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The Sony Computer Science Laboratory is a E

aspect of its management philosophy, as well as in its compensation sysi
aim is to provide an ideal research environment where upper-echelon scie
with pride and enthusiasm chieve breakthroughs of universal value. Wi
computer technology and the way it serves mankind will change ev
Leaving behind the restrictions of conventional technology, we ma
computer culture.

Toshi T. Doi

President, Sony Computer Science Laboratory
Dhrector, Sony Conporation

Senior General Manager, Super Micro Systems SBCG,
Computer & Multimedia Development Group,

Sany Corporation




Sony Computer Science Laboratory Inc. Perspective
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The Sony Co

the sole purpose

objective is to co

through original r

potential for achieving breakthroughs ir puter devi

policy to make public the results of our research and to :
menta tivities that have as their objective incre

vate corporations. Research currently under way h

tributed ¢ ting systems, computer networks

user interfaces, distributed artificial intelligence and oth
aspects of next-gene ion computers. With work in these field
ing point, we plan to expand into extensive reses in the ¢
ences. Each member of the Sony Comy T nce 1

he: ch goals within these basic rescarch themes

format such as research software or technical papers are

the names of the individual researchers. This is because we believe
research should be carried out by a group v its 0w init

the freedom of its individual members, and that a laborats
place dedicated to supporting this activity. The results achievex
member are evaluated through such media as techr

software products, and d sstic and internati

sional associ s« Therefore, in our compensation s cmput
pletely unrelated to seniority, each member is fir

accordance with his or her achievements tational F

puter virtualizic

buxkdy of each individ

sl Field and Intimate Computers,
trbuted Operating Svstems, Computer
ages. Voral Dislogue Understanding

ot Facial Expression
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Modeling Inconsistent Knewledge in Open Systems
The real world is open. Modeling the openness

real world is probably the greatest challeng
computer science today. Efforts to incorporate i
compuler an open system's dynamic and dist
functions as well as the potential for ct

ous components have pushed information science and
technology to their current limits. One of the greatest
problems we must cope with when dealing with open
sysbems is the potential existence of conflicts and incon
sistent knowledge. In the real world people use different
representations for the same object, and new know ledge
that conflicts with existing knowledge must be incorpo
rated dynamically. Sony CSL is in the process of devel
oping Morphe - which means™form”™ or “structure” in
Greek -- a programming system for modeling open sys
tems. Using Morphe we have proposed original con
cepts and methads for dealing with inconsistency. Maor
phe, for instance, possesses the concept of being an
observer, and from this perspective it can acquire infor
mation objectively. The development of a program
ming system like Morphe requires a lot of related
research, and the design, formalism and implementa
tion of Morphe, as well as all other research related to
it, will no doubt help stimulate progress in other areas
of computer science concerned with modeling open sys
tems.
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Exploring Agent Cooperation

Our research focuses on modeling agents and their inter
actions in large-scale open distributed computing envi
ronments. In such environments, both software modules
and humans can be modeled as agents. Co

one of the most attractive types of interaction among
agents. For instance, two or more agents can cooper
atively achieve the goals that no single agent can do by
itself. In sociology, this type of interaction is known as
synergiem and has attracted many researchers for a
long time. Typically, nateral language dialogues facili
tate effective use of cooperation. We believe that it is
remarkably worth providing computational accounts
on interactions. This will be an important step to com
prehend and enable smooth interaction not only among
agents but also between agents and their computing
environments.
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In an organic system. a local functional disability or
loss is compensated for by surrounding organisms in a
cooperative manner. This cooperative activity makes
the entire system robust against possible local failures
Organisms develop cooperative properties to m

system robust through “evolution™ at vari

in conjunction with the environment. The

my research is to develop software that will use “evalu
ation” as a means to develop cooperative activity 1o
make the system robust. | am currently stud

nisms that would enable autonomous software to spon
taneously initiate cooperative behavior through inter
action with the environment and to maintain it for as

enabled fa eaps in mo

are the perfect tool for achicy

however, that the p L MCUrTency
iculty of amming individual ¢
ects. Theref wethod for facilitating the

simy “ g ltiple con objects
long s is necessary. The research will produce robust and simultane { multiple concurrent Lo

systems that handle local changes by organic coopera
tion

is 1 essary. To achieve this we r 1 ways Lo
express concurrent object systems in object- and meta
le stocals which we can handle as objects. MOSS
oks, C. and Tokoro, M “Corversation among 5 (Apenas Ohbject Storage Syst subject of my
Agents”, in DECENTRALIZED ARTIFICIAL INTELLIGENCE 3 research, is designed to use s concu
{Procesdings of the Jrd European Workahop on Modelng Autonc e s e s i
mous. Agents in & Multi-Agent World MAAMAW 811 Enc W N DRRES. AT SR T e only individual con
andl Yves Demasean ode ). Elevier, North Holland 195 current objects but the J . There

Numaoka, C. “C s for O al Activity”, in Fro 0 use soch

oondings of the Snd Europoan Worksbop on Mo T B0 AL oneosmious
Agents and Multi agent Workds. 1991

free from c
network

es and protocols h e | would like

my slusdy o mnication and

a-high speed netw h nstruct future
network architectures by ng these concepts.
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Founding Principles of Operating Systems
In our rch on operating systems for a next Iimited

generation computing environment designed for large constantly ¢

scale distributed systemslincluding portable com SYSlems, in

puters), we face three scale ated problems. Thess are confirm

1) the inability to grasp the overall state of the system at mine the

one time , 2)the constant changing of objects in the tency &

syslem makes it imposgible to predict their long-term

behavior with our existing knowledge, and 3)the neces of a distrik u 1 wh i 1 puter systemn th
sity of satisfying the constraints of the real world, par are necesary in such a r i v 3 cesmed at any time
ticularly realtime constraints. The system we create apply knowl B

T Trabtami, M. T

must deal with such uncertainties. Expansions in scale and system science ¢ Urrrating Language Uirsers
alsn create the necessity of reconsidering object shar the Aperos e J 1 toth ] Software Engiorering, Vol 14 N aad
. } ires conveying - n questions
ing, which, in tum, requires conveying what you need ir qu Save. Y. Morisors, ¥ Tansks M. sad lchikaws. T_“A
Sapport System - Aut w Correction of Sade
we have 1o reconsider the sharing Mjects e, the - Caumed by Type Modifications™. in Procendeg ACM Com
puter Scienae Conberenoe. 1990

such a way that it can be identified by other users. And

sharing of objects exisiting in a timeaxis. This is a
problem involving naming methods. Portable, light
weight compuiers also force us to reconsider ot
migration: az ohjects themselves r A
to another, the environment in which objects exist also
changes continually. In short, an 05 architecture and a
network architecture need to be developed taking
object immigration into consideration. We are inves
tigating Apenos 1o solve such problems. and in the
future plan to expand the scale of our experiments and
continue our search for the ideal next gene
compuling environment
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The reason | use computers is that they provide an
environment that is completely under the control of the
user. The world created inside a computer is living
information that can be experienced through various |
0O devices and has the potential of becoming a new
means of expression. We cannot entrust the manage
ment of this precious information to the computer itself
We must have various levels for viewing information to
know how it behaves inside computers and to structure
it as we wish. As computer systems evolve towards
large-scale distribution. the problem of unreliable infor
mation received from distant places arises How te
specily the information we want and how to use it reli-
ably in a large-scale computing environment is the
theme of my current research. | have proposed the
hierarchy-relative naming scheme. which provides
names that are virtually unigue where global unique
ness cannot be assumed. It is capable of migration.
trangparent communication and can adapt to system
growth. 1 am also developing methods of security and
authentication that are consistent with this naming

Fujinami. N, and Yokote, V. "Naming and Addresing of (bpects
without Usigue ldentifiers”, to appear in Procesdings of the 12th
International Conference an Dustrituted Comguting Systems. 1092
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Breakthroughs are essential for d

in ultra-large-scale distributed syster

Concurre alk in which ther

objects is first applied to Smalltalk

beginning of a new era. My experie

Smalltalk cc ced me that concurrent objects a
reflection would be the breakthrough needed to
various potential problems in ultra-large-sc:
tributed systems. The Apne operating system, whi
am now studying, is a specific example. Operating sys
tems act as interfaces between the real and logical
waorld. Research into operating systems is, the
challenging 1'would like to expand the s
Apertos experiments and tackle problems

ultra-large scale distributed systems, such as the

dling of uncertainty, object migration, and ohject shar
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through a tace. We believe that the research will con
tribute 1o the foundation of introdu SR ioNA
tors into the user interface technology, and also
computational clarification of the essence of artistic
X e so that everyone ca: e them In future.
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Resercher's Environment
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sratory believes that th
® T
ereatively with pride and enthu
spacious private are;
sary for research, but also an environment that is ideal in ¢
. materials and time. For instance
that makes it possible for each researcher to freely o
her schedule. Throughout the laboratory itself can be
festations of our desire | tate cooperation
as the total absence of any signs that indicate title or ser
enable our researchers ygage in open discussions «
without being intimids by one another's positi
algo central as we call “core spaces” furnished with ¢
where our researchers can assemble informally at any time and ha
sions in a relaxed atmosphere. The researchers’ private rooms are ar:
around these core spaces. To make their research more pro
researchers are also encouraged to attend 1 rmational conferences w
necessary. W » also actively pursuing joint research in Japan and abr
with other research facilities that share our principles, as well as
activities whose objective is to facilitate exchange with foreign researchers

and to make mputer science mone international
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