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F e r e n c  K i e f e r  

The  K V A L - a p p r o a c h  to s y n t a c t i c  a n a l y s i s  h a s  b e e n  b a s e d  

on c a t e g o r i a l  g r a m m a r  a s  p r o p o u n d e d  by  B a r - H i l l e l  and  L a m b e k .  

It w a s  c l e a r  a t  the  v e r y  o u t s e t  tha t  the  o r i g i n a l  f o r m  of c a t e g o r i a l  

g r a m m a r  i s  no t  s u i t a b l e  f o r  the  p u r p o s e  of a u t o m a t i z e d  s y n t a c t i c  

a n a l y s i s  in  p r a c t i c e .  The  f i r s t  a t t e m p t s  a t  d e v e l o p i n g  a m o r e  

a d e q u a t e  n o t a t i o n  a s  w e l l  a s  a t  the  c l o s e r  e x a m i n a t i o n  of v a r i o u s  

p r o p e r t i e s  of c a t e g o r i a l  g r a m m a r  go b a c k  to  1965 and  1966 

/ K V A L  P M  Z37, 248, 298, 3 0 2 / .  In o r d e r  to d i s t i n g u i s h  o u r  

a p p r o a c h  f r o m  o r i g i n a l  c a t e g o r i c a l  g r a m m a r  we  h a v e  t e r m e d  i t  

slant grammar calculus. 

Our practical concern has been to write a grammar for 

Swedish nominal phrases which would enable us to automatize 

some linguistic aspects of documentation research. Such a gram- 

mar has been compiled by Bengt Svensson. The rules utilize 

lexical andd morphological information. In other words, no strict 

line is drawn between morphological and syntactic rules. A sub- 

stantial part of this preliminary grammar has already been 

checked generatively by means of a special string processing 



a l g o r i t h m  / S T R I P / .  

A s  known one of  t he  m o s t  t ed ious  p r o b l e m s  in  connect ion  

w i t h  c a t e g o r i a l  g r a m m a r  i s  t he  g r e a t  n u m b e r  of  c a t e g o r i e s  

a s s i g n a b l e  to  m o s t  "of t he  u n i t s  i n  t he  s t r i n g  to  be  a n a l y z e d .  T h i s  

i s  a p a r  e x c e l l e n c e  : p r a c t i c a l  p r o b l e m  bu t  i t  d o e s  n o t  l a c k  t h e o r -  

e t i c a l  i m p l i c a t i o n s .  T h e  m o s t  i n t e r e s t i n g  of  t h e s e  c a n  be  r o u g h l y  

p h r a s e d  a s  f o l l o w s :  If  s y n t a x  i s  to be  k e p t  a s  s i m p l e  a s  p o s s i b l e ,  

t h e n  the  l e x i c o n  w i l l  ge t  c o m p l i c a t e d .  If  we  a i m  a t  the  o p t i m a l  

s i m p l i f i c a t i o n  of the  l e x i c o n ,  t h e n  the  b u r d e n  of  o u r  g r a m m a r  

wi l l  be  t a k e n  o v e r  b y  s y n t a x .  ( R e c a l l  t h a t  i n  c a t e g o r i a l  g r a m m a r  

we  h a v e  o n l y t w o  r u l e s  f o r  t he  b i d i r e c t i o n a l  c a s e .  T h e r e f o r e ,  a l l  

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

in  the  l e x i c o n . )  Now we  m a y  a s k  q u e s t i o n s  a b o u t  the  o p t i m a l  

d i s t r i b u t i o n  of t a s k s  of a g r a m m a r  b e t w e e n  s y n t a x  a n d  l e x i c o n  in  

o r d e r  to  a c h i e v e  an  o v e r a l l  s i m p l i f i c a t i o n  in  g r a m m a t i c a l  d e s c r i p -  

t i o n .  ( N o t i c e  t ha t  t he  s a m e  q u e s t i o n  c a n  be  a s k e d  w i t h  r e s p e c t  to  

s y n t a x  a n d  s e m a n t i c s ,  o r  s t i l l  b e t t e r ,  w i t h  r e s p e c t  to  s y n t a x ,  s e -  

m a n t i c s  and  the  l e x i c o n . )  T h i s  p r o b l e m  h a s ,  of  c o u r s e ,  no t  ye t  

b e e n  s o l v e d  and  c o n s e q u e n t l y ,  one  i s  f o r c e d  to  w o r k  in  g e n e r a l  

w i t h  s e v e r a l  a l t e r n a t i v e s .  

On the  o t h e r  h a n d ,  one  c a n  n e g l e c t  t h i s  t h e o r e t i c a l  i s s u e  
P 

and  c o n c e n t r a t e  on s t r a t e g i e s  t ha t  w o u l d  l e a d  to  a n  e s s e n t i a l  r e -  

d u c t i o n  of t he  p o s s i b l e  a m b i g u i t i e s  f o r  a g i v e n  s t r i n g .  S o m e  p r o -  

p o s a l s  to  t h i s  e f f e c t  c a n  be  found  in  K V A L P M  327 and  373.  One 

of t h e s e  s t r a t e g i e s  f o l l o w s  the  u s u a l  p a t h :  t h e  p o i n t  i s  being  m a d e  



t h a t  t h e  e s t a b l i s h m e n t  o f  t h e  c o r r e c t  s y n t a c t i c  s t r u c t u r e  / o r  s t r u c -  

t u r e s /  s h o u l d  b e  c a r r i e d  o u t  i n  s e v e r a l  / a t  l e a s t  t w o /  s t e p s .  

T h u s ,  i n s t e a d  o f  h a v i n g  r u l e s  o f  t h e  f o r m  

a/b b -~ a 

/i/ 
a a\b -~ b 

w e  w r i t e  r u l e s  l i k e  

/Z/ x o y -~ z 

which may mean either 

Z/X X -~ Z 

or 

X X \  Z -* Z 

i n / z /  we neglect the dominance relation / s e e  below/ hold- 

ing b e t w e e n  t h e  t w o  c o n s t i t u e n t s  a n d  a l s o  t h e i r  l i n e a r  o r d e r .  F o r  

t h e  l a t t e r  p o i n t  n o t i c e  t h a t  / Z /  c o r r e s p o n d s  t o  t w o  p h r a s e  s t r u c t u r e -  

t y p e  r u l e s :  

z ~ a + b  
/ 3 /  

z ~ b + a 

w h e r e  + s t a n d s  f o r  c o n c a t e n a t i o n .  

A s  t o  t h e  d o m i n a n c e  r e l a t i o n  i t  s t a n d s  t o  r e a s o n  t o  i n t e r p r e t  

z / x  i n  a s t r i n g  z / x  x a s  b e i n g  t h e  h e a d  o r  g o v e r n o r  o f  t h e  c o n s -  

t r u c t i o n .  S i m i l a r l y ,  f o r  a s t r i n g  x x \ z w e  w o u l d  s a y  t h a t  x 

i s  g o v e r n e d  b y  x I z .  I n  v i e w  o f  t h e  w a y  t h e  c a n c e l l a t i o n  r u l e s  o f  

t h e  s l a n t  g r & m m a r  c a l c u l u s  a r e  b u i l t  u p  w e  m a y  s a y  t h a t  t h e  



" m o r e  c o m p l e x "  o r  " l o n g e r "  c a t e g o r y  i s  t he  g o v e r n o r  of  a g i v e n  

e x p r e s s i o n .  T h i s  i n f o r m a t i o n  i s  c l e a r l y  l o s t  i n  / 2 / .  

H o w e v e r ,  a s  s p e c i f i e d  in  I n t e r i m  R e p o r t  No | I ,  we  a r e  no t  

forced to make this interpretation. The slant calculus as such 

l e n d s  i t s e l f  to p h r a s e  s t r u c t u r e  g r a m m a r  too ,  c o n t e x t - f r e e  o r  

c o n t e x t -  s e n s i t i v e .  

Instead of /l/ our grammar would now contain a set of 

s t a t e m e n t s  of the  f o r m  / Z / :  

a I o b I = c 1 

/ 4 /  a z o b z : c z 

, . *  

a o b c n n n 

E a c h  s t a t e m e n t  in  /4/ c o r r e s p o n d s  to  a s y n t a g m  t y p e  in  the  g i v e n  

g r a m m a r .  Of c o u r s e ,  i t  i s  no t  n e c e s s a r y  to  h a v e  b i n a r y  r u l e s  

o n l y .  One  m i g h t  a l s o  h a v e  

a I o a 2 o . . .  a m  = c l  

e t c  

Now a s t r i n g  of  c a t e g o r i e s  i n  t e r m s  of  o u r  s l a n t  g r a m m a r  

c a l c u l u s  c a n  c a n c e l  to  a " s i m p l e r "  c a t e g o r y  if ,  a n d  o n l y  i f ,  one  o f  

t he  r u l e  s c h e m a t a  in  / 4 /  h o l d s .  Bu t  ~t s e t  o f  s u c h  s c h e m a t a  w i l l  

y i e l d  m a n y  d i f f e r e n t  c a t e g o r i a l  g r a m m a r s ,  v a r y i n g  a s  to  t he  i n t e r -  

p r e t a t i o n  of  d e p e n d e n c y ,  

W i t h  the  h e l p  of  / 4 /  one  c a n  d e t e r m i n e  a s o r t  of  " d e e p "  

s t r u c t u r e  f o r  a g i v e n  s e q u e n c e  of  m o r p h e m e s .  
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A f t e r  h a v i n g  d e t e r m i n e d  t h i s  d e e p  s t r u c t u r e  we  c a n  p r o c e e d  

by  f i n d i n g  out  m o r e  a b o u t  the  a c t u a l  s t r u c t u r e .  

A n o t h e r  a p p r o a c h  c o n s i s t s  of c o m b i n i n g  the  a f o r e m e n t i o n e d  

m u l t i - l e v e l  m e t h o d  wi th  p r o b a b i l i s t i c  c o n s i d e r a t i o n s .  F o r  d e t a i l s  

s e e  K V A L  I n t e r i m  R e p o r t  No 12. 

S i n c e  we h a v e  i n t e r p r e t e d  c a t e g o r i e s  in  t e r m s  of d e p e n d e n c i e s  

i t  i s  r e a d i l y  s e e n  tha t  s l a n t  g r a m m a r  c a l c u l u s  c a n  be  c o n s i d e r e d  

a s  a d e p e n d e n c y - t y p e  g r a m m a r .  The  d e p e n d e n c y  s t a t e m e n t  f o r  the  

r u l e s  / 1 /  can  be r e n d e r e d  a s  / 5 / :  

a/b (~ [b]). 

a \ b  ( [ a ]  x )  

We f u l l y  s u b s c r i b e  to the  v i e w  tha t  the  d e t e r m i n a t i o n  of  the  

h e a d  o r  g o v e r n o r  of a c o n s t r u c t i o n  i s  an  i m p o r t a n t  and  i n d i s p e n s a b l e  

t a s k .  / S e e ,  a l s o ,  J a n e  R o b i n s o n /  T h e r e f o r e ,  we th ink  tha t  d e p e n d -  

e n c y  g r a m m a r  in  w h a t e v e r  n o t a t i o n a l  c o n v e n t i o n s  i t  i s  e x p r e s s e d ,  

i s  s u p e r i o r  to  p h r a s e  s t r u c t u r e  g r a m m a r .  J a n e  R o b i n s o n  h a s  a r -  

gued  t h a t  m a n y  t r a n s f o r m a t i o n s  n e e d  a r e f e r e n c e  to the  h e a d  of 

c o n s t r u c t i o n  w h i c h  in  u s u a l  p h r a s e  s t r u c t u r e  g r a m m a r  c a n  o n l y  be 

P r o v i d e d  by  s o m e  ad  hoc  d e v i c e .  A l l  c o n s i d e r a t i o n s  w i t h  r e s p e c t  to 

d e p e n d e n c y  g r a m m a r  h o l d  w i t h  e q u a l  f o r c e  w i t h  r e s p e c t  to s l a n t  

grammar calculus. The latter can be used as a base for transform- 

ations in the same way as dependency grammar can. Following 

Robinson we may make use of the following notational concentions 

that differentiate dependency structures from phrase structures: 

we may use asterisks to mark governing occurrences, parentheses 



to mark boundaries and a special pair of symbols /labels/, de- 

noting a variable depth of nesting. For example, 

(A* B ~() => 2 I 3 

1 2 3 

. In  o t h e r  w o r d s ,  the  t r a n s f o r m a t i o n  ru le  a p p l i e s  to a f a m i l y  of 

t r e e s  w i t h  the  s t r u c t u r e  
A 

/ 

e/~,\ X i S`` . 

/" ", / s  • / s  "~ 

and as a result we get a family with the structure 

A 

I S • / ~. / • 

/Robinson, op. cit. pp. 26-27/. 

It is now of little importance what the symbols A, B and X 

denote, i.e. whether they denote categories characteristic of depend- 

ency grammar or of slant grammar calculus. We can thus conceive 

of a grammar that has as its base /"categorial component"/ a de- 

pendency-tTpe grammar which is context-free and a transformational 

component that operates on structures generated by the categorial 



- - - - .  . " . .  

c o m p o n e n t .  In  t h i s  c a s e  we  c a n  e x p e c t  f r o m  s l a n t  g r a m m a r  c a l c u l u s  

a n o t a t i o n a l  a d v a n t a g e  a t  b e s t .  

In  f a c t ,  t h i s  s e e m s  to  be  the  c a s e .  T h u s ,  i n  m a n y  c a s e s  

one  c a n  t ake  a d v a n t a g e  of  the  r e s e m b l a n c e  b e t w e e n  c a t e g o r i e s  of 

the  s l a n t  g r a m m a r  c a l c u l u s  and  o r d i n a r y  f r a c t i o n s .  U n d e r  c e r t a i n  

c o n d i t i o n s  we  c a n  d e t e r m i n e  the  t ype  of s y n t a g m  b y  a s s i g n i n g  to  

e a c h  s y m b o l  in  the  s e q u e n c e  of c a t e g o r i e s  a p r i m e  n u m b e r  and  

t h e n  c a r r y  out  the  c a n c e l l a t i o n  in  an  a r i t h m e t i c a l  s e n s e .  T h e n ,  

s e q u e n c e s  of c a t e g o r y  s y m b o l s  i n  t he  s l a n t  g r a m m a r  c a l c u l u s  c a n  

e a s i l y  be h a n d l e d  w i t h o u t  a n y  r e f e r e n c e  to  t h e i r  m e a n i n g s .  S e v e r a l  

p r o p o s a l s  h a v e  b e e n  w o r k e d  out  t h a t  t ake  a d v a n t a g e  of  e x a c t l y  

t h i s  t r a i t  / K V A L  P M  3 6 7 / .  One d e f i n e m e n t  i s  p r o p o s e d  in  I n t e r i m  

R e p o r t  5, w h e r e  r e l a t i v e l y  p r i m e  2 x Z m a t r i x e s  w i t h  i n t e g e r  e l e -  

m e n t s  a r e  a s s i g n e d  to  the  a t o m s  of a n y  c a t e g o r i a l  g r a m m a r ,  so  

t h a t  a s t r i n g  i s  g r a m m a t i c a l  if,  and  o n l y  if ,  t he  p r o d u c t  of the  

a s s i g n e d  m a t r i x e s  i s  e q u a l  to  s o m e  " u n i t " .  

On the  o t h e r  hand ,  we  m a y  a s k  to w h a t  e x t e n t  t r a n s f o r m a -  

t i o n a l  r u l e s  a r e  r e a l l y  n e c e s s a r y  f o r  o u r  p u r p o s e .  C o u l d  t h e y  not  

a l l  be  r e p l a c e d  b y  c o n t e x t - s e n s i t i v e  r u l e s ?  T h i s  p r o b l e m  h a s  b e e n  

e x a m i n e d  in  s o m e  d e t a i l  in  I n t e r i m  R e p o r t  i f .  A n o t h e r  k i n d  of 

c a t e g o r i a l  s y m b o l s ,  w i t h  s e l e c t o r s  a s  w e l l  a s  n u m e r a t o r s  and  d e -  

n o m i n a t o r s  and  the  c a n c e l l a t i o n  r u l e  / 5 /  w e r e  p r o p o s e d  in  o r d e r  

to  c o v e r  the  c o n t e x t - s e n s i t i v e  c a s e  i n s t e a d  of / l / :  

x lly y - x  y 

151 
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and in  "mixed" cases: 

/6/ u z z ullxlyllv V y -~ U X V 

S o m e  f o r m a l  q u e s t i o n s  c o n c e r n i n g  the  v a r i o u s  g r a m m a r s  i n  

the  f r a m e w o r k  of  s l a n t  g r a m m a r  c a l c u l u s  h a v e  b e e n  t a c k l e d  in  

H. K a r l g r e n :  M u l t i - i n d e x  S y n t a c t i c  C a l c u l u s .  

So f a r  i t  i s  no t  c l e a r  w h e t h e r  r u l e s  of t y p e  / 5 /  o r  / 6 /  w i l l  

s o l v e  a l l  o u r  p r o b l e m s .  Bu t  i t  i s  in  t h i s  d i r e c t i o n  t h a t  we  w a n t  

to w o r k  n e x t .  
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