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Open -The Keyword of a New Era
FULEIER . EBCREIZEOKBE)

9 Emergence of new scientific technology and open system science
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Combination of concepts such as "Information and
Life" and "Life and Environment" that are
unimagined in the past is now pioneering the vast
frontier of science and technology hitherto
investigated. A system that continuously
exchanges information and matter with its
surroundings is called "Open System'. Life,
computer network, human society are regarded
as high-dimensional sophisticated open systems
that are composed of many heterogeneous
complex components. High-dimensional advanced
open systems are associated with many
characteristics that are different from the
engineering systems that has been objected by
conventional science and technology. It is the aim
of Keio University to establish a graduate school
of “Science for Open and Environmental
Systems” first in the world to produce dramatic
breakthroughs in scientific technology by the
proposal of new science, i.e. “Open System
Science” .
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QA need for full-scale intellectual social infrastructure engineering
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Examples of the urgent issues in open systems include
environmental problems, urban problems, energy crises, and
pandemics. Ideally speaking, we need to tackle these issues very
promptly. Conventional modeling and optimization techniques are
thus incapable of formulating such complex phenomena, for we
do not know how to specify their boundary conditions. There is
definitely a strong need to devise a new methodology to tackle
such rapidly-changing social situations. However, it can be said
that the science and technology of the 20th century have
postpone solving these global problems. Those of the 21st
century are expected to respond to these issues that can no
longer wait for precise theoretical clarifications. To create a full-
scale academic field embodying brand new scientific technology
with the macroscopic point of view is our second aim in the
graduate school of “Science for Open and Environmental
Systems” ; we call it "Intellectual Social Infrastructure
Engineering."
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Open your mind to human-beings

Overview of the School of Science for Open and Environmental System
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O Rapidly organized research environment for open system science
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A research environment to come to grips with the subjects on
open systems described above is being organized. For large-scale
phenomenon that does not lend itself to experimentation and one-
time-only phenomenon, simulation experiments in virtual reality,
ie. a realm that is not yet real but can be possible, have become
possible with the aid of a computer. Computation with enormous
numbers encompassing many uncertain elements (variables) that
have been ignored or abstracted has now become possible. In
addition, active studies are being conducted on mechanisms that
self-organize new systems in response to constant changes in
mutual actions in the field of artificial life, genetic algorithm, and
neural network. By pursuing researches in these areas more
energetically, one may expect that the possibilities for scientific
understanding and technological progress for the living systems
and human society will be further strengthened in the 2lst
century.
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OFor the development of scientific technology that will contribute to solutions of

problems in the real world
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What we have on hand in the field of open system science is only
a piece of a huge jigsaw puzzle. Therefore, there is an urgent
need to complete the puzzle by initiating the development of a
new scientific methodology as an alternative to the current
approach. On the other hand, there is also a need to solve
current problems by using the available materials, although they
may not be perfects. The graduate school of “Science for Open
and Environmental Systems” offers courses to investigate
specific problems in wide areas of the real world, such as space,
urban environment, resources, energy, ecology, information
networks, and social structures. In addition, courses are offered
for new methodologies to contribute to the construction of social
infrastructure system, such as searching for problem spaces,
phenomenological analysis, and designs of the self-controlled
systems and the systems possessing ability to adapt to
unexpected situations to enrich this new academic field.
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Science for Open and Environmental Systems

The Center for Space and Environment Design Engineering
The Center for Space and Environment Design Engineering focuses on fundamental science and technology for
design engineering of space and environment relating to humans, architecture, urban systems, transportation, and
aerospace. This is based upon creation and integration of innovative systems for humane techno-oriented society.
This Center applies transdisciplinary and advanced approaches to research and education, all supported by
advanced information technology including computational science and human media technology.
Key words: Aerospace, Urban Systems, Environment, Transportation,
Architecture, Human, Computational Engineering

The Center for Science of Environment and Energy
Science of environment and energy should play a dominant role toward the establishment of carbon neutral society
and accomplishment of SDGs. The Center for Science of Environment and Energy consists of the research groups,
based in the fields of mechanical engineering and applied chemistry, working on thermodynamics, the science of
energy, environmental chemistry to understand global environment, materials science for the energy and
environment technologies and chemical engineering to implement the engineering science in industry and society.
The targets of research and education in this center are diverse from molecular level to industrial plants.
Key words: Sustainable Science and Technology, Thermodynamics, Environmental Chemistry,
Materials Science, Chemical Engineering, Green Chemistry

The Center for Applied and Computational Mechanics
The recent progress in the computer and numerical simulation technologies enables us to clarify the physical
phenomena that have been intractable with experiments. In industries, advanced computer-aided design gains
increasing importance. In the Center for Applied and Computational Mechanics, we clarify various physical phenomena
using the methods of computational mechanics and apply the methods to wide areas of science and technology. We also
conduct mathematical, theoretical, and experimental analyses, as well as development of numerical simulation schemes,
computation techniques, computer hardware, and post-processing techniques.

Key words: Mechanics, Analysis, Synthesis, Design, Optimization

The Center for Information and Computer Science

Information is considered to be one of the most important entities in our lives, as well as energy and material.
Information helps to relate nature to human, human to human, human to machine, and machine to machine. ICT is
the fundamental technology that achieves such excellent relations for social infrastructure. By promoting researches
for establishing new ICT from three different fields-computer science, information communication networks, and
interactive media, members of the Center for information and Computer Science are fostering talented persons who

contribute to building a human-centered digital information society in both industry and academia.
Key words: Computer Science, Big Data, Cloud Computing, Communication Networks,
Information Security, Interactive Media, Robotics,
Artificial Intelligence, Virtual Reality

The Center for Open Systems Management

Organizations and societies formed by various individuals are increasingly becoming open systems, organically
related and interacting with their surrounding environment, making it difficult to establish clear boundaries. There
is a growing demand for an integrated approach that views humans, organizations, and societies not as separate
systems but as a comprehensive open system to identify and solve problems. The specialization in Open System
Management advances the creation of new methodologies and the development of applied technologies for solving
real-world problems by integrating and utilizing mathematical techniques and information technology, which have

been systematically built upon and organized through foundational research in management engineering.
Key words: Computer/Information Science, Economic Analysis, Financial Engineering,
Human Factors, Industrial Engineering, Management Science,
Operations Research, Statistics, Systems Engineering
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