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The problem of climate change is a serious one that affects the entire planet, and the government is responding by
making the realization of an environmentally friendly and sustainable low carbon society a national goal. Green
innovation is being promoted as a means of achieving this goal, and the key emphasis of this innovation is, in addition
to finding solutions to the problem of climate change, to have it serve as a driving engine of Japan's New Growth
Strategy.

Waseda University has been actively engaged in research into ultra-low power processors, cloud systems, smart grids,
and a variety of other next-generation information and communications technology (ICT), which contributes to the low
carbon by ICT that is an essential part of green innovation; this research has primarily been centered in the Faculty of
Science and Engineering, the Information Technology Research Organization, the Global Information and
Telecommunication Institute, and the Information, Production and Systems Research Center. Waseda University also
actively works with industry through the NEDO Matching Funds initiative, collaborative research, or contract
research in order to contribute to society.

In April 2011, thanks to the support of the Ministry of Economy, Trade and Industry's Project for Industrial Technology
Research and Development Facilities, the construction of the Green Computing Systems Research and Development
Center was completed. Now, it serves as a new center for collaborative research between industry and academia. The
primary organization driving research at this new center is the Green Computing Systems Research Organization
(GCSRO).

The GCSRO promotes collaborative research and development between industry and academia into green ICT,
centering on ultra-low power, high-performance, many-core processors. In order to achieve its goals, the GCSRO
tackles a wide range of research challenges, including architectural, chip design technology, compiler technology,
software technology, and other elemental technology issues, as well as the development of applications for servers,
intelligent home appliances robots, automobiles, and other devices that will utilize ultra-low power, high-performance,
many-core processors. The GCSRO is also a cutting-edge research center that engages in campus-wide and
industry-academia collaborative research projects; it attracts information and communications technology (ICT),
foremost researchers from throughout Japan and the world, and it is an active participant in academic exchanges. Your
support and assistance is, therefore, greatly appreciated.
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Cool servers
(Data centers, medical server, and other equipment)
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Perceptual Computing Laboratory

Advanced Multicore Processor Research Institute
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The Advanced Multicore Processor Research Institute is engaged in joint
research and development among industry, government, and academia to
drive the advancement of global information technologyserver, and other
equipment by reducing the costs and time associated with software
development in areas such as high performance computing systems and
lowered power consumption embedded systems and software, thereby
contributing to the realization of a safer, more secure and convenient life
for the people of the world. Facing the end of Moore’s Law, which has
previously governed the increase in speed and the decrease in power
consumption for information systems, the technology of multicore
processors and software is attracting interest as technology that could
enable the achievement of faster, less power-hungry computer systems
going forward. This technology is starting to find use not only in
supercomputers, cloud servers, and other high-end computers, but all
around us in self-driving cars, smartphones, smart homes, smart cities,
medical devices, robots, games, [oT, and beyond.

Top-class human resources who can perform research and development
for this kind of cutting-edge technology are required from around the
world in order to add high value to various IT equipment by using
multicore processors, automatic parallelization, and reduced-power
compilers.

Because of this situation, our institute continues to encourage
collaboration among industry, government, and academia for improving
cost performance, shortening the development period for hardware and
software, enabling scalable advancement for increasing processor core
numbers, and conducting research and development for low-power
homogeneous and heterogeneous multicore processor architectures and
software in order to enhance the sophistication of actual products in the
industrial sector and achieve high added value. We are also striving to
train industry-ready human resources with experience in resolving each of
the various difficulties that arise in research and development by having
students participate in joint industry-academia projects.

The institute’s originality lies in OSCAR multicore processor architecture
in concert with Waseda University’s unique OSCAR multigrain
parallelizing and automatic power reduction compiler techniques, which
have been made public in the form of numerous patents, as well as those
projects that have been raised to the top global level through the Ministry
of Economy, Trade and Industry’s Advanced Parallelizing Compiler
Millennium Project, and NEDO’s Multicore Processor for Real-time
Consumer Electronics” and “Heterogeneous Multicore for Consumer
Electronics projects. We have already achieved success in the joint
development of important products used widely in the world through
previous industry-academia collaboration, and we hope to contribute to
the objective of improving life for people around the world through the
development of many higher value-added products in the coming years.
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HITACHI Central Research Laboratory Senior Advisor Hiromichi Fujisawa
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We are currently trying to establish information processing
technology to imitate the perceptions and thoughts of humans
(AI) based on the theories of pattern recognition and machine
learning. Our further aim is to achieve smart human-computer
interaction systems through the application of this technology.

The research is broadly divided into the following three
branches:

1) Recognition and synthesis of voice and images and basic
research into natural language processing

2) Research into a support framework for the machine learning
research and development necessary for 1)

3) Application research, such as conversation robots, IoT, and
information retrieval, using 1)

The basic research mentioned first into sound and image
perception (®perception) and language (=thought) is of the
utmost importance for providing a foundation for achieving
smart human-computer interaction. We are developing
technology that can accurately understand and express the
language and paralanguage that humans use in mutual
communication as a basis for the theory of machine learning,
which has been progressing rapidly in recent years.

The framework research mentioned next pertains to data
collection as the foundation for Al research. We are trying to
make it possible to apply technology from the early stages of
development, where the performance of Al alone is low, in real
fields, as well as enable data collection by developing
crowdsourcing with real-time responsiveness and incorporating
it into later Al to provide accuracy assurance.

The third branch, application research, refers to the creation of
application systems to enrich people’s everyday lives based on
research into perception and thought. Conversation research has
been a theme of this laboratory for many years. We are creating
a mechanism for the effective exchange of knowledge and
emotions between humans and computers or between fellow
humans via computer through the interactive methods of
conversation. In addition to this, we are developing support
technologies for primary industries, such as fishing and dairy
farming.
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Global Software Engineering Laboratory

Global Robot Academia Laboratory
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Complex and Uncertain Software Systems in the Global Development Era
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Our focus is the practical application of research through
collaboration between industry, academia, and government into eco
systems for the era of IoT, AI, and cloud computing, which are
dynamic, complex, and uncertain. Such systems combine various
aspects that include globally efficient and highly reliable research
applications and quality assurance for software systems that are
compatible with environmental changes and demands that extend
beyond the respective fields, as well as supporting the processes,
human-resource development, and international standards. We are
leaders in the community, hosting many conferences in Japan and
abroad, such as IEEE ICST, IEEE IWESEP, AsianPLoP, IPSJ SES,
PyCon JP, ET Robocon, XP Festival, and G7 Programming
Learning Summit. We have been the subject of numerous reports in
the Nikkei, Mainichi, Tokyo Shimbun, on Fuji Television, and other
media outlets.

(DDesign and implementation
*Requirement engineering using big-data, machine learning, and
personas
*Pursuit of requirements, programs, etc.
*Design patterns for distributed systems
*Model-driven security and privacy and IoT and cloud services
applications
(2Program analysis and processing
*Rich web application analysis and pattern verification
*Program reverse engineering foundations
*Aspect and context-oriented programming environments
*Multilingual program source code processing environments
(3Quality Assurance
*Database application tests
«Test prioritization in black box tests
*Web application test code generation
*Fault position estimation
*Embedded program source code quality diagnosis
*Improving software quality assessment through machine
learning
*Fault prediction and decision-making support by reliability
modeling
*Comprehensive quality measurement and evaluation frameworks
and benchmarks
(®Organizations and processes
*Organization targets, strategies, measurement data integration
*Repository mining and quality improvement
*SEMAT Essence application
*Agile development process improvement and quality assurance
patterns
(®Human resources development and bodies of knowledge
*Programming learning environments and robots
*Team training for information system development
*Bodies of knowledge
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In this laboratory, we work to unite ICT and robot technology
(RT) for the research and development of practical
next-generation robot technology that will contribute to
resolving the various problems faced in disaster management
and a super-aging society, including the checking of on-site
situations and removing debris when a disaster strikes, and
medical care and welfare, rehabilitation, and the promotion of
health in the elderly, respectively. Furthermore, based upon the
seeds resulting from development, we will acquire a great deal
of competitive funding and drive a multitude of joint
industry-academia projects toward the utilization of the research
technology.

Our main research topics are as follows:

(1) Improvement and clinical evaluation of remote prenatal
examination robots

(2) Performance verification for next-generation cancer
treatment robots

(3) Development of image processing techniques to detect
internal bleeding with minimally invasive procedures based
on ultrasonic echo imaging

(4) Development of high dorsal-support RT to support walking
rehabilitation for talipes equinovarus patients

(5) Clinical evaluation of perception shareware to raise
awareness of physical sensation on a paralyzed side

(6) Construction of health-promotion technology for the elderly
using small physical motion robots

(7) Construction of operating gain tuning methods according to
operational status in remote operating construction machines

(8) Development of intuitive motion-capable [third arms] for
lifestyle support

(9) Development of biosensors attached to the skin that combine
nanotechnology with printed electronics

The topics are closely linked to society. The process of designing
highly effective research plans for research topics with a strong
social awareness and establishing cooperation between relevant
parties in government, hospitals, and companies to create useful
knowledge results in an accumulation of very high experiential
value to young researchers and students. There is potential for
extremely beneficial educational effects. Meanwhile, in the case
of (9) for example, the use of highly adhesive ultrathin molecular
film (nanosheet) with electronic circuit wiring printed onto it
will promote the development of biosensors and RFID for which
the attachment can barely be felt, which could be a driving force
for new industry creation. It is hoped that this could serve as a
foundation for the construction of new export industries for
Japan with a view to introducing medical and welfare systems to
a wide range of cities throughout Asia, as well as medical and
nursing facilities all over Japan.
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Institute for Frontier Fluid-Structure Interaction Analysis

Research Institute for Next-Gen Computing
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Next-gen computing and security
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In order to realize Connected Industries for Society 5.0, we have
to develop a cyber physical system, where the real world and
cyberspace are effectively and efficiently united. Furthermore,
according to the government report, over 50 billion IoT
(Internet-of-Things) devices will be connected to the network by
the year 2020, and the real 10T society will be established very

soon.

Based on the background above, we mainly focus on the three

topics below:

(1) 10T society: In order to realize Connected Industries, we
focus on next-generation computing, which includes
artificial intelligence (AI) chip design and quantum
computing

(quantum annealing and quantum gate computing).

(2) 10T security: We focus on multidisciplinary IoT security,
which includes IoT system security, [oT chip security, and

10T device security.

(3) IoT application: We focus on a variety of IoT applications,
which includes virtual reality and augmented reality

applications for Connected Industries.
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We bring unique computational methods and analysis to real-world problems Director

that can be solved by no one else or very few

B FFTE Members
IR = (RIEETHEBHIR) Prof. Kenji TAKIZAWA
BE T (KERERE IINVX—TAEREE) Prof Jin KUSAKA
YH RiA(ERETZEHBUR) Prof. Yoshihiro SHIBATA
TiE Rk (BRIETEERHIR) Prof. Akihito TAKEZAWA

ARG BEHERMEEEL T RESEICHREICIRY
HATWET IS HRICHVTHOELER TE L VA 42 5R
BILAZANTOE T ERCAS T WB2EERETIOMMABHE
. QBEBE.OME - FH.OKRE.OERTT.ChODRBIER
FEEEERS SV F Iy VRABBTTHELT REEE
My320v (1) . FEMANTV2-ME2)DELE(X3)
EEBLEE VD,

FTHRETIRBENMELBFHRATRAETZLT.ZD
HAGRBICH L. ChETE (R ALHEFAEHEL. ZLTE
FH LSt ERMARRESEET . COERMICL-T FENH S
BB ZLTHRAREBEHTOTT . COREDIAT—I Tk
RERAOMBIC N EFEEAVBZILLHNET,

ZLADEICHRBRERTREEAET T ZDLILHIRIZCAD
(Computer-Aided Design) (Z#(F32NURBSE#TREINE T,
CORBIIETERE -MIRICH UL THEMAMEE -THY . 2hhET
AITEAN)y TEEBUEEFATVWE T LA L. NS ISEHELE
X ROV T ERCTIHEDHEICSVW T EROEL INEL
FHELET HRLAB NS ORBICIRWVBA BBRTEZ & T 545t
FE-HEICH LT —BUASERTREBELTVWET,

Zh S DEHESHER T IL. Team for Advanced Flow Simulation
and Modeling (T*AFSM) (&> T ECRARBRED#E R % BIZ I/
RENTEE L/ T*AFSMIE. 1983 FRE LIk RICHREE. ZL
ThDHEDBERBTCEHEVWERBEICF LoD UKETTVET,

s -
M1 BEEEMTI2IVEBRORN
Figure 1. Tire aerodynamics with actual geometry
and road contact.
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Figure 2. Orion spacecraft landing parachutes.
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https://www.waseda.jp/inst/gcs/labo/frontier/
2023F4A K%

FARGN— 2472 (KERANEE TR REIEUR) Prof. Tayfun E. TEZDUYAR
FIE 68k (BIEE T FEBBIZN) Assistant Prof. Takuya TERAHARA

ailll 2 (RIS ERMREEZEIR) Prof. Takashi MAEKAWA
ZIl 0% (ERETZEHIR) Prof. Kazuyoshi MIYAGAWA

With unique computational analysis methods, we bring solution to a
wide-range of real-world problems that no one else, or very few, in the
world can solve.

The classes of applications targeted include fluid machinery, ground
vehicles, aerospace technologies, home appliances, and medical
applications. Many of these applications involve fluid—structure
interaction, and we face multiphysics challenges.

As examples, we show here tire aerodynamics with actual geometry and
road contact (Figure 1), spacecraft parachutes (Figure 2), and heart and
aorta flow analysis (Figure 3).

We first view the problem in a more general context and develop a sound
understanding of its mathematical aspects. Then, we innovate methods
that expand our core computational technologies to the class of problems
in that general context, address the computational challenges involved,
and bring reliable solutions. In the last stage, we introduce the special
methods needed to overcome the computational challenges specific to the
individual problems we want to solve.

In most real-world problems, we face complex geometries, typically given
as a computer-aided design (CAD) model represented with NURBS basis
functions. That and the superior accuracy to be gained by representing
the solution with NURBS basis functions make isogeometric
discretization desirable also in the computational analysis. However, the
complex geometries, and the likely presence of complex motion patterns
and topology changes, such as contact between solid surfaces, make using
isogeometric discretization quite challenging. We are innovating the
methods that will overcome those challenges and that will enable a
wide-scope integration of the design, analysis, and manufacturing.

The Team for Advanced Flow Simulation and Modeling (T*AFSM)
focuses on computational engineering analysis that requires advanced
flow simulation and modeling methods and innovates the required
methods. The T*AFSM started in 1983 and since then innovated many
powerful methods and brought analysis and solution in many classes of
complex applications.

X3 Mm&Ey» . ELEN»SHEATIFERY.
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Figure 3. Heart and aorta flow analysis.
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Development of new quantum computing hardware based on nanofiber cavity QED
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To realize an fault-tolerant universal quantum computer, which is
anticipated to bring about a revolution in information technologies,
hardware that is capable of quantum error correction and scaling the
number of physical qubits to the order of 10° to 108 is required.
However, as existing hardware including superconducting circuits
have significant technical challenges to increasing qubits, it is
necessary to develop a novel hardware that is advantageous for this
purpose. In addition, it is also anticipated regardless of the
hardware, it is going to be extremely difficult to increase the
number of physical qubits to the order of 10° to 10% in a single unit,
and therefore it is necessary to develop an hardware capable of
scalable distributed quantum computing. Furthermore, for efficient
application of quantum error correction, the hardware should have
an any-to-any connection in which any pair of qubits can be coupled
with each other.

A cavity quantum electrodynamics (cavity QED) system consists of
light confined in an optical cavity and the atoms that interact with it.
As the quantum natures of light and atoms manifest themselves in a
pure form, it has played a great role in the progress of the basic
researches on quantum physics. Furthermore, a cavity QED system
has been regarded as a promising platform for the implementation of
quantum computers from the early days of quantum information
science. However, in order to implement a quantum computer, the
development of an optical cavity equipped with good connectivity to
optical fibers, capability of coupling to a large number of
individually addressable atoms, and low loss was needed.

Given this background, the Aoki Research Group at the Department
of Applied Physics, Waseda University has developed a nanofiber
cavity as a cavity suitable for building a quantum computer based on
cavity QED, and has created a cavity QED system using this cavity
named the “nanofiber cavity QED system.” We will develop
quantum computer hardware based on nanofiber cavity QED. This
system is an atom-photon hybrid system in which both atoms and
photons can be used as qubits with any-to-any coupling.
Furthermore, with this system, large-scale distributed quantum
computing via optical fiber connection is possible, and it can be
integrated with a quantum communication network.

Under national government’s research programs centered around the
Moonshot Research and Development Program under the initiative
of the Cabinet Office, our research group will promote research and

development through intensive joint research by Waseda University
and Nanofiber Quantum Technologies, Inc. (NanoQT).
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Various Research Activities and Projects
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Our laboratories and institutes actively participate in technology exhibitions and engage in joint research with commercial companies.

IEEE ACM SC2018: Super Computing 2018
IEEE ACM SC2018: Super Computing 2018
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Advanced Multicore Processor Research Institute
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Technology exhibitions on the evaluation of the OSCAR compiler and newly
developed vector multicore processor on field-programmable gate array
(FPGA), power saving on ARM homogeneous and heterogeneous processors,
and performance of the OSCAR compiler on the NEC personal super computer
Aurora—Tsubasa with improved performance
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Programing Camp
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Global Software Engineering Laboratory
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The laboratory jointly hosts short-term intensive camps where
high school students learn programing and digital technologies
through engineering workshops with Life is Tech, Inc., which
provides IT educational services for high school students during
the spring and summer holidays every year. The laboratory
provides advanced learning opportunities and conducts research
on quantitative measurement evaluations of the effect of
learning programming.
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Living with robots
Kanagawa Robot Town Kickoff Event 2018

ARV E1—F VT BBINRAR
Research Institute for Next-Gen Computing
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Global Robot Academia Laboratory
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The institute conducts research on the optimization of practical issues

BERREXEOR Y FORETELI L -2 a > - BIEFR,
Demonstration and operating experience with ultrasound examination
support robots

in quantum annealing, security of the supply chain, and optimization
of Al using FPGA.
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development with industry that will contribute to low carbonization
through the application of information and communication technology [Applications sought for collaborative research
toward the realization of the forthcoming low-carbon society. partner con’lpanies]

R MASHELTBARA. XL IR T KRS ABRNARR. R IKASt. ZEBRKA L . RETIIILY
Va—2arIAKkASt BAESKR St AAEEEEKA 4. HUBBKASH. ELBIXRI Ty RT 7/ 0V —XKAR
# ELERASE. ETERRASHE BENZTEAL M KREEA ERERMEME

Collaborative research partner companies can utilize the
presentation room and industry-academia joint research floors
of the facility.

METI project: the Ministry of Economy, Trade and Industry’s project
called Industrial Technology Research and Development Facilities

Implement Project.
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Research activities in our organization are made possible by external funds from companies, research institutes, and

national and regional government agencies in the form of grants, contracts, joint research activities, and donations. -
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Our organization will make a research plan and its term, cost, and principal researcher based on a research and t¥al TT EECE l/f._fé—?-’r{;’,lﬁj 707 (3k
investigation request submitted by a company, government agency, or joint-research activity partner. The research will ~ARE) CHTADBRERATILHE AT~
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We are grateful to receive the funds needed for our research from companies, government agencies, and joint-research NGRS

Laboratory

aboratory

Laboratory Photovoltaic cells are installed to provide power

to the server room for experiments.

Joint research floors (3F-4F) with security
B FHEEDHEN Procedure considerations and researchers’ floors (SF-7F)
with increased openness through the use of glass
walls.
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&% Contact for inquiries

TV)—=2 Y ¥a—T427 + VAT LWZERERE Green Computing Systems Research Organization
TEL: 03-3203-2764 FAX: 03-5286-9830 E-mail: contact-gcs@list.waseda.jp
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English https://www.waseda.jp/inst/research/en/tlo Cutting-edge multicore servers are installed in the 2 AOP Iy Elﬁg E168ENT LT —Y a3 ib—L4
S [RFE - A AL O S T IR S0 9 113 L RLURLIC TR 728 0o server room. A 168-seat presentation room that can accommodate

international conferences.
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Green Computing Systems Research Organization Office, Waseda University
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Building No.40, Kikui-cho Campus
Wasedamachi 27,Shinjuku-ku, Tokyo, 162-0042 JAPAN

TEL: +81-(0)3-3203-4369
E-mail: contact-gcs@list.waseda.jp

HP : https://www.waseda.jp/inst/gcs/ (Japanese)

https://www.waseda.jp/inst/gcs/en/ (English)
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TEL : 03-5286-0679

FAX : 03-5286-9830

E-mail : contact-gcs@list.waseda.jp

HP : https://www.waseda.jp/inst/gcs/

Research Council Office
Green Computing Systems Research Organization

Room201 Bldg.No.120-5 Waseda Campus, Waseda University,
513Wasedatsurumaki-cho, Shinjuku-ku, Tokyo, 162-0041, Japan
Phone +81-3-5286-0679

FAX +81-3-5286-9830

E-mail : contact-gcs@list.waseda.jp

HP : https://www.waseda.jp/inst/gcs/en/




