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Panoramic View of the Systems Science and Technology Field (2015) vi

Executive Summary

We need systems in order to lead the outcomes from the technologies to
innovations that will bring social value. Different systems for industrial products
and transportation facilities; lifelines of electric power, water supply, and gas; and
communications, such as telephony and the Internet, support our daily lives in every
aspect. Under the circumstances, the functions and performance required of those
systems are heightened as society develops. To satisfy the requirements, the systems
must be larger and more complicated, and we must solve a number of new problems
in order to establish better systems for society. The technology to solve these
problems is systems science and technology.

The Systems Science Unit has defined systems science and technology as the unit
consisting of the scientific basis to exactly analyze systems and establish and
manage desired systems and the technological methods to achieve them and
reviewed how systems science and technology should be based on our own viewpoint
(overall framework) and the strategy to advance system technologies. As a result, we

extracted the following seven overall sections in this overview report:

Modeling

Modeling in the broadest sense is to express an existent entity or object to be
extent in a space of thoughts (usually on a computer) by use of an objective method.
Modeling is the precondition of control, optimization, and simulation and is always
required for reasonable decision-making related to the recognition and
establishment of a system, including prediction, conjecture, and design. In this sense,
the field of modeling is the center of the overall systems science and technology.
Control

This is a field that is related to the production of operations that are necessary for
a system to correspond to unfavorable inputs and changes in the environment to
maintain its inherent functions. The basic unit is a combination of control targets
and controlling machines, which are complicated systems. Recently, systematic
theories have been established for the design of fine control systems based on models
and broadly used in the design of control systems of actual systems.
Optimization

This is a system for mathematical theories, methods, and algorithm used to
understand and model targets as systems, and to make optimal decisions in various
scenes such as system design and planning, business management, and daily activity.
The optimization is not only a computational method, but also is important as a
technology to establish systems and models. In the future, the important study fields

will include optimization problems under circumstances where the objective
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functions (evaluations in decision making) cannot be calculated explicitly.
Network theories

The network is a concept that focuses on multiple elements and links, and the
Internet, local communities, organizations, and societies can be considered types of
networks. With a network theory, we consider the target as a network, extract and
analyze structural characteristics, and further predict and control the dynamics of
the network. It also includes development of concrete computing software.
Complex systems

In general, a complex system is where nonlinear elements interact in nonlinear
ways, resulting in hierarchical feedbacks between the element group and the whole.
That is, the whole consists of a collection of parts, and each part is defined by the
characteristics of the whole, which makes a hierarchical circulation. This is a field
where we can use modern methods, such as the mathematical modeling and
econophysics to elucidate the structures and dynamics of complex systems that
would not be understood by only either one of the theory of elemental reduction or
the holism. The range of targets is very broad from life science systems to
socioeconomic systems.
Service systems

A service is creation of values performed mutually (mutual creation) by the service
provider and service users wherein the service provider provides the service users
with the desired support activities to change their situation, bringing value to them,
and as a result the service provider obtains compensation in exchange. We consider a
service system as a system that optimizes service value from this relationship. By
taking system-scientific approaches, this field will contribute greatly to development
of the service industry.
System construction methodology

This is the edifice of knowledge and tools to give a solution for an actual and

complex social subject that involves so many stakeholders and has difficulties
identifying its true nature in the initial phase through a consolidation of
stakeholders' requests and an identification of the problem to be solved by using
system concepts and models. The system construction consists of a series of actions,
including analyses, design, social implementation, operation, and maintenance.
These days, this has become more important as a social technology due to

diversification of the value demanded by people.
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Overview of Systems Science and Technology Fields
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Supported by many experts, we reviewed the individual overview sections.
Collecting the obtained knowledge, the above diagram expresses the relative
relationships among the systems in society, the systems science and technology, and
the other technologies. The vertical axis is the route along which the different
technologies are utilized in society through systems science and technology. That is,
the diagram shows that system technologies in the center summarize the individual
fields described at the bottom in a crosscut manner and finally build the different
systems described on top, which are implemented in society. The horizontal axis
expresses the route along which the objective system functions change to subjective
values. In other words, efficient functioning of the systems leads to creation of value.
The vertical and horizontal axes do not necessarily cut orthogonally across each
other. By setting these two axes, the diagram shows, along with the directions, the
roles of systems science and technology and the relative positioning of the
characteristics of each overview section. In each overview section, multiple research
and development fields are set as described in the frames. For each field, we
analyzed Japan’s capability for research and development, including international

comparison with the USA, Europe, China, and Korea.
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With regard to the situation of R&D in each field in each country and region, the

following sections summarize the characteristics of each overview section.

<Japan>

The theoretical studies of modeling have traditionally been strong and are a
remote cause that has raised Japan’s industrial technologies to the top level in the
world. Even at present, basic studies are at the world’s top level. JST-CREST’s
“Modeling Methods allied with Modern Mathematical Science” and PRESTO’s
“Collaborative Mathematics for Real World Issues” started in FY 2014, and this
means the start of large public support for basic studies in modeling. For control, the
levels of basic studies including learning/adaptive control and malfunction detection
are high, but the number of researchers is few. With regard to CREST’s ongoing
“Creation of Fundamental Theory and Technology to Establish a Cooperative
Distributed Energy Management System and Integration of Technologies across
Broad Disciplines toward Social Application”, the number of control-related treatises
related thereto has increased. In general, the levels of basic studies of optimization
are high in universities and research institutes, which have created top-level
outcomes about interior point methods, submodular function optimization, and
semidefinite programming. Although the level of industrialization is not low, the
important challenge is to heighten the recognition of the effectiveness of methods
and develop them for broader fields. With regard to the basic studies of network
theories, we have had remarkable outcomes in data mining, discrete mathematics,
and other fields. JST-ERATO’s “Kawarabayashi Large Graph Project” is ongoing,
and more young computer science researchers are participating. With regard to the
basic studies of complex systems, Japan has had world-leading outcomes along with
the USA and Europe. In large-scale funding programs, including the Cabinet
Office/FIRST’s “Aihara Innovative Mathematical Modeling Project”, ERATO, and
JSPS’s Scientific Research on Innovative Areas, study themes with regard to
complex systems have been continuous. In addition, with regard to analyses of
foreign exchange markets and enterprise networks, we have had important
outcomes from the basic studies based on good quality and quantity data. For service
systems, we have seen firm progress in basic studies, including establishment of
service system concept models and commencement of design studies. Including the
foundation of the Society for Serviceology in 2012, the foundation of the researchers’
community is being formed, and we hope it will develop in the future. In general,
system construction methodology has created outcomes at a certain level. However,
industrialization has been delayed, except in the automotive and some other sectors,
and social recognition is low. Note, however, that the quality management fields lead
the world. In addition, with regard to problem structuring methods, system

assurance, and project management, Japan’s basic studies show a certain presence

CRDS-FY2015-FR-06 Center for Research and Development Strategy, Japan Science and Technology Agency



Panoramic View of the Systems Science and Technology Field (2015)

in the world.

<USA>

The USA leads the world in all the seven sections. For modeling, NSF and NIH
contribute substantial research funds to basic studies of modeling techniques with
regard to big data, neuroscience, and systems biology. In addition, for studies of
national defense, space development, and meteorological/marine relations, the
federal departments use their own budgets to enhance basic studies on a large scale.
There are also many software products as modeling tools and many sectors of
business such as consultation. With regard to control, including IEEE’s Control
Systems Society as the main partner, five societies, in collaboration, started
publication of the Transactions on Control of Network Systems in 2014, which shows
that they are never declining. Application studies in the aerospace fields are also
prosperous. For optimization, the USA gathers excellent human resources from all
over the world and thus numerous researchers support all the phases of basic and
application studies and industrialization, making the USA strong in these areas.
Many of the major commercial calculation software products are from the USA.
Businesses, such as IBM, Microsoft, Yahoo!, and Google actively employ researchers
in these fields, and this shows the foundation on which business entrepreneurs
incorporate technologies, such as optimization for active business operations. For
network theories, since some US researchers published a paper that showed the
beginning of the network science at the end of the 1990s, the USA has
overwhelmingly led the other countries. Many of the major social media, such as
Google, Twitter, Facebook, and LinkedIn, were born in the USA, where techniques
are also actively developed. With regard to complex systems, since its foundation,
the Santa Fe Institute has greatly contributed to the development of studies of
complex systems. In addition, major universities have organized many research
groups for complex systems. Fostering the Brain Initiative, NIH is active in
neuroscience studies. Researchers, who were successful in basic studies of the
financial sector, have participated in hedge funds and financial industry in forms of
quants leading to industrialization. For service systems, educational organizations
and businesses are actively enhancing research and development, making the
country a leader in this field along with Europe. The USA actively fosters studies of
data storage/analysis techniques using ICT technology and business development,
such as the Smart City. With regard to system construction methodology,
international standardization and human resource development in universities are
active and this shows USA’s strength in the phases from basic studies to
industrialization. Even in the field of quality management, the USA is catching up

with Japan, which has been good at quality management.

CRDS-FY2015-FR-06 Center for Research and Development Strategy, Japan Science and Technology Agency



Xii

Panoramic View of the Systems Science and Technology Field (2015)

<Europe>

For modeling, they have advanced biological studies, including neuroscience and
genome structure analyses, and studies of mathematical models in market analyses.
Along with the USA, Europe leads in the basic studies of data assimilation in the
meteorological/marine field. Having started environmental arrangements, including
standardization of the development tools, Europe is leading the model base
development in the industry. For control, the level of Europe is high in general,
second only to the USA. In part, Europe has had more outcomes than the USA from
basic studies of robust control, applications studies of learning/adaptive control, and
industrialization. They are actively carrying out applications to industries, including
application development of data-driven controller tuning and packaging of
automatic tuning of PID. With regard to optimization, each country has its own
strengths. When Europe is viewed as a whole, the level is the same as or a little
higher than Japan. They are actively carrying out not only basic studies but also
application studies and industrialization. There are collaborative human resource
development projects throughout Europe and social problem projects supported by
individual countries. By doing nothing, Japan is likely to be further outdistanced.
For network theories, Europe is second behind the USA. In particular, their level of
basic studies is high. They have large-scale projects in network science, including
NETWORKS, MULTIPLEX, and PLEXMATH. They are also actively conducting
application studies related to network analyses, which target biological networks
and medicine-target networks. With regard to complex systems, Europe has had
remarkable outcomes in all fields, many of which exceed those of the USA and Japan.
European countries have many institutes, centers, and other facilities for complex
systems. In particular, Germany and the UK strongly have this tendency, actively
fostering studies. They are also strong in application studies of systemic risk, which
may bring a chain of crises to the financial institutions. For service systems, under
large-scale funding programs by FP7, Horizon 2020, many researchers are working
on basic studies, making Europe a leader in this field, along with the USA. Europe is
developing outcomes from basic studies to target industrialization while fostering
international standardization of technologies. With regard to system construction
methodology, along with the USA, Europe leads the world in the fields from the basic
studies to the industrialization. Traditionally, they have been strong in the basic
studies, but recently, they have enhanced the application studies. At present, many
projects are going on to enhance the industrialization.

<China>
Traditionally, the level of mathematics related to modeling has been high. The
National Center for Mathematics and Interdisciplinary Sciences (NCMIS) was

founded in the Academy of Mathematics and Systems Science under the Chinese
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Academy of Sciences in order to enhance the links between mathematical modeling
and the sciences. In a governmental notice in 2012, development of big data analysis
software and creation of services for utilization were designated as targets of
intensive support. For control, China is actively working to improve theories,
including adaptive control for non-linear systems. In addition, Chinese researchers
who are studying or working in the USA, Europe, and other regions are also actively
conducting studies. While the Academy of Mathematics and Systems Science under
the Chinese Academy of Sciences has the central role, they are actively conducting
theoretical studies and increasing the number of treatises. However, their qualities
are greatly different, like a medley of good and bad. For optimization as a whole,
their level is not so high. However, due to a great number of researchers, their links
to Chinese researchers working overseas, including those in Europe and the USA,
and going home by excellent researchers, and for other reasons, China is rapidly
getting stronger in basic studies. In addition, optimization tends to be used for
national plans. For network theories, they have had many more treatises about basic
studies, but in general, their research and development level is not high. For
complex systems, they have started obtaining outcomes from basic studies. Multiple
centers, including the Chinese Academy of Sciences, Peking University, and
Shanghai University have founded R&D organizations related to complex systems.
China calls back researchers from the USA and invests a large amount of fund in
research. For studies in the social and economic fields, they use data with user IDs
for the Chinese market, and this raises their studies to levels at which other
countries cannot have studies. With regard to service systems, at present, there is no
noteworthy item. With regard to system construction methodology, they have just

recently started obtaining outcomes from studies and thus their level is still low.

<Korea>

With regard to modeling, many students and postdoctoral fellows go to Europe and
the USA. Researchers after going home lead studies in this country. In 2012, they
announced the Big Data Master Plan to make political efforts in the national scale,
including disclosure of public data. For control, they have had experience in basic
studies of predictive control of linear systems. In addition, they are strong in
research and development related to malfunction detection in all phases of basic
studies, application, and industrialization. Both universities and businesses attract
human resources from overseas. In particular, improvement of the levels of
industrialization is remarkable in the semiconductor, iron, and steel fields. For
computer science and discrete mathematics related to optimization, they have
excellent researchers but the level of this field is low as a whole. The manufacturing
industry has started a project to use large-scale optimization calculations. In general,

their level of network theories is lower than Japan’s level. Note, however, that
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excellent statistical physic researchers execute network studies at a considerably
high rate; therefore, high-level academic journals release many more outcomes from
the basic studies than in Japan. For complex systems, Korea has a strong tendency
to follow the science and technology policies of other countries. Recently, however,
excellent foreigners including Japanese have started taking positions in universities
and research institutions in Korea, and this may bring potentialities. Interchange
with the USA is active, and there are many young researchers in the network science
fields. With regard to service systems, some businesses are fostering
industrialization in the service design field. With regard to system construction
methodology, they have recently started obtaining outcomes from studies and thus
their level is still low. However, they show a presence in the lifecycle management
field.

In Japan, in the past five years or so, we have had the New Growth Strategy (June
2010), Fourth Science and Technology Basic Plan (August 2011), Comprehensive
Strategy for the Rebirth of Japan (July 2012), Comprehensive Strategy on Science,
Technology, and Innovation (June 2013), Japan Revitalization Strategy (June 2013),
Comprehensive Strategy on Science, Technology, and Innovation 2014 (June 2014),
and Revised Japan Revitalization Strategy 2014 (June 2014). In any of these cabinet
decisions, social problem solving and achievement by technologies are targeted. In
realization of these types of problem solving and achievements, the key is to
establish a good system in real-life society. In addition, the Comprehensive Strategy
for Science and Technology Innovation points out systematization as one of the three
strategic viewpoints, as well as making smart and globalization, in order to foster
the science and technology innovation policies. For establishment of a good system or
advancement of systematization, the systems science and technology with high
cross-cutting characteristics offer effective ways to remove inconsistencies and
unnecessary competition from the elements composing the system; to appropriately
position the elements that have different characteristics and functions so that the
whole system can be optimized; and to effectively connect them so that they are
integrated as a system. At the same time, the systems science and technology have
the potential to link many people having different expertise and to optimize the
interests for the whole. Today, as many outcomes from technologies are implemented
in the society as systems, the roles of the systems science and technology should play

are getting larger and larger.
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