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Abstract

In the world of information technology, many systems with a complex configuration of many
computers connected by various networks are currently in operation. A user can easily use one of these
complex systems as if it were composed of only one computer. Usually a user does not worry about the
complexity of the system configuration. Similarly, we use our tremendously complex brain with ease.
Usually we do not worry about the complexity of our brains.

To investigate consciousness and self, a design method based on functional hierarchy and invisible
computing, which is effective in complex information system designs"?, was applied to a design of an
autonomous adaptive system that has a similar configuration to a animal brain and uses neural networks as a
system element®.

1. Basic configuration and functions
1.1 Basic configuration

The basic configuration of the system was designed to match certain functions of an animal brain,
shown below.

1. The system must adapt autonomously to a complex environment without a teacher. Large

amounts of information are input to the system from this environment.

2. When adaptation operation begins, the system has basic functions corresponding to the

instinctual body-control functions of animals. For example, pleasant and unpleasant rewards can
be distinguished.

3. Though neural nodes that operate very slowly compared to normal electric gates are used, the

system must decide upon an action as quickly as possible in accordance with the system’s

current situation and previous experiences.

4. The system must use these experiences as effectively as possible.

5. Only a minimum amount of resources and energy can be used by the system to adapt.

The basic configuration of the system is shown in Figs. 1 and 2. To investigate clearly, the configuration
was simplified and abstracted as much as possible.

The system is mainly composed of several functional modules. A concept module (CM) with concept
formation functions operates bi-directionally as an encoder of large amount of information expressed by
micro-features, and a decoder of recollected group of concepts in the system. A binding module
(BM)connects information of an object and its location. A declarative memory module (DM) with an
episodic and generalized-rule memory function memorizes the sequence of the system’s experiences such as
scenes, decided actions, and rewards, and recalls these experiences associatively. In addition, generalized
rules are abstracted from these experiences.

An integration and core control module (ICM) connects these modules. The integration part of this
module (I-ICM) selects the most important combination of concepts or information in the system at that time
on the basis of a mutual vote executed by nodes that represent concepts or emotional states. This function
corresponds to global workspace theory (GWT)**®. The core control part of this module (C-ICM) only has
an active control function and decides whether to act as a system based on emotional states. Emotion is
thought to be information sent automatically from automated part of the system, such as control signals of
visceral organs adapting to various situations in case of animals’®. Function modules above mentioned can
be implemented by the method based on Haikonen® and Kinouchi et. al*****? using neural network.
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1.2 Basic functions in a lower layer

As a main learning method, the system tries to take repeat actions that resulted in a pleasant feeling and
to avoid repeating actions that resulted in an unpleasant feeling. The system performs these actions faster and
more appropriately through learning. To decide upon an appropriate action as quickly as possible at each
time, processing is executed mainly in three paths. Path 1 is the quickest process, which bypasses the BM
and ICM. Usually we are not aware of this process. Path 2 is an impulsive process in which an action can be
quick, but sometimes inappropriate because declaration memory was not accessed. Path 3 is a reflective
process in which an action can be slowly and more appropriately taken because of the use past experiences
with associative memory access. The path 1,and 2 roughly correspond to a 2-systems model that explains
social behavior as a joint function of reflective and impulsive processes by F. Strack and R. Deutsch.

The DM memorizes only information that is selected by mutual vote, decided actions, and rewards in
the sequence. At this time, only the short-term memory instantaneously memorizes the content. However,
this content is slowly transferred to the long-term memory in sleep mode. In addition, the content of the
long-term memory is compressed as a causal rule and stored in the generalized-rule memory.
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More detailed operations of the path 1 and 2 are shown below. First, to decide the action using the entire
system, information from the environment and the body is primarily selected by a filtering process
corresponding to usual attention. After binding the information of an object and its location, the selected
information is stored in temporary memory A. Contrarily, the content recollected previously is decoded by
CM, and returned to the information at the micro features level. This information is then primarily selected
by attention. Seeing this selected information has no location information because of recollection in the
brain, BM stores it in temporary memory B.

In I-ICM, each neural node corresponding information from temporary memories A and B and
emotional information from temporary memory C votes mutually. Winner nodes of the vote represent the
most important information group for the entire system at that time. Using mutual vote method, flexible
selection of important information from a lot of information can be done. An action and reward are predicted
based on the information selected here. Then predicted action and reward are checked whether they satisfy
conditions that are set by C-ICM according to the emotional states in temporary memory C. When this check
is positive, an action is executed. When it is negative, prediction of another action and reward is recollected
from DM and compared with the conditions. When an idea, which satisfies the conditions, is recollected, an
action is executed. In this case DM is accessed as an associative memory for the result of mutual vote in I-
ICM.

2. Self as an upper layer function

For this system to efficiently control and adapt itself, an upper layer was designed over the layer
described above, as shown in Fig. 3. The minimum information necessary for the system to control and adapt
itself is selected from the lower layer. The information not selected is invisible in the upper layer. The
relationship between this selected information is defined as functions of the upper layer. ** Selection of
necessary information is executed according to our daily “awareness”. We daily feel “(1) real-time
information of the environment and our body as actual phenomena outside our brain”, and “(2) recollected
images and states of mind as mental phenomena inside our brain”. “Self” is defined as a type of function
with inputs, output and states. Inputs are real world content in temporary memory A. State are contents of
recollection in temporary memory B and information of emotion in temporary memories C . Output of “self”
is partially expressed in temporary memory B. “Self” has a blurred region confined by the feeling that (1) is
input from the real world to the self, and (2) emerges from inside of itself. The feeling of this emergence
inside is formed by the reason that recollected images and emotional content neglect the physical location of
the information sources. On the contrary, real substances accompany their physical location information in
the real world.

As the upper layer function, “self” recollects past experiences from declarative memory as if it is in the
world expressed compactly by decoded information such as scenes (combination of concepts), and decided
actions, though it does not directly feel these decided actions. It feels only a kind of images to act, or a
change in the body and environment by this action.
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3. Discussion

1. Consciousness works effectively when the system flexibly decides on an action by considering the
overall situation. In case of path 1, to act as quickly as possible, the system does not use I-ICM, this means
that system is unconscious to the action. Then, action of the system becomes a patterned operation without
flexibility. On the other hand, to use I-ICM along path 2, it is indispensable that various types of information
from a different route are buffered during a certain period. An important matter is not given high priority
when the system processes on a first-come-first-serve basis. It is necessary to buffer various types of
information, and to select an important matter from among this in a certain period. Additionally, it is
necessary to wait for the vote between nodes with the longest distance. That is, a certain fixed time is also
indispensable. As for the path 2, a more appropriate action can be done though it is not a high-speed
decision. In the path 3, action is more appropriate and rich in variety using past experiences though actions
are slowly decided according to the memory access.

2. As “self” cannot be directly aware of its own state with the exception of emotional memory, the
contents of “self’s state” has to go around CM and BM to be conscious. This means that “self” can only see
itself through; for example, a mirror, and has a property of a “recursive self” based on the basic
configuration. We suppose that this function is roughly suitable with the experimental results of Libet.”
Detailed examinations will be necessary in the future.

4. Conclusion

From the viewpoint of complex information processing system design, a system that autonomously
adapts to a complex environment with a brain-like configuration composed of two functional layers: a lower
and an upper layer, was designed. Total conscious phenomena are described in detail as adaptive processes
with maximum flexibility depending on various functions and information in the lower layer. However,
masking certain functions and information in the lower layer based on our daily conscious experiences,
“self” is described as a logical function in the upper-layer for simple and efficient adaptation. We are now
simulating the configuration on a computer to clarify its operational characteristics in detail. In addition, as
the system architecture described here is too simple to be used to construct a brain-like processing system,
we are investigating ways to execute higher-level functions.
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