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Abstract

In order to cope successfully with the highly integrated information society at the 21st
century, it is said that excellent and various R&D, which themes range from hardware to
software, such as high-definition television communication system, super high speed
microcomputer, human friendly information processing, is required.

In the middle of the ocean of the information from the multi-mediated huge intelligence
fountainhead through, for example, infemet, users have been requiring the environment in
which they could obtain their truly crucial information and utilize it to their daily life or business.
So it is necessary to develop a new information processing technique, especially R&D of man-
machine interface, which connects the human and the information processing device such as
personal computers, and more over, system interface, must be executed from a new standpoint.

As one of the breakthrough to the new R&D which meet the requirements of the times, this
Leading Research Committee (sendo kenkyu) focuses on the field of the function of the human
brain, sense and perception, searches a new concept of information processing device which
has a thoroughly different architecture from the one so far developed, aims R&D of basic
techniques to build the new system.

This is an endeavor to realize industrially the human-like information processing technology
such as memorization, learning, association, perception, intuition and value judgment, all of
which were primarily performed in the actual brain. To be concrete, a conceptual design
concerning the basic element of information processihg peculiar to brain function, and a
principle of development of the new information processing system, are investigated.

Study of the basic element: The brain is a system which gains the algorithm automatically.
Breaking down it into the elemental level, the basic element, which has unique traits of neuron,
i.e., super paralle]l processing characteristics and knowledge accumulating characteristics, is
attempted to be realized industrially.

For now, a prototype element which imitates the neural networks is experimentally
manufactured. A thousand neurons are completely connected and made the neural networks into
1 chip. The chip simulates a information processing network system of a million connections
with real-time execution. It tries to test the performance of super high speed neural network
systems which connects the 1000 neurons parallel with each other.

This deserves 200MIPS of the performance quotient of conventional computers. Software
which efficiently arranges it is also investigated.

Study of building a unique system of the brain: The brain is said to obtain information
processing algorithm automatically for well-adapted behavior to its environment. In other words,
the neural networks in the brain are memory buffers to store the algorithm, and brain is a sort of
the memory architecture type computer. The essence of information processing in the brain is
architecture which read out quickly the best output from huge amount of information stored
through experience.

A totally new mechanism is conceivably possible to perform it, that is, an architecture which
have not only rough conceptualization of input information, skillful fusion of the information
processes which test their hypothesis with top-down processing, but also excellent output
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response which extracts required information quickly. Moreover, as for a mechanism of
memory formation, it is important to make clear how it integrate the multi-modal sensory
information, how the short term memory is converted to the long term memory. To investigate
these, the newest technologies of optical imaging and / or functional magnetic resonance
imaging (fMRI) are to be developed and applied. Further, encoding and decoding of various
sensory and perceptual input and output are investigated to approach to the information
representation in the brain, and a principle of interface designing fully corresponding to brein
function is explored.

This report of the Leading Research Committee has taken into consideration these
technological movements, presenting the concept which takes in advance in “ Brain Computer” ,
which is the final target of brain function oriented information processing, and making direction
of R&D. \ :

That is, for formation of biological and industrial models from experimental brain studies,
the strategies of learning and learning control for the brain to aquire the algorithm automatically
(Brainware) are studied based on knowledge from measurements of brain activities which
enable to make such models. Furthermore, computational neuroscience proposes neocortical
neural network models which construct realistic neuron models to understand oscillation
phenomena in the brain.

Besides, evaluation of large scale neural net chip system so far developed confirms its
ability to learn and process at high speed. Further enlargement of the scale of the Brain
Computer as the first generation suggests construction of a new information processing system.

To yield next generation of the Brain Computer, it is required to research and develop
architectures founded on some new concepts, or elements and systems which realize them.
Positioning the issues in information engineering field, and drawing their realizable images, are
tried. :

At the International Workshop on Brainware, there were lectures on recent technological
movements in this field by Japanese or foreign specialists in 7 sessions, namely, “ Information
Processing in the Brain (1)”, “Information Processing in the Brain (2)”, “ Measurement of
Brain Activities”, “Devises and Systems”, “Brain Computing”, “Panel Discussion” and
“ Poster Session” , and active discussions were brought about. |

Foreign technological movements about sensor fusion, micro-technology of intelligence
system, image processing and generating, was investigated by dispatching specialists to US.

A new information system at which the objective of the R&D for brain function oriented
information processing is desired basically very highly and anticipated enthusiastically, yet
thought to be lacked a concrete developmental strategy.

However, it must produce rapid progress to stack more of the outcomes reported here and to
realize engineering application of them.

This research has been deliberated its line by planning and technological committees of
Leading Research Committee - Strategies for Automatic Algorithm Acquisition in the Brain
(Brainware) - consisted of researchers at national research institutes, universities or companies,
and partly performed by the agency of cooperation with outside specialists.
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