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Victory of Science and Technology in 20C	

•  Advances of Modern Sciences and Technologies 
have solved various problems and  brought us  
•  Various Industries 
•  Economical Development 
•  Advances in Medicine 
•  Improvement of Living Standard 



 The first was to never accept anything as true 
which I could not accept as obviously true. 

 The second was to divide each of the problems  
I was examining in as many parts as I could,  
as many as should be necessary to solve them.  

 The third, to develop my thoughts in order, 
beginning with the simplest and easiest to 
understand matters, to the most complex 
knowledge 

 And the last resolution was to make my 
enumerations so complete and my reviews so 
general that I could be assured that I had not 
omitted anything. 

Discourse on the Method, 1637	René Descartes 
1596 –1650  	
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Issues in 21C	
•  Earth Environment and Sustainability 

–  Energy, Global Warming, Population, Food, Biological 
Diversity, Poverty and Inequality, …	

•  Life and Health 
•  Safety 

–  Global Economy, Food 
–  Networked Huge Information Infrastructures	
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The Common Characteristics	

•  Huge, Complex, Ever-Changing Integrated 
Systems  

•  These Issues require predicting our future 
and taking actions. 
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Block-Up Feeling of  
Conventional Scientific Methodology	

•  Important problems waiting for practical solutions; 
whereas solving a problem sometimes worsens the 
situation for other problems. 

•  Scientists hiding themselves from situations getting 
worse. 

•  Engineers repeating the same techniques, while their 
effect becomes less and less. 

•  Businesspersons looking for a chance of “hit and run”, 
without taking any responsibility on the results. 

•  No proper expression to overcome these situations. 
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What’s Wrong with  
the Current Scientific Method? (1)	

•  Research domains are 
subdivided into narrow areas 
(silos).  This eventually ignores 
Descartes’ last item. 

False Reductionism	
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What’s Wrong with  
the Current Scientific Method? (2)	

•  Holistic view with time-axis is lacking. 
–  Temporal development 
–  Non-reproducible 

•  Complex	  Systems	  Theory	  has	  given	  the	  view	  of	  .me	  
development	  for	  each	  component	  system,	  but	  it	  does	  
not	  provide	  solu.ons	  for	  problems	  of	  “real”	  complex	  
systems.	  

Aristotle 
BC384 – 322	
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Can we really solve these issues? 

Do we need a new method 
to solve these issues? 

What in fact characterizes these issues? 

These problems are characterized by  
Open Systems	
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Closed Systems vs. Open Systems 
External View	
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Closed	  Systems	 Open	  Systems	

E(t)	  =	  f(O(t))	

O(t)	  =	  g(E(t))	
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Closed Systems vs. Open Systems 
Internal View	

Closed Systems	 Open Systems	
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Closed Systems vs. Open Systems 
Summary	

Closed Systems	

•  Simple closed system. 
•  (mainly) Equilibrium system. 
•  Reversible. 
•  Reproducible. 
•  Can be divided into elements. 
•  Can be halted. 
•  Can take external observers’ 

view. 

Open Systems	

• Open complex system. 
•  Temporal developmental system. 
•  Irreversible. 
• One-time only (non-reproducible) 
•  Cannot be divided into elements.   
•  Need to keep alive;  cannot stop. 
•  Can take only the internal 

observers view. 
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Can We Really Solve  
Open Systems Problems?	

•  No, in the sense that we could give strong/
complete  solutions to well defined (closed 
systems) problems. 

•  Yes, in the sense that we will be able to give a 
means to make the entire situation better, not 
worse, through our best effort. 
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Proposal of Open Systems Science	
•  Scientific methodology/attitude toward Open Systems Problems. 
•  An approach that solves problems while keeping the systems alive or running.	
•  Division into subsystems can be allowed provided that  mutual-dependency 

among them are fully preserved.  This means abstraction without elimination. 
•  Since internal observer’s view is inevitable, we need to try our best to maintain 

the model of a system so as to be consistent with new findings in the real-world. 
•  A new perspective of Management is added to the conventional  perspectives of  

Analysis and Synthesis. 
•  It may not completely solve but can manage the problems in the time line. 

Analysis	  

Synthesis	  

Management	  

Open	  Systems	  Science	  
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The Methodology of  
Open Systems Science	

1.  Define the problem and the problem domain on which the 
problem resides. 

2.  Construct a model of the problem domain in detail  
without elimination. 

3.  Apply the problem to the model and see whether it causes 
any contradiction inside and/or with the behaviors of the 
real system along the time. 

4.  If it does, revise the model or devise a new model.   
Expand (or reduce) the problem domain if necessary.  

5.  Repeat until a satisfactory result is obtained. 
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Comparison	
Discourse on the Method	

1.  The first was to never accept anything 
as true which I could not accept as 
obviously true. 

2.  The second was to divide each of the 
problems I was examining in as many 
parts as I could, as many as should 
be necessary to solve them.  

3.  The third, to develop my thoughts in 
order, beginning with the simplest and 
easiest to understand matters, to the 
most complex knowledge 

4.  And the last resolution was to make 
my enumerations so complete and 
my reviews so general that I could be 
assured that I had not omitted 
anything. 

Open Systems Science	
1.  Define the problem and the problem 

domain on which the problem 
resides. 

2.  Construct a model of the problem 
domain in detail without elimination. 

3.  Apply the problem to the model and 
see whether it causes any 
contradiction  inside and/or with the 
behaviors of the real system along 
the time. 

4.  If it does, revise the model or devise 
a new model.  Expand (or reduce) 
the problem domain if necessary.  

5.  Repeat until a satisfactory result is 
obtained.	
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Closed Systems Science vs. Open 
Systems Science	

Closed Systems Science	

• External  observer’s view. 
• Experts view (silo) 
• Static 
• To pursue strong /

complete solution. 

Open Systems Science	

•  Internal observer’s view. 
• Holistic view 
• Temporal development 
• To manage the problems 

in the time line with best 
effort. 
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What Can Computers Do  
for Open Systems Science?	

Computation of Time 
Development Systems	

To Check that  
anything is omitted	

Computer Systems	

By using computers, we can compute the model and 
maintain the model of a target system so as to match the 
data obtained from the real system by dynamically adding 
to and changing the model	
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Open Systems Science on Computers	
1.  Define the problem and the system of the problem domain (current target). 
2.  Construct a computational model of the system based on  base theories. 
3.  Compute the problem on the system and check whether  the results cause any 

contradiction inside or with the behaviors of the real system as the time 
progresses. 

4.  If it does, reconstruct the computational model  with revised base theories and/
or  new ones.  Expand  or reduce the system of the problem domain if 
necessary. 

5.  Repeat until a satisfactory result is obtained. 
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Micro 
Theories	

Computational 
Model	

Revision	

Current Target	

Results	

Real System 



What are Enabled by Computational 
Open Systems Science?	

•  Future can be predicted better in an explainable way. 
•  The accuracy of future prediction can gradually be 

improved. 
•  The reasons of past events can be explained better. 

•  E.g. 
–  Climate, Diastrophism, Environment, Sustainability 
–  Life, Medicine 
–  Disaster, Restoration 
–  Economy, Society, Industry 
–  Policy Making, Administration 
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Goal: 
To contribute extensively to social, industrial and 

 Sony’s development through fundamental yet applicable 
research, especially on and around computer science. 

Sony Computer Science Laboratories, Inc. 

Operation: 
Small but excellent members, 

Freedom and respect on individuals’ responsibility, 
Openness toward outer community, 

 Independent recruiting process, 
Annual contract (renewable) 

Established in 1988 
Sony CSL Paris (1996), Interaction Laboratory (1999) 

hBp://www.sonycsl.co.jp	
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1988	   1998	  

Distributed-‐OS	

Network	

Interface	

Augmented	  Reality	

“Computer”	  Science	

1st	  decade	  

Computer-‐centric	  
2nd	  decade	  

Human-‐centric	  

Science	  

Visual	  Compu.ng	  

Emo.onal	  Interac.on	  

Systems	  Biology	  

Systems	  Brain	  Science	  

Econophysics	  

Interac.on	  

Interac.ve	  Music	  

Realworld	  Compu.ng	  

Research	  Themes	  
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Further extension to Open Systems Science 

Realworld Computing 

Systems Neuroscience 

Systems Economy 

Global 
Modeling and Simulation	Visual Computing 

Systems Biology 

Cybernetic Earth 

Healthcare Solution	

Open Energy Solution	

Interactive Music 

Cybernetic Human	

Sustainability	  Science	  

Fundamental	  Science	  

Interac.on	  Technology	  

Copyright 2010 Sony Computer Science Laboratories, Inc."Sep. 29, 2010	 © Mario. Tokoro	 23	



Systems	  Biology	  	  

	  	  H.	  Kitano	

Systems	  Brain	  Science	  

K.	  Mogi	

Econophysics	  

	  H.	  Takayasu 	

Cyberne.c	  Earth	  

	  J.	  Rekimoto	

Language	  

Luc	  Steels	  	  

François	  Pachet	  	  

Reflexive	  Interac.on	  

Pandemic	  Modeling	  

Frank	  Nielsen	  

Epigene.cs	  

	  	  K.	  Sakurada	

I	  have	  proposed	  ‘’Systems	  Biology‘’	  that	  aims	  
at	  a	  system-‐level　understanding	  of	  living	  
systems.　Currently	  I’m	  in	  the	  development	  
of	  ar.ficial	  systems	  with	  highly	  robust	  
proper.es.	  

My	  mission	  of	  research	  is	  to	  iden.fy	  the	  
architectures	  in	  .ssue	  stem	  cells	  and	  neurons	  
which	  are	  fragile	  from	  the	  environmental	  
inputs	  by	  using	  systems	  biology	  and	  
experimental	  biology.	

We	  inves.gate	  the	  system-‐level	  	  
proper.es	  of	  the	  brain	  that	  	  
generate	  qualia	  using	  psychophysics,	  
noninvasive	  measurements	  (MEG	  and	  
fMRI),	  	  simula.on,	  and	  theory.	  	  

Econophysics	  is	  an	  emerging	  field	  of	  
science	  that	  bridges	  physics	  and	  
economics.	  The	  aim	  of	  my	  research	  is	  to	  
establish	  methods	  for	  detec.ng	  empirical	  
laws,	  elucida.ng	  an	  underlying	  backbone	  
structure.	  

I’m	  inves.ga.ng	  an	  ideal	  symbio.c	  
rela.onship	  between	  humans	  and	  their	  
informa.on	  environment	  for	  the	  near	  
future.	  ‘design,	  realize	  	  
and	  experience	  the	  future'.	  	  

As	  a	  prac.ce	  of	  open	  systems	  simula.on,	  
I’m	  trying	  to	  construct	  an	  integrated	  	  
simula.on	  of	  influenza	  pandemic,	  which	  
is	  global	  macro	  phenomena,	  through	  
fusing	  mul.ple	  micro-‐models.	  

I	  focus	  in	  par.cular	  on	  the	  origins	  of	  
grammars	  and	  the	  seman.c	  domains	  
expressed	  by	  grammars,	  and	  try	  to	  
simulate	  this	  in	  colonies	  of	  autonomous	  
robots	  interac.ng	  with	  the	  world.	  

I	  am	  studying	  what	  kind	  of	  temporal	  
phenomena	  aBract	  and	  sustain	  human	  
interest:	  My	  research	  is	  relevant	  
including	  Electronic	  Music	  Distribu.on	  
and	  interac.ve	  3D	  music	  listening.	  

Practices of Open Systems Science in Sony Computer Science Laboratories	



Systems Biology 
 Hiroaki Kitano	

•  Life as a System of Huge Functional Network 
•  And Management of it taking Interaction with 

Environment into Consideration 

–  Theory of Biological Robustness 
–  Long-tail Drug and Personalized Medication 
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Life as Inheritance of History 
Kazuhiro Sakurada	

•  Epigenetics (Acquired Traits) is equally 
important to Genetics (Inherited Traits) 
–  Irreversible Changes  
    caused by Development 
–  Management of Network  

•  Nature vs.   
       Nurture Issues 

E0	

P0	

C0	

E1	

P1	

C1	

E2	

P2	

C2	

E3	

P3	

C3	

E:	  Environment	  (Input)	  
P:	  Phenotype	  (Output)	  
C:	  Chroma.n	  State	  
　　Gene.cs	  +	  Epigene.cs	

G
ene	  func.on

	

Open System	

epigene.cs	
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From	  Realworld	  Compu.ng	  to	  Cyberne.c	  Earth	  
Jun Rekimoto	  

Human	  Computer	  
Interface	  

Realworld	  
Compu9ng	  

Cyberne4c	  Earth	  

SENSONOMY	  (SENSING	  +	  FOLKSONOMY)	  

AUGMENTED	  REALITY	  

GPS	Wi-Fi AP	

Wi-Fi AP	

Wi-Fi AP	
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Evolutionary Linguistics 
Luc Steels	

•  New Paradigm for Language and Meaning 
–  Departure from Generative Grammar 

•  Through the Framework of Language Games	
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Pandemic	  Modeling:	  
Holis.c	  Simula.on	  for	  Influenza	  

	  Taka	  Sasaki	

•  Complex phenomena 
–  Multiple factors 

interrelated to 
one another.  

–  Diverse scales in 
temporal and  
spatial axes. 
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A typical problem of 
Open Systems. 



Open Systems Dependability 
Mario Tokoro	

•  Japan Science and Technology Agency started a project: 
Dependable Operating Systems for Embedded Systems Aiming at 
Practical Applications (DEOS Project) in 2006  
–  $50M for 7 years until 2014;  9 research teams with industry backup. 
–  http://www.dependable-os.net/index-e.html	
–  In order to cope with strong demands of Dependability for embedded 

systems and infrastructures supported by embedded systems that have 
become huge and complex 

–  Whereas, specifications and implementations are incomplete (incompleteness) 
–  Environment and requirement are changing in operation (uncertainty) 

•  Dependability in the conventional sense doesn’t work! 
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Open Systems Dependability: Definition	
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Elemental	  
Technology	  

System	  	  	  	  	  	  
Architecture	  

Process	  and	  
Management	  

Open	  Systems	  Dependability	  

Open Systems Dependability is the ability to 
perform continuously  the effort to remove the 
said factors before they cause failure and to 
provide appropriate and quick action when they 
occur in order to minimize the damage, so that 
the system provides safely and continuously the 
services expected by the users, and to maintain 
accountability for the system operations and 
processes. 

Incompleteness and uncertainty could be factors that may result 
to failures in the future (Factors of Open Systems Failure).  



Sep. 29, 2010 © Mario. Tokoro 32 

Framework	 Tools	 Process, Standards, 
and Guidelines	

Process & International Standard	

Dependability Metrics & Consensus Building	

Dependability Measure & Evaluation	

System software Verification	

System monitoring & Evidence analysis	

Security	

Virtualization & its application	

DEOS Research Teams	



Summary 	
•  Remaining issues of great urgency in 21C are 

mostly  that of huge, complex, ever-changing, 
integrated systems. 

•  We characterize these problems as Open Systems 
Problems. 

•  As a method/attitude for solving Open Systems 
Problems, we proposed Open Systems Science, in 
which a new perspective of management is added 
to the conventional perspectives of  analysis and 
synthesis.  It  gives means to manage the problems 
in the time line. 

•  Methodology of Open Systems Science is given. 
•  The method of executing Open Systems Science 

on Computers is shown. 
•  A few examples of practical achievements are 

shown. 
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Thank you!	
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Short Biography	
1975　Ph.D from Keio University (Extensible Language) for Hardware 

Design) 
1977　Invented Acknowledging Ethernet 
1979　Visiting Assistant Professor at University of Waterloo (Computer 

Networks) 
1980　Visiting Assistant Professor at CMU (Distributed Systems) 
1983　Keio S&Tnet 
1984　Associate Professor at Keio University 
1986　Concurrent Smalltalk 
1987　Object-Oriented Concurrent Programming (MIT Press) 
1988　Introduction to Computing Systems (Iwanami Publishing Co.) 
1988　Established Sony Computer Science Laboratories, Inc. 
1991　Professor at Keio University 
1991　Object Oriented OS Aperios （Sony AIBO、Digital Sattelite TV,…） 
1991~　Mobile Internet Protocol VIP, Real Time Protocol RtP, 
　　　　  Computational Field Model, Real-Time Distributed Object, etc…) 
1997　Move from Keio to Sony, assumed as Corporate SVP 
2000　Assumed to be CTO and promoted Architecture-based  CE 
           development and Linux based common software platform 
2004　In charge of Innovation Strategy Office of Sony Corp. 
2006　JST/CREST DEOS Project Supervisor 
2007　Retired from Sony Corp (concentrating Sony CSL) 
2008　Published Open Systems Science (NTT Publishing CO.）　 
2009 Published Genius and Extraordinary Talents Spawning from Sony’s 

Wonderful Research Labs (Nikkei BP） 
2010 Published Open Systems Science (IOS Press.）　	
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