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Environmental deterioration, poverty, aging populations,
health and medical services are all examples of
contemporary challenges that are complicated, diverse, and
confront us with a number of harsh realities. To address
such challenges, we must move freely among scientific
disciplines and develop entirely new ideas. At the same time,
the human race possesses amazing untapped potential. The
challenge for us all is to make the best possible use of our
creativity and other abilities. On the 20th anniversary of the
founding of Sony Computer Science Laboratories (Sony
CSL), we proposed a new scientific methodology for this
purpose: Open Systems Science.

Open Systems Science is a way to study the real world,
where every system is open—unlike the discrete, clearly
delineated "closed systems” of conventional science. The
fundamental structure and condition of an open system can
never be fully understood, and its behavior is difficult to
predict. The concept of open systems applies to the earth’s
environment and the workings of global society, but it is
equally applicable to humans ourselves. Open systems are
characterized by extreme, one-off events. We need to
Identify appropriate ways to understand such events, and
appropriate ways to cope with them. Ultimately, the only way
to solve problems that arise from the properties of such a
system is to get out of the research lab and come to grips
with reality.

At Sony CSL, our mission is to make a positive contribution
1o the world we live in. A laboratory must be more than a
place where people conduct studies in pursuit of “the truth.”
Research that is academically advanced has value only if it
advances an understanding of reality in all its complexity.
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My major preoccupation has always been how to find
far-reaching solutions to maj pblems and what
frameworks must be created to accelerate progress towards
those solutions. | studied particle physics in college, later
moving into computer science, in particular artificial
intelligence research, and then engaging in research into

m ively parallel igence, voice recognition
systems, and machine leaming. But | felt that in order to
accelerate progress in Al and robotics, it would be
necessary 1o establish some kind of big goal and global
project. This became RoboCup, a project with the target of
developing a team of fully autonomous humanoid robots
able to win the FIFA World Cup by 2050. At the same time, |

started to realize that intelligence is a byproduct of evolution,

s0 | would have to study life itself. And so | switched to
biosciences research, where | soon recognized the nead
a conceptual shift from reductionist research into genes and
proteins to a systems thinking approach. In order to
accelerate that shift, | advocated for research domain status
for systems biology, then worked to advance and broaden
research in that domain. On visits to numerous developing
countries over the past decade or so, | saw firsthand the
pressing need for solutions 1o global problems. This led me
to begin research into projects

focused on renewable energy

and energy access for all.

Jun Rekimoto



Alexis André

It is becoming more and more difficult for us human
beings to parse the relevant information in our
data-overioaded world and with the advent of the
Internet, the ilable data has hed unp! d
levels. The problem is that the tools needed for us to
extract and understand the relevant information in this
data are lagging behind. My interest lies in the design of
new representations that allow people to assimilate
data in a simpler way not only through the use of
existing visual channels, but also auditive and tactile
channels. Using more senses will allow for more

fficient data rep , | am also
interested in new ways 10 explore the creation process
that is involved in various fields, from design to art to
music, by developing new performance devices. These
instruments and drawing tools allow for new interaction
with the medium, mixing information and beauty at the
same time. | see those devices as live representations
of the data created by the artist. It is where performance
meets information.
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Masatoshi Funabashi

What are the most important open systems in the coming
century? My answer is they are primary industries, such as
agriculture, forestry, fishery and stock-breeding, where
humans are in direct contact with nature. Throughout human
history, agr @ has atways been destructive to the
environment. Even today, modermn agriculture, based on the
reductionist principle, is creating a devastating impact on
natural environments, degenerating food quality, and even
hreatening o . With the use of open systems science,
| first propose a new system of agriculture, called
*synecoculture,” which is based on symbiotic associations of
cles whose practice itself strongly recovers and
reconstructs a natural environment under any climate
conditions plants can grow. Furthermore, | plan to establish a
new relationalistic life science of an *in natura® state, beyond
conventional reductionism, and realize a "symbiotic earth,”
where all living species can manifest their function to its full
potential through primary industries under human direction.
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Shunichi Kasahara

Until now, media, and the technologies that facilitate
media, have expanded the capabilities of human beings.
But | believe that as the form factor of computing evolves
from mobile to wearable terminals in a perpetually
networked stale, we humans ourselves will become a
form of media, able to connect directly with one-another.
Through this phenomenon, which | call "human as
media,” we will become able o directly share our own
individual experiences and sensory data, thereby
expanding our sphere of mutual experience. | am
currently conducting research oriented toward the
develop of i Y on transmission of
real-time first-person experience, humans augmenting
humans, and other related topics. My purpose is to
trace the contours of the relationships between
humanity and technology, and between human beings
themselves as they are redefined by the "human as
medium® phenomenon. | believe that, by guiding the
development of technology down an appropriate path
based on this vision, | can contribute to the expansion
of the totality of society’s experience and knowledge.
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Frank Nielsen

| investigate the geometric sciences of information with
applications in visual computing. Computer vision, medical
imaging, and machine learning deal with high-dimensional,
noisy, and heterogeneous datasets that are inherently
non-Euclidean. To better data engineer those datasets and
extract both qualitative and quantitative information, |
proposed the novel paradigm and toolbox of computational
information geometry with path breaking applications in
imaging.
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Natalia Polouliakh

The way we care of our physaology and psychology has a
espan. Skin (derma) is the

largest and fastest gtowmglrenemng extemal organ and its
quality outcomes from the inner fundamental physiological
pre suchasa (il dria) and
stress-related adaptive response (nouro-endocrln&lmrmne
system) from one side and the quality of defense response
against the sun radiation and polluted environment from
another side. Youthful skin and a proportional bodyline can
be seen as results of individual health and often leads to the
active life with large social interactions even at mature age,
which becomes important in the rapidly ageing sootety An
output of my activity is scientifics stions

panied by new promcls FormPurposol
combine the molecular analysis on human cell line with
data-driven putational app hes to discover the
dynamical changes of gene network on the different levels of
h skin in to the various
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Takahiro Sasaki

At present, | am grappling with issues of sustainability, and |
believe the key to solving such problems lies in whether we
are able to somehow smoothly and consistently manage
such phenomena as the circulations of materials and energy
in the natural environment; processes of production and
consumption in real-economy; and accumulation and
mobilization of capital in financial-economy. Working on the
principle that such cycles constitute open systems, systems
theory plex problems st ing from the idea
that many such systems are Intertwined to form an even
larger open system. A key characteristic when studying open
systems is the fact that it is not possible to exercise full
control over the processes being studied to the extent that
they may be reset, or repeated from scratch. It is my belief,
however, that through virtual simulation of processes that are
in reality ur ble, it is now ble to apply a scientific
approach to problems previously thought difficuit to study. My
ultimate goal is a holistic understanding of open
leading to their essential long-term solutions.
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Hideki Takayasu A —ER

Economic activities have recently been supported by ubiquitous
computing and huge amounts of detailed data which are now
stored electronically. Econophysics is a new field of science that
tackles the analysis of such economic data based on a
methodology developed in physics. | have focused not only on
analyzing the tick-data of financial markets , but also on
analyzing sales data for commercial products and
manufacturing data for semiconductors. Accumulating individual
examples and giving reason to data analysis is the main
purpose of this study.

Yuichiro Takeuchi
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My own research is aimed al realizing affordable health
management solutions to help people stay healthy for as
long as possible, along with so-called "stealth care" in which
healthcare measures may be implemented without

recipients’ knowledge. Health, which is a key factor in
soclety, should
naturally be the focus of any new healthcare system, and a
key value for the 21st century. Our current medical system,
however, has long focused on curing diseases as they arise,
rather than the overall maintenance of health. But thanks to
recent advances in technology it is now possible to take
steps 1o preserve health prior to the onset of iliness, which
opens the door to heaith capitalism era. Taking advantage of
Japan’s universal insurance system and standardized
Iinformation infrastructure, | gather and analyze billing and
other administrative healthcare data, along with laboratory
results to identify potential care gaps or patients who are not
receiving the care that they require. My goal is to ﬁnd and
deliver solutions for such problems, in a bid to change the
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Yuki Yoshida

As a survival strategy, organisms adapt to fi ions they
receive from the inheritance of genetic characteristics and
from environmental factors. This feature known as the
robustness tradeoff is underlying principle in the process of
evolution. In the Earth's environment, various disturbances
(environmental factors / gene transformation / chemical
substances, etc.) are integrally entangled, leading to
unpredictable reactive properties. To become predictable is
to say that the control of robustness becomes possible. |
endeavor to understand and control biological organisms'
environmental responses and survival strategies from an
experimental biological approach. This is extremely
important in drug development and tailor-made medical care,
and it is my hope that it will also lead toward an
understanding of cancer, autoimmune diseases, and other
maladies, and to the creation of preventive medicine and
wide-range of therapeutic siralegies.
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CSL Paris was founded in 1996 and is a small but
booming research cell, focusing on the following areas:
personal music experience, self-organizing
communication systems, and sustainable environment
simulation. Research in personal music experience
focuses on the future of music listening and performance
by building prototypes of interactive devices and
ethnographic experiments to understand what people find
exciting in music and how new ways of listening integrate
in their lives. Research in self-organizing communication
systems investigates through computational simulations
and mathematical models how a group of autonomous
agents could be able to invent and negotiate a
communication system similar to human natural
languages. How to build a sustainable society

has recently become a major issue as natural resources
get depleted and climate change is of great concem. CSL
Paris has launched a number of projects to raise awareness
about the issues through volunteer computing for climate
modeling and participatory sensing of pollution. CSL Paris
plays a leading role in the areas it has chosen to be active
in. It produces a steady stream of papers in the most
prestigious journals and conferences. The lab is viewed as
highly innovative and plays a leading role in European IT
research
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Peter Hanappe

| work on the urgent challenge of creating a more
sustainable society using a combination of
| invite people to I

participate in

to learn about sustainable solutions and adapt
their behavior. In parallel, | design novel technologies
that support these activities. | introduced low-power
computing techniques to exploit the unused computing
power of home PCs to run large-scale climate
simulations, requiring much less energy than data
centers. In the NoiseTube project, users of cellphones
collectively measure and create detailed maps of
environmental pollution, particularly of urban noise. In
P2P Food Lab, | created a small, Internet-connected
greenhouse and an onkine platform to involve home
food growers in the development of
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Pierre Roy

Remi van Trijp

Human languages have evolved many fascinating

lutions to commt tive probl through

the use of words and grammatical structures. And they
keep on evolving: fan system, a unique
ability that brings infinite variety to the ways in which we
communicate with others about our experiences in life,
How is this possible? Can we understand this linguistic
creativity? In my research, | try to answer these
questions by developing powerf ag
technologies, which can be used to study open-ended
and robust language processing, to explore innovative
linguistic applications, and to function in large open
collaborative communities.
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Research relating to network services must implement
~ research results with an extremely fast tumaround. It must
 then continue on to commercialization while obtaining
feedback from customers, spurred by factors such as the
speed of changes in technical innovations and user's life
style. The network service project was kicked-off in April 2012
with Sony Corporation, as an aim of speeding up and
commercializing research into network services that would
change the world. Members of this project are composed

of engineers from the Sony head office. They gather
voluntarily 1o Sony CSL, full of ideas, passion and energy
to create new network businesses. They form small scale |
teams to expedite their endeavors. The initial, three-year
phase of this project culminated in the launch of Sony
Global Education, Inc., an initiative for the provision of
educational services on a global basis. We expect more to
spur in the coming years as challenges to establish new
services continue.
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Growing awareness of the scale of problems such as global warming and the rapid depletion of fossil fuels is increasing
expectations for sustainable methods of hamessing natural energy. But due to the inherently variable nature of the most
promising renewable sources and the wide dispersal of energy-generating sites, integration into the existing grid requires a push
for new technology. At Sony CSL, as well as maximizing the use of natural sources of energy, our aim is to achieve a stable
electricity system based primarily on such sources. For this reason we are conducting research into a wholly new type of
super-dispersed, dynamic, reconfigurable network that we call Open Energy Systems (OES).



Daisuke Kawamoto

Yoshlichi Tokuda
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My own research into Open Energy Systems started in 2010,
when we took solar panels and batteries to unelectrified
communities in Ghana for public viewings of matches from that
year's FIFA World Cup. For the next three years, we engaged in
an off-grid electrification project in Ghana, applying the OES
concept to demonstrate its bottom-up business potential. At
present | am engaged in research into Autonomous DC Microgrids
(DCOES, or *DC-based OES”), in a search for new energy
appropriate for a st ble society.

Members

'FRYZ-JIINY

Annette Werth

PRI IINF—EMOHHIMTEDLNCT T LR RO HE
LBREEGOTOET. LAL. BATRIINF—DEMIR. ARYTH
RELRBIHE TR TFEMBETESHEDD STLET
COMBEMRT LD HRRFLVIRINF - AT AOMWEIC
BYRATOET R SOREDVAT LR RETORT. BRICAR
DERPIN IV X LEEHEDE O T RARDEEF LTI RN ¥~
D22 FAICBERTIVAT ATY RAESICR. ROBOML I
HWATTRLRI B DAY~ ROMREBRL TVET.

Providing universal access to sustainable energy remains a key
challenge woridwide. Yet, the deployment of renewable energy
depends on the ability of the grid infrastructure 1o handie
distributed and unstable power sources. | am designing such
fundamentally new energy systems up to this challenge. Our
current system combines local generation and storage with an
autonomously exchange algorithm 10 provide maximum renewablo
enoergy for communities. My ultimate ambition is to stretch the
concept further o a standalone smart grid that could also be
deployed in off-grid areas.
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In the same way that successive methods of information
transmission, from text, 1o audio, images, and video passed
through the domain of mass media before evolving into something
that could be easily generated and controlled by consumers
themsolves, consumers will soon be able to easily control how
they produce and use their own electricity. | see electricity as
another medium: an energy medium. This has led me to explore
the potential for Open Energy Systems to become a new means
of producing, consuming, exchanging and sharing electrical power
among individuals, just as IT technology did for information media.
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For the last hundred years, humans have used various forms
of energy—#rom heat-driven steam engines, to electricity from
power stations and electricity grids, through 1o transportable,
storable forms of energy such as oll and gas—to move toward
more comfortable Mestyles and greater productivity. But in
order for our present-day civilization to be preserved into the
future, there is now a need to replace this exi ) energy
portiolio with sustainable forms of natural energy. The main
hope lles with distributed energy systems that can be
connected 10 mutual user networks and utiized without waste.
It is my hope that | can help to bring about this new age
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nvolving the environment,

orization into discrete systems for study. Issues
nvolving the environment, energy, human health, and life
itself are interwoven with a im s number of connected

structural and functional
these systems are perpetually
1g. To give one example, the use of agrochemicals
cides 1o increase crop yields is connected 10
pollution of rivers and oceans, generating an adverse impact
s and microorganisms, and ultimately impairing the
iversity that is so essential to our global environment.
Just as attempts are being made to isolate the *problem”
em from other systems, it becomes questionable
ystem meaningfully represents the problem:
ly need to be solved. Many of thy
loday are, in short, open systems problems.

With the specific aim of addressing such problems, we
developed a new scientific methodology that augments
traditional techniques of analysis and synthesis with an
additional conceptual tool: management. Dubbed Open
Systems Science, this new approach comprises the

following steps: (1) Proy nally define the system in which

the problem is perceived 1o reside. (2) Construct a detailed
model of the problem. (3) Observe the behavior of the model
er time and see if it develops any (i) self-contradictions or
(if) inconsistency or divergence from the real-world system.
(4) If the degree of contradiction or divergence exceeds
e levels, revise the model, if that does not bring it
able bounds, redefine the system in terms of its
cture and functions. (5) Repeat steps 1-4 untd
a satisfactory result is oblained
In reductionism, we isolate the “problem" system and
tackle the problem by subdividing it further into highly
specific subsystems in order to investigate them individually
n great detail. In contrast, Open Systems Science focuses
on relationships: in solving a problem the system is
ined 1o generate a better understanding of the relations
s subsystems. Digging deep into each subsystem,
while investigating how they are interrelated, leads to a
better understanding of the problem, and, therefore, to better
solutions. The management element of the Open Systems
Science methodology is applied when redefining the system
under study so that solutions tend to be generated
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