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A b s t r a c t 
The a im o f o u r paper i s t o show t h a t a 
g e n e r a l t h e o r y o f I n t e l l i g e n t Systems / I S / 
can be based on t h e m a t h e m a t i c a l l o g i c and 
o n i t s model t h e o r y . A d e s c r i p t i v e d e f i 
n i t i o n o f I S i s g i v e n . One can see t h a t 
t h e i n v e s t i g a t i o n o f some i m p o r t a n t a s 
p e c t s o f I S ' s f u n c t i o n i n g l e a d u s t o 
r e a l i z e the n e c e s s i t y o f a g e n e r a l 
language c o n c e p t . The d e f i n i t i o n o f t h e 
language i s g i v e n a s a t r i p l e : 
language = < s y n t a x , s e t o f p o s s i b l e 
w o r l d s , v a l i d i t y > . 

The u s e f u l n e s s o f t h i s language concep t 
f o r d e s c r i b i n g the I S f u n c t i o n i n g i s 
shown. M a t h e m a t i c a l background o f t h i s 
concep t g i v e s t h e p o s s i b i l i t y f o r t h e 
f o u n d a t i o n o f t h e f o r m a l I S ' s t h e o r y . 

I n t r o d u c t i o n 
The r e s e a r c h o f A r t i f i c i a l I n t e l l i g e n c e 
/ A I / i s h i g h l y r a m i f i e d a s i t can b e 
seen f rom [1 ] and i t d o e s n ' t have a 
u n i f i e d t h e o r y t h a t wou ld c o o r d i n a t e the 
d i f f e r e n t b ranches o f r e s e a r c h e s and t h a t 
wou ld p r o v i d e t h e c o m p a t i b i l i t y o f r e s u l t s 

One o f t h e main reasons o f t h e s u p e r f i c a l 
c o n n e c t i o n between t h e d i f f e r e n t r e s e a r c h 
b ranches o f A I i s t h a t they make use o f 
and d e v e l o p t h e methods o f v a r i o u s d i s 
c i p l i n e s , i . e . p s y c h o l o g y , m a t h e m a t i c a l 
l o g i c , programming t h e o r y , a l g o r y t h m i c 
t h e o r y , p r o b a b i l i t y t h e o r y , c o n t r o l 
t h e o r y , l i n g u i s t i c s , e t c . O f cou rse t h i s 
d i v e r s i t y o f d i s c i p l i n e s may a l s o b e 
e x p l a i n e d b y t h e f a c t t h a t much e f f o r t 
i s made o n t h e s a t i s f a c t i o n o f a c t u a l 
p r a c t i c a l r e q u i r e m e n t s i n t h e deve lopment 
o f A I . 

I n ou r o p i n i o n i t i s necessa ry t o e s t a b 
l i s h a main t h e o r y based on ma themat i cs 
s o a s t o b r i n g t h e s e d i v e r s i v e r e s e 
a rches o n t o common base o r a t l e a s t t o 
have w e l l d e f i n i a b l e common p o i n t s i n 

them. Such r o l e c o u l d b e f u l f i l l e d b y 
t h e s o c a l l e d t h e o r y o f i n t e l l i g e n t 
s y s t e m s . T h i s w o u l d p r o v i d e methods f o r 
t h e i n v e s t i g a t i o n o f t h e n a t u r a l and 
a r t i f i c i a l i n t e r p r e t a t i o n o f t h e 
i n t e l l i g e n c e * T h i s t h e o r y p resupposes 
t h e a b s t r a c t d e f i n i t i o n o f t h e i n t e l l i 
gence a s w e e l , a s i t p r o v i d e s means f o r 
t h e d e s c r i p t i o n o f t h e s t r u c t u r e and 
o p e r a t i o n o f such sys tem. 

I n t h i s s t u d y we g i v e a d e s c r i p t i v e 
d e f i n i t i o n o f t h e i n t e l l i g e n c e and w e 
i n t r o d u c e such a d e f i n i t i o n o f t h e 
language t h a t p r o v i d e s a u s e f u l means 
f o r t h e m a t h e m a t i c a l f o u n d a t i o n o f t h e 
t h e o r i e s o f i n t e l l i g e n t s y s t e s m . 

I n t e l l i g e n t systems / I S / 

So f a r t h e r e has been innumerous 
l i t e r a t u r e p u b l i s h e d i n c o n n e c t i o n 
w i t h I S , and i t s b r i e f summary can b e 
found i n [ 2 ] . 
S ince t h e o n l y one " i n t e l l i g e n t " 
sys tem s o f a r known i s t h e human b e i n g 
t h e r e f o r e h e o r , t h e s o c i e t y i s f ocused 
i n t h e c o n c e p t s , and the c o g n i t i v e p r o 
cess has t h e c h i e f r o l e r e s p e c t i v e l y . 

Here w e t r y t o g i v e t h e i n t u i t i v e l e v e l , 
d e s c r i p t i v e d e f i n i t i o n o f t h e I S . 
F i r s t w e d e f i n e the concep t o f t h e 
s y s t e m . We mean by sys tem t h e m a n i f o l d 
o f such e l emen ts o r u n i t s among w h i c h 
t h e r e i s a r e g u l a t t r a n s p o r t / o f 
e n e r g y , i n f o r m a t i o n e . g . / and i t s e l e 
ments a r e d i f f e r e n t i a t e d and s p e c i a l i z e d . 
I n o t h e r words t h e r e i s a d i v i s i o n o f 
f u n c t i o n s among t h e e lemen ts o f a 
s y s t e m . The sys tem i s open i f i t i s i n 
m u t u a l e f f e c t w i t h i t s e n v i r o n m e n t and 
i t i s c l o s e d i n t h e c o n t r a r y c a s e . A n 
open sys tem may be p a s s i v e w h i l e i t s 
f u n c t i o n i n g i f t h i s m u t u a l e f f e c t 
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r e a l i s e s o n l y on b e h a l f o f the e n v i 
ronment and i t may be a c t i v e i f the 
system i s ab le t o e f f e c t i t e e n v i r o n 
ment. The f u n c t i o n i n g of a system may 
odour on seve ra l d i f f e r e n t l e v e l s 
/ e n e r g y , i n f o r m a t i o n , e . g . / . 

From the p o i n t o f v iew o f the i n t e l l i 
gence of the system the f u n c t i o n i n g on 
the i n f o r m a t i v e l e v e l has a d e c i v i s e 
r o l e . The q u a l i t y o f t h i s f u n c t i o n i n g 
l e v e l d i f f e r e n t i a t e s the 13 from o ther 
systems even more, t h i s d i f f e r e n t i a t e s 
between the i n t e r p r e t a t i o n s o f 1 3 - s . 
So the IS can be created by the des
c r i p t i o n o f f u n c t i o n i n g o n t h e i n f o r m a 
t i v e l e v e l . I n the f o l l o w i n g We s h a l l 
always mean i n f o r m a t i v e l e v e l by 
f u n c t i o n i n g un less o therwise d e f i n e d . 
I n f o r m a t i o n i s meant on the i n t u i t i v e 
l e v e l and t h e r e f o r e i t i s n ' t de f i ned 
s e p a r a t e l y . 

A system i s i n t e l l i g e n t , i f 
- i t s f u n c t i o n i n g ensures / p r o v i d e s / 

the s t o r i n g e l a b o r a t i o n , t r a n s 
f o rma t i on and genera t i on o f i n f o r 
mat ion and i t can be represented 
through p rob lemso lv ing processes. 

- i t s f u n c t i o n i n g always aims to reach 
c e r t a i n a c t u a l i z e d g o a l s . Th is means 
t ha t the system has a h i e r a r c h i c of 
goals out of which seve ra l may be 
a c t u a l i z e d or may be dominant in a 
g iven p e r i o d . These goa ls i n f l u e n c e 
the f u n c t i o n i n g o f the system. 

- i t s f u n c t i o n i n g i s c o n t r o l l e d p r e -
d i c a t e v i l y i . e . the e l a b o r a t i o n o f 
the f u n c t i o n i n g p l an precedes the 
execut ion of a concrete p rocedure . 
Th is w i l l b u i l d u p the a c t u a l 
f u n c t i o n i n g f rom i t s components 
/e lementa ry a c t i o n s , e . g . / and i t 
w i l l cons ider t h e i r expectab le e f f e c t 
f rom the p o i n t o f v iew o f the a c t u a l 
i zed goa ls . 

- the system is double - i t may be open 
o r c l osed . 

As an open system i t may be e i t h e r a c t i v e 
o r p a s s i v e . I t s f u n c t i o n i n g i s c h a r a c t e r i 
zed by the f a c t t h a t t he i n f o r m a t i o n ob
t a i n e d f rom an open system is proceeded 
as a c losed system. From the s t r u c t u r e 
o f the I S i t i s o n l y r e q u i r e d t o ensure 
above f u n c t i o n i n g . 

Here we note t h a t s p e c i f i c a t i o n s of IS 
such as l e a r n i n g , or e v o l u t i o n suppose 
a c t u a l i z a t i o n o f c e r t a i n goa ls and a 
f u n c t i o n i n g to reach these. The f u n c t i o 
n i n g o f the I S i s connected w i t h i t s 
environment. Therefore t o o b t a i n i t s 
a c t u a l i z e d goa ls i t i s connected i n most 
cases w i t h c e r t a i n knowledge acqu i red 
about the envi ronment . We cons ider 
c o g n i t i v e process as a f u n c t i o n c o l l e c t i n g 
i n f o r m a t i o n about- the env i ronment . The 
c o g n i t i v e process always aims to descr ibe 
a k i n d of o b j e c t , we note here t h a t the 
c o g n i t i o n o f IS may d i r e c t to i t s e l f * The 
IS may be in connect ion w i t h o the r sys 
tems, thus t he re can be c o o p e r a t i v e , 
c o n f l i c t i n g I S - s . I n our present study 
we i n v e s t i g a t e the f u n c t i o n i n g of an IS 
i n i t s e f f e c t on i t s environment and we 
neg lec t the f a c t t h a t t h i s IS may be in 
compl icated r e l a t i o n w i t h o the r I S . 

I n t u i t i v e d e s c r i p t i o n o f 
f u n c t i o n i n g o f I S 

As we have a l ready mentioned the f u n c t i o 
n i n g o f I S i s conneoted w i t h the c o g n i t i o n 
o f i t s environment. Therefore the f u n c i o n -
i n g w i l l b e d iscussed f rom the p o i n t o f 
v iew of such an imaginary observer whom 
about we suppose t h a t i t possesses the 
necessary and complete d e s c r i p t i o n of the 
I S and o f i t s environment. F i r s t l e t ' s 
see the environment o f t h e IS f rom the 
p o i n t o f v iew o f the observer . Th is i s 
p e r t o f some k i n d of a w o r l d . 
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Instead of def in ing the idea of world 
we give some examples* A t ree, a room, 
the nature can a l l be worlds. The inves
t igated 13 can also be the part of the 
world containing i t s environment. The 
IS does not know the world in i t s t o 
t a l i t y and it cannot got acquainted 
v/ith i t . The reason of th is is that 
the world is i n f i n i t e l y complex, e.g. 
in i t s material structure. But in the 
same time th i s world is the element of 
an i n f i n i t e set of worlds. E.G. such 
cot of worlds are the possible trees, 
possible rooms, etc. The 13 con exajnine 
a f i n i t e subset of the set of worlds 
in i t s cognitive process and as we have 
mentioned it can investigate only that 
much, as the invironment re f lec ts from 
them. Instead of using the expression 
environment we shal l be using the 
expression world, because cognition is 
focused on the world and the environ
ment is a part of it accessable fo r the 
IS. Considering the character ist ics of 
IS we face the fol lowing d ia lec t i c 
contradict ion: 
/ i / the world i s i n f i n i t e , i n f i n i t e l y 

complex etc. 
/ i i / the IS i s f i n i t e but extendable 

without l i m i t s . In other words we 
can view the system as having a 
f i n i t e alphabet and a f i n i t e 
memory e.g. a f i n i t e number of 
sheets of papers wi th marks, 
sentences etc. on it. The system 
can always produoe new sheets. 
wr i te new sentences on these and 
invent new symbols into i t s alpha
bet but nevertheless the information 
actual ly wr i t ten down in papers is 
f i n i t e . 
/See for analogy a Turing machine*/ 

The representation of the world, and the 
representation of the connection between 
the world and the IS should exp l io i te l y 
re f l ec t the contradict ion described 

above. Thus the representation should 
re f lec t the information the system has 
about the world and also the uncertanity 
/ lack of information/ of the system about 
the world* We can represent t h i s by 
def ining the class of a l l possible worlds 
which are compatible with the system's 
present knowledge. 

3o if we are given the system's present 
knowledge in in terna l terms, that is in 
terms of thoughts / s t r i ngs of symbols 
and algorithms which are again str ings 
of symbols/, the external representation 
of the system's uncertanity is the class 
of a l l worlds which are possible from the 
system's subjective point of view. The 
system only knows that the rea l world 

i t l i ves in is one of these possible 
worlds. /This uncertainty is not always 
negative, since there are things which 
the system does not want to know about 
symply because they are u t t e r l y i r re levant 
for a l l i t s purposes. This positiveness 
of uncertainty w i l l be described la te r as 
the "choice of the adequate abs t rac t ion" . / 
During knowledge aquis i t ion the class of 
possible worlds gets smaller and smaller. 
However th i s class w i l l never be f i n i t e 
and the goal of the system is not simply 
to make the class of possible worlds as 
simple as possible but rather to make th is 
class to have certain properties. Of course 
th is w i l l be done by making the class of 
possible worlds smaller, but then there 
w i l l always be an or ientat ion in it which 
is more subtle. 

Let us now invescigate the ro le of a gene-
r a l concept of language in the descript ion 
of the cognitive process of an IS. 
Language must be able to describe the 
possible worlds to some extent, hence it 
must be based on a f i n i t e set of symbols 
and rules /grammar/ that underline the 
formation of expressions suitable fo r the 
descript ion of the d i f fe rent properties of 
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some or other worlds. 

Thus a language must consist of a syntax 
/grammar/ and a semantics /meaning, 
denota t ion / . Syntax consists of a set 
of s t r ings of symbols / t e x t s / and the 
system of ru les working on these t e x t s . 
Semantics of the language character izes 
the connection between the s y n t a c t i c a l 
ly expressions and the possible wor lds. 
I t consists of a pa i r of the set of 
a l l possible worlds and v a l i d i t y . 
Consequently a language must contain 
the fo l l ow ing components: 

Language = \ syn tax , set of possible 
wor lds, v a l i d i t y > • 
That is symbols a language L is a 
t r i p l e : 
L =<F, M, k > where P is the set 
of the possible thoughts /sentences/ , 
M is the class of a l l possible worlds 
and k def ines the meaning / t h e deno
t a t i o n / of the sentences in the wor lds. 
Generally k is a func t ion w i th domain 
F x M which to each thought - world 
pa i r gives the meaning Of that thought 
in that wor ld . For example the meaning 
of a dec larat ive sentence in a world 
might simply be a t r u t h value /a yes or 
a no/ ; the meaning of a noun / i n a wo r ld / 
might be an object in that wor ld . 
To apply mathematics we should represent 
every object of the system in 
consideration by a mathematical ob jec t . 
That is F should be a set of mathematic
a l objects / t h i s i s easy to s a t i s f y / , 
M should be a class of mathematical 
objects /and k is already defined as a 
funct ion so i t is a mathematical o b j e c t / . 
To choose M is the most d i f f i c u l t and 
most important step in mathematical 
l o g i c . To choose the mathematical objects 
cons t i t u t i ng M means to choose the 
mathematical representat ion of the world 
/ o r more prec ise ly the class of possible 
wor lds / . For example the d i f ference 
between c lass ica l l o g i c , modal l o g i c , 
temporal l og i c e tc , can be or ig ina ted 

from choices of M. Having chosen M, 
we f i n d that F /and k/ is s im i l a r to 
the problem of f i n d i n g an adequate form 
to a content . E.g. d i f f e r e n t F-s might 
be more or less adequate to M and also 
might have more or . less expressive 
power f o r M. The mathematical objects 
in M are ca l led models, beoause they 
are only the mathematical models of 
the possible r e a l wor lds. 

Accordingly "Model Theory" is that 
branch of mathematical l o g i c which 
concentrates on the models /on M/ and 
invest igates the re l a t i onsh ip between 
the models and the syntax of the l a n 
guage. In other words Model Theory is 
the mathematical science of semantics. 
The study of LI in i t s own r i g h t 
/w i thou t considering i t s r o l e i n the 
language and in the th ink ing process/ 

is ca l led un iversa l a lgebra. The study 
of F is a purely syn tac t i ca l exerc ise, 
and i t involves the theory of algori thms 
and grammars. 

Some of the f a i l u r e s of ear ly automatic 
theorem proving were caused by the fac t 
that the log ic ians concentrated much 
more on the syntax / F / than on the 
semantics. /Of course, by purely syntac
t i c a l means, by simply combining the 
elements of F i n to new elements we get 
cong inator ica l algor i thms which are 
ra ther i n e f f i c i e n t / . 

The importance of the choice of M is 
also we l l i l l u s t r a t e d by some recent 
c r i t i c s o f l o g i c . Usually the c r i t i c i s m 
was that t h i s and t h i s cannot be 
represented / i n v e s t i g a t e d / by l o g i c . 
But in a l l such cases a ce r ta in f i x e d 
system was understood by l o g i c and the 
cause of the i m p o s s i b i l i t y of representa
t i o n was the given choice of M. Mathema
t i c a l l o g i c however is not devoted to 
the i nves t i ga t i on of a unique, p re -
spec i f ied language <F, M, k> but ins tead, 
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i t invest igates the proper t ies of such 
languages /and also systems of such 
languages/ in general and gives too ls to 
construct that concrete language which 
is adequate in some given s i tua t ions or 
problemdomain. 

These too ls give the pragmatic aspect of 
language. I t i s also t rue that in doing 
so Mathematical l og i c invest igates some 
f i xed languages in very great d e t a i l , 
the reasons fo r which is that ce r ta in 
languages turned out to be ra ther pract ic 
a l kernel-stones f o r nearly a l l other 
languages. Such a kernel-stone is the 
c lass i ca l f i r s t - o r d e r l o g i c , 

Low we turn back to the concept of langua
ge. .7e note, that the concept of language 
in i t s e l f is not enough to the inves t iga 
t i o n of the IS, but is an indispensable 
bu i ld ing-b lock in t h i s i n v e s t i g a t i o n . The 
concept of a deductive l og i c w i l l be much 
c loser , but i t w i l l be s t i l l a bu i l d i ng 
block only, We also note that an IS is 
not supposed to func t ion in one f i xed 
language, it might have many d i f f e r e n t 
languages or h ierarch ies of languages 
and the a b i l i t y of generat ing new ones, 
e t c , 

A state of knowledge of an IS, us ing the 
language <F, M, K> is represented by a 
set of sentences, that is by a subset 
of F. is that e x p l i c i t knowledge which 
has already been formulated by the IS. 
Now the set of possible worles fo r the 
IS is the set of those elements of M 
which are compatible w i th /Since the 
IS already knows that 

3o f a r we have described the basic rea
son why the whole s t ruc ture of l og i c is 
based upon is a class of possib le worlds. 
We said that the IS simply does not know 
which is the r e a l one /and in ce r ta in 
respects the IS does not want to know/. 
However, there are more subt le reasons 

f o r having a class of possible worlds and 
also these classes play more subtle ro les 
in the inves t iga t ion of cogn i t ion . 

It might be the case that the IS i n v e s t i 
gates many d i f f e r e n t par ts of the world 
independently. I t t r ea ts these par ts of the 
world as independent worlds. /Of course 
t h i s means that the IS is not us ing always 
the same language since one language is 
used to " l i v e in these worlds" and another 
is needed to go to one of these wor ld , 
then leave i t , go to another or do qui te 
d i f f e r e n t t h i ngs , e . t . c . / 

I f the IS considers these worlds analogoues 
somehow and decides to make use of t h i s 
analogy, then it forms a language the mo
dels of which are these wor lds, together 
wi th p o t e n t i a l l y ex i s t i ng par ts o f the 
world which might be v i s i t e d by the IS some
times in the f u t u r e . Thus the v a r i e t y of 
d i f f e r e n t s i t ua t i ons where the IS wants to 
apply the same knowledge. E.g. f o r a car
penter each piece of f u r n i t u r e is a 
d i f f e r e n t world where the carpenter appl ies 
the same knowledge. Of course there might 
be specia l pieces of f u r n i t u r e which 
requi re some add i t i ona l spec i f i c knowledge 
/and language, of course/ but the ro le of 
the language is not changed by t h i s , only 
the complexity of the system of i n t e r a c t i n g 
languages has r i sen a b i t . 

A l l t h i s means that the formation of a new 
language / f rom the e x i s t i n g ones/ dur ing 
some problemsolving processes i . e . dur ing 
the operat ion is more f requent . Of course 
formation is a new language is also caused 
by the basic process, when the IS inves
t i g a t e s the same world and the v a r i e t y is 
purely caused by absence of knowledge. 

Now we only mention that there are other 
s t i l l more subt le generators of the 
v a r i e t y of possib le wor lds. One of these 
is the f o l l o w i n g : The IS can /and in many 
s i t ua t i ons must/ view the same piece of 

13 



the r e a l world in i n f i n i t e l y many d i f f e 
rent ways / e . g . we can invest igate the 
atomic s t ructure of a t ree , i t s s t a t i c a l 
p roper t ies , we can view the armchair as 
a world in which l o t s of d i f f e r e n t bugs 
can l i v e , o r i t s s e n s i t i v i t y f o r f i r e , 
how it conducts heat or e l e c t r i c i t y , 
e t c . / . Prom the l o g i c a l point of view 
these are d i f f e ren t worlds / c e r t a i n l y 
they give r iBe to d i f f e r e n t models/ 
which in the same time are jus t aspects 
and abst rac t ion leve ls of the same 
complex wor ld , that is they can /and 
should by synte t ised, or organised in to 
one. 
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Of course these d i f f e r e n t ways of look
ing upon the same object might give 
b i r t h to d i f f e r e n t languages, but there 
also might be d i f f e r e n t worlds of the 
same language / as in the case of i n t e r 
d i s c i p l i n a r y sciences happens/, and 
also might be synthet ised in to one 
complex world of one language. 

Conclusion 

As it could be seen from above the new 
language concept can provide adequate 
methods fo r the formal descr ip t ion of 
cogni t ive process of the IS . 

By t h i s we wished to po int out that the 
research of IS can be the rea l user of 
present researches in mathematical log ic , 
The newest achievements of mathematical 
l og i c may become a su i tab le base fo r 
creat ing a u n i f i e d theory of IS . This 
theory can only be accomplished by the 
coordinat ion of researches in mathemati
cal l og i c and in IS . 
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