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Summary 

Tho work d e s c r i b e d h e r e i n i n t r o d u c e s a g e ­
n e r a l l o g i c based f o r m a l i s m f o r t h e a c t i ­
ons o f an i n t e l l i g e n t system u n d e r s t a n d i n n 
n a t u r a l language s e n t e n c e s , e x e c u t i n g com-
nands and answer ing q u e s t i o n s . 
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The h e a r t o f t h i s f o r m a l system i s a s t a ­
t e (or tense) I o n i c c o n t a i n i n g s p e c i a l 
o p e r a t o r s f o r i m m e d i a t e l y nex t and p r e c e ­
d i n g s t a t e s (+,--) a s w e l l a s f o r a l l f u ­
t u r e s t a t e s (F) and a l l pas t s t a t e s (P) . 

N a t u r a l language t e x t s a re ana lysed s y n ­
t a c t i c a l l y and t r ansduced i n t o s t a t e l o ­
g i c f o r m u l a e by an a t t r i b u t e d grammar ( i n 
t h e same way as d e s c r i b e d by Sehw ind ) . 

The s t a t e l o g i c i s f o r m a l i z e d by a s e t o f 
l o g i c a l axioms and d e r i v a t i o n r u l e s f o r 
wh ich comp le teness has been p r o v e n . S i m i ­
l a r systems have a l s o been ment ioned by 
Rescher . But i n u s u a l t ense l o g i c sys tems , 
t he s t r u c t u r e o f t ense has been s t u d i e d 
o n l y a s t o i t s " pu re l o g i c a l " p r o p e r t i e s . 
In i n t e l l i g e n t systems however , wo nood 
theorems about t he n o n - l o g i c a l p r o p e r t i e s 
o f s t a t e changes . The tense s t r u c t u r e o f 
a w o r l d i s d e t e r m i n e d by changes w i t h i n 
t he w o r l d wh i ch a f f e c t t h e n o n - l o g i c a l sym­
b o l s o f t he w o r l d , i . e . t he f u n c t i o n s o r 
p r e d i c a t e s : I f a r o b o t t a k e s a b l o c k " a " 
l y i n g on a b l o c k " b " , t hen t h i s causes a 
change o f t h e w o r l d ( i . e . a s t a t e t r a n s i ­
t i o n ) w i t h t he meaning o f t h e p r e d i c a t e 
symbol ON c h a n g i n g . Such n o n - l o g i c a l chan ­
g e d e s c r i p t i o n s a re i n c o r p o r a t e d i n t o our 
f o r m a l sys tem. A model f o r t he s t a t e l o ­
g i c i s g i v e n b y a s e t o f c l a s s i c a l s t r u c ­
t u r e s M and a b i n a r y r e l a t i o n P on M 
where s P s ' means t h a t t h e s t a t e of t h e 
w o r l d s i m m e d i a t e l y p recedes t he s t a t e s 1 . 
T r u t h v a l u e s a re ass igned t o f o r m u l a e d e ­
pend ing o n t h e s t a t e o f t h e v /o r ld i n wh i ch 
the f o r m u l a i s e v a l u a t e d . And the s t a t e 
o p e r a t o r s t a k e i n t o accoun t t he t r u t h v a ­
l u e o f a f o r m u l a in some o t h e r s t a t e s 

wh i ch can be " r e a c h e d " f rom t h e a c t u a l 
s t a t e . T o r e p r e s e n t t h e knowledge i n c o r ­
p o r a t e d i n an i n t e l l i g e n t system by such 
K r i p k c - t y p e models we a s s i g n a n o n - l o g i c a l 
i n t e r p r e t a t i o n t o s t a t e t r a n s i t i o n s . The 
v e r y g e n e r a l model o f K r i p k e - s t r u c t u r e s 
i s used i n such a way t h a t t h e r e l a t i o n 
P bea rs a n o n - l o g i c a l mean ing . For two 
s t r u c t u r e s Ao and A , s P s' h o l d s i f f 
t h e ' ' v / o r l d " ° A , is o b t a i n e d f rom t h e 
w o r l d A „ as t h e ' r e s u l t o f an a c t i o n w h i c h 
can be execu ted w i t h i n A . V7hat a c t i o n s 
can be execu ted w i t h i n a v /o r ld depend on 
t h e e x t e n s i o n s o f t h e n o n - l o g i c a l symbo ls . 
On n a t u r a l language l e v e l a c t i o n s a re 
v e r b s . The e x e c u t i o n o f an a c t i o n has c o n ­
sequences on t h e e x t e n s i o n s o f t h e non-
l o g i c a l symbols o f t h e v / o r l d , i . e . a 
s t r u c t u r e i s s u b j e c t t o some change when­
ever t h e a c t i o n d e s c r i b e d b y t h e v e r b i s 
execu ted i n i t . I f somebody t a k e s a t h i n g 
t he p o s i t i o n o f t h a t t h i n ^ changes , i . e . 
t he e x t e n s i o n o f the p r e d i c a t e symbols ON, 
BEHIND e t c . and t h e e x t e n s i o n o f t h e v e r b 
p r e d i c a t e symbol HOLD changes , because t he 
pe rson h o l d s t h e t h i n g now. There a re a l ­
so p r e c o n d i t i o n s f o r t h e e x e c u t i o n o f an 
a c t i o n ; " a t a k e s b l : i s o n l y p o s s i b l e i f 
" a " does no t ye t h o l d a n y t h i n g and i f " b " 
has a P O s i t i o n such t h at i t can be ta ) :on , 
i . e . t h e r e i s n o t h i n g on " b " . We d e s c r i b e 
b o t h t he P r e c o n d i t i o n s and t he consequen­
ces o f an a c t i o n by n o n - l o g i c a l ax ioms . 
And t h e a p p r o p r i a t e s t r u c t u r e must have 
t h e p r o p e r t y t h a t i n wha tever s t a t e a l l 
t h e c o n d i t i o n s o f a n a c t i o n h o l d t h e r e 
must be some f o l l o w i n g s t a t e i n w h i c h i t s 
consequences a re r e a l i z e d . 

Example: A c t i o n v e r b " t a k e " 
P r e c o n d i t i o n axiom (PA) 
TAKE x y^HANO x ,-mHING y-\ 1H0LU x z -> _1 

ON z y T h i s means: x can t a k e y i f f x is 
a hand and y is a t h i n g and x does n o t 
h o l d any o t h e r o b j e c t and t h e r e i s 
n o t h i n g o n y . 
E x e c u t i o n a x i o m (FA) 
TAKE x y-*g+l[HOT,D x y A ~ lON y z] T h i s means: 
I f x t a k e s y t h e n t h e r e i s a n i m m e d i a t e l y 
f o l l o w i n g s t a t e such t h a t x h o l d s y and y 
i s n o t l y i n g o n a n y t h i n g . 
We c o u l d o n l y d e s c r i b e a s m a l l p a r t o f 
t h e p o s s i b i l i t i e s o f o u r f o r m a l i s m h e r e . 
W o a c t u a l l y d e v e l o p a p p l i c a t i o n examp les 
o f v e r y d i f f e r e n t t y p e s : one f o r t h e a n a ­
l y s i s o f t a l e s and one f o r t r a f f i c . 

P . H a y e s , A l o g i c o f A c t i o n s . M a c h i n e I n -
t e l l . 6 . p p . 4 9 5 - 5 2 o . E d . B . M e l t z c r + 
D . M i c h i e . E d i n b . U n i v e r s . P r e s s (1971) 
M . M i n s k y , A Framework f o r P e p r e s e n t i n g 
K n o w l e d g e . M . I . T . A . I . Memo 3o6 ( 6 . 1 9 7 4 ) 
N . P e s c h c r + A . U r q u h a r t , T e m p o r a l l o g i c . 
S p r i n g e r - V e r l a g , Wien 1971 
C . S e h w i n d , G e n e r a t i n g H i e r a r c h i c a l Seman­
t i c N e t w o r k s f r o m N a t u r a l Language D i s ­
c o u r s e . P r o c e e d , o f t h e I J C A I 4 , ( 9 . 1 9 7 5 ) 
T . W i n o g r a d , U n d e r s t a n d i n g N a t u r a l L a n g u a ­
g e . Academic P r e s s (1972) 

Knowlf>H<re R e p r . - 2 : Sehwind 
228 


