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Situation Background

In Japan and other highly developed countries,
leadership-class supercomputers have played a major
role in advancing science, boosting industrial
competitiveness, creating innovations, and improving
the quality of daily life for average citizens.

The K computer is well known throughout the world
and, as this study shows, the K computer has enabled
many impressive innovations and world leading
financial returns that would not have been possible
with typical, less-capable supercomputers.
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Example Observations

« Users credit the K computer not only for its ability to
perform large-scale calculations in a practical
amount of time, but also for the research that can be
conceived because of the existence of the K
computer, which has changed the direction of
research.

- They also claim that they have been able to
anticipate the computational technologies that will
be used in industry in five to ten years' time.

* Without K computer, the flow of research would not
have changed, and Japan would have been unable to
produce results and would have been taken over by
other countries. K computer has created new
streams of Research and Development using
computers in Japanese industry and has also
created new communities.
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Example Observations

» Users of K computer have been able to make the
transition to Fugaku naturally with ease of use, and
the new design concept by Co-Design has received
high praise for its various improvements.

* In addition to capability computing, Fugaku also
plans to expand into capacity computing, especially
data science that utilizes artificial intelligence (Al).

* As the world's leading national flagship computers,
such as K computer and Fugaku, users consider it is
essential to the advancement of science and
technology.

 Itis difficult for market-based machines to be at the
forefront of the world, and users appreciate that Co-
design can only be done with "national projects”.
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Financial ROI
From The K Computer
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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/IDC analysts 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).

This research is based on the ROl economic models and innovation class
index Hyperion Research first developed for DOE. We first used the model
in a DOE-funded pilot study and full-out study, then in separate studies for
non-U.S. governments and for individual HPC sites in the U.S. and
elsewhere:
A macroeconomic model that depicts the way HPC investments result in
economic advancements in the form of ROI in revenue, profits (and cost
savings), and jobs. It looks at HPC costs as the input and revenues,
profits or cost savings, and job creation as the output.
A new innovation class index that provides a means of measuring and
comparing innovation levels. Based on two parameters: the importance
of each innovation combined with how many organizations can use the
innovation.
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The ROI & ROR Validation Process

In order to fully ensure that the data collected during the source of this
study is correct, believable and defensible, Hyperion Research adopted a
multi-layered process that harnessed a broad range of HPC-related
expertise from a number of different subject matter experts:

1. Upon initial submission, forms were reviewed by Hyperion Research
experts to see if all of the information was correct and the form met
standards necessary to be considered for inclusion in the study.

1 In cases where the form either lacked the necessary information, or there
were some other questions or concerns relating to a particular
submission, Hyperion Research contacted the submitters, and then
worked with them to add, change, or otherwise alter their submission to
meet Hyperion Research submission criteria.

2.0nce a submission was accepted by Hyperion Research analysts, it
was then turned over to members of the HPC User Forum Steering
Committee (listed at: www. hpcuserforum.com) for review of accuracy
and importance.

1 When required, subject matter experts in the areas covered in a
submission were called in for further review.

3. Subsequent to approval by the HPC Steering Committee, a submission
was moved into consideration for both an innovation award and for
inclusion in the study's economic database.
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Revenue Generation ROl Examples

Organi

ROI Titile

ROI Abstract

Total Revenue

Kajima Corporation

Large-Eddy Simulation for
High-Rise Building with
Complex Surface Shape on
Actual Urban Block

To set a wind load for structure and cladding using Large-Eddy Simulation (LES).
As the part of this study, we focused on the wind pressure prediction by LES for
a high-rise building case having roughness surface consist from corner-cuts and
inner balconies, which are quite few cases because of the requirement of large
computational resource by high-resolution mesh.

0) 500-1billion

The University of Tokyo,
Department of Systems
Innovation, School of
Engineering,

Simulation of a Coal
Gasification Combustion
Reactor

V&YV of a lab-scale coal gasifier with a solid gas-liquid three-phase LES and large-
scale coupled analysis of reactor structure and cooling. Development of a multi-
scale, multi-physics simulation system for a bench-scale coal gasifier. This will
accelerate the practical application of next-generation coal-fired power
generation with CO2 separation, capture and storage technologies.

p) > 1,000 million

Kyoto University,
Department of Biomedical
Data Intelligence, Graduate
school f Medicine

Establishment of the Al
Drug Discovery Consortium

Drug discovery is one of the areas of active research in the application of Al.
The development of a new drug takes an enormous amount of time and money.
The probability of success is generally said to be less than 1 in 25,000. Launched
in November 2016, LINC is a project that aims to change the way development
is carried out by using Al throughout the drug discovery process.

i) 10-25 million

Sumitomo Rubber Industries

Commercialization of
EnaSave Next Il

ADVANCED 4D NANO DESIGN, a new material development technology
developed by K computer and Spring-8, allows us to design the internal structure
of rubber from the nano to micron level in order to achieve the three conflicting
characteristics of tires: low fuel consumption, wet grip, and wear resistance at a
high level. It is the most fuel-efficient tire in DUNLOP's history, with a 51%
improvement in wear resistance while maintaining high levels of fuel efficiency
and grip. Price 21,600 JPY / tire.

p) > 1,000 million

PIA Corpotation

Creating a new business
using the heart simulator

The service will be provided using a heart simulator. So far, the project has been
conducted on a research basis, but it will be commercialized in the future. The
company will sell the device to the general public.

The main body of the business has not existed until now. Video URL

p) 1,000 million

https://www.youtube.com/watch?v=TvIXrVOWIKM&feature=emb_logo
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The Financial ROl Results

Table 3 shows the overall financial ripple effects from the K computer in revenues, profits and
cost savings. The results are extremely impressive at 500 billion yen in revenues, close to 7
billion yen in profits/cost savings, for a total impact of over 1,200 billion yen.

This represents the largest financial returns that we have located over the last 7 years.
Compared to the cost of the K computer, it represents around 10 times the return on the
investment in the K computer, not counting all of the projects that we didn’t survey and not
including all of the scientific returns.

TABLE 3

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 SUS) $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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The Financial ROl Results

The 2 ROI metrics in this table include:
[0 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)

The ROI results are world leading with an overall revenue ROI of 1,623 yen in revenues per yen
invested, and 60 yen per yen invested in HPC on the K computer.

Table 4

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 (SUS) $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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The K Computer ROI Results Are
World Leading

Table 5

Financial ROI By Country/Region

Country or Region Average of Revenue $ per HPC § Average of Profit $ per HPC $

The K Computer 1,623 59.9

UK 730 352

France 593 80.6

USA 373 39.0

EU 289 484

Germany 15 16.3

Italy 10 75

China 9 33

All Sites Studied 463 439

Source: Hyperion Research, 2020
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Note About The ROI In China

The lower ROI results in China are due to a number of
reasons:

- Many organizations and researchers in China are

somewhat new to using HPC, in many cases with

less than 5 or 10 years of experience
- While researchers and organizations in Japan, the US and
Europe have 40 to 50 years of history of using
supercomputers to do advanced R&D

- Many of the industrial projects run on the
supercomputers in China have a shorter-term
focus (more are applied engineering vs. longer-
term R&D)

- A larger number of the jobs run on the
supercomputers in China are to support academic
projects

- The K computer was focused as an application
supercomputer that can strongly help industrial users
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Innovation Return on
Research (ROR) Results
From The K Computer

© Hyperion Research 2020

The Different Types Of Innovations
Accomplished On The K Computer

Table 5 shows the types of innovations that were studied. Making better products were the
most frequent, making a scientific breakthrough was the second most frequent, helping society

was number 3.

This table shows that the K computer was useful to a very broad set of areas across Japan,

helping industry, academia and society in many ways.

Table 6

Innovation Areas of the Riken K Computer Projects

Primary Innovation/ROI Area

Number of Examples in the Study

Make Better Products

21

Major Scientific Breakthrough

10

Helped Society

9

Discovered Something New

Cost Savings

New Approach

Support Research Program

Source: Hyperion Research, 2020
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K Innovations Rated By Their

IMPORTANCE

The IMPORTANCE of each innovation compared to all other innovations in this 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

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

Table 8
Innovations: Importance
Number of Innovations from | Number of Innovations from Total
the K Computer in 2020 the K Computer in 2016

5 -- One of the top 2 to 3 innovations in 24 30 54
the last decade
4 -- One of the top 5 innovations in the 1 13 14
last decade
3 -- One of the top 10 innovations in the 15 16 31
last decade
2 -- One of the top 25 innovations in the 1 4 5
last decade
1 -- One of the top 50 innovations in the 4 3 7
last decade
Total 45 66 111

Source: Hyperion Research, 2020
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K Innovations Rated By Their
IMPACT To Other Organizations

The IMPACT of each 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 10 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

Table 9

Innovations: Number of Organizations Impacted

Number of Innovations from | Number of Innovations from Tota
the K Computer in 2020 the K Computer in 2016

6 -- It is useful to over 50 organizations 30 41 71
5 -- It is useful to 10 to 49 organizations 8 13 21
4 -- It is useful to 6 to 9 organizations 2 4 6
3 -- It is useful to 2 to 5 organizations 2 5 7
2 -- It is only useful to 1 organization 3 3 6
1 -- It is recognized ONLY by experts in the 0 0 0
field
Total 45 66 111

Source: Hyperion Research, 2020
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The Hyperion Research Innovation
Class Rating Scale

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

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

1 Class 3 innovations — One of the top 5 innovations in a field over
the last ten years PLUS useful to at least 5 organizations

[1Class 4 innovations — One of the top 10 innovations in a field
over the last ten years PLUS useful to at least 5 organizations

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

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

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

1 Class 8 innovations — All other innovations
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The K Computer Innovations CLASS
Levels

Table 10

Innovation Class Ratings

From the K Computer From the K Computer Total Percentage of Proje
in 2020 in 2016

Class 1 21 23 44 40%

Class 2 1 3 4 4%

Class 3 4 16 20 18%

Class 4 13 16 29 26%

Class 5 0 3 3 3%

Class 6 2 0 2 2%

Class 7 4 5 9 8%

Class 8 0 0 0 0%

Total 45 66 111 100%

Source: Hyperion Research, 2020
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The K Computer Innovations
Compared To ALL Other Countries

Class 1

Class 2 &‘

Class 3

Class 4

Class 5 i|
Class 6 %l'

Class 8 -
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u The K Computer (%)
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u All Computers Around the World (%)

The K computer has more
than 2x the ratio of class
#1 innovations compared
to supercomputers
around the world.

This shows that the K
computer is truly a world-
class leadership
computer.

It also shows that the
projects on the K
computer were focused
on research that is both
top notch (one of the top
3 in a field) and useful to a
large number of
organizations.
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The K Computer Innovations
Compared To Academic Sites

Class 1
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Class 4
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Figure 3 compares the
innovations on the K
computer to innovations
at academic organizations
around the world.

Again, the K computer
has more than 2x the
class #1 innovations
compared to other
academic sites around the
world.




The K Computer Innovations
Compared To Academic Sites

innovations on the K
computer to innovations
at China organizations.
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Again, the K computer
has more than 2x the
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In Summary

The total ripple effects of the K computer were impressive and
world-leading, as these summary facts confirm:

+ The K computer enabled 500 billion yen in 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) is unparalleled with an average revenue return
of 1,623 yen per yen invested in HPC (the K computer) and
average profits or cost savings of 60 yen per yen invested in
HPC.

« 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.
- 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.
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In Summary:
Hyperion Research Opinions

* This study confirmed that many Japanese
researchers have benefitted greatly from using the K
computer and are ready to advance their work and
tackle even more challenging problems on the more
powerful Fugaku computer.

* We are firmly convinced that developing a more
powerful successor to the K computer is well worth
the investment.

 The K computer has demonstrated that leadership-
class supercomputers can produce returns far in
excess of the amounts needed to fund them.

 The K computer is world leading in both financial
ROI and developing top class innovations.
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QUESTIONS?

ejoseph@hyperionres.com
nishi@hyperionres.com
sconway@hyperionres.com
bsorensen@hyperionres.com
anorton@hyperionres.com
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