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Abstract

A data-centric society is coming in which real-world data will create various types of value. As the
data-centric society advances, the demand for system infrastructure and software-development methods
is expected to increase. This article introduces various technical issues and NTT R&D’s efforts toward
creating a future information-processing infrastructure that will support the data-centric society and

respond to the evolution of society and technology.
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1. Circumstances surrounding
information-processing infrastructure

The process of solving real-world problems using
various real-world data is becoming increasingly
important. There are countless examples of such pro-
cesses in manufacturing, such as production manage-
ment and facility-failure prediction based on plant
operation data, and in retail, such as supply-and-
demand prediction based on weather data, marketing,
and flow-line design based on customer-behavior
data. We call this process data-value creation. In
addition to intensifying competition among compa-
nies and aggravating environmental and social prob-
lems, the shift to a remote society accelerated by the
COVID-19 pandemic has prompted a digital transfor-
mation of society as a whole, and expectations for
data-value creation are increasing. Against this back-
drop, we believe that a data-centric society will arrive
in which value will be created from data from all
aspects, such as decision-making, optimization, and
forecasting. The role of an information-processing
infrastructure, which is the foundation of the distribu-
tion and analysis of a large and diverse amount of
data, will become more important.

Looking back on technological history, the current
information-processing infrastructure has continu-
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ously evolved. From the viewpoint of the system
infrastructure, processor performance was first
improved by speeding up the single-core central pro-
cessing unit (CPU) by refinement then adopting a
multi-core architecture. The whole system was ini-
tially sped up and became more sophisticated by
processing using a single server and later by distrib-
uted and parallel processing using multiple servers.
For software development, the waterfall-development
method has long been used for developing large-
scale, high-quality software such as mission-critical
systems, and the agile development method has
recently been widely adopted for developing web
applications that require usability and rapid develop-
ment. As the data-centric society progresses, the
evolution of such technology is expected to continue.

On the basis of these circumstances, NTT Software
Innovation Center (SIC) is working on research and
development (R&D) to support a data-centric society
and create a future system infrastructure and soft-
ware-development methods that respond to the evolu-
tion of society and technology in cooperation with
other NTT laboratories that specialize in hardware,
security, and other related technologies.
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Fig. 1. Value chain of data-centric society.

2. R&D supporting a data-centric society

Figure 1 shows the general flow of data-value cre-
ation in a data-centric society. First, in various real-
world places, data about real-world objects and
events are generated, collected, and accumulated as
sensing data and log data. Next, the data are analyzed
and converted. Then, actions affecting the real world
are taken to solve problems. In many cases, by repeat-
ing this flow, we can gradually mitigate problems
even if the real world continues to change. By feeding
data back into the real world in this manner, we can
move the real world in a positive direction and pro-
vide value to customers in various domains.

To support the value chain of such a data-centric
society, we are researching and developing the fol-
lowing basic information-processing technologies.
(1) Data analysis and value-creation technology

The application scope of data-value creation is
thought to be wide, so value cannot be created in a
uniform manner. What value can be created from
what data by what analysis? We believe that to find a
truly useful means to create value, we need to con-
front specific issues in each domain and take a trial-
and-error approach to finding the right combination
from the various available data and analytical meth-
ods. To create value from data in various situations, it
is essential to improve the efficiency and sophistica-
tion of trial and error. Therefore, we are engaged in
R&D to achieve this and even automating it.

Even if one finds a means to create value from one’s
data, it will not be a viable solution if the amount of
data one needs to process is so huge that one cannot
create value in the expected amount of time or at a
lower cost than that one wants to create. For example,
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the application of artificial intelligence (Al) technol-
ogy, which is expected to be used for data analysis,
has been expanding as it becomes more sophisticated,
while the increasing amount of processing has
become a problem. In the article “An Efficient Event-
driven Inference Approach to Support Al Applica-
tions in IOWN Era” [1] in this issue, we introduce
technology that improves the efficiency of Al-infer-
ence processing for large amounts of video data to
develop Al services that exceed human capacity in
the Innovative Optical and Wireless Network (IOWN)
era.
(2) Data-distribution technology

New technology is also needed to efficiently collect
data to be analyzed. Not all real-world data are read-
ily available. In some cases, it may not be possible to
obtain all necessary data due to sensor failure, mea-
surement timing, etc. In other cases, data may not be
available due to privacy or business reasons. In addi-
tion, data are generated or accumulated in various
places in the real world, which causes problems such
as network and storage performance and capacity
being squeezed by data collection and replication and
the data owner’s authority and lifecycle management
of replicated data becoming out of reach. As one
approach to solve such problems, we introduce the
next-generation data hub technology in cooperation
with other NTT laboratories, such as NTT Secure
Platform Laboratories, in the article “Next-genera-
tion Data Hub Technology for a Data-centric Society
through High-quality High-reliability Data Distribu-
tion” [2] in this issue. Our goal is to create a data-
centric society in which vast amounts of data gener-
ated around the world are not only used within closed
organizations, such as corporations, but also widely
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distributed and used to create new value by combin-
ing other data and expertise never encountered
before.

3. R&D of system infrastructure and
software-development methods that respond to
the evolution of society and technology

With the progress in the information society, the
volume of data distribution and analysis will increase
explosively, and the system infrastructure will require
further performance improvement. In addition, new
services using a wide variety of data will appear, and
their individualization and customization will accel-
erate; thus, more efficient and high-speed software-
development methods will be required.

In response to this evolution, we are engaged in the
following R&D to continue and accelerate the evolu-
tion of the system infrastructure and software-devel-
opment methods.

(1) System-infrastructure technology

It has been said that Moore’s Law is reaching or has
reached its limit. This means the end of an era when
system performance was heavily dependent on CPU
performance. In the new era, the effective use of
application-specific hardware, such as GPUs (graph-
ics processing units) and FPGAs (field programmable
gate arrays), is considered to be a major technical
problem for achieving high-speed and high-efficien-
cy data processing. To solve this problem, we are
conducting R&D in cooperation with NTT Device
Technology Laboratories, which researches and
develops optical interconnect technology that con-
nects various computing resources at high speed, and
NTT Basic Research Laboratories, which researches
and develops Ising computers that solve problems at
high speed with photonics technologies. We intro-
duce the technology for specializing processing using
application-specific hardware and the parallel pro-
cessing of CPUs with many cores to create a system
infrastructure that enables high-speed and high-effi-
ciency data processing beyond the limits of Moore’s
Law in the article “Software Innovation for Disag-
gregated Computing” [3] in this issue.

(2) Software-development technology

To meet the diversifying and blurring requirements

of business and keep up with the speed of business
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evolution, we are researching and developing tech-
nologies for Al that substitute for and transcend some
of the human work required in software development.
With these technologies, we aim to develop a high-
speed development method with which AI and
humans can work together.

As one such Al-development technology, we intro-
duce a test automation technology that greatly
improves the efficiency of the test process and
ensures quality assurance by accurately and inten-
sively testing areas of questionable quality by collect-
ing and analyzing actual test-activity data in the test
process in the article “Test Automation Technology
for Analyzing Test-activity Data and Detecting Bugs”
[4] in this issue.

4. Future directions

To create future information-processing infrastruc-
ture that supports a data-centric society and adapts to
the evolution of society and technology, various prob-
lems described in this article need to be solved.
Through collaboration with partners in various indus-
tries and experts in academic and technological
fields, we aim to establish various technologies as
soon as possible.
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