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A b s t r a c t 

Systems t h a t s i m u l a t e s t h i n k i n g processes of a 
man th rough n a t u r a l language are c a l l e d n a t u r a l 
language sys tems. We p resen t here o u t l i n e of a 
n a t u r a l language system i n connec t i on w i t h the 
system o f concepts r e l a t i o n s wh ich p l a y s impo r t an t 
r o l e in our sys tem. The system of concepts 
r e l a t i o n s is a se t o f words or s h o r t sentences 
connected th rough v a r i o u s bas i c v i e w - p o i n t s -

Semantic ana lyses procedure us i ng the system 
of concepts r e l a t i o n s is shown by an example. We 
regard d e s i r e as bas i c cause o f t h i n k i n g in our 
sys tem. O u t l i n e o f the r e l a t i o n between d e s i r e 
system and t h i n k i n g processes u s i n g n a t u r a l l a n g u ­
age as a base Is g i v e n in l a t e r c h a p t e r s . 

S t r u c t u r e o f the N a t u r a l Language System 

N a t u r a l language systems are the systems t h a t 
s i m u l a t e t h i n k i n g processes of man ( processes 
t h a t p e r c e i v e of our w o r l d ) by d e s c r i b i n g them 
th rough n a t u r a l language. We are l i v i n g w i t h 
t h i n k i n g or behav ing a l l the t i m e . We behave as a 
r e s u l t o f t h i n k i n g and t h i n k as a r e s u l t o f behav­
i o r . What de te rmines a man's t h i n k i n g and behav­
i o r i s the e x i s t e n c e o f d e s i r e s . So to speak, 
d e s i r e s are the bas i c cause o f a l l behav io r o f man. 

T h i n k i n g and behav io r are means of s a t i s f y i n g 
d e s i r e s , have no meanings to be s a t i s f i e d , and 
t h e r e f o r e what b i n d s the r e l a t i o n between t h i n k i n g 
and behav io r i n t e r n a l l y a re d e s i r e s , and in o rde r 
t o s a t i s f y the d e s i r e s t h i n k i n g i s necessary as 
the means f o r r e a l i z i n g them. Our l i f e i s s a t i s ­
f a c t i o n o r processes o f s a t i s f y i n g o f v a r i o u s de ­
s i r e s each of us have in our m ind , and as the 
means f o r s a t i s f y i n g these d e s i r e s we i n q u i r e of 
t h i n k i n g under the r e s t r i c t i o n s o f env i ronmen t . 

N a t u r a l Language System 

The n a t u r a l language system is c o n s i s t e d o f 
" w o r l d ( o u t s i d e w o r l d ) " g i ven i n n a t u r a l l a n g u ­
age and " t h i n k i n g sys tem" . The n a t u r a l language 
system s i m u l a t e s t h i n k i n g processes on the t h i n g s 
about o u t 6 i d e w o r l d u s i n g n a t u r a l language as a 
p a r t o f rae t i j language ( i n o t h e r words , u s i n g n a t -
r a l language as a p a r t o f means f o r d e s c r i b i n g 
t h i n k i n g processes ) . The i n p u t to the system 
are g i ven in n a t u r a l language sentences ( g i v e n 
f rom o u t s i d e w o r l d o r generated i n t e r n a l l y f rom 
the t h i n k i n g system ) and then the system t h i n k s 
about these sen tences , and o u t p u t s r e s u l t s i n n a t -
r a l language sen tences . I n s h o r t , " o u t s i d e w o r l d " 
is a se t of i npu t sen tences . 

S t r u c t u r e o f the T h i n k i n g system 

F igu re 1 shows s t r u c t u r e o f the t h i n k i n g s y s ­
tem. I n p u t sentences ( f rom o u t s i d e wo r l d ) are 
i n f e r e d ( genera te new sentences ), judged ( g i v e 
m o d a l i t i e s such as * t r u e ' , ' f a l s e ' , ' d o u b t f u l ' , e t c . 
) w h i l e making s y n t a c t i c , semant ic and pragmat ic 
a n a l y s e s . In o rde r to do such i n f e r r e n c e and 

judgement about i npu t sen tences , i t i s necessary 
t o c o n s u l t env i ronment concern ing i n p u t sentences 
s i m u l t a n e o u s l y f rom o u t s i d e w o r l d . Env i ron­
ment i n c l u d i n g exper iences f rom the pa6t to the 
p resen t are a l s o needed in the sys tem, and these 
are s t o r e d in the system as "knowledge about the 
w o r l d " . I n F i g u r e 1 , "knowledge about language" 
g i v e s r e l a t i o n between language and i t s meanings, 
" d e s i r e sys tem" s t a r t s t h i n k i n g and c o n t r o l s the 
o v e r a l l sys tem. 

Behav ior o f the T h i n k i n g System 

The t h i n k i n g system in F i g u r e 1 behaves as 
f o l l o w s . 
A) Ana lyze i n p u t sentences and g i v e wh ich a re the 

i n t e r v a l s among words , wh ich word c o n s i s t " b u n -
s e t s u " ( the s m a l l e s t e lement t h a t can be a s e n ­
t e n c e , wh ich is c o n s i s t e d by an independent word 
and annex words ) , what a re the dependency r e l a ­
t i o n s among b u n s e t s u ' s i n the i n p u t sen tences . 

These s tages of ana lyses and the f o l l o w i n g 
s tages o f B,C,D a re not independent to each o t h e r , 
t h e r e f o r e the system i s o n l y ab le t o get p o s s i b l e 
ana lyses o f sentences by f o l l o w i n g g rammat i ca l 
r u l e s i n c l u d i n g tendenc ies ( o r s t a t i s t i c a l r u l e s ) 
i n t h i s s tage o f a n a l y s e s . 

B ) A f t e r guess ing s t r u c t u r e s o f i n p u t s e n t e n c e s , 
the system genera tes a se t of normal form s e n ­
tences wh ich the system can process more e a s i l y 
than o r i g i n a l sentences b y s i m p l i f y i n g , f o r m a l i z ­
i ng and unitorraalizing t h e sentences o n / i n wh ich 
the system can h a n d l e . In s h o r t , a normal fo rm 
sentence c o n s i s t s of a f o rma l e x p r e s s i o n ( s e n ­
tences ) wh ich expresses p r e d i c a t e and case r e l a ­
t i o n s between the p r e d i c a t e and t heob ' - ec t s t h a t 
o r i g i n a l sentence i n t e n d e d to e x p r e s s , and o f the 
formal exp ress ion of the annex words and t h e i r mean­
ings which i n tended to express m o d a l i t i e s o f t h e 
p r e d i c a t e . We a l s o use normal fo rm sentences f o r 
d e s c r i b i n g the system ( to d e s c r i b e " e n v i r o n m e n t " , 
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"knowledge about l anguage" e t c . ) . 
These two s tages of A and B may be c a l l e d 

i n p u t sentence r e c o g n i z i n g s t a g e s . 
C) A f t e r g e n e r a t i n g normal fo rm sentences ( in 

c o r r e c t , a f t e r assuming ) , the system w i l l proceed 
to semant ic ana lyses of them by g e t t i n g meanings 
o f them th rough c e r t a i n v i e w - p o i n t s . I n t h i s 
s tage o f ana lyses the system needs " sys tem of c o n ­
cep ts r e l a t i o n s " i n the "knowledge about language" 
and " v i e w - p o i n t s e l e c t i o n s i g n a l s " f rom the c o n t ­
r o l l e r . 

D) Next ( in p a r a l l e l w i t h above ana lyses ) , the 
system ana lyzes normal form sentences p r a g m a t i c a l y 
( ana lyzes r e l a t i o n between d e s i r e s and normal 
form sentences ) . I n t h i s s tage o f ana lyses 
( t h i n k i n g ) r e l a t i o n e to d e s i r e s , to env i ronment 
w i t h normal form sentences are watched and normal 
form sentences wh ich express "what want to d o " are 
genera ted and s t a c k e d , and c o n t r o l the d i r e c t i o n 
of t h i n k i n g . We w i l l d i s c u s s C and D in t h e 
f o l l o w i n g c h a p t e r s . 

System of Concepts R e l a t i o n s 

The system o f concepts r e l a t i o n s g i ves i n f o r ­
mat ion between language and t h e i r seman t i c s , and 
c o n s t i t u t e s a p a r t o f "knowledge about language" 
i n the t h i n k i n g sys tem. I f we t r y t o d e s c r i b e 
meanings of a word by u s i n g words b e l o n g i n g to the 
same language, i t becomes necessary t h a t the s y s ­
tem of words and t h e i r meanings express mutual r e ­
l a t i o n s among words . Though r e l a t i o n s between 
words and t h e i r concepts do not make a one to one 
r e l a t i o n i n the s t r i c t sence, i t can rough l y b e 
s a i d t h a t a c e r t a i n concept is denoted by a word 
or a s h o r t ph rases . 

A b s t r a c t Words 

A b s t r a c t words are c l a s s i f i e d r o u g h l y as F i g ­
ure 2 . A b s t r a c t words are d e s c r i b e d in the s y s ­
tem o f concepts r e l a t i o n s f rom the f o l l o w i n g s t a n d ­
p o i n t s . 

1) Rough c l a s s i f i c a t i o n of a b s t r a c t words 
th rough the v i e w - p o i n t o f ' k i n d ' (or upper and 
lower r e l a t i o n ) . 

2 ) I n what r e l a t i o n w i t h o t h e r ' t h i ngs ' o r 
' e v e n t s ' do they de f i ned? In o t h e r words , what 
k i n d o f sentences c o n t a i n i n g these a b s t r c t words 
are h o l d . 

l o n g i n g t o t h i s c l a s s expresses m o d a l i t y o f t h i n g s 
and e v e n t s . When we g i v e the mode to a g i v e n 
t h i n g o r e v e n t , s u i t a b l e word (mode) b e l o n g i n g to 
the c o n s i d e r i n g c l a s s i f i c a t i o n i t e m is chosen f rom 
t h i s c l a s s i f i c a t i o n t r e e . F i g u r e 4 i s a n e x -
sample o f m o d a l i t i e s o f ' p e n c i l ' . 
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d e s c r i p t i o n o f e a t i n g behav io r d i r e c t l y . 

Concrete nouns 

Concrete nouns are c l a s s i f i e d f rom the f o l l o w ­
i n g s t a n d p o i n t g . 

1 ) C l a s s i f i c a t i o n in o rder to g i ve bas ic words. 

Basic words are those wh ich are too vague I f 
they are c l a s s i f i e d more r o u g h l y and are t oo f i n e 
t h a t a lmost every word becomes compound word ( l i k e 
l i s t - w a t c h , c o l o r - p e n c i l , . . . ) i f they are c l s s i -
f l e d more f i n e r . Basic words are words used in 
o r d i n a r y sen tences . For example, a sentence 
' An imal bought p r o d u c t . ' is too vague to know what 
k i n d o f a n i m a l s , what k i n d o f p roduc ts the an ima l 
bought . I n s t e a d , ' I bought t e l e v i s i o n . ' i s a 
sentence which can be used as an o r d i n a r y sen tence , 
though i t does not say what k i n d of 1 or what k i n d 
o f t e l e v i s i o n . 

2 ) Beg in i ng from bas i c words , o b t a i n t h e i r 
k i nds d e f i n e d by bas i c v i e w - p o i n t s . At the same 
t ime we g i v e words r e l a t i n g to b a s i c words t h r o u g h 
bas ic v i e w - p o i n t s . See F i g u r e 5 . 

Here the problems a r e : 'A re t h e r e bas i c v i e w ­
p o i n t s ? ' I f t he re a re v i e w - p o i n t s , how can we 
f i n e d them out? Chose a bas i c word W f r om a 
d i c t i o n a r y and s e l e c t words i n t u i t i v e l y wh ich a re 
r e l a t e d to W. Then t r y to f i n d out t h rough what 
v i e w - p o i n t s are they r e l a t e d to W. For example , 
l e t W= 'pape r ' . Then chose words r e l a t e d to W 
'manusc r ip t p a p e r ' , ' p u l p ' , ' w r i t e ' , ' w r a p ' , . . . . 

Between 'paper ' and 'manusc r i p t pape r ' we can 
f i n d the v i e w - p o i n t "purpose f o r u s e " . Namely, 
'manusc r i p t paper' i s a k i n d o f ' p a p e r ' s e e i n g 
th rough the v i e w - p o i n t "purpose f o r u s e " . 

A f t e r e x t r a c t i n g the v i e w - p o i n t "purpose f o r 
use" we judge i t whether i t i s a c c e p t a b l e as a 
bas i c v i e w - p o i n t o r no t by examin ing i t as f o l l o w s . 
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Choose any word W'(#W) and re l a ted words, then 
examine whether the v iew-point "purpose f o r use" 
is app l i cab le between W' and re la ted words. 
Repeating t h i s process several tiroes choosing d i f ­
fe rent W's, we know that the v iew-po in t "purpose 

use" can be a basic v iew-po in t . We can ob­
t a i n basic v iew-po in ts fo r "concrete ob jec t s " by 
t h i s way. 

System of Concepts Relat ions 
and Semantic Analys is 

S u b s t i t u t i o n Rules fo r 'K inds ' 

When the system makes in fe r rence using the sys­
tem of concepts r e l a t i o n s , the system must know 
how to re fe r to i t . In the system of concepts 
r e l a t i o n s , concepts are re la ted through basic view­
p o i n t s , t he re fo re , the system must know how to make 
use of them when making in fe r rence . For example, 
when U P I n f e r 

We cannot expect tha t cup is d i r e c t l y r e l a ted 
in the system of concepts r e l a t i o n s as a k ind of 
' c h i n a ' . Then how can we i n fe r that ' cup ' is a 
k ind of ' ch ina '? Let us consider a part of the 
system of concepts r e l a t i o n s of Figure 6. 
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to the verb 'Drop' ) from 1) to A ) , i t is no prob­
lem i f there e x i s t , f o r each word,cause and e f f e c t 
r e l a t i o n l i k e 'cup' as 1 ) . Though we can not ex­
pect the existence of these, they may e x i s t in the 
system of concepts r e l a t i o n s as empi r i ca l (expe­
r ienced) f a c t s . I t i s expected that there e x i s t 
cause and e f f e c t r e l a t i o n 2) in the system of con­
cepts r e l a t i o n s . 

Cause and e f f e c t r e l a t i o n s 3) and 4) are proba­
b l y in the system of concepts r e l a t i o n s (espec ia l l y 
4 ) ) . 



From t h i s cause and e f f e c t r e l a t i o n and i t s 
c o n d i t i o n s ( t o h o l d ) , i t can b e known t h a t i n 
o r d e r t o break a c o n c r e t e o b j e c t i t i s necessary 
t h a t i t has p h y s i c a l p r o p e r t y ' B r e a k a b l e ' , o r i t s 
t h i c k n e s s i s ' t h i n ' . T h e r e f o r e , the system has 
to f i n d out t h a t ' cup ' i s a k i n d o f c o n c r e t e o b ­
j e c t and i t has p h y s i c a l p r o p e r t y ' B r e a k a b l e * . 

From above c o n s i d e r a t i o n s , we know t h a t the 
i n f e r r e n c e processes use f o l l o w i n g i n f o r m a t i o n . 

1) We use ' k i n d ' , ' m a t e r i a l ' , ' p u r p o s e f o r u s e ' , 
' p h y s i c a l p r o p e r t y ' . . . . a s bas i c v i e w - p o i n t s , bu t 
bas i c v i e w - p o i n t s are used in o rde r to make compo­
s i t i o n o f ( gene ra te ) ' d e t a i l e d k i n d s ' . 

2) Cause and e f f e c t r e l a t i o n s among verbs a re 
used . 

3) BES w i t h r espec t to verbs a re used. 
A) From the c o n d i t i o n s d e s c r i b e d w i t h the 

cause and e f f e c t r e l a t i o n s and BES w i t h r espec t to 
ve rbs are h o l d , b a s i c v i e w - p o i n t s a re chosen to 
make i n f e r r e n c e . 

5 ) S u b s t i t u t i o n w i t h r espec t t o the concepts 
r e l a t e d th rough the b a s i c v i e w - p o i n t ' k i n d ' i s 
used . 

6 ) F u n c t i o n s t h a t genera tes ( f i n e d o u t ) c o n ­
cep ts r e l a t e d to a g i v e n concepts th rough compo-
s i t i o n e d (genera ted ) v i e w - p o i n t s a re r e q u i r e d . 

Here those f a c t o r s wh ich p l ays i m p o r t a n t r o l e 
i n making i n f e r r e n c e a s d e s i r e s a re n e g l e c t e d . 

C o n t r o l o f V i e w - p o i n t s i n the System o f Concepts 

R e l a t i o n s 

As ment ioned above, the system is ab le to get 
meanings o f concepts ( i n o t h e r wo rds , r e l a t i o n t o 
o t h e r concepts w i t h the concept ) by f o l l o w i n g the 
concepts r e l a t e d th rough c e r t a i n v i e w - p o i n t s i n 
the system o f concepts r e l a t i o n s . I n t h i s case 
the system has t o s e l e c t v i e w - p o i n t s i n success ion . 

We c a l l the system which genera tes these v i e w ­
p o i n t s e l e c t i o n s i g n a l a s ' v i e w - p o i n t c o n t r o l l e r ' . 
The s t r u c t u r e o f v i e w - p o i n t c o n t r o l l e r i s not c l e a r 
and we expect to p s y c h o l o g i c a l , e n g i n e e r i n g i n v e s ­
t i g a t i o n s about the s t r u c t u r e o f v i e w - p o i n t c o n t ­
r o l l e r . Pr imary f a c t o r s wh ich s e l e c t v i e w - p o i n t s , 

namely, p r imary f a c t o r s wh ich c o n t r o l s the v i e w ­
p o i n t c o n t r o l l e r are a s f o l l o w s . 

A) Persona l or gene ra l tendenc ies (acqu i red 
t e n d e n c i e s ) . 

B ) Pr i jnary tendenc ies ( l i k e i n s t i n c t s ) . 
C) R e s t r i c t i o n s o f env i ronment ( i n c l u d i n g e x ­

pe r i ences ) . 
O f these f a c t o r s , r e s t r i c t i o n s o f envi ronment 

are g i v e n f i r s t f rom the ' e n v i r o n m e n t ' i n the 
t h i n k i n g sys tem, and then v i e w - p o i n t s s e l e c t i o n 
w i l l be made f o l l o w i n g the f a c t o r s of A and B. 

Des i r e System as a Bas ic Cause of T h i n k i n g 

R e l a t i o n between Des i res and Language 

Des i r es g i v e to the system b a s i c cause o f 
t h i n k i n g 'what t o t h i n k a b o u t ' , and the system b e ­
haves t o r e a l i z e the d e s i r e under r e s t r i c t i o n s o f 
env i ronmen t . We c a l l t h i s process t h i n k i n g . 

D e s i r e r e a l i z i n g processes ( t h i n k i n g p rocesses ) 
f o r a g i ven d e s i r e are as f o l l o w s : 

A ) Se lec t ve rbs d i r e c t l y r e l a t e d t o each d e ­
s i r e . 

B) Get the BES w i t h respec t to the v e r b . There 
may be s e v e r a l BES f o r each v e r b . 

C) Generate normal form sentences f o r each BES. 
D) S to re the normal form BES genera ted f o r each 

d e s i r e t o the s to rage wh ich has s u i t a b l e s t o r i n g 
s t r u c t u r e s . 

There may be many k i n d of models f o r s t o r i n g 
s t r u c t u r e s . Pushdown s t a c k i n g can be one of the 
models . C o n d i t i o n s t o erase the s t o r e d c o n t e n t s 
shou ld be g i v e n to the sys tem. For example , n o r ­
mal fo rm sentences genera ted i n r e l a t i o n t o t h e 
d e s i r e ' a p p e t i t e * may be erased a f t e r the d e s i r e 
i s s a t i s f i e d . 

Des i re System and S t i m u l a t i o n 

AS ment ioned above, each d e s i r e is w a t c h i n g 
i n p u t sentences f rom i t s own s t a n d - p o i n t o f whether 
the i n p u t normal form sentences can be s t i m u l a t i v e 
t o the d e s i r e system . I f i t i s judged t h a t the 
i n p u t normal form sentence can g i v e s t i m u l i t o the 
d e s i r e system , then the system sends ou t a s i g n a l 
to the s t i m u l a t o r . When the s t i m u l a t o r r e c e i v e s 
the s i g n a l , i t produces o u t p u t ( s t i m u l a t i o n ) h a v i n g 
c e r t a i n s t r e n g t h and i t w i l l change s t a t e s o f the 
d e s i r e s y s t e m . S t r e n g t h o f the s t i m u l i i s d e t e r ­
mined by the s t a t e s o f the d e s i r e sys tem. 
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R e l a t i o n between Des i r es and 
Semant ic , Pragmat ic P rocess ing 

The procedures of semant ic and p ragmat i c ana­
l y s i s o f i n p u t sentences ( g i v e n i n n a t u r a l l a n g u ­
age) g i v e n to the t h i n k i n g system are as f o l l o w s : 

A) Generates normal fo rm sentences f rom i n p u t 
sen tences . 

B) Watching genera ted normal fo rm sentences 
f rom the s t a n d p o i n t o f each d e s i r e , t he d e s i r e 
system de te rmines whether they shou ld produce s t i ­
m u l a t i n g s i g n a l t o the d e s i r e system o r n o t . 

B1 l ) Ana lyze the normal fo rm sentences f rom 
the s t a n d p o i n t o f each d e s i r e . 

Example: 
Watch the i n p u t sentence ' r u n ' f rom the s t a n d ­

p o i n t o f ' d e s i r e f o r e v a s i o n ' - Get the f o l l o w i n g 
cha in f rom the system o f concepts r e l a t i o n s . 

run —> move —> t i r e d . . . evas ion 
B-2) Such cha ins a re s t o r e d in the system f o r 

each v e r b . T h e r e f o r e , t he system is ab le to know 
f o r each d e s i r e , whether the g i v e n ve rb s a t i s f i e s 
the g i ven d e s i r e o r n o t , and hence the system is 
ab le to know whether the g i ven v e r b shou ld produce 
s t i m u l a t i n g s i g n a l o r n o t . I n t h i s e x a m p l e , ' r u n ' 
produces s t i m u l a t i n g s i g n a l t o the d e s i r e f o r eva ­
s i o n . 

D) Then the s t i m u l a t o r works a c c o r d i n g to the 
input s i g n a l s s 1 , s 2 . . . , s and the s t a t e s o f s t r u c ­
t u r e d se t of d e s i r e s may change to new s t a t e s . 

E) Thus the s t a t e s o f d e s i r e s a re d e t e r m i n e d . 
W i t h t h i s s t a t e s and normal fo rm sentences gene­
r a t e d f rom i n p u t sen tences , the t h i n k i n g system 
genera tes normal form sentences e x p r e s s i n g 'what 
to do (about what does the BYstem want to t h i n k ) ' . 

T h e r f o r e the system genera tes normal form sen ­
tence S 1 , and s t o r e s i t i n the s t r u c t u r e d s t o r a g e . 

T h i n k i n g Processes 

T h i n k i n g processes are the processes t h a t 
s t a r t i n g f rom the g i v e n i n i t i a l s t a t e s o f the 

d e s i r e sys tem, t r y t o r e a l i z e ( i n t h i s r e a l i z a t i o n 
p rocess semant ic ana lyses ment ioned b e f o r e are 
needed, though we do not go i n t o d e t a i l s o f t h i s 
p rocess i n t h i s paper ) the s t a t e d c o n t e n t s o f t he 
normal form sentences ( i n d i c a t i n g 'what t o d o ' ) i n 
the s t o r e g e t t i n g i n f o r m a t i o n f rom the system o f 
concepts r e l a t i o n s , under the r e s t r i c t i o n s o f e n ­
v i r o n m e n t . Whi le t h i n k i n g , new normal fo rm s e n ­
tences may be genera ted and s t o r e d in the system 
and at the same t ime some of the s t o r e d i n f o r m a t i o n 
may be erased a c c o r d i n g to the change of s t a t e s of 
the d e s i r e sys tem. I n these t h i n k i n g p r o c e s s e s , 
genera ted i n f o r m a t i o n such as i n p u t normal form 
sentences ( f o r each d e s i r e ) , sentences e x p r e s s i n g 
env i ronment e t c . shou ld be s t o r e d in the system 
and the r e l a t i o n to each s t o r e d normal form s e n ­
tence ( r e l a t i o n graph) have to be g e n e r a t e d . 
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