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HYPERION RESEARCH OPINION

HPC systems (also called supercomputers) have contributed enormously to scientific progress,
economic competitiveness, national security, and the quality of human life. Hyperion Research has
closely tracked the ripple effects of HPC use in this global market, including Japan, for more than 30
years.

The ripple effects of the Fugaku computer will help set the stage for the successor Fugaku computer
and for Riken’s expanding role in supporting breakthrough work by Japanese and international
researchers. Compared to the K computer, it is likely that Fugaku will have much larger financial and
scientific returns, for a number of reasons:

»= Fugaku has already had a major impact on reducing the impacts of COVID-19.
= Better understanding the aspects and impact of the pandemic helped save many lives.
= Averting a complete shut-down of the Japanese economy saved trillions of yen.

= Fugaku supports a broader set of users than its predecessor, particularly in its incorporation of
more industrial users.

= Fugaku is being focused on a number of major societal issues.
If Fugaku delivers similar returns as the K computer, plus the added returns from addressing major

societal issues, the returns could exceed 68 to 90 times the investment in the Fugaku system, as well
as gain additional scientific knowledge. The K computer exceeded 9 times its investment.

The study found that the researchers on Fugaku are making strong progress:

= Researchers are pleased with the design and operations of Fugaku.

» Fugaku is more focused on supporting industrial growth and helping companies create
economic value vs. focusing more heavily on pre-competitive R&D.

» Fugaku is focused on high value SDG's or the realization of a digital twin society. 65.7% of the
respondents said that they have already obtained useful results on projects that address
SDGs.

= Without Fugaku, many of the respondents indicated that their projects would not be possible.

= Allrespondents (100%) who expressed an opinion asserted that it is necessary for Japan to
maintain a "national flagship supercomputer."

In summary, the study confirmed that Japanese researchers have benefitted greatly from using the
Fugaku computer.
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EXECUTIVE SUMMARY

Study Background

This study follows one conducted by Hyperion Research that measured the total ripple effects of the K
computer. See the Appendix for further information on the previous K computer ripple effects study
results. The present study evaluates the importance and potential impact of the Fugaku
supercomputer.

Using a methodology Hyperion Research analysts first developed and successfully applied for the U.S.
Department of Energy, this study surveyed users of the Fugaku computer to quantify the total "ripple
effects" of this leading-edge supercomputer, that is, the importance and impact of this computer in
enabling breakthrough scientific innovations and financial returns.

Key Findings

Key findings of the study include the following points:

1. The potential financial returns could exceed 68 to 90 times the investment in the Fugaku
system, as well as gain additional scientific knowledge.

» Fugaku has already seen 6 major successful projects with a total return value of over $4
billion and will likely see at least 10 times as much from the base projects similar to those
on the K computer (for a total financial impact of $15 billion US dollars).

= Plus, results from the many COVID-19 projects conducted on Fugaku related to finding
ways to reduce the death rate and keep the Japanese economy from shutting down
generated immense societal and economic value. While one cannot attribute all of the
economic savings to Fugaku, it was assumed that at least $50 to $75 billion US dollars out
of the trillions saved can be attributed to the work done on Fugaku. This represents a 33 to
50 times return on the $1.5 billion investment (from not shutting down the economy)

= Plus, an additional 10 to 15 times its investment is possible from new industrial projects.
Many of these projects are significant and are using new technologies like Al targeted at
direct economic gains for a total financial impact of $15 to $22.5 billion US dollars. Riken
has created a major industrial outreach program with a deep focus on industrial projects
that have the potential to generate substantial (over $1 billion US dollars) returns.

=  Plus, the future potential from addressing major SGD’s (climate change issues,
sustainability, lower energy costs, disease prevention, better healthcare approaches &
cancer treatments, economic growth, cost savings from better handling natural disasters,
etc.). While it is hard to predict future success in these areas, a potential impact of 15
times or higher is exceedingly possible (providing at least $22.5 billion in economic value)

= In summary, the total potential economic value:

= $15 billion US dollars from projects like those that were done on the K system (over $4
billion has already been accomplished on 6 projects).

»=  $50 to $75 billion US dollars from keeping Japan from shutting down its economy
during COVID-19.

=  $151t0 $22.5 billion US dollars for large value industrial projects.

*= And a potential of $22.5 billion US dollars or more from addressing important SDG
goals.

» For a total of $102 to $135 billion US dollars in financial value.
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» This represents a return of 68 to 90 times the investment in Fugaku.
Researchers are pleased with the design and operations of Fugaku.

= The percentage (over 90%) of the researchers that like the Fugaku system design and
operations is one of the highest seen in Hyperion Research studies, with only a few
researchers indicating they were not pleased with the system design.

Fugaku is focus on high value SDG's or the realization of a digital twin society.

» Fugaku has been strongly focused on SDG’s that are both important to society and intent
on helping the Japanese economy. The emphasis is on driving changes in an
economically positive way. Many other nations have separated the effort on addressing
key SDG’s and have a more limited focus on the economic aspect.

*» 66% of the respondents have already obtained useful results on projects that address
SDG's.

»  The majority of users (88%) have used or plan to use Fugaku for the promotion of
SDG's or the realization of a digital twin society.

= One quote: "/ think it is necessary to have a national supercomputer. Society5.0 will
bring us closer to a world dominated by computers in a data-driven society such as the
digital twin, so large-scale computation will absolutely be necessary.”

Fugaku is more focused on supporting industrial growth and helping companies create
economic value vs. focusing more heavily on pre-competitive R&D.

= Riken has a strong industrial outreach program which is more industry-friendly than most
other nations.

» The emphasis and attention is more directly focused on increasing Japanese companies’
economic growth and competitiveness (and not only on longer term R&D).

Additional Key Findings

5.

Without Fugaku, many of the respondents indicated that their projects would not be possible,
while others said that project work could continue but with significantly smaller data or
significantly longer timelines.

= Atimely example of the contribution of Fugaku to society in Japan is the research that
shaped Japan's COVID-19 response strategy. Simulations on Fugaku were used to
develop safe behavior criteria and guidelines for the public during the pandemic by
elucidating the mechanisms of the virus in simulated scenarios.

The Fugaku computer's ripple effects on scientific innovations without financial returns also
stood out from other leading computers around the world:

= A quarter of evaluated projects (27%) enabled by the Fugaku computer were ranked in the
highest category of scientific importance.

= Athird of evaluated projects (35%) were ranked in the highest category of scientific
impact.

About two-thirds of users (68%) reported that companies participated in their Fugaku research
projects.

The majority of respondents (81%) stated that Fugaku had appropriate specifications.
Most respondents (71%) are planning new research with Fugaku.
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10. All respondents (100%) asserted that it is necessary for Japan to maintain a “national flagship

supercomputer.”

Notable Innovations Already Accomplished on Fugaku

Elucidation of the mechanism of refractory heart diseases.

Large-scale numerical simulation of earthquake generation, wave propagation and soil
amplification.

Seismic Proof Assessment of Nuclear Power Plants during Decommissioning Process Using
Full-Scale 3D FEM Model.

Establishment of in-silico drug discovery platform to accelerate new drug development.
Global high-resolution climate simulation toward cloud-resolving scale.

Promotion of innovative drug discovery infrastructure for acceleration of precision medicine.
Analysis of Polymer Fracture Properties by Large-Scale Molecular Dynamics Calculations.

Research and Development of Innovative Fluid Performance Prediction Technology Using
Fugaku.

Kinetic effects of thermal ions on the stability limit of a magnetic field confined plasma.

Human-scale whole brain simulation with connectome analysis and structure-function
estimation.

Exploration of physics beyond standard model with master field lattice QCD.
Multiscale turbulence effects in fusion plasmas.

DB construction of first-principles calculations for magnetic materials.
Global turbulence simulation of fusion core plasma.
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IN THIS REPORT

High performance computing (HPC) technology has been greatly advanced by Japanese vendors and
heavily exploited by Japanese users since the dawn of the supercomputer era in the 1960’s. Even
before then, Japanese contributions to early computer technology development and usage were
crucial for enabling the supercomputer era.

The world's most powerful computers, called leadership-class supercomputers, have contributed
enormously to scientific advances, national security, economic progress, and the quality of life.
Leadership-class supercomputers are indispensable for many applications that are important for the
societies they serve, such as the following:

Addressing major diseases and pandemics: finding cures, vaccines, ways to reduce the
impacts and save lives.

Better understanding climate change and creating potential solutions.
Predicting severe storms that can devastate lives and property.

Providing accurate daily/weekly weather forecasts needed by the transportation, agricultural,
and tourism industries.

Providing jobs and economic growth via better products and services.

Improving the design and safety of power plants and developing technologies to exploit
alternative energy sources.

Detecting sophisticated cyber security breaches, insider threats, and electronic fraud.

Advancing fundamental science as a prerequisite for later advancements in applied research
and development, including industrial R&D.

Pioneering new computer technologies that can later transform business and consumer
electronic devices.

Addressing many other critical societal needs.

Political leaders around the world have increasingly recognized the transformational power of
leadership-class supercomputers and are supporting initiatives to enable their countries to compete
effectively in the worldwide race to develop future supercomputers with unprecedented speed, called
"exascale" computers, in the next 5-6 years. In Hyperion Research's opinion, the U.S. and Japan have
the greatest experience in designing leadership-class supercomputers that are capable of supporting a
broad spectrum of challenging scientific and industrial research problems. The K computer and
Fugaku supercomputer are major milestones on the path toward making exascale computing
capability practical.

Primary Study Goals

The primary study goals were to determine the potential value of the Fugaku supercomputer to
Japanese society and to better understand the importance of Fugaku to Japanese researchers.

This study quantifies and qualifies the impact the Fugaku supercomputer had on the various industries
and research areas supported.

The main goals of this study were as follows:
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= Determine the major potential ripple effects of the Fugaku supercomputer. Ripple effects
include both non-financial scientific innovations and financial returns ROI (added revenues
and profits/costs savings).

= Examine key use cases across the various domains supported by the Fugaku supercomputer.

» Quantify and qualify the impact the Fugaku supercomputer had on the various industries and
scientific research areas supported.

= Measure and rank the research returns using an ROR innovation class scale.
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STUDY FINDINGS

Study Findings: Japanese Researchers' Views

What is your research area that you used the Fugaku computer?

The majority of projects in this survey were a part of the computer aided engineering (CAE) research
area (53.7%). The CAE projects used Fugaku to produce innovations in the areas of materials,
manufacturing, plasma physics and fusion, fluid simulation and analysis, and particle theoretical
physics, among others. The second most common research area in this study was Biosciences
(26.8%), including projects in the areas of neuroscience, molecular dynamics calculations, drug
discovery, computational chemistry, and others. Overall, all research projects described fit into one of
the following categories:

Computer Aided Engineering
Biosciences

Weather

Chemical Engineering
Geosciences

Electronic Design

The table below lists the breakdown of research topics by major category.

Table 2

Projects by Vertical

Vertical # of Respondents % of Respondents
Computer Aided Engineering 22 53.7%
Biosciences 11 26.8%
Weather 3 7.3%
Chemical Engineering 2 4.9%
Geosciences 2 4.9%
Electronic Design 1 2.4%
n=41

Source: Hyperion Research, 2023
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Please tell us about the major results that you accomplished with Fugaku
computer for your research?

How important was access to a Fugaku-like computer to your research?

When asked to describe the importance of Fugaku to research, survey respondents pointed out the
various ways in which Fugaku was the key to their project's success. Projects in CAE, Biosciences,
and Weather verticals rely on Fugaku for large-scale calculations, otherwise not possible on smaller
computers. Disaster prevention projects depend on Fugaku's ability to perform multi-objective
optimization to produce timely information. Many respondents indicated that their projects were
created with Fugaku's capabilities in mind and would not be possible to perform without Fugaku.

The table below captures the respondent sentiments. Nearly two thirds of respondents (64%) stated
that Fugaku was necessary, irreplaceable, or essential to their work. The remaining third (31%) stated
that Fugaku was very important, very helpful, or well suited to enabling their research. No respondent
stated that Fugaku was unimportant or a hindrance.

Table 3
Importance of Fugaku to Research Project
# of Respondents % of Respondents
Necessary, irreplaceable, essential 25 64.1%
Very important, very helpful, well suited 12 30.8%

n=37

Source: Hyperion Research, 2023

Key Quotes:

»= “This could not have been accomplished without the availability of ‘Fugaku.” - Prediction of
crystal structures of organic molecules

= “.. Alarge number of calculations were required, and Fugaku was necessary. Fugaku was
necessary because it was not possible to occupy the in-house computer, which would have
been possible.” - Molecular Dynamics of Polymers

= “Fugaku is a requirement, a must in industry, government, and academia.” - Life Sciences,
Drug Discovery

= “Multi-objective optimization; one case could run hundreds of cases on the scale of what we
were running on the Earth Simulator. In Corona, targets are determined about a month before
information is released, but Fugaku was able to release information at the right time.” -
Disaster Prevention

= “ltis very important in the sense that the use of Fugaku made it possible to turn around the
world's first large-scale calculation.” - Neuroscience
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What would have happened if the Fugaku computer were not available? E.g.,
Would you have been able to achieve all of the results that you

accomplished?
Without Fugaku, many of the respondents indicated that their projects would not be Without Fugaku
possible, while others said that project work could continue but with significantly many of the ’
smaller data or significantly longer timelines. Without Fugaku, projects running

respondents

mod/sim would have to weigh the importance of time and data on a balance; either limit
data feeding the model, sacrificing output quality or precision, or run models as-is and
plan for significantly longer compute times.

indicate that

their projects
would not be

The table below captures the sentiments of the researchers in the study. More than half possible.

of respondents (60%) stated that their projects would have been impossible without

Fugaku. The remaining respondents (40%) stated that their project would have been

possible but diminished, such as producing inferior results (in terms of scope,

accuracy, and so on) or by producing such results inefficiently. Some even stated that their research

would have been delayed so much that the results would have been irrelevant by the time they could

have been reached on a typical system.

Table 4
Effects if Fugaku Not Available
# of Respondents % of Respondents
Impossible 24 60.0%
Inferior results, less efficient 16 40.0%

n=40

Source: Hyperion Research, 2023

Key Quotes:

= ‘It will not be implemented or will be less than 10% of the results.” - Prediction of crystal
structures of organic molecules

= “Cannot produce; design with HPC. Cannot deliver all results.” - Life Sciences, Drug Discovery

=  “You can only work with a small model, and you will not achieve the results that you have
achieved this time.” - Neuroscience

»  “This is impossible because the subject matter cannot be done with ordinary computers.” -
Drug Discovery & Medicine

= “lttook a long time, but if you take a few years, say five years, you can do it.” - Molecular
Dynamics of Polymers

©2023 Hyperion Research #HRxxxxxxx 3.26.2023 5



What kind of contribution do you think Fugaku Computer made to research?

And society throughout Japan?

Fugaku's contributions to research and society in Japan are
widespread, innovative, and prestigious. Fugaku has promoted
Japan's HPC technology to the rest of the world by showcasing
research capabilities across various areas. In this study, the
computational capabilities of Fugaku have achieved exceptional
results in multi-scale and integrated simulation technology.

Remarkably, multiple respondents in this study pointed out that
Fugaku has contributed to broadening the scope of computational
research by providing entry to non-professional computational
scientists. Scientists from other disciplines are benefiting from Fugaku
because it lowers the barriers to large-scale calculations, resulting in
the expansion of applications across more areas of research.

A timely example of the contribution of Fugaku to society in Japan is
the research that shaped Japan's COVID-19 response strategy.
Simulations on Fugaku were used to develop safe behavior criteria
and guidelines for the public during the pandemic, by elucidating the
mechanisms of the virus in simulated scenarios.

A timely example of the
contribution of Fugaku to
society in Japan is the
research that shaped Japan's
COVID-19 response strategy.
Simulations on Fugaku were
used to develop safe behavior
criteria and guidelines for the
public during the pandemic,
by elucidating the mechanisms
of the virus in simulated
scenarios.

A sentiment analysis of the responses showed that all projects contributed scientifically or societally.
Including 37% of all projects covered which contributed to both science and society. The table below

displays the results of this analysis.

Table 5

Scientific and Societal Contributions

% of Respondents

# of Respondents

Scientific Contribution/ Advancing Research

36

87.8%

Societal Contribution

20

48.8%

n=41. This includes 15 respondents who stated their project contributed to both categories.

Source: Hyperion Research, 2023

Key Quotes:

= “The opportunity to take on a computationally challenging problem and obtain results quickly
changed the way we thought about how to conduct research, including scheduling.” -
Prediction of crystal structures of organic molecules

=  “With many computation nodes, a variety of calculations can be performed simultaneously,
which has been enhanced for industrial use and has accelerated R&D using simulation. It

©2023 Hyperion Research
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helped develop Japan's technological capabilities and national prestige.” - Molecular
Dynamics of Polymers

= “Simulation science is now beginning to make various contributions, not only to medicine, but
also to disaster prevention, using such simulations and linking the results to data science.” -
Life Sciences, Life Sciences, Biomechanics

=  “With regard to COVID-19, we have contributed to the control of the spread of infection,
proposed alternatives for risk reduction, and established various guidelines.” - Disaster
Prevention

How was the use of the Fugaku computer compared to using computers with
accelerators: Like GPUs (which are becoming more common in high end
systems)?

While GPU technology is improving rapidly in the current HPC market, with new applications of their
impressive speeds being used across many sectors and applications, respondents in this study outline
the limitations of the GPUs and why they continue to choose Fugaku for their projects.

With many of the Fugaku projects migrating from the K computer, the ease of switching to Fugaku
outcompetes the potential gains in speed GPUs offer. Multiple respondents noted that Fugaku was
more convenient to use than GPUs, specifically noting the extra time and effort it takes to modify code
to run on GPU, whereas it is possible to run programs on Fugaku without modifying existing code.
Respondents appreciate that Fugaku uses the same code as other conventional supercomputers,
allowing research to proceed efficiently. Many of these projects were built to run on CPUs and thus
require larger memory capacity and specific software that does not run on GPUs. These projects are
choosing Fugaku over GPUs in order to leverage Fugaku's ability to perform a large number of
simultaneous executions.

The table below displays the overall sentiments of the respondent group. The majority of respondents
(94%) stated that they preferred Fugaku, citing GPUs’ inferiority, unsuitability, or difficulty.

Table 6

Comparison to GPUs

# of Respondents % of Respondents
GPUs are inferior, unsuitable, more difficult to use 29 93.5%
Both are difficult 1 3.2%
GPUs are easier 1 3.2%

n=31

Source: Hyperion Research, 2023
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Key Quotes:

»  “The specification of Fugaku with its huge number of nodes is important because drug
discovery requires the search for candidate drugs and the computation of a huge number of
cases of biological phenomena.” - Drug Discovery and Medicine

= “ltis excellent for large scale calculations at the same time with a large number of
simultaneous executions. | do not see much advantage in terms of executing one at a time at
high speed.” - Molecular Dynamics of Polymers

= “Tuning is necessary to achieve GPU performance, but Fugaku was able to achieve a certain
level of performance without too much effort.” - Manufacturing, Disaster Prevention

= “Ourresearch is based on CPUs, so Fugaku has the advantage.” - Quantum Chemistry

Were the aspects of the Fugaku computer I/0 system useful to your
applications/research projects? Please explain all of the useful aspects. And
what needed to be improved (according to your experience)?

Overall, the opinions on the Fugaku I/O were mixed. Many respondents listed both useful aspects and
possible improvements simultaneously. The most popular useful aspects were:

» The system worked as expected/no problems
= Ease of use

= Removal of staging

» Good capacity

= Good performance

Among aspects that needed to be improved, notable answers included:
= Unreliable performance
= Needed to be able to use more files
= Difficult to use

= Low capacity
= Bad performance

The table below captures the most common sentiments regarding Fugaku /0.

©2023 Hyperion Research #HRxxxxxxx 3.26.2023



Table 7

1/0 Attributes
# of Respondents % of Respondents
No problems/as expected 8 22.2%
Ease of use 7 19.4%
Removal of staging is improvement 6 16.7%
Good capacity 6 16.7%
Good performance 2 5.6%
Unreliable performance 8 22.2%
Need more files 5 13.9%
Difficult to use 4 11.1%
Low Capacity 4 11.1%
Bad Performance 2 5.6%

n=36. Some respondents mentioned multiple attributes.

Source: Hyperion Research, 2023

Key Quotes:
"Easy to use in a single space without staging, etc. Insufficient in both capacity and I/O

performance”.

"The ability for the first and second tiers to not have to explicitly move files around in the cache
system was useful. It seems that moving large amounts of data in and out and moving data in
and out of parallel compute nodes, has always been a trouble or bottleneck. At Fugaku, too,
there were still many troubles around the file system, but they seem to have finally settled

down."

“I think the common perception is that it is basically harder to use than the supercomputers in
the national computer centers. Although it is difficult to use, it can perform large calculations.”

“The amount of storage was not a problem. On the other hand, the limit on the number of files
was increased, but it was still not enough. (Poor organization was a point of regret.)”

“The data input/output itself was able to perform the assignment without major problems. On
the other hand, the data that could be used for analysis was limited due to a strict file capacity
limit.”

“It was easy to use because the environment is similar to that used by the cluster calculator
that we practitioners usually use.”
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= “lt was usable as usual. The K computer had a staging function that did not allow interactive
access to files during calculations, but this time it did, so it was easy to use.”

Were there any other aspects of the Fugaku machine that could be improved
for future HPC work?

There are several areas for improvement to the Fugaku machine that users in this study would like to
see. Several users indicate memory access bottlenecks, overcrowding on the machine, and need for
further education.

Key Quotes:

=  “When I first started using Fugaku, it was difficult to use all 48 cores on one node. Although
memory access is fast, the large number of cores inevitably leads to memory shortages. It may
be difficult, but we have to think of something regarding CPU.” - Manufacturing, Disaster
Prevention

= “File transfer is slow. Slow when transferring data from Fugaku.” - Life Sciences, Drug
Discovery

= “Afew short (less than 10 minutes) calculation jobs, such as a few short run-availability
checks, should be allowed to run immediately. Having to wait a long time for the order of trial
calculations will affect human working hours.” - Prediction of crystal structures of organic
molecules

= “The package system could be better; SPACK was unique and the variety of packages
available was not well developed.” - Neuroscience

What improvements that were made in the Fugaku design (Compared to the K
design) were be useful for your research?

Of the respondents who answered this survey question (36 respondents), 28 of them noted one or
more improvements in the design of Fugaku that stands above the design of the K computer, with 7 of
the remainder noting that they have no previous use of the K computer. Notable improvements
included:

= Removal of file staging
= Performance

=  Memory

= Compilers/codes

=  Number of cores

= Ease of use

*  Number of nodes

= File system

= Applications

The table below captures the most common improvements listed by the survey group.
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Table 8

Fugaku Improvements Over K

# of Respondents % of Respondents
Removal of file staging 8 27.6%
Performance 5 17.2%
Memory 4 13.8%
Compilers/codes 4 13.8%
Number of cores 3 10.3%
Ease of use 3 10.3%
Number of nodes 2 6.9%
File system 2 6.9%
Applications 2 6.9%

n=29. Some respondents mentioned multiple improvements.

Source: Hyperion Research, 2023

Key Quotes:

» “The feeling of using it is not much different from that of the K computer. If | may say so, it has
a lot of pre-installed applications.”

» "The staging function was clearly better. SPACK was easy to use."

=  “While many apps in K computer were difficult to implement, Fugaku has significantly more
apps that work.”

= “The elimination of staging was very much appreciated. The fact that the latest compiler was
provided was very significant.”

= “lt was good that the separation of front-end to back-end was eliminated (including the staging
function).”

=  “Commonly used codes and compilers were well maintained. This made the use of the system
smooth.”
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Were there any major issues you or your team encountered when using the
Fugaku machine?

The issues that respondents described largely echoed the suggested improvements earlier in the
survey. Several users indicated memory access bottlenecks, difficulty accessing the system, and
learning curves in using the system.

Key Quotes:
= “Although it is inevitable, some applications are not as fast as others.”

= "1 The file output destination suddenly changed. 2 File transfer was slow. 3 Languages are
updated several times a year, and | had trouble using old ones. | wish they would make
announcements earlier or extend support longer. 4 | had trouble using the system when it
stopped 1/3 of the system due to power outages. 5 The area of the home directory is too small
when logging in, and it overflows immediately. The size of the project folder is large, so users
usually create and share data in the issue folder. However, after logging in, they sometimes
create data without moving the directory, so the home directory area soon overflows."

= "Compilation is difficult. | have not been able to use various free software yet, and | often use
Python, etc., so | had trouble linking with machine learning software."

= “ltis very crowded during certain periods and the desired calculation may not run. | know it is
difficult, but it would be good to be able to predict the congestion to some extent.”

= “/O performance was very unstable and calculations could not be executed as expected. In
particular, there were many problems related to the Fortran compiler. Also, due to power
problems, it took a very long time from the time a job was submitted to the time it executed, so
the study did not proceed as expected.”

=  “The memory size problem prevents effective massively parallel computation.”

Was Fugaku's linkage, connection, and affinity with the external environment
sufficient? Are there anything that you feel needs

improvement?

The majority of Fugaku users found the linkage, connection, and affinity with The majority of Fugaku
the external environment sufficient (73%), and the rest identified potential users found the linkage,
areas of improvement. File transfer speed was identified by 3 respondents as connection, and affinity

an area for improvement, commenting that moving data to shared storage
requires too much time, and is too slow for the machine learning required by
some projects. Data limitation was another area identified for improvement (5
respondents), citing the difficulties some respondents encountered with large
data when loading, transferring and downloading. The table below
summarizes the most popular responses.

with the external
environment sufficient
(73%).
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Table 9

Issues with Fugaku

# of Respondents % of Respondents

No Problems 27 73.0%
Data limitations 5 13.5%
Slow 3 8.1%
Security cumbersome 2 5.4%

n=37

Source: Hyperion Research, 2023

Key Quotes:
= “l am transferring the files from Fugaku to the shared storage, but the file transfer is slow.”

» “Insufficient. Data transfer is slow, so | want to complete my work in Fugaku, but | can't. We
can't use the tools we are used to, such as machine learning using calculation results. The
data is too large to bring to the office.”

= “The file transfer to the shared storage took too long, resulting in no data transfer. The data
was eventually stored on the Fugaku side.”

= “Due to security reasons on the company side, shared storage could not be used. (Could not
mount due to lack of authentication).”

= “Compared to the K computer, access from the outside is much better.”

= “lt was usable as usual. Data transfer was no problem, and SINET-to-SINET processing was
fast.”

Fugaku was designed as an Arm base, do you consider this to be a good or bad
choice?

Respondents were relatively split on the Arm base choice. A third (35%) of respondents who
expressed an opinion said that Arm was easy to use, or they had no problems. However, another third
(29%) stated that Arm was difficult to use or there were significant compatibility problems. Many
respondents reported mixed feelings, for example complaining the system was slow but also praising
its power or power performance.

The most popular positive features were:

= Easy to use, no problems
= Power/power performance
= Performance
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= Memory bandwidth
= Good user environment
= Expanded applications

The most commonly cited complaints were:

= Difficult to use/compatibility problems

» Insufficient registers
=  Slow
* Low performance

The table below summarizes the most common responses regarding various Arm features.

Table 10

Arm Features

# of Respondents

% of Respondents

Low performance

Easy to use, no problems 11 35.5%
Power/power performance 8 25.8%
Performance 3 9.7%
Memory bandwidth 3 9.7%
Good user environment 2 6.5%
Expanded applications 2 6.5%
Difficult to use/compatibility problems 9 29.0%
Insufficient registers 3 9.7%
Slow 3 9.7%

2 6.5%

n=39. Some respondents mentioned multiple features. For conciseness, excludes features mentioned by only one participant.

Source: Hyperion Research, 2023

Key Quotes:

= "Good: Power savings. Bad points: Somewhat complicated work"

» "Good: High computing performance and memory bandwidth. Bad points: Little information
was available from the start of design to the start of use, and development took a relatively

long time."
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= "The good: | think the good thing is that it has good power performance. The bad points: the
application optimization can only be done on Fugaku or Fugaku-like machines, and such
machines are not ubiquitous."

= "Good: Low power consumption. Bad: Relatively slow clock speed."

= "Good points: The small power usage probably made it possible to install a large system at a
relatively low cost. This made large scale calculations possible. Bad points: some software did
not work."

Were there any patterns of calculation that you would have liked to have been
evaluated? (e.g., deep learning)

Respondents were asked to identify any useful benchmarks they would have liked to have been
evaluated, and responses varied widely amongst the different projects. Roughly half of the
respondents answered “nothing in particular” to this question. The table below summarizes the most
common responses.

Table 11

Benchmark Calculations

# of Respondents % of Respondents
Al/ML/DL 4 22.2%
Comparison to Intel 2 11.1%
Specific programming language (Python, C/C++) 2 11.1%
AlltoAll 2 11.1%
Size constraints 2 11.1%
MD 2 11.1%

n=18. Some respondents selected multiple benchmarks. For conciseness, excludes calculations mentioned by only one
participant.

Source: Hyperion Research, 2023

Key Quotes:

= “All-to-All communication performance for use in FFT, etc. (performance evaluation data after
considering communication hierarchy and rank maps)”

= “Examples of Python implementations in deep learning, and more.”
= “l was glad to see that GROMACS had performance values.”

= "We wanted an indicator that would help us understand system size constraints, etc. Research
on materials science has a variety of issues, and there is no fixed usage, and not everything is
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done in a deep learning manner. Even if it is said that deep learning is used for data science, it

is not enough in our case."

In your research, have you used Fugaku to address
themes that contribute to the promotion of SDG's? Or
the realization of a digital twin society? Or do you have

any plans?

The majority of users (88%) have used or plan to use Fugaku for the
promotion of SDG’s or the realization of a digital twin society. See the

table below.

Table 12

The majority of users (88%)
have used or plan to use
Fugaku for the promotion of
SDG’s or the realization of a
digital twin society.

SDG's and Digital Twin Society

# of Respondents

% of Respondents

Yes

35

87.5%

No

5

12.5%

n=40

Source: Hyperion Research, 2023

From what perspective do you think the topics of your research will help
promote the SDG's and the Digital Twin Society?

Answers here were varied, with many citing environmentally related research such as clean energy,
disaster prevention, and climate change prevention.

Key Quotes:

= “Reducing CO2 emissions, solving water shortage problems, creating clean energy, etc.”

= “Predictions on climate change, more rapid understanding of environmental issues such as

carbon dioxide.”

= “ltis related to the design of fuel cells, etc.”

= "The theme is fuel cells, so it is oriented towards clean energy. We are also building a digital

twin to compare with experiments."

=  “We are trying to reproduce the manufacturing process of pharmaceuticals by computer with a

digital twin.”

©2023 Hyperion Research

#HRxxxxxxx 3.26.2023

16



In your research, have you achieved certain results on topics
that contribute to the promotion of SDG's? and the
realization of a digital twin society through the use of
Fugaku? Or do you expect to achieve them?

65.7% of the respondents said that they have already obtained useful results
on projects that address SDGs. About half of respondents (49%) who
answered this question said they have already achieved such results. An
additional 17% stated that they have achieved some results and expect to
achieve more in the future. The remaining respondents (34%) stated that they
expect to achieve such results. No respondents stated that they did not expect
to achieve any results relating to SDG’s.

The table below summarizes the sentiments among the respondents.

65.7% of the
respondents said that
they have already
obtained useful results
on projects that
address SDGs.

Table 13
SDG and Digital Twin Society Achievements
# of Respondents % of Respondents
Yes 17 48.6%
Some 6 17.1%
Expect to 12 34.3%
n=35

Source: Hyperion Research, 2023

Key Quotes:

= “We believe that we are contributing to the fundamentals of processing technology using short-

pulse lasers, etc.”

= “Yes. Now that the basic technology has been established, it can be used to develop and

design environmentally friendly combustors and furnaces in the future.”

= “ltis still a trial calculation, so we are not there yet. We have a good prospect.”

* “We have not reached it yet, but we will.”

If results have not been achieved and are not even expected to be achieved, is

there any likely cause for this in Fugaku? If so, what are they?

There were only two responses for this question. One respondent suggested that Fugaku had
insufficient performance to achieve their results, while the other respondent stated that their field of

research is basic science that is fundamentally unrelated to SDGs.
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Key Quotes:

» “For Fugaku, the performance (mainly computing performance) is insufficient. Although it is
expected to be used for digital twin systems in the future, it is still too early for Fugaku.”

= “ltis not directly related to the SDGs as it is a basic science field particle physics. Fugaku is
not the cause.”

How will Fugaku contribute to the SDG's efforts? In terms of the themes that
use Fugaku to promote the SDG's and contribute to the realization of a digital
twin society, were the specifications appropriate for promoting these themes?
If improvements are needed, what are they?

The most common sentiment was that Fugaku is a tool to further a variety of research topics. As such,
Fugaku can be used to promote these themes simply by focusing on research topics related to SDG’s
and digital twin society.

Key Quotes:

= ‘| think the power of Fugaku is very suitable for basic research or applied research limited to a
specific target of analysis. On the other hand, | believe that the specifications will be truly
suitable only when there is an infrastructure such as a medical institution and an environment
that allows for the interactive analysis of actual measurement data.”

= "Fugaku can perform calculations on a scale that is impossible with ordinary computers, and it
is important to disclose and provide the results of large-scale calculations in DBs and other
formats. In the SDGs and the digital twin society, it is not realistic for many users, not limited to
Fugaku, to use supercomputers in real time. Therefore, it is necessary to have a system where
applications implemented and evaluated on a supercomputer can be immediately ported to a
commercial cloud, etc., and many users can use those applications and DBs."

= “Fugaku is a single computer, and it depends on how it is used. Rather than designing Fugaku
or the specifications themselves, it would be good if we could conduct more activities to
stimulate demand through events and the like.”

= “In the sense that what could not be done with the K computer can now be calculated at
Fugaku for the first time by refining the building and the ground, the ability to do such large-
scale calculations means that calculations that will lead to the SDGs and the digital twin have
been made.”

As a future issue, what policies should Fugaku Next develop to contribute to
the promotion of SDG's? And the realization of a digital twin society? What do
you think are the requirements?

Many respondents emphasized the versatility of the system to address numerous different research
topics, and the flexibility to accommodate many different types of users. Ability to interact with the
cloud was also a common response.

Key Quotes:

= "] think we are moving toward more awareness of green data centers. On the other hand, it is
necessary for data centers to have functions related to energy efficiency as a system, such as
using a large amount of electricity for learning and not so much for inference. Since
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collaboration with the outside world in the digital twin is very important, | think it is also
important to enhance pre- and post-servers."

= “l would like the system to be ahead of its time and show the direction of the future. For
example, a system that is useful to society, including quantum computers.”

= “ltis desirable to be able to support a wide variety of applications, and in this respect, it is
desirable to have a specification that allows CPU and GPU to coexist, with the appropriate
hardware running depending on the application used. Furthermore, as mentioned above,
compatibility with commercial cloud computing is also important.”

=  “The performance must be high in relation to the amount of electricity consumed. It is
important that the use of the system be widely open to the public.”

= “Digital twin requires capturing data from the field and running simulations to match the actual
data. Therefore, it is not enough to run simulations at high speed; it is important to collaborate
with others.”

= “In this era of large-scale cloud computing, mere computation is not attractive. | would like to
see Next Fugaku become a computer in a position unique to Next Fugaku by getting
companies involved in the content of its research in a way that encourages them to do so.”

=  “We believe that the next challenge is how to broaden the base of use. Since only those who
are familiar with computational science are able to use it effectively, it is not usable, so the
issue is how to expand the range of its use.”

Do companies participate in your research projects? If so, About two-thirds of
what is the reason (purpose) for their participation? users (68%) reported
About two-thirds of users (68%) reported that companies participated in their that'cc.)mpani.es .
research projects. Common reasons for company participation included participated in their
access to larger computers and to further their research. research projects.
Table 14
Company Participation
# of Respondents % of Respondents
Yes 28 68.3%
No 13 31.7%

n=41

Source: Hyperion Research, 2023
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Key Quotes:

» “The company's computer is insufficient. | thought | could use it after hearing the conference

presentation.”
= “To achieve calculations that are not possible with our own calculators.”
*  “To understand the phenomena underlying materials development.”
»  “To study material design utilizing very large scale calculations.”

Have you achieved or do you expect to achieve results that meet the
objectives of the companies that participated in your research
project?

All respondents had achieved or expected to achieve results that met these objectives.
About half of respondents (52%) stated that they had already achieved the results. An
additional 15% stated that they had achieved some or part of the desired results. The
remaining third (33%) expected to achieve the results sometime in the future. The table
below summarizes the respondent sentiments.

All respondents
had achieved or
expected to
achieve results
that met these

objectives.
Table 15
Achieved Company Objectives
# of Respondents % of Respondents
Yes 14 51.9%
Some 4 14.8%
Expect to 9 33.3%

n=27

Source: Hyperion Research, 2023

Key Quotes:

»  “Yes, the results we have achieved in collaboration with the private sector is one of the

greatest achievements of one of our agendas.”

= “The results of the basic research conducted over the past 1.5 years have exceeded our
expectations. Although the scope of applicability is limited, we have obtained the prospect of
achieving results. In order to expand the scope of applicability, an applied study will be

conducted over the next year.”

= “Yes, some results have been achieved and some are currently expected to be achieved.”
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* “It has not reached the point of practical application, but there are prospects.”

If the research project has not produced results that meet the objectives of
the participating companies, and is unlikely to do so, is there any reason for
this in Fugaku? If so, what are they?

There were very few responses to this question. Only one respondent blamed Fugaku, citing that the
waiting time for calculations was too long and unpredictable. The remaining respondents cited a
problem outside of Fugaku. The table below summarizes the opinions of the six respondents who
answered this question.

Table 16
Reasons for Not Meeting Company Objectives
# of Respondents % of Respondents
Problems outside Fugaku 2 33.3%
Slow 1 16.7%
Zl;ﬁe-(-:tr;(; comment, industry was not a goal, or results are still 3 50.0%

n=6

Source: Hyperion Research, 2023

Key Quotes:
= “Contribution to society is the first priority, so it was mentioned in that sense.”
= “Fugaku is not the cause of the problem, but we who use it.”
= “ltis not just a problem for Fugaku.”

» “Long waiting time for calculations, making it difficult to predict how long it will take to get the
final result.”

»  “There are differences in levels, but they are producing some. We were able to perform large-
scale calculations that could not be performed by a private company.”
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Were the specifications appropriate for Fugaku to achieve results that would
meet the objectives of the companies that participated in the research
project? If improvements are needed, what are they?

The majority of respondents (81%) stated that Fugaku had appropriate specifications.
Among those who suggested improvements, there was no consensus or even any

_ ) The majority of
repeated responses. Some of the mentioned improvements were:

respondents
* Needed more confidentiality (81%) stated
= Inconsistent performance that Fugaku had
, appropriate
= Learning curve N
specifications.

= Restrictive problem size

= Services lacking

= Reduce latency

* Interconnect performance
» Hard to access

Key Quotes:
»= “The fact that calculations without parallelization were also allowed was a good thing for the
companies.”
= “Appropriate allocation of computing resources to reduce latency.”
= "The specifications were appropriate. The confidentiality aspect was weak."
» “Need to improve performance of interconnects to balance computing performance.”

As a future issue, what policies should Next Fugaku develop in order to
achieve results that meet the objectives of the companies participating in the
research project? And what do you think are the requirements?

Respondents suggested a wide variety of policies and future improvements. Overall,

these suggestions tended to emphasize ease of use, performance, and versatility. Overall. these
b

suggestions
tended to
emphasize ease

Key Quotes:

= “Ease of use is important. There is a barrier to entry for those who have never
used the system before, so it is important to improve usability from the outset.
A system that can be used by users who have only used in-house computers. of use,
It would be good if many small calculations could be performed.” performance,

= “| think there is a risk with a purpose-specific computer, so | would like it to be and versatility.

a general-purpose computer. It would also be good if it is not just a computer,
but something that can go one step further and work together with companies.”

= “Performance must be overwhelmingly high. The specification should be usable by
commercial companies, striking a balance between what should be public and what should be
private, as is currently the case.”

= “The development and computing environments should be easy to construct. It should be as
close as possible to the computer cluster we normally use. An environment that does not
require special operations just because it is a supercomputer is desirable.”
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= “ltis important for companies to know what it can be used for, how easy it is to use, and
whether information security is secure, and therefore it is important that it is application first, as
well as adequate security policies that allow for the use of company data.”

How do you plan to expand or improve your research with the Fugaku
supercomputer?

Responses for this question were highly variable, with many responses dependent on the specific field
of research of the respondent. One common theme was increasing the scope of the calculations
performed on Fugaku.

Key Quotes:

= “lt will develop into high-definition (high-resolution) simulations and simulations involving
multiple physical layers of elementary particles.”

= “Expanding the scope of application (analysis of the entire flight envelope), building surrogate
models for digital twin construction, and conducting mass analysis for this purpose”

= “Aim to further improve the accuracy and speed of combustion analysis.”

=  “We would like to try more difficult physical properties. We would also like to explore new
directions by making the database public.”

=  “Yes, we are working on it. We will need a large amount of computing resources in the future,
and | would like to conduct further research and see if the concept is actually viable. | believe
that the current computers will be at the level of computing resources that will be widely
spread throughout the world in 10 years, so it will be easier to implement the concept in
society using such resources.”

Are you planning any new research with the Fugaku?

Most respondents (71%) are planning new research with Fugaku. An Most respondents (71%) are
additional 15% would like to continue with new research on Fugaku. Only planning new research with
four respondents stated that they were not planning any new research Fugaku.

with Fugaku. The table below summarizes the respondent sentiments.
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Table 17

New Research

# of Respondents % of Respondents
Yes 29 70.7%
Would like to 6 14.6%
Undecided 2 4.9%
No 4 9.8%

n=41

Source: Hyperion Research, 2023

Key Quotes:
= “Al using big data and information data technology.”

= “First-principles analysis of the electromagnetic environment around the Earth and in space,
including the aurora borealis.”

=  “Various large-scale exploratory calculations and product runs in drug discovery and
medicine.”

= “Control of physical properties using trace components.”
= “l will decide depending on the outcome of this project.”
= “Increase the weight of combined weather/climate and machine learning research.”

What features or capabilities that were retained from the K computer are
useful to your research projects?

Most survey respondents (63%) mentioned positive features retained from the K
computer. The most popular answer was the overall similar computing environment The most
0, H .
(32%). Other common answers included: popular answer

» Parallel Performance was the overall

» Tofu interconnect Slmllart.
= Small memory per node com.pu ing

; environment
=  Memory bandwidth (42%)

The table below captures the repeated sentiments among the respondent group.
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Table 18

Retained K Features

# of Respondents % of Respondents
Similar environment 11 32.4%
Parallel Performance 7 20.6%
Tofu interconnect 7 20.6%
Small memory per node 2 5.9%
Memory bandwidth 2 5.9%

n=26. Some respondents mentioned multiple features. For conciseness, excludes features mentioned by only one participant.

Source: Hyperion Research, 2023

Key Quotes:
= “Adjacent Communication Function Tofu Performance”

= "[t was good that the interconnect was continued in the TOFU network. The compiler was also
slightly changed from the K computer, but it was good that the basic compiler that could be
compiled on the K computer could be brought to TOFU with only a few changes."

= “The adoption of a structure such as the torus structure, which can reduce the communication
load, is highly beneficial for the calculation of large systems.”

* “The model developed in the K computer could be used directly in Fugaku.”

= “The compiler and other development environment used for the K computer was almost the
same, which was very useful for developing and testing the code.”

If a machine with the same CPU as Fugaku or Fugaku NEXT is

offered in the cloud, would a computing environment

compatible with Fugaku be attractive? Would you be willing to

use such computing resources? Most respondents
(60%) were
interested in such a
prospect. However,

Most respondents (60%) were interested in such a prospect. However, nearly
half of respondents (43%) also said that it depended on the price. Users were
also concerned about the specifications of such a cloud environment. Some

concerns included: nearly half of
respondents (43%)
= Price also said that it
* Performance depended on the
» Ease of use price.
= Versatility
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=  Security
= Priority
= OQverall specifications

The table below summarizes the most common sentiments among the respondent group.

Table 19
Cloud Computing Attractiveness
# of Respondents % of Respondents

Attractive 24 60.0%
Depends on price 17 42.5%
Depends on spec 7 17.5%
As a test/trial 3 7.5%
Private sector could use 3 7.5%
Depends on ease of use 2 5.0%
If versatile 2 5.0%
Depend on security 2 5.0%
Depends on performance 2 5.0%
No 2 5.0%

n=40. Some respondents mentioned multiple factors. For conciseness, excludes features mentioned by only one participant.

Source: Hyperion Research, 2023

Key Quotes:
= “Attractive but depends on price.”

= “Depends on scale. If you are doing analysis on a scale that can be done in the cloud, it is
attractive. On the other hand, if you want a workstation at hand, an Intel is fine depending on
the cost.”

= “Compatibility does not necessarily need to be guaranteed as long as it is highly versatile. If
offered as a cloud, there is interest in using it.”

= “Not very attractive. Rather than using the cloud, we will use our internal computing
resources.”

=  “We would appreciate it if we could use the service with less waiting time.”

©2023 Hyperion Research #HRxxxxxxx 3.26.2023 26



Looking forward from Fugaku -- is it necessary for

Japan to maintain a "national flagship

supercomputer”? Like the K and Fugaku, to maintain

its research competitiveness? All respondents asserted that it
is necessary for Japan to

o -
All respondents (100%) asserted that it is necessary for Japan to maintain a “national flagship

maintain a “national flagship supercomputer.” Only one respondent

”
suggested that there may be other ways, but they did not have an supercomputer.
objection to continuing it. The table below summarizes these
respondent sentiments.

Table 20
Necessity of National Flagship Supercomputer
# of Respondents % of Respondents
Yes 41 100.0%

n=41

Source: Hyperion Research, 2023

Key Quotes:

= ‘| believe that the performance of supercomputers and technologies such as numerical
analysis and optimization are improving simultaneously. Because of the development of
supercomputers, numerical analysis, which was not possible before, is now within reach.”

= “l think it is necessary, but there is a lot of discussion about how it should be done.”

= “In the post-Corona era, DX is expected to make more progress. Abandoning the flagship
machine at this point may send the wrong message to the researchers and development
engineers in our country.”

= “ltis important that they be made drastically faster and larger in scale. Since supercomputers
are a key technology, they are also important for the semiconductor industry. It is also
essential for maintaining Japan's total power in a hurry.”

= “Providing only hardware will not help maintain competitiveness. It needs to be an international
standard.”

=  “The technology for Fugaku utilization has been accumulated, and the continuation of the
project will upgrade that technology without discarding it. This will contribute to the
improvement of competitiveness.”

= “There is no doubt that it has been a source of Japan's research competitiveness in terms of
history and achievements. | have no objection to continuing it, but | think there may be other
ways.”

=  “We believe it is greatly needed. In such cases, we strongly believe that user convenience
needs to be considered above and beyond calculation accuracy.”
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Is it necessary to carry out R&D as a national project to realize such a

supercomputer? Or is it better to buy the best machine from the market at

that time?

Most respondents (73%) stated that it is necessary to carry out as a national project. Other

respondents suggested that it was more prudent to focus on the speed or price of the system, rather

than the source of the system. The table below captures the sentiments of all respondents.

Table 21

R&D as National Project

# of Respondents % of Respondents
National project 30 73.2%
Other 7 17.1%
Purchase from the market 4 9.8%

n=41

Source: Hyperion Research, 2023

Key Quotes:

= “l don't think simply purchasing is the way to go. It may be possible to do research and
development while committing to a non-hardware development.”

= “Either one is fine, as long as the better product can be produced more quickly.”
= “From a corporate standpoint, computers sold to the general public are fine.”

* “From the user's standpoint, it is not a matter of which. Continuous development is important.”

= ‘| believe that maintaining domestic computer technology contributes to the maintenance and
development of numerical analysis technology at the same time. Since the needs in Japan are

reflected and returned, domestic development is meaningful.”
= “lliked the fact that the application researchers could talk to the developers.”

= “If domestic manufacturers cannot develop their own products, the government needs to
provide leverage. Whether or not a national project like the previous ones is the way to go is

open to debate.”

= ‘| think both are necessary, whether it is a single large computer like Fugaku or a distributed
system that is deployed nationwide. | think that Fugaku will make it possible to create a small

world and test various model cases when implementing them in society.”

* “lt depends on the purpose. In terms of maintaining technical capabilities, shouldn't this be

done as a national project?”

= “lt would be better to have an expert think about it, but it should be cost-effective. If you just

want to use it, it is better to buy it from the market.”
= “Looking at the recent semiconductor situation, continuity is still good.”
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= “Need an international standard. | want users to be unaware of architectural differences, not
just compilers and hardware.”

=  “Since we are the users, it would be better to purchase from the market for versatility.
However, in the case of national projects, not only hardware but also software is developed,
and hardware and software are developed in collaboration. | think such a system is important.”

= “We believe that both are necessary. Machines developed in national projects are also the
best machines in some fields.”

= “With a national project, the application and co-design can be done from the development
stage, but not when purchased from the market, which delays it by 3 to 5 years. | think the
problem is more in the way the project is carried out. In the case of national project
development, even if private companies participate, it is necessary to consider whether or not
they can recover their costs afterwards.”

How can a “National supercomputer” be essential for a broad national
agenda? Such as “Society 5.0”, as proposed by the Japanese government?

Most respondents reaffirmed the necessity of a national supercomputer. Several respondents cited the
importance of not relying on other nations for computing power, and many stated the importance of
access to supercomputers in order to achieve scientific developments.

Key Quotes:

= “In a wide range of fields, state-of-the-art supercomputers are “I think it is necessary to
necessary to maintain international research competitiveness, and have a national
national projects are essential to lead their development. supercomputer.

= ‘| think it is necessary to have a national supercomputer. Society5.0 Society5.0 will bring us
will bring us closer to a world dominated by computers in a data- closer to a world

driven society such as the digital twin, so large-scale computation

dominated by computers
will absolutely be necessary.” y P

in a data-driven society
=  “Society 5.0 is a direction in which the general public is more such as the digital twin

exposed to the digital world, which is different from the direction of
the flagship supercomputer. Nevertheless, the presence of a
supercomputer is important for awareness.”

so large-scale
computation will
absolutely be necessary.

”
=  “Society 5.0 will be supported by a variety of IT technologies. In this

context, flagship computers are a huge test bed that will drive IT

technology.”

Is it important for Fugaku to support cloud features so that it can interact
with other IT infrastructures on the Internet?

Such as public clouds and I0T?

Most respondents stated that it was either necessary or convenient to have support of cloud features.
Several cited the digital twin infrastructure as evidence for the integration of Fugaku with cloud. The
table below summarizes the sentiments among the respondents who expressed an opinion.
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Table 22

Importance of Cloud Feature Support

# of Respondents % of Respondents
Necessary/important/essential 22 66.7%
Convenient 7 21.2%
Not necessary 4 12.1%

n=33

Source: Hyperion Research, 2023

Key Quotes:

= “Ifitis to contribute to Society 5.0 and the Digital Twin, it is essential to collaborate with public
clouds and external IT infrastructure.”

= “As long as data security is ensured.”

= “Because of the extensive and complex challenges in various fields, it is essential to make
efficient use of large-scale computers.”

= “As mentioned above, seamless connection of supercomputers to general-purpose machines
is essential for all end users to use the digital twin.”

= “Supporting cloud functionality would greatly increase convenience, so | think we should move
in that direction in the sense that more users will be able to use it.”

= “We believe that enhanced cloud functionality will improve user convenience.”

What is the most important thing you would like to see in the next “national
flagship supercomputer” effort?

Several respondents would like to see international prestige and world-class results. Many
respondents also emphasized balance:

= Balance between hardware and software
= Balance between performance and power consumption
= Balance between computing resources and human resources

Key Quotes:

= “Overwhelmingly high performance (but with a level of usability that users can use with some
effort)”

=  “We expect to be able to operate ultra-high-performance computers stably, while reducing
environmental impact and costs.”

= “Always be available in the best condition. It is meaningless to exist if it cannot be used due to
power shortage.”
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“Creating an environment that produces a variety of outputs, not just hardware.”

“In addition to computational performance, the surrounding computational environment is
important to maximize results.”

"It would be power efficient and high performance. If power efficiency is reduced to 1/10 or
1/100, more nodes per unit power can be added."

What features or capabilities would you like to see in the next “national
flagship supercomputer” as a follow on from Fugaku?

Many respondents reported looking forward to the next step in computing performance (similar to
improvement Fugaku was over K supercomputer) and memory. Respondents also emphasized the
importance of ease of use and versatility.

Key Quotes:

“A machine with sufficient memory bandwidth and amount of memory. Storage commensurate
with the amount of computing resources.”

“Steady performance improvement. Increased memory capacity per node. If accelerators are
installed, communication performance between accelerators will be enhanced.”

“The world's highest computation processing speed is necessary as an appeal of our
technological capabilities, but along with that functionality, we would like to see improved
convenience for users.”

“While there are performance improvements, the ease of use of the existing applications is
important. The time it takes to get started using the new system is quite a burden. A little more
support for that would be nice.”

“I want a few exaflops and about 100 times the power performance.”
"l want more memory per node. Ease of use similar to that of a regular computer cluster."

What applications would you like to be a focus for the next “national flagship
supercomputer” from a system design perspective?

The application results were quite varied. The most common replies were:

Materials science applications
Environmental-related applications
Computer-aided engineering

Al (including machine learning and deep learning)
Quantum

Molecular dynamics

Bio-Sciences applications

Key Quotes:

“Environment, Disaster Prevention and Mitigation.”
"Easy-to-use applications such as machine learning. Quantum computers, etc."
“Machine learning, quantum computer simulator.”
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“New Principal Computation. Quantum Computing, Neuromorphic Computing.”

“Manufacturing, disaster prevention.”

Besides the specifics of the system architecture, where would you like the next
“national flagship supercomputer” project to focus money
and effort?

By far the largest areas of concern were ease of use (including user-friendly

systems and relevant support), application development/software/libraries, and

education. Many respondents emphasized the importance of getting younger
researchers involved with supercomputers. Additional concerns included:

Budget
Documentation
Performance
Stability
Promotion

The table below summarizes the most common respondent sentiments.

The largest areas of
concern were ease of
use, application
development/software/
libraries, and
education.

Table 23
National Flagship Future Focus
# of Respondents % of Respondents

Support/user friendly/ease of use 17 45.9%
Application development, software, libraries 16 43.2%
Education 14 37.8%
Budget 5 13.5%
Documentation 3 8.1%
Performance 3 8.1%
Stability 2 5.4%
Promotion 2 5.4%

n=37. Some respondents mentioned multiple focuses. For conciseness, excludes features mentioned by only one participant.

Source: Hyperion Research, 2023
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Key Quotes:

“Support and user-friendly interface.”

"Education, support depending on education. Ease of use is important. Need to focus on
application development.”

“Because of the diversity of architectures, it is desirable to develop several flagship
supercomputers.”

“Software development, including compilers and libraries, and human resource development
and education of next-generation researchers.”

“Education. We want young researchers to be able to support themselves by doing
computational work.”

“User support to build development and execution environments. An environment in which it is
easy to request more support.”

“Training of young people is important. Currently, it is not possible to hire post-doctoral
fellows.”
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NOTABLE INNOVATIONS ALREADY ACCOMPLISHED ON FUGAKU

= Elucidation of the mechanism of refractory heart diseases.

» Large-scale numerical simulation of earthquake generation, wave propagation and soil
amplification.

=  Seismic Proof Assessment of Nuclear Power Plants during Decommissioning Process Using
Full-Scale 3D FEM Model.

= Establishment of in-silico drug discovery platform to accelerate new drug development.

= Global high-resolution climate simulation toward cloud-resolving scale.

=  Promotion of innovative drug discovery infrastructure for acceleration of precision medicine.
= Analysis of Polymer Fracture Properties by Large-Scale Molecular Dynamics Calculations.

= Research and Development of Innovative Fluid Performance Prediction Technology Using
Fugaku.

= Kinetic effects of thermal ions on the stability limit of a magnetic field confined plasma.

= Human-scale whole brain simulation with connectome analysis and structure-function
estimation.

= Exploration of physics beyond standard model with master field lattice QCD.
= Multiscale turbulence effects in fusion plasmas.

= DB construction of first-principles calculations for magnetic materials.

»= Global turbulence simulation of fusion core plasma.
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FUGAKU ROI AND ROR STUDY RESULTS

Fugaku Potential ROI

The Fugaku system has already delivered a number of impressive financial returns. Many successes
have already been accomplished but the majority of the financial returns will happen over the next 3 to
6 years as researchers make successes and then have time to see them turn into revenues, profits,
cost savings and scientific discoveries/innovations.

Compared to the K computer, it is likely that Fugaku will have much larger

financial and scientific returns for a number of reasons: Compared to the K

= Fugaku has already had a major impact on reducing the impacts of computer, it is likely
COVID-19. that Fugaku will

= Better understanding aspects and impact of the pandemic helped h.ave ”.‘UCh larger
save many lives. financial and

= Averting a complete shut-down of the Japanese economy saved scientific returns

trillions of yen.
» Fugaku supports a broader set of users.
* Including more from industry.

= The computer can run dramatically larger problem sizes, which can provide greater
results.

= New technologies like Al have great potential but require very large supercomputers to
take full advantage of the capabilities.

» |tis being focused on a number of major societal issues.
= Each of these social goals, if addressed, can provide substantial returns.

Helping to solve these large social issues can result in orders of magnitude larger returns. For
example, Japan’s ability to avoid shutting down its economy during the COVID-19 pandemic resulted
in 100’s of trillion yen of economic return that would have been lost if the country closed down as many
other countries did. The reduced number of COVID-19 cases were also in part due to research
accomplished on Fugaku, thereby saving countless lives. The deeper understanding of COVID-19
provides highly useful information to help address future pandemics.

This study found a number of researchers who are already working on important projects to address
large societal issues. Projects in these areas include:

Disaster prevention, resilience to urban wind disasters and heat islands, wind
resistance safety of bridges, realization of Society 5.0, availability of large-scale
computers and entry of non-professionals into computation, increased international
competitiveness in automobiles/manufacturing, safe behavior criteria for COVID-19,
preventing spread of COVID-19, drug discovery, research and development of new
materials, new products, fuel cells, efficiency in combustor and furnace design, and
the efficiency of large offshore wind power generation.

Estimated Potential Financial Returns from Fugaku

For this analysis we used this financial return on investment equation:
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ROI = Total Potential Financial Return / Investment in Fugaku (CAPX & OPEX)
The Total Potential Financial Return was estimated at $102 to $135 billion (US dollars).
The Investment in Fugaku (CAPEX & OPEX) used was $1.5 billion (US dollars).

This resulted in a potential financial return of 68 to 90 times the investment in This resulted in a

Fugaku. potential financial
return of 68 to 90
times the investment

Financial Returns Assumptions in Fugaku.

1. Fugaku has already seen 6 major successful projects (see Table 24
below) with a total return value of over $4 billion and will likely see at
least 10 times (10x) from the base projects similar to those on the K computer, for a total
financial impact of $15 billion US dollars.

= The K Computer generated over $11 billion US dollars compared to its investment of $1.2
billion US dollars (see Table 25).

2. Plus, the results from many COVID-19 projects conducted on Fugaku related to finding ways
to reduce the death rate and keep the Japanese economy from shutting down generated
immense societal and economic value. While one cannot attribute all of the economic savings
to Fugaku, it was assumed that at least $50 to $75 billion US dollars out of the trillions saved
can be attributed to the work done on Fugaku. This represents a 33 to 50 times return on the
$1.5 billion investment as a result of not shutting down the economy.

3. Plus, an additional 10x to 15x times its investment is possible from new industrial projects.
Many of these are significant and are using new technologies like Al targeted at direct
economic gains for a total financial impact of $15 to $22.5 billion US dollars. Riken has created
a major industrial outreach program with a deep focus on industrial projects that have the
potential to generate substantial (over $1 billion US dollars) returns.

4. Plus, the future potential from addressing major SGD’s (climate change issues, sustainability,
lower energy costs, disease prevention, better healthcare approaches & cancer treatments,
economic growth, cost savings from better handling natural disasters, etc.). While it is hard to
predict future success in these areas, a potential impact of 15x or higher is exceedingly
possible (providing at least $22.5 billion in economic value)

» 66% of the researchers in this study are already or just starting projects to address
large SDG’s, showing how broadly Fugaku is being applied to these key areas.

=  The majority of users (88%) have used or plan to use Fugaku for the promotion of
SDG's or the realization of a digital twin society.
In summary, the total potential economic value:

= $15 billion US dollars from projects similar to those that were done on the K system ($4
billion plus has already been accomplished on 6 projects).

*= $50 to $75 billion US dollars from keeping Japan from shutting down its economy.
»  $15t0 $22.5 billion US dollars for large value industrial projects.

*= And a potential of $22.5 billion or more from addressing important SDG goals.

* For a total of $102 to $135 billion in financial value.

» This represents a return of 68 to 90 times the investment in Fugaku.
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TABLE 24

Fugaku ROI Projects That Have Already Been Successful

Project Title Project Overview Project Value Obtained Revenue Profits
Impact and/or Cost
Savings
Transport Complex systems about fuel Linking this research to the actual Over $1 Over $1
Characterization of cell catalysts. The performance | development of fuel cells. billion billion
Carbon-lonomer of fuel cells depends on the
Heterogeneous movement of oxygen and
System in Fuel Cell water.
Catalyst Layer
Building the Structural repair due to We developed a database of $500,000
corrosive properties infrastructure deterioration corrosion properties of materials to
database of caused by corrosion is a social | through data-driven research based $750,000
structural materials issue, and metal corrosion is on the quantum-classical fusion
with electrochemical | one of the main reasons for method and the machine learning
interface simulations | infrastructure degradation. technigue. Reactions at the corrosion
There is poor systematic interface, which could not be isolated
knowledge of corrosion even in conventional experiments,
properties from material and can now be discussed in terms of
environmental perspectives. corrosion potential.
Establishment of in- The consortium aims to By evaluating the implementation of Over $1 $500 million
silico drug discovery | dramatically improve the advanced drug discovery calculations billion to $1 billion
platform to efficiency of drug development, | that cannot be performed by
accelerate new drug | which is said to take more than | pharmaceutical companies, we have
development 10 years and cost more than worked with pharmaceutical
120 hillion yen. companies to develop results of next-
generation drug discovery calculation
technology. This will dramatically
reduce the time and cost of drug
development.
Leading research on | Predicting the maximum lift and | The wall model LES analysis around $2.5t0 $5
innovative aircraft stall, which is related to the the complex geometry of an actual million
design technologies | takeoff/landing performance aircraft under high Reynolds number
to replace flight test and safety of aircraft, and the conditions and the LES analysis
aerodynamics-structure around the basic geometry of a wing
interaction are the crucial require a large-scale analysis of
issues for the design and several tens of billions of points.
development of aircraft. Thisis | Therefore, this analysis was realized
an innovative aircraft design for the first time by using FFVHC-
technology that may replace ACE and Fugaku.
the current flight tests.
Seismic Proof A FEM model of Fukushima We first perform the static self-weight | $1to $2.5 | $750,000 to
Assessment of Daiichi Nuclear Power Plant. analysis and dynamic seismic million $1 million
Nuclear Power By implementing information on | response analysis of the full-scale
Plants during damage of building and FEM model before the nuclear
Decommissioning components found so far onto accident. Next, we constructed a full-
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TABLE 24

Fugaku ROI Projects That Have Already Been Successful

Project Title Project Overview Project Value Obtained Revenue Profits
Impact and/or Cost
Savings
Process Using Full- the full-scale FEM model of the | scale FEM model assuming some
Scale 3D FEM normal 1F1 before the nuclear damage after the nuclear accident.
Model accident. Solving the model Using this model, we performed its
with Fugaku, investigated the static self-weight analysis and
seismic response behaviors of dynamics seismic response analysis.
the damaged 1F1 model. We then assessed the effects of
damage on the seismic response of
the model.
Development and With the integrated utilization of | Analysis of the turbulent flow field of $500 $200 to
utilization of a digital | the Al technology and the an entire wind farm. For coal millionto | $500 million
twin of actual clean Multiphysics and multiscale gasifiers: Integrated multi-scale multi- | $1 billion
energy systems simulations, we aim at physics simulations of combustion
using super developing a digital twin for the | turbulence, heat transfer and cooling,
simulation and Al in next-generation fossil plants and reactor vessel structure. Super-
collaboration. suitable to coal gasification simulation of actual equipment, which
plant and a digital twin for was impossible before, is now
large-scale off-shore wind possible.
farms.

Source: Hyperion Research, 2023

From the previous 2020 Hyperion Research study about the K system:

The overall financial ripple effects from the K computer have been extremely

impressive at 500 billion yen in added revenues and over 700 billion yen in added
profits/cost savings, for a total impact of over 1,200 biflion yen.

This financial ripple effect is approximately nine times higher than the investment in
the K computer, and the 1,200 billion yen financial ripple effect does not include the
innovation value of scilentific projects carried out on the K computer that did not
produce financial results.

Table 2 shows the financial ROI results from the K computer, from the 2020 study.
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Table 25

Financial RETURNS From Projects That Used the K Computer

Financial Area Amount
Overall Revenues Generated (Millions $US) $4,708

In Yen (Millions) 499,014 Yen
Profits Earned or Costs Savings (Millions $US) $6,975

In Yen (Millions) 739,350 Yen
Net Total Dollar Impact (Millions $US) $11,683

In Yen (Millions) 1,238,364 Yen

Source: Hyperion Research, 2020

If Fugaku delivers similar
returns as the K computer,
plus the added returns from

If Fugaku delivers similar returns as the K computer, plus the added addressing the very large

returns from addressing the large societal issues, the returns could societal issues, the returns

exceed 68 to 90 times the investment in the Fugaku system, plus the could exceed 68 to 90 times

additional scientific knowledge gained. the investment in the Fugaku
system.

Early ROR (Return on Research) Results

In order to evaluate the innovation of HPC projects, Hyperion Research uses a rating system that
measures both the importance and impact of each project. Riken project respondents were asked to
rank the importance of their innovation compared to all other innovations in their field over the last ten
years, and impact of their innovation in terms of how many organizations benefit. Combining these two
measures creates the Innovation Class rating of these projects. Of the 50 early projects in this study,
49 contributed to this area of evaluation.

Rating the Importance and Impacts of the Innovations

Below are the scales used in measuring the innovations in this study.

The IMPORTANCE of this innovation compared to all other innovations in their specific
field over the last ten years:

5. One of the top 1 to 3 innovations in the last decade

4. One of the top 5 innovations in the last decade
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3. One of the top 10 innovations in the last decade
2. One of the top 25 innovations in the last decade
1. One of the top 50 innovations in the last decade

The IMPACT of this innovation to multiple organizations:

6. An innovation that is useful to 50 or more organizations

5. An innovation that is useful to 10 to 49 organizations

4. An innovation that is useful to 6 to 9 organizations

3. An innovation useful to 2 to 5 organizations

2. An innovation only useful to 1 organization

1. An innovation that is recognized ONLY by experts in the field

Combining these two measures, Hyperion Research used these overall innovation
ratings for this project:

= Class 1 innovations - One of the top 1-3 innovations in a field over the last ten years PLUS
useful to over 10 organizations

= Class 2 innovations -- One of the top 5 innovations in a field over the last ten years PLUS
useful to over 10 organizations

= Class 3 innovations - One of the top 5 innovations in a field over the last ten years PLUS
useful to over 5 organizations

= Class 4 innovations - One of the top 10 innovations in a field over the last ten years PLUS
useful to over 5 organizations

= Class 5 innovations - One of the top 25 innovations in a field over the last ten years PLUS
useful to at over 10 organizations

= Class 6 innovations - One of the top 25 innovations in a field over the last ten years PLUS
useful to at least 2 organizations

= Class 7 innovations - One of the top 50 innovations in a field over the last ten years PLUS
useful to at least 2 organizations

= Class 8 innovations - All other innovations
The table below shows the percentage breakdown of responses of study participants when asked to
describe their innovation's importance compared to all other innovations in their field over the last ten

years. More than half of respondents (55%) placed their innovation within the top 5 of their field in the
last decade.
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Table 26

Innovation Importance

% of Respondents

5 -- One of the top 2 to 3 innovations in the last decade 26.5%
4 -- One of the top 5 innovations in the last decade 28.6%
3 -- One of the top 10 innovations in the last decade 22.4%
2 -- One of the top 25 innovations in the last decade 8.2%
1 -- One of the top 50 innovations in the last decade 14.3%

Source: Hyperion Research, 2023

The table below shows the percentage breakdown of responses of study participants when asked how
many organizations benefit from their project innovation. A third of respondents (35%) state their
innovation is useful to more than 50 organizations, and an additional quarter (29%) state their

innovation is useful to 10-49 organizations.

Table 27

Innovation Impact

% of Respondents

1 -- It is recognized ONLY by experts in the field

6 -- It is useful to over 50 organizations 34.7%
5 -- It is useful to 10 to 49 organizations 28.6%
4 -- It is useful to 6 to 9 organizations 22.4%
3 -- Itis useful to 2 to 5 organizations 8.2%
2 -- It is only useful to 1 organization 2.0%

4.1%

Source: Hyperion Research, 2023
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Combining project Innovation Importance and Innovation Impact
ratings into the Innovation Class Index Rating is the Hyperion
Research approach to quantitatively evaluating project ROR. The
chart below shows the Innovation Class Index Ratings of projects in
this study. The majority (71%) of projects achieve an Innovation
Class Index Rating of 4 and above, showing that Fugaku is being
successfully applied to very important scientific problems.
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The majority (71%) of
projects achieve an
Innovation Class Index
Rating of 4 and above,
showing that Fugaku is
being successfully applied
to very important scientific
problems.
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FIGURE 1

Innovation Class Index Ratings
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Source: Hyperion Research, 2023

We expect that as researchers have more time to conduct their research, the Fugaku system will have
many additional scientific discoveries and innovations, similar to the K computer in Figure 2.

From the 2020 study of the K Computer:
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FIGURE 2

Innovation Class Rating From The K Computer
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©2023 Hyperion Research #HRxxxxxxx 3.26.2023

40%

50%

44



EXAMPLES OF SUCCESSES ENABLED BY THE FUGAKU COMPUTER

Briefly described in this section are a few examples of successes made possible by the Fugaku
computer.

Example #1 Highly Efficient Engine

User: Japan Automobile Research Institute
Title: A Research Of Ultra-Highly Efficient Engine For Vehicle By HINOCA

Description: Combustion in internal combustion engines involves physical and chemical processes
that vary widely temporal and spatial scale, so that enormous computational resources are needed to
reproduce detailed phenomena and obtain the guidelines for high-efficiency and low-emission
combustion. We focused on the subjects of "cycle-to-cycle variations" and "particulate matter
formation”, which are key issues in the practical application of lean-burn technology for reducing CO2
emissions and performed large-scale engine combustion simulations with Supercomputer Fugaku.

Example #2 Environment-Compatible Chemical Substances

User: Osaka University
Title: Environment-Compatible Chemical Substances

Description: All-atom molecular dynamics (MD, molecular dynamics) simulation and free-energy
analyses are conducted to explore the structures of polymers that can contribute to improving the
performances of separation membranes or to reducing the use of environmentally harmful
components, and QM/MM (Quantum Mechanics/Molecular Mechanics) calculations are performed for
organic/inorganic interfaces to elucidate the molecular mechanism of degradation of multi-material
interfaces. All-atom computation of the adsorption free energy is done for a series of organic
compounds onto polymer/water interfaces, and the effects of a proton on the bond breakage at resin
interfaces with an inorganic substrate are analyzed.

Example #3 Earthquake Simulation

User: Japan Agency for Marine-Earth Science and Technology

Title: Large-scale Numerical Simulation of Earthquake Generation, Wave Propagation And Soll
Amplification

Description: Quantitative evaluation of earthquake hazards is necessary to prepare for earthquakes
occurring directly beneath the Tokyo metropolitan area and in the Nankai Trough. In this study, we will
construct an integrated prediction system to carry out such evaluations by using extremely large-scale
computations at Fugaku, implement it in the process of national evaluations of seismic hazards, and
introduce the concept of quality assurance into numerical simulations for earthquake generation
forecasting to lay the foundation for its use in policy decisions.

©2023 Hyperion Research #HRxxxxxxx 3.26.2023



Example #4 Simulation of Viral Particles

User: Okayama University
Title: Structural Modeling and Simulation Of Viral Particles

Description: The hepatitis B virus has a protein capsule called a capsid, which is covered by an outer
membrane called an envelope. Until now, the structure of the envelope has not been understood even
with electron microscopy. The envelope is composed of proteins and lipids, and the lipids are derived
from cells. The protein is made from a protein produced by the virus, but how it exists as an envelope
has not been understood. In this study, we predicted and calculated the structure of the viral protein
and found for the first time that there is a strong interaction between the viral protein and the inner
capsid, and that this interaction stabilizes the membrane covering.

Example #5 Weather Prediction for Disaster Mitigation

User: Numerical Prediction Division, Information Infrastructure Department, Japan Meteorological
Agency

Title: Numerical Weather Prediction Model Development for Mitigation From The Torrential Rain And
Typhoon Disaster

Description: In recent years, disasters caused by torrential rain and typhoon have been occurring
every year, and improving forecast accuracy has become an urgent issue. This project aims to obtain
knowledge on the development of a high-resolution (horizontal resolution of 2 km or less) regional
ensemble prediction system and a high-resolution (horizontal resolution of 10 km or less) global model
to improve the forecast accuracy of torrential rain and typhoon, assuming the JMA supercomputer as
of 2030.
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IN SUMMARY: HOW SUCCESSFUL HAS THE FUGAKU COMPUTER BEEN SO FAR?

This study has confirmed that Fugaku has already established strong returns and been an invaluable
resource to Japanese researchers. These results are expected to continue to grow substantially over
the lifetime of the system.

In Providing Economic Returns

If Fugaku delivers similar returns as the K computer, plus the added returns from addressing the very
large societal issues, the returns could exceed 68 to 90 times the investment in the Fugaku system,
plus the additional scientific knowledge gained.

In Providing Scientific and Innovation Returns

The Fugaku computer's ripple effects on scientific innovations without financial returns also stood out
from other leading computers around the world:

= A quarter of evaluated projects (27%) enabled by the Fugaku computer were ranked in the
highest category of scientific importance.

» A third of evaluated projects (35%) were ranked in the highest category of scientific impact.

©2023 Hyperion Research #HRxxxxxxx 3.26.2023

47



FUTURE OUTLOOK

Why Having a National Leadership-Class Supercomputer Is Important

Leadership-class supercomputers can provide a national with major scientific advancement, economic
growth, protection from disasters and ways to address new diseases. Governments around the world
have increasingly recognized that HPC is a transformational technology that can boost not only
scientific leadership, but also industrial and economic competitiveness. This is why so many
governments are investing in very large exascale-class supercomputers.

These initiatives are based on the belief that maintaining a national leadership-class supercomputing
capability is indispensable for multiple reasons. All of these reasons were confirmed by the individuals
interviewed for this study:

Unless Japan maintains its own leadership-class supercomputer at all times, the country's top
scientific and engineering researchers will be forced to apply for time on foreign leadership-
class supercomputers because less-powerful supercomputers can't support their work. But
foreign government officials may be forced to assign Japanese researchers’ lower priority and
give them no time or insufficient time to carry out their research.

= As aresult of this dependency on foreign supercomputers, Japan could fall behind other
major countries in advanced scientific and industrial research, with a negative impact on
Japan's economic competitiveness.

Just as important, failure to continue developing leadership-class Japanese supercomputers
would also force more students representing the next-generation of Japanese researchers to
study, perform research and pursue careers outside of Japan.

= The loss of next-generation researchers could also cause Japan to fall behind other major
countries in advanced research, with a negative impact on Japan's economy and quality of
life.

Leadership-class supercomputers will also be crucial for achieving the goals of Japan's
Society 5.0 initiative. Powerful supercomputers are already indispensable for research and
development at the forefront of the most important Al use cases, including precision medicine,
automated driving, Smart Cities and the Internet of Things.

= New leadership-class supercomputers will be needed to make these Al applications
practical in the next few years.

These risks are greater today than 10 years ago because Japan and the U.S. are no longer
the only countries using top leadership-class supercomputers to advance their scientific and
industrial strength. China and multiple nations in Europe have entered the competition and will
deploy next-generation leadership-class supercomputers in the next few years.
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APPENDIX: SELECTED SECTIONS FROM THE PREVIOUS 2020 STUDY OF THE K
COMPUTER

ROI Study Background and Methodology
Background

This study follows one conducted by Hyperion Research that measured the importance and impact of
the K computer at an earlier stage in its usage. The present study evaluates the total ripple effects of
the K computer, at a time when the use of this computer is far along, and users are transitioning to the
successor Fugaku supercomputer. The present study therefore offers a more complete assessment of
the value of the K computer.

Methodology

In 2012, the U.S. Department of Energy (DOE) was dissatisfied with existing, indirect methods of
measuring the return on investments in HPC, such as numbers of doctorate degrees awarded in
scientific fields and numbers of peer-reviewed papers published in scientific journals. DOE engaged
Hyperion Research analysts (then at predecessor firm IDC) to develop and test macroeconomic
models that, for the first time, could directly link HPC investments to public-sector non-financial
scientific innovations (returns on research, ROR) and private-sector financial return on investment
(ROI). For a more thorough discussion of the study methodology, see the section of this report called
History of Hyperion Research ROl Methodology, below.

Key Findings
Key findings of the study include the following points:

1. Users of the K computer strongly agree on the need for Japan to continue to develop
leadership-class supercomputers such as the K computer and Fugaku. Without world-class
Japanese supercomputers, Japan's researchers would be forced to rely on access to leading
supercomputers outside of Japan, with no guarantee that adequate access would be granted.
This dependence could cause Japan to fall behind other countries in advanced scientific and
industrial research, with negative consequences for Japan's economy, standard of living and
Society 5.0 goals.

2. The total ROI and ROR ripple effects from the K computer were extremely strong:

= The K computer enabled 500 billion yen in added revenues and over 700 billion yen in
added profits/cost savings, for a total financial ripple contribution of over 1,200 billion yen
to users of the computer.

=  When compared to other countries, the financial return-on-investment (ROI) | unparalleled,
with an average revenue return of 1,623 yen per yen invested in HPC (the K computer),
and average profits or cost savings were 60 yen per yen invested in HPC.

» Financial ROI results for each yen invested in HPC by some leading countries were as
follows: Japan 1,623 yen, EU 289 yen, USA 373 yen, and China 9 yen.

»  Profits/cost savings for each yen invested in HPC by some leading countries were as
follows: Japan 60 yen, USA 39 yen, EU 48 yen, and China 3 yen.

= The K computer's ripple effects on scientific innovations without financial returns also
stood out from other leading computers around the world:

= 54 of the 111 evaluated projects (49%) enabled by the K computer were ranked in the
highest category of scientific importance.
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= 71 of the 111 evaluated projects (64%) were ranked in the highest category of
scientific impact useful to 50 or more organizations around the world.

3. Technology advances made for world-class Japanese supercomputers benefit high
performance computers of all sizes over time. Many of these advances also benefit
commercial (enterprise) computers and help move forward the overall state of the art in
information technology.

4. Failure to develop world-class Japanese supercomputers could also force more students
representing the next generation of Japanese researchers to study, perform research and
even pursue careers outside of Japan.

5. Nearly all surveyed users of the K computer also agree that developing world-class
supercomputers deserves to be a national project in Japan, as it is in the U.S., Europe and
China. Leading-edge supercomputing is highly strategic for a nation's scientific, industrial and
economic competitiveness. Users consider the world's leading national flagship computers,
such as the K computer and Fugaku, essential for the advancement of science and
technology. It is difficult for market-based machines to be at the forefront of the technology,
and users say that co-design can only be done effectively with "national projects.”

6. Users also say a world-class supercomputer in Japan will be needed to achieve the goals of
the Society 5.0 initiative, for which capability in Al and other data science will be very
important. Recent Hyperion Research studies for the U.S. Government confirm that powerful
supercomputers are indispensable for research and development at the forefront of artificial
intelligence, including fundamental science, national security, automated driving, healthcare,
smart cities, the Internet of Things, edge computing and more.

7. Most surveyed users do not consider it crucial for Japan's leading supercomputers to provide
support for cloud computing, at least not yet.

Study Findings: Financial ROl Results
History of Hyperion Research ROl Methodology

In 2012, the U.S. Department of Energy (DOE) was dissatisfied with existing, indirect methods of
measuring the return on investments in HPC, such as numbers of doctorate degrees awarded in
scientific fields and numbers of peer-reviewed papers published in scientific journals. DOE engaged
Hyperion Research analysts (then at predecessor firm IDC) to develop and test macroeconomic
models that, for the first time, could directly link HPC investments to public-sector non-financial
scientific innovations (returns on research, ROR) and private-sector financial return on investment
(ROI).

The methodology asked the principal investigator (PI) or other project leader to self-grade the
importance and impact of the project using the simple scales of the economic model—and to provide
financial outcomes where relevant. We then ask one or more experts in the project's scientific or
engineering domain to grade the project outcomes independently, without having seen the self-grading
of the project participant. Both in the pilot study and the full-out, three-year study, the grades provided
by the project participants and the independent domain experts were strongly correlated, showing that
the self-grading produced minimal "grade inflation." This confirmed to DOE that our methodology
would be useful.

= As aresult, DOE awarded Hyperion Research a three-year grant to collect a larger number of
examples using this methodology. The cumulative results of our ROI/ROR studies can be
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found at www.hpcuserforum.com/roi. These results include not just our studies for DOE, but

also findings of subsequent studies using this methodology we conducted for the European
Commission and government agencies in Germany, The Netherlands, Singapore, Canada and

other countries.

* In addition, Hyperion Research was asked to apply this methodology to a number of leading
supercomputers, by evaluating all of the projects that had been carried out to date on these
computers. Our first study of this kind involved the "Blue Waters" supercomputer located at the
U.S. National Science Foundation-supported National Center for Supercomputing Applications
(NCSA) at the University of Illinois at Urbana-Champlain.

= The present study is our second of this kind and has focused on the ripple effects of Japan's K
computer located at the RIKEN complex in Kobe.

Overall Financial ROI Results from the K Computer

Table 5 shows the overall financial ripple effects from the K computer in revenues, profits and cost
savings generated for users of the supercomputer. The results have been extremely impressive at 500
billion yen in added revenues, over 700 billion yen in added profits/cost savings, for a total impact of

over 1,200 billion yen.

This represents the largest financial returns that Hyperion Research has identified for any
supercomputer since we began evaluating these HPC systems seven years ago.

This financial ripple effect is approximately nine times’ higher than the investment in the K computer,
and the 1,200 billion yen financial ripple effect does not include the innovation value of scientific
projects carried out on the K computer that did not produce financial results.

"Note: $11.683 billion in financial returns in this study compared to $1.3 billion for the K computer

costs, which provided a 9 times return.

Table 28

Financial RETURNS From Projects That Used the K Computer

Financial Area Amount
Overall Revenues Generated (Millions $US) $4,708
In Yen (Millions) 499,014 Yen
Profits Earned or Costs Savings (Millions $US) $6,975
In Yen (Millions) 739,350 Yen
Net Total Dollar Impact (Millions $US) $11,683

In Yen (Millions)

1,238,364 Yen

Source: Hyperion Research, 2020
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Table 6 shows the financial ROI from the K computer projects. The two ROI metrics in this table

include:

= Revenue ROI (revenues divided by the cost to run the projects on the K computer)

= Profit or cost savings ROI (profits and cost savings divided by the cost to run the projects on

the K computer)

Again, the ROI results are world-leading with an overall revenue ROI of 1,623 yen in revenues per yen
invested and 60 yen of profits/cost savings per yen invested in HPC on the K computer.

Table 29

Financial ROl From Projects That Used the K Computer

Financial Area Amount
Revenue ROI ($US)? $1,623x
In Yen 1,623x Yen
Profit or Cost Savings ROI ($US) $60

In Yen 60x Yen

Note: These are dollars (or Yen) returned for each dollar (or Yen) invested in HPC to complete the project.

Source: Hyperion Research, 2020
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