
A LOGIC-ORI~TED ATN 
Grammar Knowledge as Par t  of the Sys t em ' s  Knowledge 

Helmet Gust, Caro la  Reddig 

I n s t i t u t  o f  Appl ied  Cemputer Sc ience ,  Technica l  
U n i v e r s i t y  of B e r l i n  (West) ,  Ku~f~rstendgmm 202, D-IO00 B e r l i n  

The eystem BACON (Berlin Autcmatle COnstruction for 
semantic Networks) is an experimental intelligent qaestion- 
-answerlng system with a nataral la~uage interface based on 
s i n g l e  sentence  inpu t  1. 
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Figure I: Structure of the BACON-system 

1 This system has been developed i n  the  p r o j e c t  "Auto- 
ma t i sehe  E r s t e l l u n g  eemant i scher  Hetze" (Automatic c o n s t r u c t -  
i on  of  e m a n t i c  networks)  a t  the  I n s t i t u t e  of App l i ed  Compuger 
Scienoe a t  the  Techn ica l  U n i v e r s i t y  of B e r l i n .  The pro~ee t  
was suppor ted  by the M i n i s t r y  f o r  Sc ience  and Technology 
(BMFT) of  the F e d e r a l  Republic  of  German~. 
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E x p l a n a t i o n s  o f  t h e  s ~ s t e m s  s t r u c t u r e :  

BEAST - " B E r l i n  A u t o m a t i c  S e m a n t i c  o r i e n t e d  T r a n s l a t i o n "  i s  

t h e  l a n g u a g e  u n d e r s t a n d i n g  component  2 

SIREN - " S e m a n t i c  R E p r e s e n t a t i o n  and  Net e v a l u a t o r "  i s  t h e  

knowledge base  management  component  

BACK - p e r f o r m s  t h e  r e t r a n s l a t i o n  o f  t h e  s e m a n t i c  r e p r e s e n -  

t a t i o n  i n t o  n a t u r a l  l a n g u a g e  t o  check  c o r r e c t n e s s  

o f  u n d e r s t a n d i n g  

ANSGEN - "ANSwer GENerator" translates the system °s react- 

ions into natural language 

MSRL - "Modal Semantic Representation Language" is the 

representation language of the BACON-system and 

t h e r e f o r e  t h e  c e n t e r  o f  t h e  whole s y s t em•  

The s y n t a x  o f  MSRL i s  r e o u ~ s i v l y  d e f i n e d  f o l l o w i n g  t h e  

principles of common logical languages• The basic (finite) 

s e t  o f  o p e r a t o r s  i s  d e r i d e d  i n t o  two d i s j o i n t  s u b s e t s :  

- t e l ~ m ~ e r s  a r e  o p e r a t o r s  which  d e s c r i b e  o b j e c t s  o f  t h e  

w o r l d  o f  d i s c a l r s e .  They i n c l u d e  t h e  t e rm  v a r i a b l e s .  

- f o r m e l m a k e r s  d e s c r i b e  t h e  r e l a t i o n s  be tween  t h e s e  

o b j e c t s ,  be twee n  f o r m u l a s  o r  b e t w e e n  o b j e c t s  and  

f o l ~ u l a s  • 

An o p e r a t o r  w i t h  i t s  ( p o s s i b l y  empty)  l i s t  o f  a r g m n e n t s  

c o n s t i t u t e s  a w e l l  fo rmed  MSRL-expre s s ion .  

A v e r y  i m p o r t a n t  c o n c e p t  of  MSRL i s  t h e  c o n c e p t  o f  s o r t s .  

The s e t  of  s o r t s  ( p r o p e r  names o f  s o r t s )  i n d u c e s  a p a r t i t i o n  

o f  t h e  s e t  o f  t e r m s .  A p a r t i a l  o r d e r i n g  c a l l e d  " c o m p a t i b i l i t y  

o f  s o r t s "  i n d u c e s  a l a t t i c e  s t r - c t u r e  on t h e  s e t  o f  s o r t s •  

By a s s i g n i n g  a l i s t  o f  s o r t s  (one s o r t  f o r  e ach  a rgumen t  

p l a c e )  c a l l e d  " s o r t a l  p a t t e r n "  t o  each  o p e r a t o r  we g e t  

additional semantic constraints for MSR L expressions, The 

oonstructlon of the sortal pattern of an operator is based 

2 An earlier implementation of this component has been pre- 
sented at COLING 78: Habel/Rolllnger/Schmidt: "Machine trans- 
lation of natural language into a modal representation 
language" . 
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on knowledge about  t h e  w o r l d  of  d i s c o u r s e .  I t  d e t e r m i n e s  t h e  

seman t i c  c a t e g o r y  o f  the  o p e r a t o r ' s  a rgument s .  The p r o c e s s  o f  

the  a s s ignmen t  o f  meaning by BEAST i s  based on the  c o r r a l  

c l a s s i f i c a t i o n  o f  terms and t h e  c o r r a l  p a t t e r n  o f  t h e  o p e r a t o r .  

Th i s  p r o c e s s  pe r fo rms  a s e m a n t i c a l l y  c o r r e c t  a s s ignmen t  be -  

tween the  o p e r a t o r  c o n s t i t u t i n g  the  s e n t e n c e  and ~he t e rms  
be ing  a b l e  t o  become a rguments .  

There have been some u n a e r l y i n g  p r i n c i p l e s / c o n d i t i o n s  

which a f f e c t e d  the  s p e c i a l  ATN f o r m a l i s m  i n  BEAST: 

1.  BF~ST should  emphasize a s e m a n t i c a l  a n a l y s i s  which con-  

s t i t u t e s  the  r e l a t i o n s h i p  be tween the  n a t u r a l  l anguage  

s e n t e n c e  and I t s  meaning r e p r e s e n t a t i o n .  The aim i s  the  

c r e a t i o n  o f  a MSRL e x p r e s s i o n  t h a t  r e p r e s e n t s  t he  meaning 
o f  the  i npu t  s e n t e n c e .  

2 .  The Ex~mmar component shou ld  f o l l o w  the  " p r i n c i p l e  o f  

min imal  i n f o r m a t i o n " -  The p r o c e s s  o f  t r a n s l a t i o n  t r i e s  

t o  g e t  a l ong  With as  l i t t l e  i n f o r m a t i o n  as p o s s i b l e .  Only 

i f  t h a t  does no t  work, more (no t  on ly  e x p l i c a t e  but  a l s o  • 

i m p l i c i t )  I n f o r m a t i o n  c o n t a i n e d  i n  t he  s e n t e n c e  need t o  
be d i s c o v e r e d .  

3.  The ATN had t o  be pr0Ex~nmed i n  SXMULA s i n c e  t h e  r e s t  o f  

t he  system a l r e a d y  e x i s t e d  i n  SXMULA. 

Our AT~ f o r m a l i s m  i s  founded on t h e  f o r m a l i s m  d e v e l o p e d  

by Woods, uses  i d e a s  o f  the  s eman t i c  ATSs and t a k e s  t h e  d e s -  

c r i b e d  p r i n c i p l e s  i n t o  accoun t  by some m o d i f i c a t i o n s ,  e x t e n t -  
i o n s  and c o n s t r a i n t s .  

We use an ATN c o m p i l i n g  sys tem which t r a n a l a t e s  i n  a 
f i r s t  s t e p  the  ATN r e p r e s e n t a t i o n  o f  t h e  g~a~mar i n t o  a 

SIMULA program, and i n  a second s t e p  t h i s  3XMULA r e p r e s e n t a t -  

i o n  t o g e t h e r  w i t h  t he  o t h e r  components I s  t r a n s l a t e d  i n t o  an 
e x e c u t a b l e  machine proE~aa .  

The main f ea tu re5  o f  t h e s e  AT~s a r e s  

- t h e y  use In  a d d i t i o n  t o  s y n t a c t i c  c a t e g o r i e s  s eman t i c  
c a t e g o r i e s  and c o n s t i t u e n t s  
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- t h a t  use s e m a n t i c  c o n s t r a i n t s  t o  s e l e c t  the  b e s t  pass  

t h rough  t h e  ne twork  

- and t h e y  c r e a t e  s eman t i c  r e p r e s e n t a t i o n s .  

The f o ~ a a l i e m  s u p p o r t s  the  t r e a t m e n t  of  a l t e r n a t i v e s  a t  

bo th  s i d e s :  a t  t he  sour0~ . lan~uaRe by the  p o s s i b i l i t y  o f  

a l t e r n a t i v e  c a t e g o r i e s  f o r  t he  e n t r i e s  i n  t he  word form 

l e x i c o n ,  and a t  t h e  t a r g e t  l anguage  where a l t e r n a t i v e s  r e l a t -  

ed t o  a lemma r e f e r  t o  d i f f e r e n t  s o r t a l  p a t t e r n s  o f  o p e r a t o r s .  

, R,qLItor 

I ~ r ~ l k  c o n d i t i o n s  

T 

E . . . . . . . .  I 

@ t  I A ~ - B a S l l  L ~ s t e n  , 

s t r ~ n g ~ l ~  

Figure 2: ATN compiling system 

The f o c u s  o f  our  i n t e r e s t  i n  f u t u r e  development  i s  an 

i n t e g r a t i o n  o f  the  ATN f o r m a l i ~ n  a t  a h i g h e r  l e v e l ,  namely 

the  l e v e l  o f  t he  r e p r e s e n t a t i o n  language  MSRL i t s e l f ,  i n s t e a d  

o f  l e v e l  o f  t he  programming language  SY~ULA. For  t h i s  purpose  

MSRL has t o  be ex t ended  t o  r e p r e s e n t  p r o c e d u r a l  s t r u c t ~ e e  

l i k e  A~Ns. The main t h i n g  i s  t h a t  t h e s e  s t r u c t u r e s  a r e  normal 

MSRL e x p r e s s i o n s ,  and t h e r e f o r e  on the  one hand t h e y  a re  

manageble  by the  knowledge base ( s t o r a b l e  and r e t r i e v a b l e )  

but  on the  o t h e r  hand t h e y  a re  a l s o  e v a l u a b l e .  S t a r t i n g  from 

t h e  f a c t  t h a t  the  aTN r e p r e s e n t s  t he  g rammat i ca l  knowledge 

o f  t h e  sys tem we have the  a b i l i t y  t o  hand le  t h i s  knowledge 
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J u s t  l i k e  t h e  k n o w l e d g e  a b o u t  t h e  w o r l d  o f  d i s o o u r s e z  t o  

a s k  q u e s t i o n s  a b o u t  i t  a n d  t o  m o d i f y  I t .  

I n  t h e  same way we c a n  r e p r e s e n t  t h e  l e x i c a l  k n o w l e d g e  

i n  t e r m s  o f  t h e  r e p r e s e n t a t i o n  l a n g u a g e .  T o g e t h e r  w i t h  t h e  

e x t e n s i o n  d e s c r i b e d  a b o v e  t h e r e  w i l l  ' b e  t h e  p o s s i b i l i t y  t o  

h a n d l e  p r o o e d u l ' a l  l e x i c a l  k n o w l e d g e ,  e s p e c i a l l y  i n  t h e  c a s e  

o f  ATHs t o  l i n k  a word  i n  t h e  l e x i c o n  w i t h  a sUbATH w h i c h  

h a s  t h e  t a s k  t o  p e r f o r m  t h e  n e x t  p a r t  o f  t h e  a n a l y s i s  when  

- t r i g g e r e d  by  t h e  o c c u . r a n c e  o f  t h i s  w o r d  i n  t h e  n a t u r a l  

language sentence. 

I n  ou~ l e c t u r e  we w i l l  c a r r y  o u t  t h e  f o l l o w i n g  p o i n t s :  

- t h e  d e s c r i p t i o n  o f  t h e  ATN f o m a l i s m  i n  BEAST 

- t h e  p r o j e c t e d  e x t e n s i o n s  o f  MSRL 

- t h e  c o n s e q u e n c e s  o f  t h e s e  e x t e n s i o n s  o n  t h e  s y s t e m  

o o n e e p t .  
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