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Abstract

A cogmtive model of conscious/unconscious processing (the C/U mudel) is proposed.
The model consists of two closely interactive parts: symbolic processing and nonsvmbolic
processing. We assume that symbolic processes are executed in parallel in syibolic pro-
cessing. At most one of these processes is executed consciously (conscious processing)
and the others, for cxample, experienced processes, are executed antomatically {symbolic
unconscious processing). Conseious processing cau handle complicated tasks, because it
can access recenl wemory which keeps the recent contents of conscious processing. Non-
symholic processing is spreading activation in a networl, which is executed unconsciously
{nonsymbolic unconscious processing). It associatively narrows down knowledge that can
be accessed from symbolic processing, thus it enables efficient execution of symbolic pro-
cessing. Conversely, symbalic processiug fixes attention in nonsymbalic processing, thus
it enables efficient and systematic execution of nonsymbolic processing.

We have implemented some small examples in a parallel logic programming language.
We noticed the correspondence between the basic characteristics of the C/U model and
the characteristics of the language: ANTD-parallelism, choice nondeterminism, and the
suspension rule. We utilized these characteristics as is and added some functions.

Key words: cognitive modeling, conscious/unconscious processing, symbolic/nonsym-
bolic processing, parallel logic programming language



1  Introduction

The cognitive architecture of human beings has been modeled mainly in twe ways:
modeling based on networl architecture analogous to the neural network (for example,
[7]), and modeling based on serial symbolic processing. The former can explain antomatic
sensory and motor systems, and associative cognitive processing. 1t has the advantages
of inherent parallelism, tolerance to fanlts and noise, and graceful degradation. However,
it iz not suitable for executing symbalic processing.

The latier, however, can explain symbolic problem-solving and inference, bul it is not
sufficient for modeling cognitive architecture as a whole. For example, it is dillicult to
extract relevani knowledge dynamically; this is one of Lhe causes of the frame problem. It
is also difficult to make a correspondence between inpul signals and concepts which are
used by Lhe system. The dilliculty with syimubol-based modeling appears as the bottleneclk
of knowledge acquisition in building expert systems,

In section 2, we propose a cognitive model that utilizes the benefits of both a network-
based and a symbol based model. We also discuss the other viewpoint of the model, that
15, the distinction between what one can be eonscious of and what one cannot be conscions
of. Section 3 describes a simulation method that utilizes the characteristics of a parallel
logic programming language and briefly introduces the language, Section 4 shows scine
cxamples to explain the model.

2 C/U model

lere, we propose a cognitive model of conscious/unconscious processing (C /U model)
which explains various features of mental processes as follows:

s Mental processes oceur in parallel. For example, sensory, cognitive and motor sys-
tems can work at the same time.

o There are two kinds of processes: what one can be conscious ol, and what one
cannol be conscious of. For example, a person can be conscious of logical inferences
and the results of recognition, bul cannot be couscious of how he recognizes human
[aces or how he comes up with an idea.

* A person 13 usually conscious of one thing at a time.
e A person can tell what he was recently conscious of.

e The knowledge of which a person is conscious is antomatically limited to items

which relate to the current context. Therefore, he can think efficiently.

e On one hand human reasoning seems to be systematic, but on the other it seems to
be associative.

e As a person becomes experienced at a task, it becomes automalic.

¢ The earlier stage of inputl processing is not aflected by conscious processing, but the

later stage is allected.
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Figure 1: Structure of the C/U model

Fig. | shows the stroctore of the C/U model. The model consists of two closely inter
active parls: symbolic processing, of which a person can be conscious, and nonsymbaolic
processing {or pattern processing), of which a person cannot be conscious. Both parts are
executed in parallel,

We assunne that symbolic processes are executed in parallel in symbolic processing. At
most one of these processes 1s executed conseiously {conscious processing ) and the others
are executed automatically (symbolic unconscious processing). One example of svibolic
unconscious processing is an experienced skill. A state that has no conscious process is
expressed as losing one’s consciousness or sleep without dreaming.

One of the characieristics of conscious processing is that it can handle cornplicaled
Ltasks by utilizing recent memory which keeps the contents of recent conscious processes.
Recenl memory has limiled capacity, and it docs not keep the candidates which are not
selected and of which the person is nol conscious, but keeps what the person was conscious
ol. Thus, it does not caable strict backiracking such as Prolog offers, but enahbles pseudo-

backtracking. It also enables return from a short interrupt. For example, if a person is



mterrupted while doing a task, he can resume the task if the interruption is short.

We suppose that there is an unconscious process that decides which process a person
is conscious of (unconscious metaprocessing). For example, a person is usually forced to
pay attention to changes in input from the environment, and tends to do tasks to which
be is accustomed without paying close attention (o Lhem.

In nonsymbaolic processing, nonsymbolic (or pattern) processes are executed in par-
allel and unconsciously (nensymbolic unconscious processing) by spreading activation.
The functions of this pari are processing of input and cutput signals, and associatively
narrowing down knowledge that can be accessed from the symbolic processing part., The
processing of the nonsymbolic part goes on receiving activation from the input modules
and and attention from the symbolic processing part, and according to the weights of the
connections which reflect the stalislical properties of past processing,

As mentioned above, ponsymbolic processing dynamically extracts relevant knowledge,
thus it enables eflicient execution of symbolic processing. Conversely, symbolic processing
fixes attention in nonsymbolic processing, thus it enables efficient and systematic execu-
tion of nonsymbolic processing. Although attention has influence on nonsymbolic process-
ing, the erigin of attention is knowledge which was activated by nonsymbolic processing.
In spite of this eyvelic structure, we do not regard consciousness as only a secondary phe-
nomenon. We believe that consciousness controls the whole system to some extent and
ability of the whole system is much higher than that of a nonsymbolic system because of
the following reasons:

¢ One is conscious of at most one of currently activated knowledge, that is, there is a
selection.

¢ Attention depends not only on currently activated knowledge but also on activated
knowledge in the past which is stored in recent memory.

Larly processing of input signals is done in inputl modules which are the outside of the
C/U model, and the functions of input modules are not affected by symbolic processing.
limotion, desire, and mood are also the outside of the model.

The words “couscions” and “unconscious” are used in various ways. (See, for example,
[G].) Representations such as losing or recovering consciousness correspond to the absence
or presence of couscious processing in the CfU model. Consciousness as a monitor of the
current process is represented in the model, too. Epistemic awareness about the contents
of memory, such as what one knows or how one ablains knowledge 15 not handled in the
madel. Consciousness of self is not handled, either,

The termy “unconscious processes” refers to various kinds of processes: symbolic un-
conscious processes as experienced skills or processes without focal attention, nonsymhbaolic
unconscious processes such as nonverbal processes hiding under symbolic processes, pro-
cesses In input/output modules, or emotion, desire, or mood.

3 Simulation in a Parallel Logic Programming Language

This section describes a simulation method that utilizes the characteristics of paraliel
logic programming languages. In this paper, it is explained using Guarded Horn Clauses



(GIC) [12], a parallel logic programming language, but the basic idea is common to
simulation in other parallel logic programming languages, such as Concurrent Prolog [11]
and PARLOG [2].

3.1 Overview of GHC

GHC was designed as a general parallel programming language based on Horn-clause
logic, It can be used for describing concepts proper to parallel programming such as
parallelism, processes, communication, and synchronization. Its framework is snitable for
describing open systems which interact with the outside world.

A GHC program is a set of guarded Horn clauses of the following form:

H:-G1,...,Gm | B1,...,0n. {m>0, n>0)

where H, Gi's, and Bi's are atomic formulas. His called a clause head, the Gi's are called
guard goals, and the Bi's are called body goals. The connective :- means ‘is implied
by’ and , means conjunction. The only difference from an ordinary Horn clause is that
one of the conjunctive operators is replaced by a commitment operator, |. The part of a
claunse before | is called a guard, and the part after | is called a body. Declaratively, the
commitment operator denotes conjunction, and the above guarded Horn clause is read as
“His implied by G1,...,Gm and B1,...,Bn". .

AND-connected goals are solved in paraliel. This kind of parallelism is called AND-
parallelism in this paper. Clauses which can be resolved with a goal are searched in
parallel, and one of the clauses whose guard has succeeded is selected; at that time, other
candidates are discarded, therefore, the selection cannot be made again. This kind of
nondeterminism is called choice nondeterminism. Choice nondeterminism is nol suitable
for gathering multiple solutions, but it is suitable for describing the progress of things in
the real world. AND-parallelism and choice nondeterminism are common characteristics
of parallel logic programming languages.

GHC introduces partial order on bindings by the snspension rules of unification:

¢ Guard goals canuol instantiate the caller.

¢ Dody goals of a clause cannot instantiate the caller until the clanse is selected.

Unification that can suceeed only by causing such instantiation is suspended until
it can succeed without causing such instantiation.

GHC can be viewed as a process description language. That is, a goal can be viewed as
@ process that observes input bindings and generates output bindings according Lo them.
A program clause can be viewed as a process rewrite rule. Interprocess communication
15 done using shaved variables, and synchronization is realized by the above suspension

rules,

3.2 Simulation Method

This section explains the correspondence between the concepts in the C/U model
and the descriptions in GIIC. 1t is inleresting to point out the coincidence of the char-
acteristics of the C/11 model and those of GHC. Tt means that the characteristics of a
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computer language which 15 designed for eflicient parallel processing coincide with the
basic characteristics of human information processing which is & result of the evolution.

Symbaolic processing in the C/U model is described as successive starting of processes
in the AN /OR-tree structure, and nonsymbolic processing in the model is described as
interprocess communication in the network structure (Fig. 2).

) AND process (gozl)

E:(l) !_?) OR process {(clause) and process

which indicates its activity

i ) OF process (clause) and process
B L’ which is activated by the clause
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Figure 2: Computation in the C/1 model

A template of the program which simulates the C/U model is shown below. In GHC,
we follew the syntactic convention that begins variables with uppercase letters. [n the
following templates of programs, most arguments are omitted for simplicity.

mental _processes{ ):- truel
symbolic_processing{ ),
nonsymbolic_processing( ).

This clause says that symbolic processing and nonsymbolic processing are executed in
AND-parallel.

A template of clauses which represent symbolic processing is as follows:

head{ J):- Statel=activel

goalll( ),...,goalin{ ). (1)
head({ ):- StateZ=activel|

goal21( J),...,goal2m( ). (2)
head({ J:- Statel=activel

goal3i{ J,...,poal3l( ). (3



Statel, Statel, and Stated are variables which denole the activily of each clause, (1),
(2), and (3). Each variable is kept uninstantiated while the corresponding clause is
mactive, and it 15 instantiated by nonsymbolic processing when the corresponding clause
turus active. If the variable is not instantiated, execution of the guard goal is suspended
according to the suspension rules of GHC.

Clauses of this form represent the following concepts:

» A kind of parallel processing
Body goals can be solved in paralle! {one type of AND-parallelism). This represents
one kind of parallelism in human informalion processing, that is, one can do many
things at the same time; one thing is done consciously, while the others are done
automatically.

s Arrival order dependency
Which clause is chosen among clauses whose guard goals have succeeded is not
decided deductively. It typically depends on the order of success. As Ilewitt points
out, the behavior of concurrent syslems is often critically affected by the arder
of wrival of communications, and in general, the arrival order decisions are not
deductively derivahle [4]. We suppose that the arrival order dependency is common
to o information processing.

s Stream of consciousness

Once 2 clause is chosen, the selection cannot be made again (choice nondetermin-
ism}. This represents the nature of nondeterminisin of human information process-
ing, that s, processes proceed as time passes and basically do not backtrack. For
the conscious process, this represents a stream of consciousness.

o [inowledge with scope

Only a clause whose guard has succeeded can be chosen, and one of the guard
goals of each clause tests the activity of the clause. This represents knowledge with
scope which enables efficicnt inferences according to the context. That is, symbolic
processing can access only knowledge which is activated by unconseious processing.

» lnput-driven processes

While the variables which denote activity of the clauses are not instantiated, exe-
cutions of the guard goals arc suspended. This represents input-driven processes,
thal is, one iz conscious only of the presence of some stimulus, but not conscious of
its absence.

An example of clauses which represent nousymbolic processing in the C/U model is
partly shown below. This part of the C/U model can be viewed as simulating the connec-
tionisl model [7], that 1s, a node in the connectionist model is represented by a process in
GHC program, and spreading activation is represented by interprocess communication.



process(Inl,In2,0utl,Read, Activity,Statel) ;= Inl=[firel|Tail)l
calculate(Activity,Newhctivity),
sot_Outl_if_necessary( ),
instantiate_Statel_if_necessary( J,
processzail,InE,ﬂutl,Raad,H&uActivity,StatelJ,

prn:ess(Tni,In?,ﬂutl,Read,ﬂctivity,ﬁtatﬂ}:—
Read=[(Thresheld,Statel)|Tai1ll, Activity>=Threshold|
Statel=active,
process(Inl,InZ,0utl,Tail,Activity,State).

procassﬁlnl,lni,ﬂuti,R&ad,hctivity,_]:—
Read=[(Threshold,5tatel}Taill, Activity<Threshold]|
process{Inl,In?, Outl,Tail Activity . Statel).

The process programmed here has two input streams, Inl and In2, and one output
stream, Outl, for interprocess communication. The process has a corresponding clause,
(1), for the symbolic processing shown above. The activity of the process can be read
through a stream, Read. The first clause of the program means that if the Inl stream is
instantiated, that is, if the process which is connected through Inl fires, then Newhctivity
15 calculated, and so on. The second clanse shows that if a messapge, (Threshold,Statel),
comes {hrough the Read streamn, and the process is active, then variable Statel in the
message s instantialed. Variable Statel is used for judging the activity of clause (1} as
shown above.

To sum up, frem Lhe viewpoint of expansion of the basic funetion of GHC, the function
of the Cf/U model is described as follows: the model utilizes AND-parallelisin, choice
nondeterminism, and the susptnsion rule of Lthe language as a basis, narrowing down OR
candidates with nonsymbolic unconscious processing, and enabling pseudo-backtracking
with recent memery in conscious processing.

The unconscions process that decides which process a person is conscious of has not
been implemented. It is planned to be realized as an expansion of the GHC interpreter;
the basic idea is that processes which can be executed deterministically by narrowing
down OR candidates tend to be execnted antomatically.

4 Examples

This section describes some examples to explain the advantages of the C/1U model.
Example 1 shows dynamic extraction of knowledge which relates to the current context.
Frxample 2 describes pseudeo-backtracking utilizing recent memory. Lxample 3 explains

problem solving and retrieval of knowledge. Example 4 is an example of AND-parallelism,
input-driven processes, and skill acquisition.

4.1 Example 1: Knowledge with scope

In conventional knowledge representation such as frame or semantic networks, knowl-
edge is statically represented for particular problems; thus, it is difficult to use the knowl-



eclge for other problems. If knowledge is added for further use, another problem of speci
fying relevant knowledge oceurs.

Tor example, the hierarchical relation among horse, table, and bicycle must be repre-
sented differently depending on the problem as follows:

—— ——— ——l—

animate inanimate cannot_be_ridden can_be_ridden unstable stable
[ e I — I Emm—
horse  table  bicyecle table bicyele horse bicycle horse  table

In the C/U model, these relations are all represented together as shown below, and
related knowledge is dynamically extracted by nonsvimbolic unconscions Processing ac-
cording 1o the current context. For example, in a context which relates to a trip, the
property, can-be-ridden, may be found. Nonsymbaolic processing is not shown here; it is
written as spreacing activation as shown in section 3.2,

preperty(horse,X):- Lifesactive| X=animate.
property(horse,X) :- Riding=active| X=can_be_ridden.
property(harse,X):- Stability=active| X=stable.

property(table,X):- Lifesactive| X=inanimate.
property(table,X):~ Riding=active| ¥=cannot_be ridden.
property(table,X):- Stability=active| X=stable.

property(bicycle,X):- Life=active| X=inanimate.
preperty(bicycle,X):- Riding=active| X=can_be_ridden.
property(bicycle,X):- Stability=activel X-unstable.

4.2 Example 2: Pscudo-backtracking

Waltz et al. explained the interpretation of semantic garden path sentences by an
activation network [14]. Initially ambiguous and unstable, the network settles on a single
interpretation, using a parallel, analog relaxation process. An example is the sentence,
“Ihe astronomer married the star.” “Star” means boll movie star and celestial bady.
The meaning, celestial body, is initially highly preferred because “astronomer” primes
celestial body, but eventually, since celestial body conflicts with “imarried”, the meaning,
movie star, wins.

They argue that, if activation level is taken as a prime determinant of the contexts
of consciousness, then Lheir model captures a common experience of people when hearing
the sentence. However, they do not argue furtlier about consciousness and backtrackin £

In the C/U model, the interpretation of semantic garden path sentences is explained
as intentional pseudo-backtracking using recent memory. In the following program, non-
symbolic processing is not shown, and some arguments are omitted for stmplicity.

Y



ncaning(star,Meaning,none),
consistency_check(Meaning Result,..),
branch(Meaning,Result,..),

branch(Meaning,consistent,..}:- truel! true.

branch(RecentMemory, inconsistent,..):- truel
meaning(Word ,Meaning ,RecentMemory),
consistency_check(Meaning ,Result,..),
bra.nch{}':eaning JResult,..).

meaning(star,Meaning,RecentMemory) :-
CelestialBody=active, CelestialBody\=RecentMemoryl|
Meaning=celestial _bedy.
meaning(star,Meaning,RecentMemory) : -
MovieStar=active, MovieStar\=RecentMemory |

t-Tean'ing=mcvie_5Lar.

Lhe second clause of branch shows that if the meaning was inconsistent, another meaning
15 found and its consistency is checked again. The first clause of meaning says that if
CelestialBody is aclive and it is nol in RecentMemory, that is, it was not tried before,
set the meaning of “star” to celestial body. The capacity of recent memory is set to 1
for simplicity.

4.3 Example 3: Problem solving and retrieval of knowledge

Currently we are trying to simulate the process of problem solving with the model.
As an example, we took up the process of daing a task of selecling a disparate one of a
few items, for example, {speak, run, walk, write}. The process of doing this kind of task
comsists of conscions processing and unconscious processing as stated below.

We believe that there are three phases in Lhe task. In phase 1, the solver’s attention
is set. For example, he pays attention to some of the items of the problem. In phase 11,
a feature for sclecting a disparate item associatively accurs to him by nonsymbolic un-
conseious processing, according to his attention, his implicit knowledge which reflects his
experience, the context and so on. Tn phase 111, the fealure of each item is examined
cousciously nsing the solver’s explicit knowledge. If exactly one item is disparate in the
teature, it can be an answer. I not, his attention is altered (phase I) according to the state
of the failure and his explicit knowledge which contains strategics for problem solving,
hierarchival relations of some features and so on, and then phase I1 is repeated with the
atiention.

This kind of task contains two types of vetrieval of knowledge: easy retrieval and
difficult retrieval. The value of a feature of an item, for example, ‘Lhe color of snow’, is
easily retricved, but retrieval of {eature for selecting a disparate item is difficult. Another
typical example of difficult retrieval is to remind the name of one's classmates as many
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as possible. Fasy retrieval consists of one cycle of attention-extraction, that is, expected
answer occurs easily under the first attention. Difficult retrieval consists of many cycles of
attention-extraction, that is, it requires a chain of systemalic processing and associative
processing.

When the given problem is difficult, the task can be regarded as an example of dizcov-
ery. Dynaniic extraction of relevant knowledge by nonsymbolic processing enables efficient
conscious processing in ordinary problem solving. However, it makes it diffienlt to obtain
free and new ideas, Thus we assume that free unconscious processing is necessary for

dhiscovery.

4.4 Example 4: Simulation of a robot

This example has not been impiemented, bul here, we briefly point out the advantages
of the C/U model for representing this kind of problem. A robot should do many things
at the same time, such as problem solving, speaking, and moving its arms and fingers.
The C/U model can describe Llis kind of AND-parallelism. Consciousness enables serial
communication with the parallel system, the robot, at an appropriate level, that is, the
level of consciousness is appropriate for communication with man. IRecent memory 1s
necessary for problem solving. Since a robot receives stimuli from the outside world, input-
driven processes are necessary, too. The C/U model can also explain skill acquisition as
shown below.

If a robot is nol experienced in a task, it consciously executes the task in detail. For
example, il moves its arm above a block, opens its hand, lowers its arm, and closes its
hand. If Lhe robot masters the task, it only pays attention to more abstract levels, such
as moving & block, and detailed actions are done automatically. In the C/U meodel, skill
acguisition of this kind 15 explaimed as parrowing down OR candidates so that there Is no

need for selection, thal s, so Lhat the task can be done automatically.

5 Related Research

Pylyshyn [9) hypothesized three autonomous levels of description: biclugical, symbolic,
and semantic. Ile also insisted on the distinction between functional architecture and
1'&5]l'l.'..‘ECJl‘t-Elt.;U['I-HUVEI'J.JL‘l] cugnitivu PriEsEes. CuguiLi\-‘c Prowesses are realized b}’ E}'mbﬂI
systems. Cognitive processes are said to be cognitively penetrable, which means that the
function of the architecture can be altered in a semantically regular way by changing the
subject’s goal or beliefs, and functional architecture is said to be cognitively impenetrable.

Symbalic processing m the C/1] moclel corresponds to cogmitively penetrable cogni-
tive processes, and nonsymbalic processing in the C/U mode! corresponds to cognitively
impenetrable funclional architecture, -

Fodor and Pylyshyn (3] insist that implicit reles are hard-wired; here, being implicit
means that a rule cannot be maodified or examined. In the C/U medel, implicit rules are
nol necessarily hard-wired, Nonsymbolic unconscious processiug 1s implicit, and symbaolic
unconscious processing 1s usually imphcoit.

Jolnson-Laird proposed the following parallel processing model [5]. There is a division
in the mind beiween a high-level operating system and a hierarchical organization of
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paraliel processors. The evidence for this division comes from a clue to human mentality:
the distinction between what one can be conscious of and what one cannot be conscious of.
A high-level processor monitors and controls the overall goals of lower-level processors,
which in turn monitor and control Lhe processors at a still lower level, and so on in
a hierarchy of parallel processors, which at the lowest level govern sensory and meotor
interactions with the external world, There are inleractions belween processors at the
same or different levels. Interactions are limited to the exchange of information so that
one processor 15 unable to gain access to the internal operations of other processors.

Although conscious processing in the C/U model superficially corresponds to the pro-
cessing in the high-level operating system, conscious processing does not control nonsym-
bolic unconscious processing, and nonsymbolic unconscious processing is not hierarchical,
That is, the principle of the parallelism in the C/1 medel s different from that of Johnson-
Laird’s model

Anzai et al. proposed a model which combines a pattern recognition mechanism
represented in a network-based model, and an inference mechanism represented in a rule-
based system [1]. Roughly speaking, the patiern recognition mechanism corresponds to
!10115}“Mh01it UICOISCIoNS processing of the C},r” maodel, and the inference mechanizm
carresponds to conscious processing. However, those two mechanisms seem to be less
closely connected to each other than in the C/U model, and they use a nolwork-based
model only for pattern recognition, and not for hidden support for conscious inferences.

Seiferi presented empirical evidence for imporlance of strategic or goal based function
i retrieval of episodes. Tn order to account for this, he proposed a hybrid model that
incorpurales both the content-addressable character of distributed memory models with
the controlling influence of goals in processing [10]. We'independently noticed the impor-
tance of attention when we began to study the task of selecting a disparate one of a few
iteins, We believe that the importance of attention is common to varions kinds of human
imformation processing. Moreover, we believe that we should continue to study Lhe cyclic
structure of conscious processing and nonsymbolic (or pattern) processing.

In research of artificial intelligence as engineering, that is, in research which ains al
making a useful computer program, they have tricd to represent implicit knowledge ex
plicitly. However, the aim of the C/U moclel is to simulate human information processing,
thal is, Lo represent implicit knowledge as it 1s.

There is a similar argument about hacktracking. For example, Ueda showed a method
tor translorming exhausted search programs in pure Prolog into deterministic programs in
GHC which generate the same anawer [13]. However, our aim is nol to realize exhaustive
search in the C/U model, bul tv simulate imperfect backtiracking of human beings as

shown in section 4.2,

6 Conclusions

This paper proposed a cognitive model of conscious/unconscious processing (the C/U
model). The characterisiics of the model are:

o Inherent AND-parallelism and choice nondeterminisn:



o Close Inleraclion between symbolic processing and nonsymbolic {or pattern) pro-
cessing, that is, dynamic extraction of relevant knowledge by nonsymbolic processing
and fixation of atienlion by symbolic processing;

¢ Hecent memory which enables complicated conscious processing.

We showed a simulation method of the C/U model which utilizes the characteristics of
a parallel logic programming language. We plan to continue simulations in order to verify
the validity and the efficiency of the model. Some of the open problems are the mechanism
of deciding which process a person is conscious of, and the learning mechanism in the
model. We expect efficient learning in symbolic processing and nonsymbolic processing
by uiilizing the interaction between these two parts.
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