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View from the Top

Live Under the Same Roof and
Pass Down Tacit Knowledge
for NTT WEST to Become a
Social ICT Pioneer

Teruyuki Kishimoto
Executive Vice President, NTT WEST

Overview

According to a survey conducted by the Tokyo Chamber of Commerce
and Industry in early June during the novel coronavirus pandemic, 67.3%
of small- and medium-sized enterprises based in Tokyo have implemented
teleworking (remote working). Companies that have not yet introduced
teleworking have cited changing internal systems and ensuring security as
issues preventing implementing teleworking and have asked the govern-
ment for support (relaxation of requirements for subsidy programs, expan-

NTT WEST has achieved its highest profit since
inception 20 years ago

—First, could you tell us about the current business
environment concerning NTT WEST?

NTT WEST marked its 20th anniversary in July
2019, and achieved its highest operating profit since
its founding, i.e., 132.2 billion yen, in fiscal year
2019 (April 12019 to March 31, 2020). I was delight-
ed to welcome our 21st year with our employees who
have worked together with the aim of pulling our
company from the red at the time of our founding into
the black.

In 2019, the G20 was held in Osaka, and disasters
such as heavy rainfall and typhoons, mainly in
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Kyushu but also in other regions, stuck western
Japan, our operating area. Under these circumstanc-
es, operating revenue has been declining mainly for
land-line telephone services; however, the range of
this decline is decreasing, and the long-awaited
increase in revenue is close at hand. On top of that,
our Hikari fiber-optic services exceeded our annual
target for a net increase of 200,000 subscribers, i.e.,
increasing 220,000 subscribers, and, for the first time,
corporate sales and new business fields accounted for
more than half the total revenue. We were also able to
reduce costs by thoroughly improving efficiency
through digital transformation (DX). I believe that we
have been able to achieve our highest profit thus far
as a result of these company-wide efforts.

However, as we all know, the spread of the novel
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coronavirus is causing society as a whole to stagnate,
and I think that many of our stakeholders are worry-
ing about our financial results in the 2020 fiscal year.
We can see into the future when a natural disaster will
subside and the affected area will recover. However,
the cause of anxiety differs regarding this pandemic
in that we cannot see into the future because no one
can predict, for example, how long the battle with the
virus will last.

—Anxiety is certainly widespread today. How will
NTT WEST handle this as a designated public institu-
tion under the Disaster Countermeasures Basic Act?

Under these difficult circumstances, we are striving
to take the lead in solving social issues using the
power of information and communication technology
(ICT) to become a “social ICT pioneer.” We will con-
tinue transforming ourselves to become a trusted
company respected by the community and play a role
as a ““vitamin” that makes the community vibrant.

We are addressing people’s anxiety by introducing
three key phases. The first phase is “business continu-
ity and safety.” As a designated public institution, we
have a mission to fulfill requests for improving the
communication environment for accessing local gov-
ernment, companies, medical care, and public ser-
vices even under today’s difficult circumstances. It is
also very important to balance that mission with due
consideration for the health and anxiety of our
employees. Regarding this balance, we put a system
in place, which was prepared as a countermeasure
against a new strain of influenza (HIN1) that spread
about ten years ago. The present pandemic is the first
time we have called upon this system, and we are
working to maintain business continuity and the
health and safety of our employees through measures
such as introducing company-wide teleworking and
staggered working hours.

The next phase is “recovery from confusion.” In
response to the resumption of social activities, we
will endeavor to solve a variety of social problems
based on the keywords “remote” and “online” by
marshaling the products of the NTT WEST Group
and assuming requests from customers to expand
coverage. Moreover, | believe that these efforts will
not only extend across the NTT WEST Group but will
harness the power of the NTT Group, which will lead
to optimizing the entire Group.

When I joined the company, I was at the forefront
of my field. Frontline workers are needed when a
disaster strikes or problems occur, and I feel that our
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frontline employees are NTT’s “face” for directly
communicating with customers. The expectations
that customers have toward NTT are high. With these
experiences in mind, I think our important tasks are
how we can do our best in the event of a disaster or
other difficult situations and how we can fulfill our
mission as a designated public institution. All depart-
ments and employees must also listen to customers
and respond to their requests in the same manner as
frontline employees.

The last phase is “growth.” The reform of work
styles and creation of a remote-friendly society—
with a focus on the new normals of “during corona”
and “after corona”—are ongoing. As remote working
becomes more widespread, Japan’s businesses,
which are currently over-concentrated in Tokyo, will
be dispersed. In this transitional era, the ICT infra-
structure is considered to be the blood vessels of
society. As well as providing traditional network ser-
vices and solutions, through cybersecurity and other
user support, we will strive to ensure that customers
will be able to use our services safely and in a stress-
free manner.

To give an example of our efforts, ELGANA, a
business service that provides a secure business com-
munication environment, enables an efficient way of
working regardless of time and place. As of the end of
June 2020, the number of subscriber identifiers regis-
tered for ELGANA has already exceeded 50,000. We
are planning to enhance services that can meet a wide
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range of customer demands concerning, for example,
safety and security, for promoting a remote-friendly
society. The spread of the novel coronavirus is a cri-
sis; however, we can think of it as taking up a new
challenge.

How to attract loyal customers in a rapidly
advancing society

—How is the new medium-term business plan being
affected by the novel-coronavirus pandemic?

We are conducting business while taking steps to
prevent the further spread of the novel coronavirus. In
our New Year’s in-house presentation, the trend in
2020 was compared to an ice-hockey stick. At the
beginning of 2020, we considered ourselves at a point
of an upturn, namely, the contact point between the
shaft (handle) and the blade (the part that hits the
puck) of the stick. Therefore, we started 2020 stating
that we would like to follow that upward trend.
Despite the unprecedented situation brought by the
pandemic, I am convinced that we are steadily pro-
gressing to increase revenue.

Under our new medium-term business plan, we aim
to achieve operating revenue of 1.5 trillion yen by
2025, an operating income ratio of 10%, and 10 mil-
lion subscribers of Hikari fiber-optic services. The
year 2020 is very important. First, to become a social
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ICT pioneer, we aim to be a trusted company that
continues to be the choice of local customers. We will
endeavor to contribute to making local communities
“smart” (smartization) by focusing on customer suc-
cess, that is, helping customers to achieve their busi-
ness goals by carefully responding to their requests
and challenges.

Ever more speed is now demanded, and progress is
measured in seconds and minutes, rather than days.
Therefore, the period from when we reform our work
styles to improve efficiency to providing the results of
that reform as a product use case to customers is
shortening. We believe that if we can meet this
demand swiftly, increased sales figures will follow. I
think it is natural to provide solutions specialized for
ICT and important to know how to add value to them
and use conventional infrastructure. Moreover, the
failure of communication equipment should theoreti-
cally occur once every ten years. However, natural
disasters have been occurring one after another, and
communications have been disrupted in the affected
areas. If we don’t take these types of problems affect-
ing our customers seriously, customers will immedi-
ately become anti-NTT. However, if we work sin-
cerely and improve, they will become loyal custom-
ers. Repairing equipment and fixing faults is one of
our important successes, i.e., satisfying our custom-
ers. I’d like us to keep responding sincerely and gain-
ing loyal customers regardless of the circumstances.

The important duty of decision and execution

—Could you tell us what is important to you as a
senior manager in such an unprecedented situation?

I think all our employees and customers are wor-
ried. Although the sources of those worries are var-
ied, I think it is important to try to dispel them. While
the current situation is eliciting an emergency
response, I think we should show them that we are
moving toward the future beyond this emergency.
The department concerning facility planning address-
es matters from a long-term perspective and creating
a grand design of telecommunication infrastructure.
For example, the Innovative Optical and Wireless
Network (IOWN) is aimed for commercial applica-
tion in 2030, and the Osaka Expo, which will be held
in 2025, will be a test case towards the commercial
application of IOWN. The facility planning depart-
ment is also required to improve efficiency. It will be
necessary to streamline and simplify the large amount
of equipment and facilities and switch to new services.
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I believe that senior managers are required to create
an environment in which employees can talk about
their long-term goals while keeping practical necessi-
ties in mind.

To create such environments, we, senior managers,
have two important duties, namely, decision and
execution. You may not achieve 100% (i.e., perfec-
tion) in one go, or you may make a detour instead of
taking the shortest distance. Even so, I feel that we
need to make decisions and steadily implement them.
I think that not only myself but all senior managers
are solving problems at our respective managerial
positions every day. For example, even if the medi-
um-term business plan that we are currently working
on takes us in the right direction, we may sometimes
not be able to make judgements and decisions. I think
it is my job to make those decisions and encourage
others at such times. What’s more, as I mentioned
earlier, progress is accelerating, so rather than wait-
ing to find the means to achieve 100%, I'd like to start
with 50 or 60% and make fine adjustments through
collective effort.

—Senior managers taking responsibility for deci-
sions is assuring. How are bonds between you and
department managers created?

To address the situation concerning the novel coro-
navirus, [ have a conference call every day and a face-
to-face meeting at least once a week. It is important
for department managers to understand what is hap-
pening and share that knowledge. In fact, this morn-
ing’s meeting followed what my superior was doing
around 2011. T have also drawn on my experiences in
projects such as the Kyushu-Okinawa Summit in
2000, and I'm glad that my colleagues who shared
that past with me are leading the present, and my
present colleagues have inherited that knowledge. To
that end, I'd like to create an environment in which
employees inspire each other. There is a saying, “live
under the same roof,” which expresses exactly what
we are doing. Previous employees built telephone
exchanges and pulled cables during the period of
Japan’s rapid growth (from 1954 to 1970). These
facilities are about to be renewed. It is natural that the
way of thinking back then and the way of thinking
now differ. However, the process of technology
migration requires understanding the thoughts and
background concerning those days and drawing a
grand design for the future. Goods, construction
methods, and DX and other tools have all changed;
however, the important things have not.
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About 10 years ago, we established the Gold
Meister system at NTT WEST to maintain a tradition
of craftsmanship. That is because our senior employ-
ees have tacit knowledge and skills that match cus-
tomers’ businesses and the situation at work sites.
However, they neither express such knowledge and
skills in spoken word nor write them down. Therefore,
we get our young employees to ask their seniors
many questions so that tacit knowledge can be passed
from person to person. Young employees absorb
information like sponges, so they are better at
responding to ever-changing technologies and ser-
vices; therefore, I think that we are making good use
of one another’s characteristics.

Always keep your antenna up to spot
social trends

—Please tell us what you want from researchers and
engineers inside and outside the company.

You need to go out and see the world so that the
Japanese/Chinese saying, “The frog in the well
knows nothing of the great ocean (i.e., He that stays
in the valley shall never get over the hill)” will not
ring true. Technology has changed drastically since
the land-line era. Even elementary-school students
are making apps. In the era of open technological
development, it is necessary to keep your antenna
raised and know how companies and people other
than telecommunications carriers are doing business.

NTT Group’s basic research is our backbone. I hear
from many customers that this research is “fantastic.”
I feel that we can provide customers with products
and services with confidence thanks to the efforts of
our research laboratories. In 2020, NTT WEST estab-
lished a technology strategy with the following five
pillars: (i) further promotion of local business, (ii)
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promotion of DX/data-utilization business, (iii) pro-
motion of carrier’s carrier business, (iv) initiatives for
the IOWN era, and (v) initiatives for the migration
from the public switched telephone network to the
Internet protocol network.

We are an operating company, so our role is not just
selling our products but also ensuring our products be
used properly and will not easily fail. Even if our
products fail, it is important to keep the repair time as
short as possible through remote support. I’d like you
to pursue technological development that supports
our core operations and maintenance work while
advancing the research that supports troubleshooting.
I’d also like researchers of the NTT Group to contin-
ue their efforts to overcome the global competition in
research and development (R&D). I’d also like to see
these efforts organically connected and develop into
a business.

Since research and telecommunication are advanc-
ing rapidly, I want to make a road map and work on
what to do next and with whom to form alliances by

NTT Technical Review Vol. 18 No. 9 Sept. 2020

interacting with the outside world and understanding
social trends. I believe that setting goals and running
towards them will certainly lead to further trust in the
NTT Group and organically connecting our business
with R&D.

Interviewee profile
B Career highlights

Teruyuki Kishimoto joined NTT in 1986 and
became president and CEO of NTT Field Techno
in 2014. In 2017, he became a member of the
board of NTT WEST, senior executive manager
of Kansai Regional Headquarters, and general
manager of the Osaka Branch. He has been
executive vice president and concurrently execu-
tive manager of Network Department, Plant
Headquarters since June 2019.



Sharing Moments of ‘“This Is It!”
with Colleagues to Research and

Develop Optical Communication
Technology for Revolutionizing

Society

Yutaka Miyamoto

NTT Fellow, NTT Network Innovation

Laboratories

Overview

The development of information and communication technol-
ogy (ICT) has revolutionized people’s social lives. Amidst the
current unprecedented situation due to the worldwide spread of
the novel coronavirus, services and applications that use ICT, such
as teleworking and online diagnosis, have been supporting peo-
ple’s lives and economic activities. According to the White Paper
on Information and Communications in Japan issued by the Min-
istry of Internal Affairs and Communications, the number of

Internet-of-Things devices installed worldwide is said to reach 40
billion in a few years. We asked NTT Fellow Yutaka Miyamoto,

NTT Network Innovation Laboratories, about his research and development on the optical communica-
tion infrastructure that supports these ICT services and application and path to its practical application
and his attitude as a researcher.

Keywords: high-capacity optical communication, capacity crunch, scalable optical-communication

technology

Challenge to overcome the capacity crunch

—Please tell us about the research you are currently
undertaking.

NTT has been a world leader in the research and
development (R&D) of optical communication tech-
nology. We started practical application of time-divi-
sion multiplexing (TDM) optical-fiber transmission
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systems in 1981. By triggering three paradigm shifts
concerning optical transport systems, namely, the
development of optically amplified transmission sys-
tems, wavelength-division-multiplexing (WDM)
systems, and digital coherent systems, we have
increased transmission capacity by about 10° times
over the past 40 years. The amount of data traffic
continues to increase at an annual growth rate of
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Scalable optical-communication technology
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Fig. 1. Challenge to overcome the capacity crunch by using scalable optical-communication technology.

about 1.4 times, and as the full-scale introduction of
fifth-generation mobile communication systems (5G)
and the Internet of Things progresses, it is expected to
continue to increase exponentially [1].

A high-capacity WDM system using digital coher-
ent detection with a channel capacity of 100 to 400
gigabits per second (Gbit/s) per wavelength has
recently been developed and installed in our network,
enabling high-capacity long-distance transmission
with the total system capacity of 8 terabits per second
(Tbit/s) via a single fiber [2, 3]. Through further
upgrading of the digital coherent system, a channel
capacity of 600-Gbit/s per wavelength will soon be
commercially available. It is expected that high-
speed transmission exceeding 1 Tbit/s per wavelength
will be achieved by pursuing cutting-edge R&D [3,
4].

If the development of the optical-communication
infrastructure over the next 10 years is predicted
based on the trend concerning commercial systems
shown in Fig. 1, it becomes clear that long-distance
transmission with petabit-per-second (Pbit/s)-class
capacity will be required by the 2030s. According to
recent research, however, the ultimate physical limit
of transmission capacity in long-distance transmis-
sion using an installed optical fiber, that is, single-
mode fiber (SMF), has become apparent near 100
Tbit/s—the so-called capacity crunch. The R&D that
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we are conducting to overcome this capacity crunch
and create a petabit-class optical communication
infrastructure that can economically accommodate
100 times or more the current data traffic while ensur-
ing low power consumption is called scalable opti-
cal-communication technology [1]. To achieve this, I
believe that we must pursue technological innovation
that combines the optical transmission technology
that we have been developing with new transmission
medium technology (optical fiber). In other words, a
fourth paradigm shift is necessary.

As an example of such R&D, working closely with
the optical materials and devices research group at
NTT, we are researching a space-division multiplex-
ing (SDM) optical-communication technology that
can increase transmission capacity per optical fiber
exceeding 1 Pbit/s, which is more than 125 times that
of a practical system using SMF. In 2012, in collabo-
ration with domestic and overseas research institutes,
we experimentally demonstrated a transmission
capacity of 84 Tbit/s per core, namely, transmitting
optical signals at 1.01 Pbit/s per fiber (i.e., 84 Tbit/s
x 12 cores) over 52.4 km. This was the world’s first
1-Pbit/s transmission experiment by using a multi-
core fiber (MCF) housing with 12 cores (i.e., paths of
optical signals transmitted within the optical fiber) in
one optical fiber and by wavelength multiplexing 32
quadrature-amplitude modulation (32QAM) signals
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Fig. 2. Efforts to achieve 10-Tbit/s capacity per channel.

(an advanced higher-order QAM digital-coherent
technology). In 2017, we confirmed the feasibility of
a long-distance optically amplified transmission sys-
tem over 1000 km at 1 Pbit/s using a 32-core MCF
(Fig. 1).

To increase transmission capacity per wavelength
(channel capacity), we are working closely with the
device research group at NTT toward optical-trans-
mission technology with 10-Tbit/s-class channel
capacity. For example, by using SMF, we demon-
strated the world’s first long-distance WDM trans-
mission system with a channel capacity of 1 Thit/s,
which has been difficult to achieve with conventional
silicon complementary metal oxide semiconductor
(CMOS) circuits and device-packaging technology.
In 2019, on the basis of a new opto-electronic inte-
grated configuration of an ultrahigh-speed optical
transceiver front-end circuit, we successfully demon-
strated a long-distance WDM transmission system
with the world’s fastest channel capacity of 1.3 Tbit/s.
This was enabled by integrating an analog-multiplex-
er integrated circuit (AMUX IC) (with bandwidth
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over 100 GHz) and a broadband indium phosphide
(InP) semiconductor modulator into an optical front-
end module (Fig. 2(a)).

We are also researching and developing optical
parametric amplification technologies based on peri-
odically poled lithium niobate (PPLN) that NTT
laboratories have been developing over several years.
These technologies dramatically reduce the complex-
ity of digital signal processing and significantly
enhance the bandwidth of optical amplification and
wavelength conversion, which are difficult to accom-
plish with conventional technologies only (Fig. 2(b)).

—You have been producing world-first achievements.
Do you feel that you are driving trends and are on the
cutting edge?

I feel that we have somehow caught up with the
times. For the optical communication infrastructure
we have been researching and developing at NTT
(Fig. 1), it took about 10 years from the time target
performance was first experimentally verified (yellow
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line) in the R&D stage until systems were installed in
commercial networks (green line). The reason that so
much time is needed is that once the optical commu-
nication infrastructure is introduced, it must be main-
tained and operated over a system life of 10 years or
more. In other words, it cannot be removed immedi-
ately once installed, so careful consideration is
required. During global competition in the advanced-
research phase when the target performance was
experimentally demonstrated for the first time was
when we developed a method for achieving the
desired performance. Since communication systems
cannot be created with one elemental technology,
researchers devise various elemental technologies
during the first half of the decade and repeatedly test
the system performance of various combinations of
such technologies. In the later practical-application
phase, through various efforts such as (i) determining
which combination of elemental technologies can
withstand the economic and reliability requirements
and (ii) investigating the possibility of internationally
standardizing the necessary components of the sys-
tem while finding a development partner, we will
continue to select our technology candidates.
Through these considerations, we have put the select-
ed technologies into practical use. Technologies that
survive the original idea to be put to practical use
account for about 20 to 30% of the technologies we
are researching; the remainder have been shelved. To
reach the final goal of practical application, it is
therefore always important to have multiple technol-
ogy portfolios regarding system development.

Various optical communication technologies devel-
oped for telecoms have recently started to be intro-
duced into datacenters of corporations such as GAFA
(Google, Apple, Facebook, and Amazon), who
demand performance from a different perspective
than telecom applications. Since the life cycle of
technologies for these corporations is short and the
approach to maintenance and operation differs sig-
nificantly, the performance required by R&D and the
speed of R&D are also changing significantly. In
other words, R&D that matches the changing times is
needed.

Interestingly, I feel that the optical communication
infrastructure and new information services are
developing in a balanced relationship, like a chicken-
and-egg situation. I joined NTT in 1988, when the
telecommunication infrastructure mainly carried
telephone traffic. At that time, the paradigm shift in
optical communication systems using optical ampli-
fication technology began. I was fortunate to be able
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to engage in R&D and practical application of a long-
distance optically amplified transmission system
with a total capacity of 10 Gbit/s using one wave-
length per optical fiber. When such transmission was
first installed in a practical network in 1996, some
people said that its capacity was too large for tele-
phone traffic and it might be unnecessary to expand
that capacity further. However, in the late 1990s, as
the spread of the commercial Internet in Japan accel-
erated, Internet providers were appearing one after
another, and we entered an era in which transmission
capacity was insufficient, even in regional networks.
Under those circumstances, 10-Gbit/s optical-com-
munication infrastructure was quickly introduced
throughout Japan and spread globally. I have had
many similar experiences. The era of using smart-
phones as a matter of course has recently arrived, and
to adequately accommodate the demands concerning
data traffic on the mobile Internet, the 100-Gbit/s per
wavelength optical communication infrastructure
using the digital coherent technology I mentioned
earlier was deployed in a timely manner. With the
spread of 5G services, which started commercial ser-
vices in 2020 in Japan, it is assumed that the transmis-
sion capacity will be insufficient again as new ser-
vices and industries are created. Therefore, I believe
it is necessary to continue our R&D to provide the
communication infrastructure required by society of
a particular time.

Thus far, I couldn’t have predicted all the techno-
logical trends that I mentioned above. Rather, by
perpetuating the R&D cycle and practical application
of transmission systems that satisfy the current
required performance, we were able to catch up with
current performance demands. I think that the reward
of continuing this R&D cycle and practical applica-
tion is being able to feel the huge impact that these
practical optical fiber communication technologies
have on society. For example, due to the novel coro-
navirus pandemic, this interview is being conducted
via a web conference. Such real-time video commu-
nication, which many people now take for granted,
was unthinkable a short while ago. The importance of
the telecommunications infrastructure is emphasized
in the event of such a sudden pandemic or natural
disaster, but this infrastructure cannot evolve over-
night. Therefore, it is necessary to work diligently in
responding to development and future social infra-
structure needs. I believe that only through steady
R&D can we provide technology that meets people’s
expectations in a timely manner.
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Timely R&D, practical application, and
converting irrational ideas into common sense
are required

—You have focused on creating robust technology
that can quickly meet the needs of the society of a
particular time. How did you actually feel on becom-
ing an NTT Fellow? And please tell us what you have
valued in your research.

Playing my part to prevent the spread of the novel
coronavirus, I’ve been working from home, so I
haven’t really felt much about being an NTT Fellow
yet. I think that what NTT laboratories have been
constantly pursuing as a world leader on the cutting
edge from before I joined until now can be condensed
in the sentence, “Let’s conduct research by drawing
from the fountain of knowledge and providing spe-
cific benefits to society through practical applica-
tions” by Goro Yoshida, the first director of the Elec-
trical Communication Laboratory of Nippon Tele-
gram and Telephone Public Corporation (currently
NTT).

In other words, I think this mantra has been passed
from generation to generation by mobilizing all kinds
of “intellectual fountains” of NTT laboratories while
continuing the R&D cycle and practical application
that I have talked about. I think that one of my roles
as an NTT Fellow is to receive the baton that has
passed the fountain of knowledge from which ideas
and knowledge spring up like water from a fountain
to the next generation through everyday R&D.

In the R&D cycle and practical application, com-
mon problems are identified in the first phase of R&D
and many irrational ideas are brought to light. Then,
the next practical phase is the act of selecting the idea
with outstanding practicality and converting what
was born from an irrational idea into common sense.
By continuously repeating this process, we accumu-
late knowledge and ideas, creating the next ideas and
insights, that is, it becomes a fountain of knowledge.
I think it is important to develop and accumulate
ideas and knowledge in this manner so that they do
not wither. The words of Goro Yoshida I mentioned
above are a kind of motto to me as a researcher, and
as an NTT Fellow, I think they will be a guide for me
to lead the people around me and implement ideas.

I remember that when I joined NTT, my superiors
taught me that the Japanese Kanji character “chi” has
two meanings. One is knowledge and the other is
wisdom. Although I didn’t really understand it at that
time, as I gained experience, I finally came to under-
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stand that knowledge is an insight into various fields
and wisdom is how to use that insight. As new people
enter your team, new knowledge will flow in. I think
making that knowledge into something useful
depends on wisdom to apply that knowledge in a
timely manner in accordance with the demands of the
times. When we are engaged in R&D and practical
application while confronting the times and the
trends in technology, there are moments when we feel
the inspiration of wisdom and shout, “This is it!”
Although it is very difficult to express this feeling in
words, I think it is very important to not let such
moments get away and to focus on them. In my case,
I’ve experienced the process from R&D to practical
application about three times, and within those expe-
riences, I’ve had moments in which I shared the feel-
ing of “This is it!” with my research colleagues. This
moment is exactly like when the fountain of knowl-
edge is gushing. That is, we can share our goals and
values only by repeating trial and error through daily
experiments and commercialization efforts together
with colleagues involved in the same R&D, and we
can feel that wisdom resonate between us through the
phrases, “This is it!” and “That’s right!” I want to
proceed with R&D by sharing such moments with as
many colleagues and development partners as possi-
ble.

About five years ago, | had the opportunity to col-
laborate with an overseas R&D partner. I experienced
that how Japanese people communicate with each
other did not work in such a collaborative situation.
At that time, I wondered how to handle such a situa-
tion and realized that no matter what country the
partner is from, the key to success is to share the same
goals and express them clearly in words. Even if there
are conflicting opinions, if you can share your goals
and values, you can return to the basics and overcome
those conflicts.

In the early 2000s, by applying communication
methods (e.g., error-correction codes and differential
phase modulation) that use the properties of light
waves, we experimentally demonstrated the world’s
first long-distance WDM transmission with a capac-
ity of 43 Gbit/s per wavelength. However, while con-
ducting field investigations at the practical-develop-
ment stage, we discovered that sufficient performance
could not be secured with a combination of elemental
technologies we prepared at the beginning. Under
this circumstance and to meet the performance
required by a practical system, we were forced to
develop additional elemental technologies.

At that time, I was the project leader for the
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development of signal-processing large-scale inte-
grated circuits (LSIs) for optical transport networks,
but I was pretty much overwhelmed by this situation.
Even so, we managed to launch elemental technology
prepared as future technology ahead of schedule and
put it to practical use. In the real world, it is impos-
sible to predict what will happen, and many things
cannot be understood without actually measuring
them in a real environment. It is often the case that
certain tasks cannot be done by one person alone;
however, I had the experience that I could somehow
reach my goal even at such times if the technology
portfolio was prepared. I think that having the cour-
age to take the next step in difficult situations and
overcoming various difficulties faced thus far has
stemmed from being able to make the right decisions
by sharing objectives and wisdom with many out-
standing colleagues and development partners and
resonating with them through the phrases, “This is
it!” and “That’s right!”.

To make a calm decision even in such a difficult
situation, it is sometimes important to rest the mind
and body to keep your feeling fresh. As I mentioned
above, I often feel run down when I don’t get the
desired results, so I may not be able to proceed with-
out resetting my mind. For that reason, I think it’s
good to have your own reset mechanism, such as hob-
bies and meditation. I enjoy appreciating art. Above
all, I like Rene Magritte’s “The Large Family.” In
addition, Samuel Ullman’s timeless poetic master-
piece “Youth” gives me courage. A friend read me the
following line from that poem, “In the center of your
heart and my heart there is a wireless station; so long
as it receives messages of beauty, hope, cheer, cour-
age and power from men and from the Infinite, so
long are you young.” As a researcher of telecommu-
nications technology, I'm moved by the fact that the
author uses an expression associated with wireless
communication, namely, a “wireless station” of the
heart. When that poem was written about 100 years
ago, it was just before the first practical use of wire-
less communication enabling transoceanic communi-
cation, and it was the first time a maritime disaster—
the sinking of the Titanic—was wirelessly detected in
the middle of the Atlantic Ocean, so lives were prob-
ably saved by this first use of wireless technology.
Knowing the importance of wireless communication,
which enabled global real-time communication for
the first time, was recognized around the world and
used as a metaphor for works of art, I believe that
telecommunications technology can have a huge
impact on society and people’s minds in any period
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and am encouraged every time I read that poem.

—Would you say a word or two to our young research-
ers?

As a researcher at NTT laboratories, I feel that
although the time spent on one research theme may
seem long, it is actually short. I really hope that by
making the best use of the various intellectual foun-
tains unique to NTT laboratories and using your time
well, you will strive to come across research themes
that only you can pursue. I believe that if you con-
tinue to make that effort, you will surely meet the
moment when you say, “This is it!” Since I was
assigned to NTT laboratories, | have delved into the
research theme of optical communication systems,
which was a completely different field from my spe-
cialty as a student. At first, I sometimes got depressed
because I couldn’t participate in any discussions but I
continued trying and encountered challenging
research themes. When such an opportunity arises, I
want you to do your best to tackle the technical chal-
lenges that you will face.

I believe that one of the missions of researchers in
the field of system development for corporations is to
create something useful for the world while balanc-
ing R&D and practical application. In particular,
R&D on communication systems cannot be done by
one person because of the wide variety of elemental
technologies. The happiest time for researchers is
when they reach their goals. I'd like to experience
such times with outstanding partners and colleagues,
and I’d like all researchers who are taking up chal-
lenges in new fields to experience that happiness over
and over again. As I said before, technology concern-
ing social infrastructure is critical, and its importance
is highlighted in times of emergency; however, it
usually goes unnoticed. It takes ten years for time-
appropriate technological development to be put into
practical use. Although such development does not
receive much attention, it is important to continue it,
so I’ll do my best to do so.
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Feature Articles: Digital Twin Computing for Advanced
Interaction between the Real World and Cyberspace

Digital Twin Computing Initiative

Takao Nakamura

Abstract

Digital twins, which connect the real world with cyberspace, have been achieved through advances in
the Internet of Things and other information and communication technologies. NTT announced its
Digital Twin Computing Initiative in June 2019 [1] for envisioning a future in which the digitalization
of all types of objects (things) and their fusion with the real world accelerates in parallel with the evolu-
tion of the network and computing environment. This article provides an overview of this initiative,
describes the scope of its application, and presents its architecture and main issues surrounding imple-

mentation.

Keywords: digital twin, cyberspace, virtual societies

1. What are digital twins?

Digital twins have been gathering attention as a
means of linking the real world with cyberspace
thanks to progress in information and communication
technology (ICT). A digital twin is a mapping process
that accurately represents in cyberspace the shape,
state, function, etc. of a real-world object (thing) such
as a manufacturing machine in a factory, airplane
engine, or automobile. The use of digital twins makes
it possible to analyze current conditions, make pre-
dictions, and simulate various scenarios with respect
to things in cyberspace. It also enables the benefits of
advanced ICT to be fed back to things in the real
world in diverse ways, such as by using the results of
processing in cyberspace to intelligently control
those real-world things.

As digital twins are created for all types of things in
the real world, we can expect a growing demand for
large-scale simulations through the recombination
and interaction of many and varied digital twins
beyond those conventionally used in industry. For
example, such simulations could start with units of
industrial machines and reproducing manufacturing
lines to an entire factory or even an entire supply
chain including logistics. They could also reproduce
an entire city by recombining buildings, roads, auto-
mobiles, residents, etc. However, conventional digital
twins are only created and used for specific purposes
on a field-by-field basis, so this type of unrestricted
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recombination and interaction of things has been dif-
ficult. Regarding human digital twins, the focus has
been on reproduction in physical terms based, for
example, on physiological measurement data. As a
result, simulations related to social behavior, such as
human communication, have been difficult to con-
duct.

2. What is Digital Twin Computing?

Digital Twin Computing (DTC) that we envision is
a major expansion of the conventional digital twin
concept. It is a new computing paradigm that enables
reproduction of the real world on a totally new scale
and level of accuracy by freely recombining various
types of digital twins and performing diverse opera-
tions on them. It can also enable mutual interactions
in cyberspace that include the inner state of humans,
i.e., thoughts and decisions of individuals, above and
beyond the physical reproduction of the real world
(Fig. 1).

A key feature of DTC is the ability to arrange a
variety of digital twins in cyberspace and create a
single world, i.e., a virtual world, driven on the whole
by the mutual interaction among those digital twins.
To enable various types of digital twins to be freely
recombined and subjected to analysis, trials, and pre-
dictions, we will develop a common means of per-
forming large-scale and complex interactions among
digital twins. In addition to digitalization of the real
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Fig. 1. Concept of Digital Twin Computing (DTC).

world as it actually is, DTC will make it possible to
configure a virtual society with environmental condi-
tions different from the real world and with things
that do not exist in reality. This, in turn, will make it
possible to conduct experiments and trials for a world
that does not really exist, as in the design of a future
society.

Another feature of DTC is digital twin operations
that enable digital properties, such as replication and
processing, to be used to the fullest. These operations
can be used, for example, to replicate digital twins
any number of times and conduct a variety of trials or
to exchange or converge some of the constituent ele-
ments of different digital twins to create digital twins
having properties that do not exist in reality (deriva-
tive digital twins). Combining derivative digital twins
and constructing a virtual society can expand real-
world functions and interaction.

Yet another key feature of DTC and a major chal-
lenge is the reproduction of the inner state of humans.
For example, with respect to social aspects such as
human behavior and communication, reproducing
and representing in cyberspace the thoughts and deci-
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sions of individuals should enable interaction based
on diversity arising from individuality (personality)
in contrast to interaction between individual digital
twins with no personality based solely on statistically
rounded-off values. This feature is described in detail
in the article “Challenges Facing Human Digital
Twin Computing and Its Future Prospects” [2] in this
issue.

With DTC, the plan is to create diverse virtual soci-
eties in which all types of things and people interact
in sophisticated ways beyond the constraints of the
real world and to extend and transcend the real world
by fusing together virtual societies. The aim is to
expand human possibilities by extending the range of
human activities as far as virtual societies and to cre-
ate innovative services that could not have heretofore
been achieved such as social design and decision-
making support for solving complex social problems
through large-scale simulations or future predictions.

3. Application areas and use cases

Application areas and use cases of DTC are shown
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Fig. 2. Application areas of DTC.

in Fig. 2. In DTC, digital twins of diverse scale and
granularity can be taken up from a deep micro level,
such as a single person, to a broad macro level, such
as a human group, city, nation, and even the entire
globe. Therefore, the following use cases in a wide
range of applications can be considered.

» Digitalize advanced decision-making processes
and expert skills and feed results back to real
people and things to reduce personnel training
costs and deal with labor shortages

e Hold conversations with multiple future selves
that simultaneously lead multiple lives to pro-
vide detailed support for making choices in one’s
real life

* Hold high-speed debates among digitalized
experts in various fields to quickly derive
responses to disasters, accidents, crime, etc.
according to current conditions

* Control people/traffic flow using spatial/tempo-
ral fourth-dimensional (4D) information to
eliminate congestion and traffic jams in conjunc-
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tion with weather and schedules and achieve a
low-carbon society

e Conduct trials and make predictions of medium-
and long-term social activities in a city and simu-
late the views of future inhabitants then feed the
results back to urban designers to plan appropri-
ate urban development

e Digitalize the topography, climatic fluctuations,
etc. of the entire Earth and predict and deal with
large-scale natural disasters to achieve sustain-
able national and urban development

4. Architecture and main issues
surrounding implementation

DTC generates digital twins through the sensing of
real-world things and humans, generates derivative
digital twins through digital twin operations, and
constructs virtual societies that recombine them then
feeds the results of those virtual societies back to the
real world. The layered structure shown in Fig. 3 and
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Fig. 3. DTC architecture and main issues surrounding implementation.

summarized below is assumed with this DTC archi-
tecture.

* Real space: Consists of things and humans exist-
ing in the real world and the real space that
includes them

* Cyber/physical-interaction layer: Provides func-
tions for collecting essential data to generate
digital twins through the sensing of things and
humans in real space and functions for feeding
the results of trials and predictions in virtual
societies back to the real space

* Digital-twin layer: Stores collected data, models,
etc. and generates and stores digital twins using
those data

* Digital-world-presentation layer: Generates
derivative digital twins by performing operations
(replication, fusion, and exchange) on digital
twins stored on the digital-twin layer and creates
virtual societies by combining derivative digital
twins

* Application layer: Implements and executes
applications using the digital-world-presentation
layer

The following summarizes the main issues that

need to be addressed to achieve DTC including the
above use cases in accordance with this architecture.
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(1) Structure, representation, and standardization of
digital twins

On the digital-twin layer, there is a need for a struc-
tural definition, representation format, and standard
interface for digital twins as frameworks for mutual
interaction among digital twins, which is the aim with
DTC. In addition, the constituent elements of human
digital twins including reproduction of a person’s
inner state and individuality must be defined and
technology for mode