
APPLICATION OF INTENSIONAL LOGIC TO KNDWLEDGE REPRESENTATION 

T o n ~  Chrz 

FSO Prague ,  C z e c h o s l o v a k i a  

The sys tem o f  t r a n s p a r e n t  i n t e n s i o n a l  l o g i c  (TIL) i n t r o -  

duced by P a v e l  Tich~ i s  used  as  a f ramework f o r  a d e s c r i p t i o n  

o f  knowledge r e p r e s e n t a t i o n  i n  n~n - machine con ,nun ica t ion .  

A d e t a i l e d  e x p o s i t i o n  o f  TIL can be found i n  / 1 / .  

A l anguage  e x p r e s s i o n  d e n o t e s  an o b j e c t  by e x p r e s s i n g  

i t s  c o n s t r u c t i o n .  The s y n t a c t i c  s t r u c t u r e  o f  t h e  e x p r e s s i o n  

r e f l e c t s  t h e  s t r u c t u r e  o f  t he  c o r r e s p o n d i n g  c o n s t r u c t i o n  ( t h u s  

obey ing  F r e g e ' s  p r i n c i p l e  o f  o o m p o s i t i o n a l i t y ) .  To a n a l y z e  an 

e x p r e s s i o n  s e m a n t i c a l l y  means t o  d e t e r m i n e  t h e  c o n s t r u c t i o n  i t  

e x p r e s s e s .  O r d i n a r y  l anguage  e x p r e s s i o n s  have o f t e n  more than  

one a n a l y s i s .  

The a n a l y s e s  o f  l anguage  e x p r e s s i o n s  ( i . e .  cons t ruc t~ ,  

i o n s )  can be r e p r e s e n t e d  by ~ - e x p r e s s i o n s .  Th i s  r e p r e s e n t a t -  

i o n a l  l anguage  has  t he  same e x p r e s s i v e  power ( w i t h i n  t h e  f r a m e -  

work o f  TIL) as the  n a t u r a l  l a n g u a g e ,  but has  no a m b i g u i t i e s .  

The i n f e r e n c e  r u l e s  o f  TIT s e r v e  as a t h e o r e t i c a l  f o u n d a t i o n  

f o r  t h e  i n f e r e n c e  n e c e s s a r y  i n  knowledge r e p r e s e n t a t i o n .  

The i n f i n i t e  h i e r a r c h y  o f  types in TIL makes i t  p o s s i b l e  

t o  work w i t h  p r o p e r t i e s  o f  p r o p e r t i e s  o r  w i t h  r e l a t i o n s  be tween 

a n  i n d i v i d u a l  and a p r o p o s i t i o n  i n  t h e  same way as  t he  f i r s t  

o r d e r  t h e o r i e s  work w i t h  r e l a t i o n s  be tween i n d i v i d u a l s .  Thus,  

TIL can be c o n s i d e r e d  t o  be a l i m i t  ca se  o f  the  t h e o r i e s  o f  

o r d e r  n .  
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A s~s tem f o r  knowledKe r e p r e s e n t a t i o n ,  based  on TIL, i s  

p r e s e n t l y  under  d e v e l o ~ n e n t .  I t s  knowledge base  c o n t a i n s  a 

s p e c i a l  atom r e p r e s e n t i n g  the  sys tem i t s e l f ,  and c e r t a i n  p r o c -  

edures  a l l o w  t h e  sys tem to  d e t e r m i n e  t h e  t r u t h - v a l u e  of  p r o p o s -  

i t i o n s  c o n c e r n i n g  i t s  knowledge ( t h i s  can be c o n s i d e r e d  as a 

r u d i m e n t a r y  form of  s e l f - r e f l e c t i o n ) .  This  f e a t u r e  a l l o w s  t h e  

sys tem t o  i n f e r  c o r r e c t  answers  e . g .  i n  the  f o l l o w i n g  c o n v e r s -  

a t i o n ,  where x , y  a r e  v a r i a b l e s  f o r  i n d i v i d u a l s  and p i s  a 

v a r i a b l e  f o r  p r o p e r t i e s !  r e p l i e s  from the  sys tem a re  marked 

by >>>: 

(I) John is a boy and Paul is a boy. >>> Hm. 

(2) Is Tom a boy? >>> I don't know. 

(3) If x is a boy then you know that x is a boy. >>> Hm. 

/,4) Is Tom a boy? >>> No. 

(5) x is omniscient with respeot to p Iff 

( i f  y i n s t a n t i a t e s  p t h e n  x knows t h a t  y i n s t a n t i a t e s  p ) .  

>>> I-Ira. 
(6) With respect to which property are you ommlscent? 

>>> Boyhood. 

Not_....ee: Before the start of the conversation, the system is in 

the initial state, where basic infer,no, rules have been 

programmed and grannnar and a dictionary have been introduced. 

but  no f a c t u a l  knowledge.  The d i c t i o n a r y  e n t r i e s  c o n t a i n  i n  

most c a s e s  o n l y  a word, i t s  c l a s s  and t h e  t y p e  o f  t h e  o b j e c t  

i t  d e n o t e s .  

The self-referential oapacit~ is one of the strong feat- 

ures of natural language (thus allowing the linguist to de- 

scribe the object of his study). This capacity leads to the 

possibility of paradoxioal assertions (the Liars paradox- as 

far as a modification for artificial intelligence is concerned, 

see Cherniavsky /2/. Havel /3/). In the following example, the 

system is ordered to believe a proposition ~8). which is easi- 

ly per formed  ~ 9 ) .  N e v e r t h e l e s s ,  i f  t he  a t t e m p t  to  b e l i e v e  a 

p r o p o s i t i o n  ( 1 2 ) ,  a l t h o u ~ l  i t  i s"known" t o  be t r u e  ( 1 1 ) .  
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(7) Tom says that the Earth is round. >>> Hm. 

(8) Belleve the proposition which Tom says[ >>> OK. 

(9) Which property does the Earth have? >>> Roundness. 

(10) Paul says that you do not believe the proposition which 

Paul says. >>> ~hn, 

(11) Is the proposition which Paul says true? >>> Yes. 

(12) Belleve the proposition which Paul says[ 

>>> Sorry I cannote 

Not_._~es In this example, to "believe" is interpreted in such a 

way that the system "believes" a proposition by actual stor- 

ing its ~epresentatlon. Thus, the positive answer to question 

(11) does not imply that the system "believes" the proposit- 

ion. Diverse interpretations of "believe" are possibleo 

The "the" in (8), (10) - (12) is interpreted locally, 

i.e. in the context of the knowledge base of the system. Thus, 

if the system knows only one of the propositions which Tom 

says, then this proposition is th..~e proposition which Tom sayse 

The problem of anal~sls of language expressions (i.e. 

o f  d e t e r m i n i n g  the  c o n s t r u c t i o n s  e x p r e s s e d  by them) i s  not  

t h e  main g o a l  o f  our  r e s e a r c h ,  N e v e r t h e l e s s ,  a r e s t r i c t e d  sub -  

s e t  of  s c i e n t i f i c  E n g l i s h  ( s e e  s e n t e n c e  (5) above)  has been 

d e s c r i b e d  by a grammar, which i s  " a l m o s t  SLR(O)". (The s t a c k  

au tomaton  a c c e p t i n g  the  l~u6uage  has  some s t a t e s  w i t h  s h i f ~ -  

- r e d u c e  a n d / o r  r e d u c e - r e d u c e  c o n f l i c t s . )  The a n a l y z e r  g i v e s  

a l l  p o s s i b l e  a n a l y s e s  of  t h e  i n p u t  s e n t e n c e ,  t a k i n g  i n t o  

accoun t  bo th  t h e  a m b i g u i t i e s  o f  the  s y n t a c t i c  s t r u c t u r e  o f  

t he  s e n t e n c e  and t h e  a m b i g u i t i e s  o f  t he  i n d i v i d u a l  words .  The 

second case  i s  i l l u s t r a t e d  by the  f o l l o w i n g  example :  

(13)  John has a b a l l v  

(14)  John  has e v e r y  good p r o p e r t y  which Paul  has .  

(15)  John has a b r o t h e r ,  

The s e n t e n c e s  can be r e p h r a s e d  as 

(13") John owns a ball. 
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( 1 4 " )  John  i n e t a n t i a t e s  e v e r y  good p r o p e r t y  which Paul  

Inst antlat es. 

(15" )  There i s  x such t h a t  x i s  a b r o t h e r  o f  John .  

The word "have"  i n  (13) and (14) d e n o t e s  t he  o b j e c t s  

( i . e .  r e l a t i o n s )  deno t ed  by "own" and " i n s t a n t i a t e "  i n  (13")  

and (14"), respectively. (The relation in (15") is dlffloult 

t o  d e n o t e  by a s i n g l e  word . )  Thus,  t he  a n a l y s e s  o f  s e n t e n c e s  

(13) - (15) a r e :  

(13-) Aw.Some ~x.And [[ Ball w] x] • [ Own w] John X 

(14")  ~w.Every x p.Oond 

[And [ P r o p e r t y  p] . And [[ Good w] p] . 

[ I n s t a n t i a t e  w ] Paul  p ]. [ I n s t a n t l a t e  w ] John p 

(15 w) ~w.Some ~ x .  [ B r o t h e r  w] x John 

Notes The i n f o r m a t i o n  o f  t h e  d i f f e r e n t  a n a l y s e s  o f  "have"  has  

%o be s t o r e d  i n  t h e  d i c t i o n a r y .  Here ,  t o  own i s  a r e l a t i o n  

be tween  i n d i v i d u a l s ,  t o  i n s t a n t i a t e  i s  a r e l a t i o n  be tween an 

i n d i v i d u a l  and a p r o p e r t y ,  and i n  (15)  and ( 1 5 " ) ,  a r e l a t i o ~  

be tween  an i n d i v i d u a l  and a r e l a t i o n  i s  men t ioned  ( s i n c e  

b r o t h e r h o o d  i s  a r e l a t i o n  be tween  i n d i v i d u a l s ) .  Thus,  a m b i g u i -  

t i e s  o f  t h i s  s o r t  may be r e s o l v e d  by examin ing ,  whe the r  t he  

t y p e  o f  t he  deno t ed  o b j e c t  " f i t s "  i n t o  the  t y p e s  o f  o b j e c t s  

d e n o t e d  by o t h e r  words i n  the  s e n t e n c e .  

The s~s tem i s  be in~  programmed i n  7.7SP and the  c u r r e n t  

v e r s i o n  has  some 2500 l i n e s  o f  s o u r c e  code .  The quo ted  examp- 

l e s  ( i n c l u d i n g  the  i n f e r e n c e  of  answers  (1)  - ( 1 2 ) ) h a v e  been  

p r o c e s s e d  by the  sy s t em.  

The aim of  t h e  p r e s e n t  pape r  i s  t o  d e m o n s t r a t e  t h a t  TIL 

forms a s u i t a b l e  f ramework f o r  a d e s c r i p t i o n  o f  n a t u r a l  l a n -  

guage s e m a n t i c s ,  s i n c e  

1 ) t h e  l anguage  o f  A - e x p r e s s i o n s  i s  s u f f i c i e n t l y  r i c h  but  

d i e s m b i g u a t  ed 

2)  t h e  t r a n s l a t i o n  of  n a t u r a l  l anguage  e x p r e s s i o n s  i n t o  t h e s e  

" s e ~ = u t i c  7 : ~ ) r e s e n t a t i o n s "  i s  r e l a t i v e l y  s t r a i g h t f o r w a r d  
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3) t h e  i n f e r e n c e  n e c e s s a r y  i n  l a n g u a g e  unders tandiP4¢ can be 
p e r f o r m e d  u s i n g  t h e  i n f e r e n c e  r u l e s  o f  TIL 
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