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ABSTRACT

Characteristics of Ultra-large Scale, Ultra-high Autonomy, and
Ultra-low Power are required for the system which is necessary to
solve social problems we will face in the future. In order to realize
them, we focused on the mechanism of brain which features
excellent scalability, environmental adaptability, and power-
saving ability. In this paper, we consider about the new computing
architecture, Brain Inspired Computing, which is based upon the
brain mechanism.
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1. Background

1.1 Singularity

Although it took time of more than 20 billion years since the
beginning of life till multicellular life was born, the frequency of
event occurrence which makes a significant impact on the world
has been growing increasingly [1]. Most of the disruptive changes
that have shaped the current society happened in the last 100
years. Ray Kurzweil advocated that if accelerated evolution of this
technology is to continue, the technological singularity that the
artificial intelligence exceeds the intelligence of the people will
come in 2045 [2].

1.2 Problem Statement

In the era of Singularity mentioned above, international
organizations such as the United Nations, are predicting the
depletion of energy resources and food resources, and the arrival
of aging and population decline problems. Especially sharp
decrease of the labor force due to aging and population decline is
inferred to give a big impact on the operations of the social system
and economic activities.

To solve these problems, utilization of BigData analysis
technologies using various artificial intelligence is expected.
However, the proliferation of the BigData analysis utilization
causes the explosion of computing resource and the data
specialist’s work load. And also large amount of computing
resources requires huge operation and management work load.
This situation will be more serious in the future when the aging
and population decline problem getting worse.

1.3 Subject

In order to solve these problems mentioned above, we defined that
it is the challenge in information and communication technologies
towards Singularity era to realize a computer that meets the
following requirements.

» Ultra-large scale
» Ultra-high autonomy
» Ultra-low power

This paper, introduces an approach to meet these three
requirements.

2. Consideration of Brain Functions

2.1 Brain vs Current Supercomputer

Toward the realization of a new computer system to solve the
problem as previously mentioned, we focused on the "BRAIN".
Human brain is a system with about 1kg weight and 20 watts
power consumption, and it is able to recognize, determine, control
motions, memorize and learn the entire process. Even small
animal such as mouse or fly is capable of recognition,
determination, motion, memorization and learning.

It is said that whole human brain emulation needs 1,000 times
of the current supercomputer performance [1]. Of course, the
required power for them and the operation management effort are
enormous.
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Figure 1. Supercomputer Power (modified from [1])

2.2 Recent Brain Science Research Activity

In recent years, brain science research is showing significant
progress in the development of observation technology. Since the
high-precision observation became enabled in non-invasive way
by fMRI and NIRS, a large amount of high-precision observation
data are obtained from the living brain and it has become possible
to grasp, analyze and estimate the brain "activity" itself [3] . Also
it has become possible to observe the neuronal activity in the
depth of the brain by the development of microscopic techniques,
and the relationships between brain structures and brain functions
are also being elucidated [4].

BICT 2015, December 03-05, New York City, United States
Copyright © 2016 ICST
DOI 10.4108/eai.3-12-2015.2262461



Understanding of
high order
functionality

Design of
programmability

Design ofi

Understanding of
brain structure

Design of computer
architecture

Figure 2. Brain Inspired Computing System

2.3 Our Objective and Approach

Brain function and its mechanism has become to be investigated
precisely, so we believe that we can realize a new computer
system which solves the previously mentioned three challenges by
focusing on the cutting-edge results of these studies, extracting
and organizing the elements available for engineering purposes.
By this approach, we try to realize three technologies, new
computer architecture, calculation mechanism and programming
model. In addition, these technologies can be flexibly
implemented by several kinds of methods (semiconductor chip,
10T, supercomputer, etc.) The application of these results will
cover various fields such as society, workstyle and livelihood.

3. Brain Inspired Computing (BIC)

3.1 3 Layer Structure of Brain Science Research

We categorize the brain science research into the three-layer
structure. The first layer is the investigation of the nerve circuits
and the physical structure of brain. The second layer is the
investigation of the behavior of nerve cells and the mechanism of
basic functions of intelligence produced by neural network, such
as recognition, determination, motion, memorization and learning.
The third layer is the investigation of the high-order brain
function that leads to creativity such as concept generation and
verbal communication, etc. At present, these three layer studies
are independent from each other respectively, and are
concentrated in the "investigation of the brain" in each layer. We
recognize these brain science researches in the three-layer
structure from the viewpoint of computer, and associate these
three layers vertically and integrate them as a computer
technology.

3.2 Reflection of Brain Science to Computer Science
We rethink the three layers of brain science research from the
perspective of computer engineering (Figure 2). Study of the first
layer is the investigation of physical circuit structure integrated
and interconnected with component levels of synapses and
neurons, and can be applied to the structural design of architecture
in computer system. Study of the second layer is the investigation
of neural circuit signal processing model, and can be applied to
the design of the calculation algorithm. Study of the third layer is
the investigation of the high-order function mechanism such as
concept generation and verbal communication, etc. caused by
integration and operation of the second layer functions, can be
applied to the design of programmability. Of course, each layer of
the above-described computer system study is related mutually
and it is necessary to cooperatively designed.
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Figure 3. Progress of Brain Inspired Computing

By the way previously proposed, BIC System aims to solve
Ultra-large scale, Ultra-high autonomy and Ultra-low power
subjects in the future BigData solutions.

3.3 Progress of Brain Inspired Computing

It is said that the human brain is consisted of 100 billion neurons
[5]. The brain realizes the functions of recognition, determination,
motion, memorization and learning.

The evolution of BIC system depends not only on the number
of neurons or circuits, but also on the complexity of functions
(Figure 3). As the first step, by our research we realize the
autonomous behavior BIC that can recognize, determine and
control motions automatically and adaptively. The autonomous
behavior BIC can become the platform for “True Al” system
research, and in the future these “True Al”s collaborate each other
as the “Coordinated Collective System”.

4. Conclusion

In this paper, we considered the cooperation between brain
science and computer science and discussed realization of a new
computer system based on these. We believe the new paradigm
brought by Brain Inspired Computing (BIC) is able to solve
subjects of Ultra-large scale, Ultra-high autonomy, and Ultra-low
power.

Our goal is to solve social problems by the realization of the
BIC and to cause a technological singularity. In this case, the
singularity is not a threat of humanity. It will become a desirable
starting point to challenge many social difficulties.
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