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A Trustworthy Information Society
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Expectations for data utilization in society are rising, with applications such as improving security and
productivity in factories and hospitals using data from sensors, increasing harvests in agriculture and fishery
using simulations that assimilate data, and more. However, concerns and suspicions also abound. Among
them is the fear that important data, including those which are private, are increasingly monopolized by a
handful of for-profit corporations and used in a way that might lead to implicit biases and discrimination.
There is also the fear that data may be used by authorities for unjust censorship. It has never been more
important for us academics to recognize our public roles and transparently manage our own IT infrastructures

for data processing and simulations. In doing so, we thereby take on the role of educational experts who are Mt

central to developing a trustworthy data-utilizing society with our strong technical backgrounds and high
e

ethical standards. T]
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The Information Technology Center (ITC) at the University of Tokyo is an institution that acts as the
foundation for this work. The ITC consists of four cooperating divisions actively engaged in fundamental and —
practical research: the Campus-wide Computing Research Division, Data Science Research Division, Network
Research Division, and Supercomputing Research Division. The ITC’s mission is to design, procure, and stably
operate the university- and nation-wide infrastructures critical for research and education. In addition, it acts

as the core institute of the Joint Usage/Research Center for Interdisciplinary Large-scale Information

Infrastructure (JHPCN), a network of eight academic centers that contribute massive computing resources
extensively to Japan and the world.

We have been building cutting-edge computer systems that are among the largest in the world and
making them available to researchers both inside and outside the university. We have been taking the
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problems we face and insights we draw along the way and carrying them on to the next development cycle.
Such activities are possible only because we make an effort to stay on the cutting-edge of technology.
Continuing this synergy between development and feedback from service operations is our important theme.

Operating large-scale, cutting-edge infrastructure is always a challenge, and we firmly believe it is our

continued commitment to this challenge that allows us to develop future technologies and experts.
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The information infrastructure provided by
the four divisions in the ITC for educational and
academic research activities includes

@ Over 1,300 desktop computers for educational use across three campuses.
@ Web, e-mail, DNS hosting services for the campus.

@ 400 Gbps network connections to the Scientific Information NETwork (SINET) and a
100 Gbps network connection to Widely Integrated Distributed Environment (WIDE)
Project, which are overseen by a consortium of academic and industrial partners.
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High Energy Accelerator Research Laboratory

@ Servers that host a scientific information repository and a library of digitally scanned rare books. P B
Massively Parallel Supercomputer System (Oakbridge-CX) with a theoretical peak performance of 6.61 PFLOPS. .
(5] y P P ystem ( ge-CX) peak p Data Center AL IFSE TR SR e > 5 —

@ Supercomputer System for Integration of Simulation/Data/Learning (Wisteria/BDEC-01), with a node group for simulation
(Odyssey, total theoretical peak performance: 25.9 PFLOPS) and a node group for data/learning (Aquarius, 7.2 PFLOPS).

@ mdx: a platform for the data-driven future consisting of generic nodes, computation accelerator nodes, and storage devices.

RIKEN Center for Computational Science
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Kamioka Observatory
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Providing Information Infrastructure for the Students and Faculty

Campuswide Computing

Research Division

The Campuswide Computing Research Division designs and builds the educational computing infrastructure throughout
the university campus. The division also conducts research on important information infrastructure topics.
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Photo: Educational Campuswide Computing System at Komaba campus
Over 1,300 personal computers are deployed across the Hongo, Komaba,
and Kashiwa campuses. These computers are used for programming
classes and for word processing and spreadsheet applications. In addition,
mathematical and statistical analysis, computer-aided design, and other
specialized software packages are also available.
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Information Infrastructures that Empower Users

To enable everyone to utilize the power of computers to the maximum of
their abilities, the University of Tokyo provides rich computer education
and a large-scale information processing infrastructure on campus since
the early 1970s. Currently, the Educational Campuswide Computing
System (ECCS) comprises more than 1,300 personal computers distributed
across the Hongo, Komaba, and Kashiwa campuses, which are also acces-
sible to registered users from anywhere. The computers comprising the
ECCS are used not only during programming and computer science
classes, but also for computer-aided design and numerical processing
applications, and by students studying on their own. The ECCS also
provides web, e-mail, and DNS hosting services for publishing and exchang-
ing academic information via the campus intranet.

With the ECCS providing computing power for a wide range of academ-
ic projects and a student body and faculty of over 30,000 individuals cover-
ing five campuses, maintaining an efficient, solid platform in a dynamically
changing information technology environment provides various unique
challenges. Therefore, one of the ongoing missions of the division is to
review and assess solutions to these challenges and then share our
findings with the general public. We also conduct research into various
aspects of information infrastructure with the goal of providing enhanced

computing performance with a more user-friendly interface.
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*Programming Languages

This division conducts research on how to design and implement software program-
ming languages and on programming environments to improve the reliability,
security and availability of programmed software. Developing testing and verifica-
tion methods to confirm the completeness and correctness of secure networking
communication protocols, is also another important area of our research.

*Game Programming

Games that have a concrete set of rules, such as chess and shogi (Japanese chess), are
ideal study topics for data processing. By trying to solve these games, we have contrib-
uted to improvements in algorithm design, search logic, and machine learning. In 2013,
through a joint research project into computer shogi software, we produced GPS Shogi,
which subsequently beat a human master-level shogi player in a tournament setting.

*Systems Software

BitVisor is a hypervisor (computer software that creates and controls virtual machines
between a computer’s operating system and its hardware) that has been developed
under the system software research group. In addition to Secure VM, a virtual machine
that provides system security, additional research on fundamental VM technologies in
building a cloud platform environment has recently been initiated.

*Education Support Systems

The division is currently developing learning management systems and various other
education support systems. Our unique developments include systems that use
machine learning methodologies to automatically extract the abstracts of what
students can expect to learn in a specific division or major from the list of individual
course syllabuses provided for that division.

*Network Technologies for Edge Computing

This division conducts research on networking technologies for Edge Computing.
Edge Computing aims to provide multiple services on the edge of mobile networks to
improve user experiences.
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Mining for Value Concealed within Data

Nowadays, a huge volume of digital data is gathered from both natural
and artificial sources; for example, weather and seismic monitoring
data, human and vehicle mobility data, and social activity data such as
business transactions and medical care records. Digitally archiving
historic documents and records at risk of dissipation also produces
digital data. In these cases, digitization secures and enhances the
value of knowledge by making it accessible regardless of physical
distance. New digital data is also frequently being created, such as
web pages, social networks, and academic papers.

Advances in data analysis and modeling techniques, most notably
machine learning, enable us to extract more meaningful and interpre-
table information from data and networking technology. This makes it
possible to combine information from various sources. Data science is
about turning raw data from a stream of digits into valuable insights
and knowledge. Data science is also closely related to advances in
high performance computing technologies, including high perfor-
mance processors, storage and networking, big data analytics, deep
learning numerical algorithms, and so on.

The Data Science Research Division was established at the end of
2018, replacing the Academic Information Science Research Division.
In addition to research on data science, the division will lead the
designing and building of a national infrastructure for the data science
research community. It will also continue to collaborate closely with
the General Library on the digital archiving project and scholarly

database services.
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From Data to Values and Human Heritage

Data Science Research

Divisionon

We research digital archives of historical materials and meth6dologies to idgntify valuable insights from data.
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*Machine Learning on Big Human Mobility Data

Our research integrates and analyzes people's locations, obtained from
mobile phone location data, with digitized urban transportation network data.
We combine these data with next-generation Al technology (deep learning,
reinforcement learning, ensemble learning, etc.) to predict the flow of people
moment by moment using numerous means of transportation. The predicted
information can be useful for various purposes such as transportation system
control, emergency management, aid in the event of a disaster, strategies for
preventing the spread of infectious diseases, and allocating medical resourc-
es. We are particularly focused on modeling and simulation techniques that
will enable this sort of prediction.

*Large-Scale Graph Neural Networks

All entities in digital space and the real world—including objects, facts, and
human beings—and their relationships can be represented as nodes and
edges, leading to large-scale dynamic graphs in graph theory. We work on
graph neural networks or GNNs that can learn graph structures and the roles
of nodes and edges via deep learning. We target various GNN applications
including recommender systems in e-commerce, news platforms, transporta-
tion as well as fraud detection in financial systems. We have also been investi-
gating Materials Informatics, the interdisciplinary research field between data
science/machine learning and materials science/engineering. We are working
on developing an effective method to store big materials data, such as the
theoretical results of physical simulations and real data from experimental
instruments. Moreover, we are using these data to develop machine learning
methods for material property predictions which use GNNs to effectively
handle molecular graphs.

{mdx: a platform for the data-driven future)

mdx aims to be a platform that provides the functionality to collect, store, and analyze
data that can then be rapidly created, extended, and integrated on demand for
specific uses.

Collaboration between multiple fields and sectors is required to be able to utilize
data and apply it to benefit society at large. There is a need to bring together
organizations that possess and provide data, particularly corporations and research
institutions in specific fields; experts in various fields needed to resolve issues; and
specialists in information and data sciences, including in programming, algorithms
and machine learning. As a major step toward that end, mdx aims to facilitate
collaboration between universities, national research institutions, industry, and the
government.

Using virtualization technology, mdx provides private environments (virtual
platforms) that are unique to each project. A private virtual environment can be
created and configured individually for each project in a flexible manner, making it
possible to install the necessary software stack for the project. mdx utilizes the
Japanese academic backbone network called the Science Information NETwork
(SINET) and generates output from input in real time by connecting remote sensors
and storage devices with the computational resources on the data platform. A
community of data owners, analysts, and users in a variety of fields who collaborate
across the boundaries of academia and industry is formed to create new values.

As of FY2022, mdx is jointly operated by nine universities and two research
institutes, led by the Information Technology Center at the University of Tokyo.
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The critical Link of Information between the University and Society

Network Research Division

The Network Research Division conducts research on the fundamental aspects and
advanced applications of network technologies. The division also manages the university's network
infrastructure which connects several research facilities and five campuses.
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technology (SD-WAN).

(Security Informatics Initiatives)

The Security Informatics Initiatives (SIl) was established
in the Information Technology Center (ITC) on October
1st, 2018 to conduct practical cybersecurity research
based on knowledge obtained through the UTNET.
Current research areas include traffic anomaly detection
technology for preemptively identifying signs of cyber-
attacks during system operation and multi-layered defense
technology which is resilient against cyberattacks.
The ITC also participates in the Security Informatics
Education and Research Center and provides practical
training programs for operators at the University of Tokyo
and outside.
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Supercomputing—Making the Impossible Possible

Supercomputing Research Division

The Supercomputing Research Division is conducting research on hardware, software,

algorithms, and applications of next-generation supercomputers.

The division also provides supercomputing services as the core computing platform for

universities and research facilities throughout Japan.
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*1 Society 5.0: https://www8.cao.go.jp/cstp/society5_0/
https://www8.cao.go.jp/cstp/english/society5_0/index.html
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Innovative Supercomputing by Integration of
Simulation/Data/Learning (S+D+L)

Society 5.0 is a human-centered society that balances economic
advancement with the resolution of social problems by means of a
system that highly integrates cyberspace and physical space. It
follows the hunting, agricultural, industrial, and information society.
While supercomputers have been mainly used for simulations in
computational science and engineering (CSE), the integration of
CSE with the methods of data science and machine learning will
enable the realization of such a new society.

We have been conducting various research and development
since around 2015 to build a supercomputer system that realizes
the integration of simulations in CSE, data science, and machine
learning (S+D+L). The project is called Big Data & Extreme
Computing (BDEC). Wisteria/BDEC-01, which began operation in
May 2021, is the first BDEC system, and it consists of a node group
for simulation (Odyssey) using general-purpose CPUs and a node
group for data/learning (Aquarius) using GPU clusters. This is the
first supercomputer system in the world to combine different
architectures for simulations and data analysis/machine learning.
Wisteria/BDEC-01 is equipped with a shared file system with large
capacity as well as a fast file system with SSDs. In addition, a part
of Aquarius can be directly connected to an external network via a
high-capacity communication line, making it possible to acquire
observation data in real-time from sensor networks via SINET.

h3-Open-BDEC is an innovative software platform that

integrates S+D+L by minimizing computation and energy consump-
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tion and maximizing effectiveness on heterogeneous supercom-
puters such as Wisteria/BDEC-01. h3-Open-BDEC is a collabora-
tive development effort between computational science, computer
science, numerical algorithms, data science, and machine learning.
Wisteria/BDEC-01 and h3-Open-BDEC facilitate data assimilation
combining observation data analysis/utilization and simulation, and
optimization of models and parameters for simulations. While
nonlinear simulations for investigating real phenomena require
multiple runs with different models and parameters, the number of
runs can be dramatically reduced by optimizing the models and
parameters through machine learning. In addition, incorporating
adaptive-precision computing can reduce simulation time and
energy consumption. Our goal is to promote the integration of
S+D+L through h3-Open-BDEC.
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Odyssey Aquarius
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45
Total number of nodes 7680

(90 CPU, 360 GPU)
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Node configuration Fujitsu A64FX x 1

{ NVIDIA A100 Tensor Core GPU
8 x 8

Shared file system 25.8 PB

Fast file system with SSD's 1.0 PB
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Figures: Wisteria/BDEC-01 consists of Simulation Nodes Odyssey and Data/Learning Nodes Aquarius
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JHPCN : The Joint Usage/Research Center for
Interdisciplinary Large-scale Information Infrastructures

Eight University centers and their staff collaborate with researchers nationwide to expand interdisciplinary research

fields in computational science, data science, and computer science.
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Collaboration of computational science, data science, and
computer science with broad interdisciplinary research
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Computation and data science are the major forces that advance various
academic research fields deeper and farther.

Utilizing the knowledge of experts in computational science, comput-
er science, and large-scale computational resources, the JHPCN supports
interdisciplinary collaborative research with fields ranging from natural
sciences and engineering to humanities and social sciences.

The JHPCN is jointly operated by eight university centers (Hokkaido
University, Tohoku University, the University of Tokyo, Tokyo Institute of
Technology, Nagoya University, Kyoto University, Osaka University, and
Kyushu University), each operating a different type of supercomputer and
with the University of Tokyo serving as its core center.

From FY2022, mdx (jointly operated by eight universities, the National
Institute of Informatics, the National Institute of Advanced Industrial
Science and Technology, and the University of Tsukuba's Center for
Artificial Intelligence), which focuses on data science and data utilization,

has been added to the computational resources of the JHPCN.
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Interdisciplinary research—where researchers with
different backbones intersect
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REEEBA  Example of Joint Research Project

There are two types of JHPCN joint research themes: general,
international, or corporate joint research proposals, and exploratory
joint research themes recommended by each university center. If a
proposal is accepted, the research group will have access to the
JHPCN's computational resources free of charge and conduct joint
research with the leading researchers of the other centers. In
addition, publication fees, participation in international conferences,
and meetings with overseas collaborators (in the case of international
proposals) will be supported.

At the annual symposium, each project leader is invited to give a
presentation. In addition, they can network and share their research
methods and results, as the encouragement of interdisciplinary
research is the spirit of the JHPCN.
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Poster session at the JHPCN Symposium (FY2022). Research-
ers from different backgrounds meet to discuss the poster

presentations of the accepted research themes. Completed
research themes will be shared in the form of oral presentations.
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Developing high-speed, high-capacity
network technology by connecting sites
across Japan (Takeshi Murata/NICT)
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Towards accelerating the progress of big data science in
various fields, we have been researching ultra-high-speed,
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large-capacity communication technology since the
establishment of JHPCN.
By linking JHPCN sites located throughout Japan with
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» Intercloud System large-scale simulations, real-time collection of diverse
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Simultaneous display experiment of ultra-high resolution and time-re-

solved images taken by Himawari satellite at three different sites.
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Kyoto University Please refer to the JHPCN website for information on open calls, symposia, the latest computing resources, and previously accepted proposals.
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mdx: Platform for the Data-Driven Future
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