying language,
finance, and communication, through computing with various kinds of
large-scale data, and we apply our understanding of those properties
to engineering across domains. For example, we study financial
market analysis by using blogs and other information sources, and we
simulate information spread on a large-scale communication network.
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Taylor's Law results for a time series sample produced by a Markov model (left)
and a state-of the art neural model (middle), and a human text (right)

Specialized field : Computational/mathematical linguistics,
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Biological Big Data to Knowledge, using Data Science
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IBiological Data Science

With the development of sequencing technology, electronic data
yields in biology have been steadily increasing, and it is already a
challenging task to process large volumes of data with conventional
methods. In addition, in order to extract knowledge from multi
modal big data, (ex. Multi-omics data) it is necessary to incorporate
the latest Data Science technology, such as cloud computing and
machine learning. We are developing cloud based NGS analysis
pipeline using Hadoop / Spark, popular cloud computing framework,
and deep learning library.
Our research include following:

(1) Cancer genomics

(2) Proteomics and post translational modification

(3) epitranscriptome (RNA modifications) analysis
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Hepatitis B Virus (HBV) integration sites (blue) and DNA
copy number break points (red) on human genome
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RNA Sequencing and Whole genome sequencing
using Hadoop
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Hiroki UEDA, Lecturer

B9 EH | EREGREZE. DAY /TR, EHEE
Specialized field : Computational Biology.
Cancer Genomics, Machine Learning

E-mail : ueda@genome.rcast.u-tokyo.ac.jp
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RNA epi-transcriptome analysis using nanopore
sequencer and deep learning
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Explore life science beyond human limit by networking optics, microfluidics, genomics & information technologies
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IMachines that think

We ultimately aim at creating a machine that thinks by itself to
discover something crazy with biology, physics and medicine
outlooks. To this goal, we invent new physical tools to probe
biological structures and develop ways of networking biological
measurements using the world’s best technologies. Our applications
of interest span basic science and healthcare-industrial domains.

IBridge biological measurements

With expertise in optics, microfluidics, electronics, chemistry,
genomics, and engineering, we develop integrative systems that
network the biological measurements, leading to interrogation
of complex life systems by exploiting the power of data science
including machine learning.

IBridge biological and physical sciences

Biological systems are often too complex to describe with physics
languages. For example, it has been a challenge to study the effect
of non-molecular causes to biological outcomes. By transforming
the engineering of quantitative biology, we are finding approaches
to this problem and trying to explore the potential of such studies in
healthcare.

IDevelop biophotonics, micro/nanofluidics, and
information technologies

Toward the grand challenges mentioned above and independently,
we actively work on development of novel optical imaging,
functional micro/nanofluidics, and information techniques, and their
integrated modalities.

Along such scientific exploration, new technologies continually
emerge and may spin out to create industrial activities with further
excitement.
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Machine Learning-driven imaging cell sorter
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Sadao OTA, Associate Professor
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Specialized field : Optical Imaging, Microfluidics,
Bioengineering, Information Technology.
Technology Networking

E-mail : sadaota@solab.rcast.u-tokyo.ac.jp
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'Biomolecular design' : Borderless research between organic synthesis and life science
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ISynthetic chemistry enables us to explore
the frontiers of cell biology

As we investigate biological questions of increasing complexity, new
chemical technologies can provide atoms-level views of cellular
function. The focus is on the molecular design, synthesis and physical
properties of new, man-made biopolymers with various functions.
Also included is the design of unprecedented organic chemical
systems for recognizing and visualizing a single component or atom
in biopolymers of interest.

(1) Chemistry creating nucleic acids

Nucleic acid is a key molecule that controls vital functions. We create
novel chemical reactions and functional biopolymers to specifically
recognize the epigenetic modification of nucleic acids. We also
pursue the highly functional photochemistry to visualize nucleic acid
function in the cell.

(2) Chemistry building proteins

Protein significantly changes its function by posttranslational
modifications. We chemically synthesize proteins and peptides
with a variety of posttranslational modifications. We also develop
novel chemical reactions to specifically recognize/ visualize
posttranslational modifications.

(3) Chemistry controlling cell function

Cell functions may be controlled by sophisticated molecular design.
We create new molecular systems controlling a specific cell function
by chemically wrapping biomolecules and cells and unwrapping
them by an external stimulus.

1] 1E2TO0—TZRNTHIEDP DR EDREICRZ{TT D
Staining specifi ¢ intracellular nucleic acids
by our chemical probes
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Akimitsu OKAMOTO, Professor
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SEYES. BREZ. TEYTRT (TR
Specialized field : Bioorganic chemistry,
Organic synthesis, Photobiochemistry,
Nucleic acid chemistry, Epigenetics

E-mail : okamoto@chembio.t.u-tokyo.ac.jp
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Chemically synthesizing super proteins
which cells cannot create
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Wrapping a cell by with stimuli-responsive hydrogels:
‘cell tablet'
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Specialized field : Bioorganic chemistry,
Chemical bioengineering

E-mail :
yamaguchi@bioorg.rcast.u-tokyo.ac.jp
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Dissect biomedical phenomena with advanced genomic technologies

R — 25— (NGS) ©F LA fEDEN AT Z
BOWCEER LY/ Ly TES /L bSVRITUTR—=LBED
LEREBBEREMRG L. EHRR. EWUDITPABREDESREY
ATLhEULTEBTZIEZEBIELTVEY,, REBRLIE(F LG
HZPNEHI DAERRECHY ., BERLFE CRRRMAREL R
G U RERRIEY 21T > TWLWE T,

 TAC |V N

NGSEAMTDES FBADY / LERERET 5 EZTREICLE
Ufcoe RAMBRDY/ LB UIE < OBLTFEREHPAEBLTF
DEELOD AIIFETFONELZDS L. #laDEl. B
EICDOBD B EEXONE T, EHIBICELDELTFERIIRGS
fe. FRAPBRADELTFERZBEL. BENAVANZILD
fREZBIE L CWVE T,

15/ LisgEmlE R

TES LI DNAXFIUEREZ MY P EF L. XF)b
1L732 CHREBILHERI(C & > TRRSNS (L LD
EVWAFT. TES/ NERE. s, KB ARHSOR S
VRICK2TIAFZIVICEFHITDIENS. JOVF VREIL
. DNAXF)UE. 20X F VBEMER. 3F3—RFRNAICDWVTY
J LRI DRI ED TLE T,

ISRV —YaFIVERE

D AMEES / LICE UTBGEFERPIES / AERIFERMR
[CFFEET. PPAMIBOHFIMRET D ENS. HERNGD T8
BIEN., ZMY—N—&EUTEBINTE Y. NGSZERWEEMR
P RSV RTU T h— LBRITIC & > THEBARIEN S FOBR
HEDHTVNET,

(1] mEsBitcsr300— Vil
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Hiroyuki ABURATANI, Professor
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Specialized field : Genome diversity, Epigenomics,
Translational research

E-mail : haburata-tky@umin.ac.jp

We are working with systems biology and medicine to understand
complex biological systems through a functional genomics approach.
High throughput technology and novel algorithms are required for
collecting, integrating and visualizing the enormous amount of data
on gene expression, protein expression, and protein interactions
arising in the wake of the Human Genome Project. Alliance with
external academics and industry will be crucial to the success of the
new "systems biology", that is, understanding biological systems as
more than the sum of their parts.

IPersonal cancer genome

The variety of genetic and epigenetic alterations that accumulate

in cancer genomes cause activation of oncogenes and inactivation
of tumor suppressor genes, leading to cellular transformation. Next
generation sequencing technology has enabled us to obtain
individual genomic information within feasible cost and time
constraints. Since 2008 my group have participated in the
International Cancer Genome Consortium and are studying the
genomic alterations in liver and gastric cancers.

IChromatin regulation

Epigenetic processes are essential for the packaging and
interpretation of the genome, fundamental to normal development
and cell differentiation, and increasingly recognized as being
involved in human disease. Epigenetic mechanisms, which include
histone modifi cation, positioning of histone variants, nucleosome
remodelling, DNA methylation, and non-coding RNAs, are considered
as "cellular memory". We have applied genomic technologies,

such as ChIP-sequencing and chromatin interaction, to map these
epigenetic marks and high-order structure throughout the genome
and to elucidate how these marks are written and read.

ITranslational research

Functional genomic approaches are applied to identify novel
biomarkers for disease diagnostics and therapeutics.
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Epigenome dynamics in cellular differentiation
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Chemical Biomedicine Metabolic Medicine
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Comprehensive analyses of the external cue and epigenomic modulators in browning of fat cells
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browning of fat cells

65

BEH FEB

Juro SAKAI, Professor

BMISE : RERBHES

Specialized field : Nutritional metabolic medicine
E-mail : jmsakai-tky@umin.ac.jp

INew therageutic approaches for Metabolic
syndrome by analyzing Epigenome and metabolome

Obesity and various metabolic disturbance including type 2 diabetes,
insulin resistance, atherosclerosis and lipid disorders are epidemic
health problem in 21 century. These disorders are also called "life
style diseases" and closely related to the environmental cue as

well as genetic background. Environmental stimuli are recorded on
DNAs and histones as chemical modification such as methylation
and epigenomic changes are considered to be closely related to the
development of life style diseases. We are currently trying to reveal
alterations of epigenome and metabolome by environment and
nutritional cue such as cold exposure or fasting that may relate to
the new therapy for metabolic disturbance.

To accomplish this purpose,

(1) We are analyzing metabolic signaling and epigenomic changes
under fasting.

(2) Epigenomic and metabolomics analyses in fat cell
differentiation.

(3) Analyze epigenomic changes under cold exposure and reveal
the signaling and the mechanisms for "inducible Brown fat
cells in white fat cells" also referred to as "Beige fat cells"
that highly express thermogenic genes and actively burn fat
for thermogenesis.

We are particularly focusing on posttranslational modification of
epigenomic modifiers and exploring new approaches for the
treatment and prevention of life style diseases.
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Exploring the therapeutic target for inducing “ Beige” fat cells that burn fat for
thermogenesis
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Synthetic Biology
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Synthetic Biology to explore biological events
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IDNA as a recoding device of biological events

How do our bodies develop from single fertilized eggs? What kind of
different molecules are functioning in each cell of our bodies?

As far as scientists know, any living system is composed of cell(s).
Functions of cells are conferred by a large amount of molecules that
interact and crosstalk. In multicellular organisms, cells of different
types communicate and cooperate to stabilize or robustly bifurcate
the cell states as a system.

However, not surprisingly, current biotechnologies allow us to
observe only the events that exist when the observation happens.
From samples of individuals or tumors, one cannot derive
information on their developmental processes or past statuses.
Especially in molecular biology, we need to sacrifice the sample in
order to analyze their molecular status. This obviously prevents us
to analyze temporal dynamics of a same individual or a same cell in
many aspects.

Genetic information is stably stored in cellular chromosome(s) which
DNA sequence can be represented digitally by four letters A, C, G
and T. Our research group is developing methods to dynamically
record cellular and molecular events in a synthetic DNA material that
is stably integrated in the cells. Harnessing DNA barcode, genome
editing, DNA sequencing and computational approaches, we develop
technologies to retrospectively derive information about previous
status of the observation target from a synthetic DNA and study the
issues that we have not been able to address, such as whole-body
developmental cell lineages, macromolecular interaction networks
and clonal dynamics of heterogeneous tumor cell populations.
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Technologies to trace dynamics cell clones and lineages
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Specialized field : Synthetic biology,
Systems biology, Computational biology
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Technologies to identify cellular protein-protein interaction networks
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Integrative Nutriomics and Oncology
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Understanding cancer biology by comprehensive nutriomics approach to establish novel anti-cancer strategies
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Metabolic adaptations against sugar, lipid and amino acid deficiency
associated with malignant cancer cells
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Tsuyoshi OSAWA, Project Associate Professor
B9 : NAREIZE. YRTLBERZE. NEEYF
Specialized field : Cancer Metabolism,

Systems Oncology, Vascular Biology

%’ E-mail : osawa@lsbm.org

lintegration of “nutriomics” and oncology
for the treatment of cancer

Based on the conventional nutritional notion, carbohydrates, lipids
and amino acids were independently considered in cancer. However,
recent researches in cancer metabolism have been dramatically
improved our metabolic knowledge of these disorders due to latest
understanding of cancer metabolism. Indeed, carbohydrates, lipids
and amino acids are inter-connected in the metabolic pathways,
through the several key metabolic molecules such as acetyl-CoA

and ketone body intermediates partly under epigenetic regulation.
Our group reported that hypoxia, nutrient starvation, acidic pH may
induce tumor aggressiveness by epigenetic regulation in cancer
cells. We found that epigenetic and metabolic changes influence
cancer progression, that can be utilizes for the development of novel
therapies by integration of genome, epigenome, transcriptome,
proteome, metabolome analysis.

Our research objectives:

(1) Toidentify novel onco-metabolites (cancer associated
metabolites) for the treatment of cancer.

(2) To understand the mechanism of cancer adaptation in
carbohydrate/lipids/amino acids deficiency and apply it to
therapy.

(3) Latest understanding of "nutriomics" for treatment of cancer.
We challenge to develop therapeutics for metastasis and recurrent
advanced cancer through the viewpoint of integrative "multiomics"
approach.
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Integrative analysis of nutrition and multiomics in tumor microenvironment
(Nutrition + Omics integration analysis = Nutri Omics)
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Integrative Nutriomics and Oncology
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Search for novel drug target against metabolic diseases and cancer by systems biology of nuclear receptor
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“First-hit"”
Fat accumulation

"Second-hit”
Cytokine overproduction
Lipid peroxidation

S ROS
+ i PPAR dysfunction i
gher Mitochondrial malfunction

(1] 367U 3—)LA£BEBAATA (NASH)
Non-alcoholic steatohepatitis (NASH)
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Toshiya TANAKA, Project Professor
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3 " Specialized field : Nutritional metabolism, Nuclear

receptor drug discovery
\ % .

E-mail : tanaka@lsbm.org
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IClarify the nuclear receptor-mediated nutrient
metabolic regulation, and generate novel
effective drug

Nuclear receptors (NRs) are ligand-dependent transcription factors
directly controlling gene expression in response to a wide range of
developmental, physiological, and environmental cues. Forty-eight
members were identified in human genome and recognized to be
involved in various metabolic disorders, e.g. atherosclerosis and
diabetes, drug interaction, and cancer proliferation, might make
them excellent targets for drug development. From our previous
research for metabolic syndrome related to lack of exercise and
overeating, we think that three major nutrients of carbohydrate, fat
and the protein metabolisms are connected and compensate each
other through metabolic intermediates. Based on ‘Latest Nutritional
Science’ which integrated nutrients metabolism, we aim to establish
the therapeutic approach for the metabolic diseases and cancer.

To achieve this, we study the mechanisms of NRs-mediated
transcriptional regulation of metabolism by using ‘omics’
technologies, such as genomics, epigenomics, transcriptomics,
proteomics and metabolomics, thereby we elucidate the onset
mechanism of metabolic diseases and cancer and the establishment
of therapeutic approach. Also, we push forward the single cell
analysis because various cells participate in the pathogenesis of
disease development.

Our major projects:
(1) Nonalcoholic steatohepatitis (NASH): Pathogenesis research
and drug target discovery.
(2) PPARPB/8-CD300A axis: Its role in intestinal immunity and
relation to metabolic disorders.
(3) Castration Resistant Prostate Cancer (CRPC): Pathogenesis
research and drug target discovery.

Inflammation
IL-G =——t= e
{M1 activation)
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(2] PPARB/ 5 -CD300AH & S
PPARB/&-CD300A axis and inflammation
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Molecular life sciences and drug discovery based on physics and computational science

IEED FORMDIRED BV EYIBZRITHS HIC
EWMDEHEREFED D EERRNTDRF - DFORIGPEINIR
PEVCRBELETIN. ZOEFIEFHZPHEANZEEDY
RBCEINTWVWET, IV/VTE&E. DNAPRNAKREDERS
DTFEEFAZICEDVWTETIVEL. ZDKPPHEEEANTOEN
REIFVEHSBANZTERLLT, A==V 1—9HEERFL
TYZaL—hI2EHORECE>THERELE, TOYZTal—V3
UNEGEDTFORIMDIRDEVNEFAT DL DD E, FIRFHFU
WMEBYIHERE UTERSD FIIERT 20 & 0¥ Y =2 b —
Y3 VU THFRD LS (TR BIEADGENITEETT . KHTF. EHTF
EEMET VNI BYREER EDERSH TOYEIWEEIERE DT
TETERREINFETH ., BLIFIENFBTEETEZRE LT, #
— N CERERDFHEDEREEDTVET, YZal—ravd
ERIIRBT —9 EEENICEBRREISNDHNEN G EITH, I
NOBEERBIEEYWEDREERIRIVF—EIFTERETHFD
JarzynskiERXZAVWTER T2 HEAZMAEL T, EEEDDTHRE
[CRAIESN 2 BTN EDEEBNBLEEZTEICUE Ul ZDHE
ZERIAVE 21— TRHZFRM(ICETHERDHIC U T—RRFE L TILALE
DNBKRICE>TVWET ., IVNTEDIEERUAFICEINT
DNADSHEEFBDOREREICAHRIIL T, #AZEEEDNADESHEIC
EPEEERUTVWRREZEBER X2 —Y 3 VHRZHRITR
DEUR, MENIVE1—9ZEFE LY ab—Y 3 Y TESH
FOLEZEELFTT,

Massively Parallel Computation of Absolule binding FrEe Energy

IPhysical research on thermal dynamics
of biomolecules

All life activities are based on molecular interactions in atomic scale,
which are governed by physical laws such as quantum mechanics
and statistical thermodynamics. Because of recent advance in
supercomputer it is getting possible to perform molecular dynamics
simulations of biomolecules such as protein, DNA and RNA

after building up accurate molecular models based on quantum
mechanics. If the molecular dynamics simulations are accurate
enough, we might predict the medical activity of new drugs by
computer simulations and it will promote the computer aided drug
design. Molecular interactions between water, small compounds,
and large biomolecules such proteins and nucleic acids are described
by molecular mechanical force field. Using high-level quantum
mechanical theory we are developing more accurate unified force
field than traditional ones. Using nonequilibrium Jarzynski identity
we developed massively parallel computational method of binding
free energy (MPCAFEE), which made it possible to quantitatively
compare the calculated binding free energies with experimental
binding constants commonly measured in the drug development. We
implemented efficient MP-CAFEE program to K computer, which is
widely used. Recently we succeeded to improve the accuracy of DNA
force field in consistent way with the protein force field. It enables
highly accurate molecular dynamics simulations for the protein and
DNA complex system with drug small molecules. We will continue
the research to make concrete physical basis for the life science.
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Quantum calculation for protein backbone
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Takefumi YAMASHITA
Project Associate Professor
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Specialized field : Chemical reaction theory,
Molecular dynamics

E-mail : yamashita@lsbm.org
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Nonequilibrium free energy evaluation
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Dynamics of nuclear receptor on DNA
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Project Research Associate
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Clinical Epigenetics
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Fujita Laboratory
http://www.c-epi.rcast.u-tokyo.ac.jp

BRIE - FERFEEBEECEDSDF - TET / ABIBORIAE

ISR « BECEADILA

Study of molecular and epigenetic mechanisms underlying hypertension and diabetic kidney disease
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The number of hypertensive and diabetic patients reaches 40 and 10
million in Japan. Despite the development of many anti-hypertensive
and -diabetic drugs, the number of cardiovascular disease and
chronic kidney disease keeps increasing and they represent
important social and economic burdens for the society. Increased
uptake of salt causes hypertension, but the sensitivity to salt differs
among individuals. Those with high salt sensitivity are prone to
kidney and cardiovascular diseases. Additionally, kidney disease
developed in diabetic patients is difficult to reverse once it

begins to deteriorate.

We think that salt sensitivity and irreversible nature of diabetic
kidney disease are caused by abnormalities in epigenetics.
Epigenetics is a switching mechanism involved in regulation of
gene expression by DNA methylation and histone modifications.
We believe that understanding the changes in epigenetics leads to
the development of novel diagnostic and therapeutic means for
hypertension, diabetes and their complications. We are studying
about topics:

(1) The mechanisms underlying salt sensitive hypertension, with
regard to regulation of salt re-uptake in renal tubules.

(2) How to prevent development of kidney and cardiac injury
caused by hypertension, especially focused on
mineralocorticoid signaling.

(3) Early detection of kidney disease by use of epigenetic
information of individual kidney cell types.

(4) Exploration of epigenetic abnormalities underlying irreversible
nature of diabetic kidney disease.
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Staining and sorting of proximal tubular cells

7R L EMR. R EERR
Kidney tubular cells involved in salt reabsorption.
Principal (red) and intercalated (green) cells
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Specialized field : Nephrology, Endocrinology,
and Hypertension

E-mail : Toshiro.FUJITA@rcast.u-tokyo.ac.jp

Toshiro FUJITA, Emeritus Professor / RCAST Fellow
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Blood pressure of mice measured by telemetry,
hypertension caused by mineralocorticoid
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Barrier-Free
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Fukushima Laboratory
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We are researchers with disabilities who conduct studies aiming to make people and society more accessible
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Satoshi FUKUSHIMA, Professor

BRASEH (FRNNUT IU—F, EEZ
Specialized field : Interdisciplinary barrier-
free studies, Disability studies

E-mail : fukusima@rcast.u-tokyo.ac.jp
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In the Barrier-free Laboratory, Professor Satoshi Fukushima, the
world's first deafblind university faculty member, and mainly other
researchers who themselves have disabilities conduct studies aiming
to make people and society more accessible.

Based on his own experiences as deafblind, Professor Fukushima
carries out various research in pursuit of not only the essence of
human communication and the meaning of disability experiences,
but also the ideal support system for disabled people.

Project Professor Jun Ishikawa, a totally blind researcher specializes
in sociology, disability studies and assistive technologies. Prof.
Ishikawa is also elected as a member of the Committee on the CRPD
(Convention on the Rights of Persons with Disabilities) of United
Nations. The committee reviews how each state party implements
the CRPD.

Project Researcher Naoyuki Okochi, who is also totally blind, has
done a wide variety of research concerning accessibility from the
standpoint of a disabled person, including topics such as assistive
technologies for the deafblind and the blind, dissemination and
awareness raising of barrier-free movie, theater, and the promotion
of welfare community planning.

Project Researcher Mami Kodama has conducted practical research
on special education for totally or partially deaf children, and now
studies how to support the language acquisition of deaf children
aged 0-6 years, and how to support their parents.

Additionally, in collaboration with the Tojisha-Kenkyu Laboratory
headed by Associate Professor Shin-ichiro Kumagaya (physically
disabled), we are cultivating our partnership with Tojisha-Kenkyusha
specializing in neurodevelopmental disorders and hearing difficulties.
Fukushima laboratory and Kumagaya laboratory are now

developing a globally unparalleled center for disability studies led by
researchers with disabilities.

*Prof. Fukushima's interview in English is available on the internet
until January 28, 2020:
https://www3.nhk.or.jp/nhkworld/en/ondemand/video/2058437/

ERFERZRTEEHR HARECT)
Prof. Fukushima communicates using Finger Braille
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Project Professor
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Associate Professor (concurrent)
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Assistive Technology
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Aiming to create a society which accepts uniqueness and diversity of people through practice based research
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IEnabling and Realizing an Innovative Society

Technology such as robotics and artificial intelligence have, and will
change or impact our social systems in big ways.

It has been said that new ways of learning is necessary within
education. However, there has been no clear direction on how to
do so, making it difficult to implement new forms of learning in
today's existing rigid educational system. Where and how can this
breakthrough happen?

There are many young people, each with unique talents that

who feel they cannot fit in to this preexisting educational system. Not
able to go school, or becoming hikikomori - Japanese for becoming
isolated and shut in from society and often from their families.

Challenging new forms of learning, Nakamura Lab has started the
ROCKET (Room of Children with Kokorozashi and Extraordinary
Talents) Project for such young people since 2014. Through ROCKET,
it has become clear that alternative educational methods that

go beyond the preexisting system are necessary, together with how
these methods can be implemented into society - which is being
examined.

The research also looks at providing bespoke learning methods for
each individual, by realizing cognitive skills unique to each one of
them.

Practice based research is also being carried out, looking at
educational enhancement for children with dyslexia (difficulty in
reading and writing) and severe or multiple disabilities through the
implementation of ICT methods. We also start research for children
living in poverty.

Nakamura Lab strongly believes that creating a social foundation
which accepts unique individuals together with diversity, is directly
linked to a future society and social system which can provide
innovation for all.
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Implementing the use of technology to capture

Utilizing robots in the assistive technology field
for collaborative research with industry

and monitor movements of children with severe
and multiple disabilities
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Specialized field : Special education,
Augmentative alternative
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E-mail : kenryu@bfp.rcast.u-tokyo.ac.jp
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Creating a new societal system for people with difficulties in learning and working
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The model of ultra-short time work
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Specialized field : Special education,Assistive
technology

E-mail : kondo@bfp.rcast.u-tokyo.ac.jp
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The group photo of DO-IT Japan

JOur research aims to achieve inclusive and
not-exclusive society

We've been conducting the practical research based projects to
enable inclusive learning and working environment.

DO-IT Japan (https://doit-japan.org/) is the program for students
with disabilities to develop their leadership skills to make the society
more diverse through the support of transition for schools and
employment. The program empowers students through the use of
technology, self-advocacy, and self-determination skills. The network
between students with disability, academic-industrial collaboration,
and international corporation has brought the base of the practical
research for inclusive educational environment.

AccessReading (https://accessreading.org/) is the online library
providing digital textbooks (the data which it can be used with
tablets for students with visual disability and learning disability).
With schools and Board of Education, this project provides the
strategy and the method of teaching to utilize digital textbooks for
students with disability.

IDEA (http://ideap.tokyo/) is the project for people with disability
who have been excluded in the current employment system and
provides opportunities by creating and implementing inclusive
employment system with the flexible workstyle. This project has
developed ultra-short time work scheme for people with disability
with the employment from 1/4 hours of work per week. This project
has the joint research with the companies and local governments

to improve the productivity of the workplace and the inclusive new
work environment.
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Reading AccessReading by Microsoft Word with
speech and highlight
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Kiriko TAKAHASHI, Project Associate Professor
5M5EH  FBRES. BHL. PIYRTATTI/
OYJ—. 20Q1ZN—)LF7H 1>, STEM
Specialized field : LD, AT, Disability, STEM
E-mail : kiriko@at.rcast.u-tokyo.ac.jp
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Kumagaya Laboratory
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Facilitation and verification of Tojisha-Kenkyu through an interdisciplinary approach
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Verifying Tojisha-Kenkyu in collaboration with academic researchers
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Shin-ichiro KUMAGAYA, Associate Professor
BRISE  /\ERIR. SFERR

Specialized field : Pediatrics, Tojisha-kenkyu
E-mail : kumashin@bfp.rcast.u-tokyo.ac.jp

The Tojisha-Kenkyu Laboratory was established as a place to
conduct various research related to tojisha-kenkyu. The
Tojisha-Kenkyu Lab. has 3 main aims.

(1) Practicing Tojisha-Kenkyu

The first aim is to be a place for the actual practice of tojishakenkyu.
Tojisha-kenkyu gives individuals the opportunity of acquiring the
ability to objectively observe the previous unknown patterns of their
own hardships and problems, giving them relief from those troubles.
It also gives them relief by being able to share the hardships and
problems they had been harboring alone with others. Tojisha-
Kenkyu Laboratory is conducting tojisha-kenkyu groups focusing on
developmental disorders, children, addiction, athletes, and so on.

(2) Verifying Hypotheses from Tojisha-Kenkyu

The second one is the academic verification of tojisha-kenkyu.
Working together with academic researchers from fields such

as cognitive science and robotics, the laboratory analyzes and
verifies personal experiences to ascertain whether the hypotheses
individuals formed through tojisha-kenkyu are true and if they apply
to most people.

(3) Researching Tojisha-Kenkyu

The third is to conduct research on tojisha-kenkyu. The Tojisha-

Kenkyu Laboratory researches topics such as: the effectiveness of
tojisha-kenkyu on different types of individuals; the various styles
of practicing tojisha-kenkyu; the beginning and spread of tojisha-
kenkyu; the existence of any problematic issues in tojisha-kenkyu.
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Measurement of the eff ectiveness of tojisha-kenkyu
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Intellectual property law and policy
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Satellite Office (Sapia Tower nearby Tokyo Station)
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Katsuya TAMAI, Professor

BRISE : ANMEE

Specialized field : Intellectual property
law

E-mail : tamai@ip.rcast.u-tokyo.ac.jp

IIP and International Competitiveness

Comparative legal studies have become of increased importance
in recent years due to the globalization of economy and the
advancement of telecommunications technology. Reflecting the
needs of the society, we have been focusing our research on the
following areas:

(1) Assertion of Standard Essential Patent Rights

Some limits are necessary, however it may impede innovation and
standardization if it goes too far. We attempt to seek a balanced
solution to this intensively discussed topic.

(2) Trade Secret Law

In the U.S., trade secret espionage cases often result in high damages
or criminal liabilities, and legislative activities are intensified. Our
research, aiming at protecting our national interest, led to the
reform of the Unfair Competition Prevention Act.

(3) Application of Laws to Transnational
Patent Infringement

Nowadays, transnational implementation of patents are common,
particularly in the field of ICT. We are looking into ways to adequately
protect IP under the principle of the territoriality of patents.

(4) Pharmaceutical/medical patents and
regulations

Under a complex legal system and regulations requiring the
assurance of safety and patient access, the pharmaceutical/medical
industry is required to generate and distribute innovative drugs

or medical devices. We strive to find the right balance between
innovation and public health, and international competition and
cooperation through IP policy research.
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Sachiko MASUDA, Associate Professor
B8  ANMEE. F55TE BE &
BESEE

Specialized field : Intellectual property

law, Patent law, Lifescience related
legislations and regulations

E-mail : masuda@ip.rcast.u-tokyo.ac.jp
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Maya ISHIDO
Assistant Professor
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Oral history Political study Public policy administration
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Izuru MAKIHARA, Professor

BMSH A -2 MU — - BUER - {TRE
Specialized field : Oral History, Political science,
Public administration

E-mail : contact@pha.rcast.u-tokyo.ac.jp
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(1) Oral History Projects and Political History

Analysis of interviews and historical materials, mainly for research
on the functions of the Kantei (the prime minister’s office) and
postwar politics. Research on relationship the Liberal Democratic
Party and the bureaucracy is being prioritized.

(2) Comparative Public Administration

Comparative analysis of the bureaucracy in the developed countries.
Governance system reforms and administrative reforms in those
countries, particularly metropolitan politics in England is the current
research topic.

(3) Judicial Politics

Study of the history of judicial politics in Japan during and after the
Meiji Era. The postwar political function of the Supreme Court is
being researched.

(4) Advanced Public Policy Research

Interdisciplinary research across the natural sciences and social
sciences combining theory and practice. In particular, research on
the reconstruction process after the Great East Japan Earthquake
and the creation of its archive are being prioritized

€

SRAN

(3] MEBEE [KEa%E] |

Kk (B oz
Shin SATO
Research Associate



S S O0- N EFaYUT o c R ST
SR Religion and Global Security

HMARTRAE
Ikeuchi Laboratory
http://ikeuchisatoshi.com

2 0—-NWHRICHET B 2R R & (MIEFREE O R DXL % 8 T
HEOFEZHRT B3ESHEX 1) T rHR

Integrated studies of various facets of Security, searching for ways to overcome conflicts
which arise from between the multiple religio-normative systems
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Globalization is shaking all that was solid, the individual, the nation
and the international order. Human rights and democracy, borders
and citizens, the international law and the sovereign state system,
basic constituent elements that supported the modern world have
melted and lost its certainty. In our division, these phenomena were
taken as the issues of "global security" in a broader sense.

I'Islamic Political Thought" and beyond

Religions and sects remain to be the core of identity of individuals
and groups. Particularly notable is the influence of Islam on political
mobilization. It took Prof. Ikeuchi for ten years, from October 2008
to September 2018 to tackle with this issue as an associate professor
and P! of the Islamic Political Thought Division of RCAST. During that
time, he has observed and analyzed phenomena arising from the
Middle East such as “Arab Spring” and “Islamic State.”

IFormation of a global research network

A new division on “Religion and Global Security” was established
in October 2018 to conduct researches on wide ranging topics
concerning religio-political relations in major traditional religions
such as Islam, Judaism and Russian Orthodox covering regions of
the Middle East, the Balkans, the Eastern Europe and the newly
emerging Indo-Pacific. Research topics include: Russia's deepening
involvement in Middle East; the rise of Iran as a regional hegemon;
strengthened ties between Israel and the US; Turkey's return to the
Balkans, Eastern Europe, and East Africa; and China's increasing
footprints in the Middle East and Africa.

Religion and Global Security Division is developing into a node of
global networks for universities and research institutes working on
researches of strategic, security and international affairs.

] MRS—LBEOEER] (EHH)
The Shock of the Islamic State, Tokyo,

Bungeishunju, 2015 Washington DC
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- Satoshi IKEUCHI, Professor
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l , i Specialized field : Islamic Political Thought,
: - Middle East Studies, International Terrorism
' E-mail : ikeuchi@me.rcast.u-tokyo.ac.jp
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Participating a panel discussion at CSIS in
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Engaging Arab public opinions as a contributor to
Dubai-based Alroeya
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Yu KOIZUM!I, Project Research Associate
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Specialized field : Security policy of Russian
Federation, Russian Politics and International
Relations

E-mail : koizumi@me.rcast.u-tokyo.ac.jp
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Data Analytics to Understand Innovation Dynamics and Applications to Science and Technology Policy Making
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IScientification of Economy : Co-evolution of
Science and Innovation and Ecosystem Formation

Scientific foundation becomes more and more important for
industrial innovation process. The genome science has changed its
R&D process substantially and concurrent progress of academic
research and its industrialization (innovation) occurs in Al and
robotics field (scientification of economy). We are conducting
empirical research on science and innovation coevolution, by using
large bibliometric datasets (patents, research articles) and economic
statistics. The results of our analysis are inputted to actual policy
formation in relevant ministries. The concrete research theme
includes
- Co-evolution of science and innovation: New role of university and
policy implications to effective industry collaborations
- Economic analysis of Al/Big Data/loT, analysis of platform business
and innovation ecosystem
- Regional innovation ecosystem: Case studies of Silicon Valley and
Shenzhen
- Global competition in science innovation (vs. US and China)

IBig Data Analytics for Empirical Innovation
Research

We are also conducting the research on database construction and
new methodologies of technology forecasting, based on bibliometric
information (research articles and patents). Advanced computer
science techniques (such as deep neural network) are used for
natural language processing in multi lingual environment (Chinese,
English, Thai as well as Japanese).
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Kazuyuki MOTOHASHI, Professor

SMSE | BATREHEE. 70—/ VUREHS.
RIPIRITBER. B5EIERS

Specialized field : Technology Management Strategy,

Bibliometrics
E-mail : motohashi@tmi.t.u-tokyo.ac.jp
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Regional innovation ecosystem in Shenzhen

Global Business Strategy, Science and Technology Policy,
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Dynamic topic modeling of fintech patent
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Mikuriya Laboratory

http://www.mikuriya.rcast.u-tokyo.ac.jp
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Study of political history
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Cooperative Laboratories MOT (Management Of Technology)

IResearch Projects

(1) Oral History

(2) Architecture and Politics (The Open University of Japan)

(3) Comparative Research on "Postwar" and "Postdisaster"
(Hyogo Earthquake Memorial 21st Century Research Institute)

(4) Archive for Disaster Management and Future

ICollaborations

(1) Archive of the Great East Japan Earthquake and the 2016
Kumamoto Earthquake

(2) Collaboration with Kumamoto Prefecture and Kumamoto
University

(3) Collaborations with other fields
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Takashi MIKURIYA, Visiting Professor
B9  BUEsE. #—3)IL - EXbU—,
RHEEER,. BECBUE. X7« 7 EBUA
Specialized field : Japan's political history,
Oral history, Public policy. Architecture and
. politics, Media and politics

E-mail : mikuriya@mk.rcast.u-tokyo.ac.jp
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Watanabe Laboratory
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Institute for Future Initiatives

Exploring evidence-based management of intellectual property creation, protection, and monetization for innovation
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(1) apiezorssgzy fo—2
Co-inventors network of cooperative joint venture

Our laboratory aims to study intellectual property(IP) management
for innovation strategy, profiting from various organizational
management resources as well as management of uncertain
technology by (1) empirical analysis using statistical data and/or
questionnaire survey, (2) case study, and (3) project study
collaborating with companies, government and international
organizations. Current topics are; organizational factors of unused
technology, disempowerment of IP Right, and open proprietary IP
management.
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Toshiya WATANABE, Professor

SMSE | ZTRE

Specialized field : Managemet of technology

E-mail : toshiya@tkf.att.ne.jp
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Segawa Laboratory
http://www.dsc.rcast.u-tokyo.ac.jp
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Research on the next-generation photovoltaics with high efficiency

KEE LR LERFER
Department of Multi-Disciplinary Sciences,
Graduate School of Arts and Sciences
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Smart phone charger using energy

Dye-sensitized solar cell (DSSC) -storable solar cells
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In our laboratory, next-generation high-performance photovoltaics
using organometalhalide perovskite have been investigated. Various
basic researches on the new materials will open the door of frontier
science and bring the future photoenergy conversion technology.
Organic-inorganic hybrid solar cells, dye-sensitized solar cells,
quantum dot solar cells, and energy storable solar cells have also
been developed.
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Hiroshi SEGAWA, Professor

55 : ABAFEE. ROTRAA bARBES! .
NA Ty RARZSE

Specialized field : Solar power generation,
Perovskite solar cells, Hybrid solar cells

E-mail : csegawa@mail.ecc.u-tokyo.ac.jp
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Augment the human abilities with the Virtual Reality technologies

that unites humans and computers

REFEHRE T RER50R

FIBEREIBIRFHI

Department of Mechano-Informatics,

Graduate School of Information Science and Technology
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Cross-modal Gustatory Display

Digital Museum: On-site VR Exhibition

Our research laboratory focuses on developing a high level user
interface that unites human and computer, called Cybernetic
Interface.

Starting with virtual reality technology (VR), we seek to research and
develop such interface in detail. Some of the research themes that
our laboratory is working on are image-based rendering technology,
augmented reality (AR) technology, multimodal and crossmodal
interfaces, and technology concerning lifelog and Big data.

We are also interested in the contents that are made from

such technology, and social implementation of those technologies.
Some projects that we are working on are the Digital Museum
project, the Digital Public Art project, and the Senior Cloud project.
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Michitaka HIROSE, Professor
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Specialized field : Virtual reality, Human
interface

E-mail : hirose@cyber.t.u-tokyo.ac.jp
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Nakano Laboratory
http://www.ee.t.u-tokyo.ac.jp/~nakano/lab/
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Department of Electrical Engineering
and Information Systems,

Graduate School of Engineering

Creating semiconductor optoelectronic devices for high-efficiency light emission, manipulation,

and harvesting
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Pseudo-natural Peptide Therapeutics

Toward optical communication networks and optical information
processing/storage of the next generation, we are investigating
novel high-performance diode lasers/LEDs and light-controlling
devices based on compound semiconductors (optical switches,
wavelength converters, optical amplifiers, etc.) as well as highly
functional semiconductor integrated devices and circuits fabricated
by integrating these discrete devices. For solving energy-related
problems, a new class of highly efficient solar cells based on
compound semiconductors and their application to renewable
energy systems are also studied. Crystal growth and processing
technologies of quantum micro heterostructures by InGaAsP and
InGaAlAs alloys on InP and GaAs substrates, and of llI-nitrides such as
GaN, AIN, and InN, for fabricating those devices are also investigated.
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Yoshiaki NAKANO, Professor

> BPISE KBTI KHEREOE.
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Specialized field : Optoelectronics, Photonic
integrated circuit, Photoenergy device

E-mail : nakano@rcast.u-tokyo.ac.jp
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Suga Laboratory

http://www.chem.s.u-tokyo.ac.jp/users/bioorg/index.html

KEFIEFRIARRE {LFFH
EMERIEZH=E
Department of Chemistry,
Graduate School of Science,
Bioorganic Chemistry

SFRETIE. BRIEFOZERT EEKMEEYZICRIANDS
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LT AAMDEVWNAA T 0/ O0Y—KifiDEF. Z U TAl
RICEXTOBIBMRZLTCVE T, EANRITREASETEICKR
WEd. (1) HHRRTFRULY RHFORIEMGAH. (2) #RRT
VIZFPUVT, (3) BRAYMDD Ry MERRODHEIL,

(1] RaPIDYRT L TRGSNIFHATF KBNS V) VI B & DX RES
X-ray crystal structures of the complex of target protein with pseudo-natural
peptides generated by the RaPID system

Our laboratory pursues research programs bridging between
chemistry and biology. To conduct a good balance of science and
technology will build new technologies that contribute to the
chemical biology field, covering from basic research to applied
research. The following programs are currently active in our
laboratory: (1) Non-traditional peptide therapeutics, (2) Engineering
the translation system, and (3) Ribosomal synthesis of natural
product-like molecules by the combination of the genetic code
reprogramming and post-translational modifying enzymes.
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Hiroaki SUGA, Professor

BEM9H  ySHILNAF 0OV —. EYERLEE

Specialized field : Chemical biology, Bioorganic

chemistry

E-mail : hsuga@chem.s.u-tokyo.ac.jp
hsuga@rcast.u-tokyo.ac.jp
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Oguma Laboratory
http://www.urbanwater.t.u-tokyo.ac.jp/oguma/
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KIRIRDIRE

KERTFZRFRBBHTFFH
Department of Urban Engineering,
Graduate School of Engineering

Water Treatment and Supply Systems and Water Environment Conservation

for Sustainable Water Use

ZERIBKEZZENICHRHOUERE THRATDICHD [KDDLH
Do D KB KOS EU DMt KEHEY AT L] [KDOFH
BN KRBEERE] EOVWTHRALTVE T, KLEEIMT
(. BHRZEMRAUICKOBEISEEULTVWET,, KARBEL.
BLBHEYBICEY. BEREERYZECRV, EERNHAR
Z, KPECBVICEEBZERETBVEDORT G Y. K&, B,
MK EERE. RENSKEBERT. KZNHNELTDLIRIFERT
FIAPMEARLTVER T, BRRETE. RIMRICIDMEM DTS
LB P HOERROEBRERDD EEDIC, BAERLT A F—R

(UV-LED) 732 ERRLIRIERZ Vo KIMERBERET P E D IBDIRS
EITOTVEFET,

(1) #5158565 1 4 — RAIBEBOIER
Prototype of water treatment device
with UV-LEDs

We work on 'water treatment', 'water supply systems' and 'water
environment conservation' for safe, stable and sustainable water
use. For example, we focus UV treatment for water disinfection.

UV disinfection is effective against diverse microorganisms with
advantages of no formation of harmful by-products, no chemical
addition and no changes in taste and odor. UV disinfection has been
adopted in water treatment plants as well as in water-demanding
industries including food, beverage, medical, pharmaceutical and
aquaculture. We adopt both microbiological and engineering
approach to understand UV inactivation and photoreactivation
mechanisms as well as to propose UV reactor design and applications
of various UV light sources including

UV-LEDs.
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Kumiko OGUMA, Associate Professor

BPISE  KYRT L, KB, EAREAT. JHE.
& _FEOKEE

Specialized field : Water systems, Water

treatment, UV technologies, Disinfection, \Water
issues in developing countries

E-mail : oguma@env.t.u-tokyo.ac.jp
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Research Departments
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Crowd Management

http://www.crowdmanagement.jp

HEDRELFEEVER. ¥ —EAQLOUSREFRE

Towards a better society through a safer crowd control, better guarding and improved services

LLDAPETDRHZEFOS vy 2 RFORORILEERF E(CH
TRHEDRLBRFECER. REGY —EADEMHEWVSI@BHT
SERREZIFENICER. 202068RRF U VYT - XS UY
By TR EORRRIGA RN MEEICIA . HHNDADEFPK
REKE - TO. RKEFXBOERGRE, ELOREZBA SR
[CHEVWCEMEEZTFRAULFET D EHIC, BHRERDOBEYGN
WICKY . BRFREBZEVSELOE T BTEBREZLHENE
S5 LZBELET.

Crowd Management aims to comprehensively debate the crucial
problems of how to safely direct and guard crowds and provide high
quality service in public spaces where numerous people gather,

like stations during rush hour or large facilities. The center seeks to
predict and prevent congestion not only at large scale events such as
the 2020 Olympic and Paralympics, but also throughout whole Japan,
which faces problems such as a high concentration of population in
cities, large scale natural disasters, potential terrorism and a growing
influx of foreign visitors. At the same time, the center aims to benefit
the society by promoting methods for avoiding dangerous situations
by appropriately handling crowds on-site.

THRY B s JE{ERERS REBERZS BT A
Eatfsuhiro NISHINARI Cooperation Company/Organization NARITA INTERNATIONAL AIRPORT CORPORATION

rofessor N .

HASHERRR—A REAREHREFA T
Ef S—BB mEsEm TOKYO DOME CORPORATION East Japan Railway Company
Kenichiro SHIMURA #X|MT Y R7z0-X ERERHAatt
4 Goodfellows Inc. KAJIMA CORPORATION

Claudio FELICIANI Mitsubishi Electric Corporation SECOM CO. LTD.
Project Research Associate b N e s BAZES%te

Tokyo Metro Co. Ltd.
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Social Cooperation
Research Departments

ALL NIPPON AIRWAYS CO., LTD.
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Renewable Fuel Global Network (RE-Global)
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Realize the world's first renewable hydrogen society

BHEFHPERGETMICETN/OBNOMIF THETETI I
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AR BEARICSVT, HRICERIITHETEIRILF—ZEEE
CTRFMUBRHRDOBEZEIELE T SEHERSH. TUT
BADTNTFZvIN— b — - BZSTCERNEB S SEIEAEH
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In order to realize the world's first sustainable energy system in
Japan, where energy resource is insufficient, we aim to produce
hydrogen using renewable energy in the oversea regions with
abundant sunlight and land area, and to transport that renewable
hydrogen to Japan. In order to establish a platform for social systems
and basic technologies to procure global supply chain of renewable
energy, we promote open innovation based on an international
industry-government-academia collaboration with eight companies,
international academic partners and governments.

11 EA 2= SRR
Isl\a?g:saozru SUGIYAMA Cooperation Company/Organization
rof -

FERESEHIRT IRIUEAL/ RS ERR

SOJEF BEME sz Sumitomo Corporation Komatsu Ltd.

Tatsuoki KONO EREITFRMISHT FRE(ETERARASHT

Project Professor Sumitomo Electric Industries, Ltd. Chiyoda Corporation
MREHET7 7 ) — RRAAMRSH

ACTREE Corporation

MREHTVIRANR—ILT 12T
West Holdings Corporation

Tokyo Gas Co., Ltd.

IXTGI R F—HAAtt
JXTG Nippon oil & Energy Corporation
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Social Cooperation

CEESIDELLGEIEY Department of Inflammology

DAMPDOHEEERRIT D & BEREKREBCH AL E(CHIT =HT=BaBEDRFE

Promote functional analysis of DAMP and develop new therapeutic agents for autoimmune conditions and cancer

RIEFEXDHBICEETHD—TF T, KifnEddWVIEBEDRK
EIFECSRERE. N, HdVIERBERRES K DFREFRED
HEBEZRLTLWRELWDNTWVWET., BN TH, i@ xo0—
VR EDIICK > THET 2Damage Associated Molecular
Pattern(DAMP) EIREN TV S HEEED B D) TS HFRN(ITFE
SNTVRTD. TOFMBHEECREFEICEU TERETRD
EATVWEB A, REETIEDAMPOBERITZHE L. ZDHRE
ZRBRERIR EDRFEICKDHEBOEEDEIICAITTEN LT
TFI,

While inflammation is important for the protection of the body,
persistent or excessive inflammation is considered to be a cause
of many pathogenesis such as autoimmune diseases, cancer, or
metabolic diseases. Among them, self-molecular groups such as
nucleic acids, which are called "Damage Associated Molecular
Pattern (DAMP)" released by death of cells such as necrosis, are
attracting attention, but their detailed functions and pathogenesis
are still under investigation. We will promote functional analysis
of DAMP and establish a disease treatment method by developing
nucleic acid medicines.
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Hideyuki YANAI Cooperation Company/Organization
Project Associate Professor . -
MR Fv I
EH E e Bonac Corporation

Sho HANGAI
Project Research Associate
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Junko NISHIO
Project Research Associate
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UTokyo Future Society Initiative SDGs projects
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In September 2015, the United Nations reached a unanimous
consensus regarding Sustainable Development Goals (SDGs).
These SDGs are a bold, ambitious global plan that seeks to

put an end to poverty, tackle the problems of inequality, and
respond to climate change. The University of Tokyo has publicly
declared its intent to make full use of these SDGs to achieve its
closely aligned goals of invigorating collaborative activities that
contribute to the future of the planet and of human society.
RCAST is a small research organization with only roughly 200
members, but it is committed to achieving all of these SDGs.

Takeo KONDO, Associate Professor
Assistive Technology

BEDHDREERE - Z2EDT 7 /O0V—&/FRALIES DO-IT Japan: Transition Support for Post-secondary

EXEBROUPINOBITZIETOI LT b
(B8%5 - DO-IT Japan)
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b5 ijzaEas
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Education and Employment using Technology for
Students and Youths with Disabilities.

Yoshitaka OKADA, Professor
New Energy

- NEDOF48E - BIERMEREAHREOREE IR MR NEDO Development of High Performance and Reliable

PV Modules to Reduce Levelized Cost of Energy “R&D
of Ultra-high Efficiency and Low-cost Ill-V Compound

CBEWE - EOZ N NV AESYAIEEHTEY 1 — )L Semiconductor Solar Cell Modules (Ultra-high Efficiency
DI (BEMEILE K OME TR MERIITEIS) Cells and Cost Reduction Technology)
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Takeo KONDO, Associate Professor
Assistive Technology

BRABANZDERASIIZTREICT 28 LWLEIE A DRIE Research Project for Developing New Work Style for

HxRFOTTo b~ (B8%F IDEA)
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Including Diverse People (IDEA)

Hideki KOIZUMI, Professor
Co-Creative Community Planning, Design, and Management

Sustainable Community Design for Super Aging Society

Hisashi NAKAMURA, Professor
Climate Science Research

Belmont Forum Climate Services Collaborative

[ZE~10FERED I EERNTIET R DLEANG Research Action “InterDec”: the Potential of Seasonal-

(FTHROBENTREM] (B8 © InterDec)

to-decadal-scale Inter-regional Linkages to Advance
Climate Predictions
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Pursuing truly interdisciplinary research

RCAST Cross disciplinary projects

At RCAST, a research institute which fuses the arts and sciences
without limiting itself to a specific field of study, research

fields such as science and engineering, which promote science
and technology, co-exist with humanities and social science
research fields related to ethics, philosophy, and social systems.
RCAST is uniquely positioned to carry out research in
unprecedented fields, so it must take on the challenge of
solving the complex problems faced by society.

EXA -7V EMTEFRRELENDHEEIATHEL. KROST1 731 IO X2

Explpre life science researches through cross-disciplinary collaborations of young Pls in open laboratory spaces

RRKE ton - BRBIEEFT7 A7

UTokyo-Research Alliance for Information and Life Sciences (UTokyo-RAILS)

B RIRIBMOER & BERPZDERNES (C K 2 TRO THEM
LT 2P PMRZINRNICERT DIcHlc. 2018FELIE
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Many major fields in life science research today involve the
understanding and reconstruction of heterogeneous cellular and
molecule dynamics in multicellular organisms. In order to create
synergy through the coupling of bold ideas from young researchers
and technologies from a variety of fields, including biology, medicine,
chemistry, engineering and computer science, the University of Tokyo
has launched a new alliance for life science research, beginning

in 2018, at RCAST. The alliance recently hired visionary young
researchers and is constructing an open laboratory where people can
gather, discuss, and share advanced equipment and work space.

BT E wxs B E

Nozomu YACHIE Laboratories

Associate Professor BRI S B RHEZHET

*E ﬁ A Synthetic Biology Metabolic Medicine

Tsuyoshi OSAWA Za1—hUFZIR - BEENE EwmAREY AT LD EF
Project Associate Professor Integrative Nutriomics and Oncology Intelligent Cooperative Systems
KM i e ORT 1 v I EGHEH HELERISSE

Sadao_ OTA Networked Biophotonics and Microfluidics Photon based Advanced Manufacturing Science
Assodiate Professor ERT—I YA LIRS ERRITHFNE

A BE  #n Biological Data Science Bioorganic Chemistry

t'érc%'r UEDA JJ AT A TYRNE BB

Genome Science

Theoretical Chemistry
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Development of solutions for Social problems in research sites
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Inclusive Design Lab
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Field-based regional partnership projects

EHBIV EZ TSR

Co-Creation Living Lab

The STEM research sites in Japan, where lab wares, measurement
instruments, and analysis systems are packed into small spaces,

are far from being ideal environments for researchers with physical
disabilities. This project, which involves a team of universal design
leading experts, private sector companies involved in the research
and development of inclusive environments, researchers with
disabilities, and barrier-free studies at RCAST, has kicked off to create
environments where disabilities do not limit research careers.

It aims not only to create ideal research environments for all
researchers but also apply the developed technology to the aging
society, thus contributing to the creation of the inclusive society.

HESY E—HB ews
Shinichiro KUMAGAYA
Associate Professor

WK BR e
Shigehiro NAMIKI
Project Lecturer
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The workshop at a Co-Creation Living Lab kickoff event.

Co-creation living lab has been launched in Nov. 2018. We are
collaborating closely and flexibly with local governments and
communities in diverse fields from regional industrial vitalization
projects utilizing research seeds, disaster recovery efforts, community
rebuilding, and research exchange and personnel development
activities that leverage knowledge, experience, and abilities to
verification testing of new work styles.
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Hideki KOIZUMI Sae KONDO

Professor Project Research Associate
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lzuru MAKIHARA Yu WAKABAYASHI
Professor Project Research Associate
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