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A b s t r a c t  

R E L ,  a R a p i d l y  E x t e n s i b l e  L a n g u a g e  S y s t e m ,  is  an  i n t e -  

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

a c c e s s  to a c o m p u t e r .  It p e r m i t s  the  u s e  of  l a r g e  d a t a  b a s e s  by 

m e a n s  of  h i g h l y  i d i o s y n c r a t i c  l a n g u a g e s .  One of  t h e s e  l a n g u a g e s  

i s  a s u b s e t  of  n a t u r a l  E n g l i s h  w i t h  an  e x t e n s i v e  c a p a b i l i t y  fo r  

de f in ing  new c o n c e p t s  and s t r u c t u r e s .  R E L  E n g l i s h  is  a f o r m a l  

l a n g u a g e ,  e s s e n t i a l l y  u n r e s t r i c t e d  in  s u r f a c e  s t r u c t u r e  and  r e -  

s t r i c t e d  by  the  s t r u c t u r a l  l i m i t a t i o n s  of the  m e m o r y  f o r m s .  The 

s t r u c t u r a l  p o w e r  of  t h i s  l an g u ag e  is  m a t c h e d  by the  e x t r e m e l y  

f l e x i b l e  o r g a n i z a t i o n  of d a t a  into i n t e r r e l a t e d  r i n g s .  The R E L  

g r a m m a r  c o n s i s t s  of  r e w r i t e  r u l e s  and a s s o c i a t e d  s e m a n t i c  t r a n s -  

f o r m a t i o n s ,  and i n c l u d e s  g e n e r a l  r e w r i t e  and t r a n s f o r m a t i o n a l  

r u l e s .  A n u m b e r  of  a s p e c t s  of  the  g r a m m a r  a r e  d i s c u s s e d  in 

d e t a i l ~  i n c l u d i n g  f e a t u r e s ,  n a m e  and r e l a t i o n  m o d i f i c a t i o n ,  v e r b s ,  

s u b o r d i n a t e  c l a u s e s ,  t i m e  m o d i f i c a t i o n ,  q u a n t i f i e r s  and 

c o n j u n c t i o n s .  
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I. R E L  E n g l i s h  in  T e r m s  of M o d e r n  L i n g u i s t i c s  

REL, a Rapidly Extensible Language System, is an 

integrated information system operating in conversational inter- 

action with the computer. It is intended for work with large or 

small data bases by means of highly individualized languages. The 

architecture of REL is based on theoretical assumptions about 

human information dynamics [I], among them the expanding 

process of conceptualization in working with data, and the idio- 

syncratic language use of the individual workers. The result of 

these assumptions is a system which allows the construction of 

highly individualized languages which are closely knit with the 

structure of the data and which can be rapidly extended and 

augmented with new concepts and structures through a facile 

definitional capability. The REL language processor is designed 

to accommodate a variety of languages whose structural charaCter- 

istics may be considerably divergent. 

The REL English is one of the languages within the REL 

system. It is intended to facilitate sophisticated work with com- 

puters without the need for mastering programming languages. 
I 

The structural power of REL English matches the extremely 

f l e x i b l e  o r g a n i z a t i o n  of  d a t a  in  r i n g  f o r m s .  E x t e n s i o n s  of the  

b a s i c  R E L  E n g l i s h  l a n g u a g e  c a n  be a c h i e v e d  e i t h e r  t h r o u g h  
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d e f i n i n g  n e w  c o n c e p t s  a n d  s t r u c t u r e s  in  t e r m s  of t he  e x i s t i n g  o n e s  

o r  t h r o u g h  a d d i t i o n  of  n e w  r u l e s .  

The  R E L  d i a l e c t  a n d  i d i o l e c t s  

E n g l i s h  i s  o u r  p r i m a r y  m o d e  of  v e r b a l  c o m m u n i c a t i o n ,  

t h e r e f o r e  e v e r y o n e  h a s  t he  r i g h t  to know  w h a t  s o m e o n e  e l s e  m e a n s  

by  it .  We u s e  t he  t e r m  " E n g l i s h "  in  i t s  m o s t  o r d i n a r y  s e n s e ,  i . e .  

we  b e a r  in m i n d  t he  f a c t  t h a t  t h e r e  r e a l l y  i s  no one  E n g l i s h  l a n -  

g u a g e .  R a t h e r ,  t he  t e r n ~  E n g l i s h  r e f e r s  to a s  m a n y  i d i o l e c t s  a s  

t h e r e  a r e  s p e a k e r s ,  t h e s e  i d i o l e c t s  b e i n g  g r o u p e d  in to  d i a l e c t s .  

The  R E L  E n g l i s h  i s  one  s u c h  d i a l e c t .  It  s h a r e s  w i t h  n a t u r a l  l a n -  

g u a g e  a l s o  t he  c h a r a c t e r i s t i c  o f  b e i n g ,  in  i t s  d e s i g n  and  f u n c t i o n -  

i ng ,  a c o n g l o m e r a t e  of  i d i o l e c t s ,  w h i c h  we  c a l l  v e r s i o n s .  

T h o m p s o n ' s  d e s i g n  p h i l o s o p h y  of  R E L  [Z] d e f i n e s  the  t h e o r e t i c a l  

b a s i s  f o r  t he  a s s u m p t i o n  o f  i n d i v i d u a l ,  i d i o l e c t a l  a p p r o a c h  to t he  

u s e  of  i n f o r m a t i o n .  

R E L  E n g l i s h  a s  a f o r m a l  l a n g u a g e  

The  s e c o n d  b a s i c  c h a r a c t e r i s t i c  i s  t h a t  R E L  E n g l i s h  i s  a 

f o r m a l  l a n g u a g e .  T h e  c h a r a c t e r i s t i c s  of  E n g l i s h  a s  a f o r m a l  

l a n g u a g e  a r e  d i s c u s s e d  i n  a n  e a r l i e r  p a p e r  [3]. T h e  

c e n t r a l  t h e s i s  o f  t h a t  p a p e r  i s  t h a t  E n g l i s h  b e c o m e s  a f o r m a l  

l a n g u a g e  w h e n  the  s u b j e c t  m a t t e r  w h i c h  i t  t a l k s  a b o u t  i s  l i m i t e d  to 

m a t e r i a l  w h o s e  i n t e r r e l a t i o n s h i p s  a r e  s p e c i f i a b l e  i n a  l i m i t e d  

n u m b e r  o f  p r e c i s e l y  s t r u c t u r e d  c a t e g o r i e s .  It  i s  t he  t ype  of 
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s t r u c t u r a t i o n  of  the  s u b j e c t  m a t t e r  and not  the  n a t u r e  of the  s u b j e c t  

m a t t e r  i t s e l f  t h a t  p r o d u c e s  the  n e c e s s a r y  l i m i t a t i o n s .  N a t u r a l  

l a n g u a g e  e n c o m p a s s e s  a m u l t i t u d e  of  f o r m a l  l a n g u a g e s  and i t  i s  the  

c o m p l e x i t i e s  of  the  m e m o r y  s t r u c t u r e s  on w h i c h  n a t u r a l  l a n g u a g e  

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

and r i c h n e s s  of  n a t u r a l  l a n g u a g e .  T h e s e  l a t t e r  g ive  r i s e  to the  

n o t o r i o u s  p r o b l e m  of  a m b i g u i t i e s  in n a t u r a l  l an g u ag e  a n a l y s i s .  

A r n b i g u i t i e s  

What  abou t  a m b i g u i t i e s  in  R E L  E n g l i s h ?  The p u r p o s e  of  I~EL 

E n g l i s h  g r a m m a r  i s  to  p r o v i d e  a l a n g u a g e  f a c i l i t a t i n g  w o r k  w i t h  

c o m p u t e r s .  I t  i s  t h u s  a s s u m e d  tha t  the  l a n g u a g e  i s  u s e d  f o r  a 

s p e c i f i c  p u r p o s e  in  a s p e c i f i c  c o n t e x t .  A l l o w a n c e  fo r  a m b i g u i t i e s  at  

the  p h r a s e  l e v e l ,  w i t h  s u b s e q u e n t  d i s a m b i g u i t i o n  t h r o u g h  c o n t e x t ,  is  

a p o w e r f u l  m e c h a n i s m  in a l a n g u a g e .  It i s  t h i s  a s p e c t  of a m b i g u i t y  

we  w i s h  to i n c l u d e .  

A m b i g u i t i e s ,  in  the  g e n e r a l  c a s e  and in ou r  c a s e ,  a r e  due  to 

d i f f e r e n t  s e m a n t i c  i n t e r p r e t a t i o n s  (da ta  s t r u c t u r a t i o n )  a r i s i n g  f r o m  

d i f f e r e n t  d e e p  s t r u c t u r e s .  A m b i g u o u s  c o n s t r u c t i o n s  a r e  of  two 

m a i n  t y p e s -  (1) t h o s e  w h i c h  a r e  s t r u c t u r a l l y  a m b i g u o u s ,  e . g .  , 

' B o s t o n  s h i p s "  i s  a m b i g u o u s  o v e r  a l l  r e l a t i o n s  e x i s t i n g  b e t w e e n  

" B o s t o n "  and  " s h i p s "  (bui l t  in Bos ton ,  w i t h  h o m e  p o r t  in B o s t o n ,  

e t c .  ); and  (Z) t h o s e  w h i c h  a r e  s e m a n t i c a l l y  a m b i g u o u s ,  e . g .  , 

~ l o c a t i o n  of  K i n g "  i f  " K i n g "  c a n  r e f e r  bo th  to  C a p t a i n  King  and the  
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d e s t r o y e r  King in  the  da t a  e l e m e n t s .  A m b i g u i t i e s  of  the  f i r s t  t ype  

c a n  be r e s o l v e d  by  the  s p e c i f i c a t i o n  of  t he  r e l a t i o n ,  t h o s e  of  t he  

s e c o n d  type  by i n c l u s i o n  of  l a r g e r  c o n t e x t .  C h o m s k y ' s  w e l l - k n o w n  

e x a m p l e  of  an  a m b i g u o u s  s e n t e n c e  " F l y i n g  p l a n e s  can  be d a n g e r o u s "  

is  of the  f i r s t  type ;  Katz  and F o d o r ' s  " b a c h e l o r "  is  of  the s e c o n d  

type .  The p u r p o s e  of  R E L  s e n t e n c e  a n a l y s i s  i s  not  to find al l  

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

con tex t .  R a t h e r ,  the p u r p o s e  is  m a x i m a l  d i s a m b i g u a t i o n  w h e r e  

such  d i s a m b i g u a t i o n  is  p o s s i b l e  in t e r m s  of  s e m a n t i c  i n t e r p r e t a -  

t ion ,  p r o v i d i n g  fo r  the  p r e s e r v a t i o n  of a m b i g u i t i e s  p r e s e n t  in 

m e m o r y  s t r u c t u r e s  if  the  s y n t a c t i c  f o r m  of the  q u e r y  is  a m b i g u o u s .  

N a t u r e  of r e s t r i c t i o n s  

How d o e s  ou r  E n g l i s h  c o m p a r e  w i t h  E n g l i s h  as  d i s c u s s e d  by 

m o d e r n  l i n g u i s t s ?  On the l e v e l  of  s u r f a c e  s t r u c t u r e ,  t h e y  a r e  

e s s e n t i a l l y  the  s a m e .  S o m e  m o r e  c o m p l e x  t r a n s f o r m a t i o n a l l y  

d e r i v e d  s t r i n g s ,  such  a s  c e r t a i n  f o r m s  of e l i p s i s  a r e  no t  h a n d l e d  as  

ye t .  H o w e v e r ,  m o s t  of  the  c o m m o n  f o r m s  a r e  t r e a t e d  in a s t r a i g h t -  

f o r w a r d  m a n n e r .  A l though  s o m e  c o n s t r u c t i o n s  w h i c h  can  be f o r m e d  

in  n a t u r a l  c o n v e r s a t i o n a l  E n g l i s h  a r e  not  p r o v i d e d  in t he  b a s i c  

E n g l i s h  p a c k a g e ,  s u c h  d e f i c i e n c i e s  c a n  to a l a r g e  e x t e n t  be o v e r -  

c o m e  by  the  c a p a b i l i t y  f o r  d e f i n i t i o n a l  e x t e n s i o n  p r o v i d e d  by the  

s y s t e m .  

The l e v e l  of d e e p  s t r u c t u r e  p r e s e n t s  m o r e  p r o b l e m s .  As  
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d i s t i n c t  f r o m  s u r f a c e  s t r u c t u r e ,  d e e p  s t r u c t u r e  i s  t h a t  l e v e l  of  

s y n t a c t i c  a n a l y s i s  w h i c h  c o n s t i t u t e s  t he  i n p u t  to s e m a n t i c  a n a l y s i s ,  

b o t h  in  C h o m s k y ' s  [4] t e r m s  and  o u r s .  W h a t  i s  t he  n a t u r e  o f  t h i s  

s e m a n t i c  i n t e r p r e t a t i o n ?  

In  the  g e n e r a l  c a s e ,  l i t t l e  i s  know n .  In o u r  c a s e ,  a s  in  m o s t  

t y p e s  of  c o m p u t e r  a n a l y s i s ,  i n t e r p r e t a t i o n  is  in  t e r m s  of the  i n t e r n a l  

f o r m s  of  o r g a n i z a t i o n  o f  t he  d a t a  in  m e m o r y .  To the  e x t e n t  t h a t  t he  

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

c o r r e s p o n d i n g  s t r u c t u r e s  in  t h e  d a t a ,  s e m a n t i c  a n a l y s i s ,  a n d  t h e r e -  

f o r e  s e n t e n c e  a n a l y s i s ,  c a n  be  c a r r i e d  to  c o m p l e t i o n .  

I t  i s  i m p o r t a n t  to d i s t i n g u i s h ,  in  t h i s  r e g a r d ,  b e t w e e n  two 

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

r e s t r i c t e d .  T h e  f i r s t  i s  by  t he  w a y s  in  w h i c h  t he  d a t a  i s  o r g a n i z e d ,  

t h a t  i s  t he  s t r u c t u r a l  f o r m s  u s e d  a nd  t he  i n t e r l i n k a g e s  w h i c h  a r e  

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

c a l l  " s t r u c t u r a l "  r e s t r i c t i o n s .  The  s e c o n d  i s  by  r e s t r i c t i o n s  of  t he  

s u b j e c t  m a t t e r ,  o r  t he  u n i v e r s e  of  d i s c o u r s e ;  t h i s  we  w i l l  c a l l  " d i s -  

c o u r s e "  r e s t r i c t i o n s .  W h e n  one  r e s t r i c t s  t he  u n i v e r s e  of  d i s c o u r s e  

to a b o d y  of m a t e r i a l  w h i c h  i s  n a t u r a l l y  f o r m a l  o r  h a s  b e e n  f o r m a l -  

i z e d ,  one  o f t e n  t a c i t l y  a c c e p t s  t he  s t r u c t u r a l  r e s t r i c t i o n s  t h u s  i m -  
I 

p o s e d .  To the  u n i n i t i a t e d ,  i t  m a y  a p p e a r  t h a t  i t  i s  the  d i s c o u s e  

l i m i t a t i o n s  a n d  no t  t he  i m p l i e d  s t r u c t u r a l  l i m i t a t i o n s  t h a t  m a k e  t h e  

m a t e r i a l  a m e n a b l e  to m a c h i n e  a n a l y s i s .  H o w e v e r ,  i t  i s  t h e  e s t a b -  
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l i s h m e n t  of  r e l a t a b i l i t ¥  b e t w e e n  d e e p  s t r u c t u r a l  c o n s t i t u e n t s  a n d  

d a t a  s t r u c t u r a l  f o r m s ,  r a t h e r  t h a n  d i s c o u r s e  r e s t r i c t i o n s  t h a t  m a k e  

c o m p u t e r  p r o c e s s i n g  of  the  s e m a n t i c  c o m p o n e n t  p o s s i b l e .  A n y  c o n -  

t e n t  a r e a  w h o s e  d a t a  i s  o r g a n i z e d  in to  t h e s e  g i v e n  s t r u c t u r a l  f o r m s  

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

i n t e r  r e l a t i o n s h i p  s .  

The  r e s t r i c t i o n s  on R E L  E n g l i s h  a r e  a f u n c t i o n  of  the  f i r s t  

t y p e  o f  r e s t r i c t i o n s ,  i . e . ,  s t r u c t u r a l  r e s t r i c t i o n s .  Not  a l l  d e e p  

s t r u c t u r e s  found  in  n a t u r a l  E n g l i s h  a r e  b r o u g h t  ou t  by  o u r  

a n a l y s i s ,  b e c a u s e  c o n s t i t u e n t s  of  t h e s e  d e e p  s t r u c t u r e s  do no t  

c o r r e s p o n d  to s t r u c t u r a l  r e l a t i o n s  in  t h e  o r g a n i z a t i o n  of o u r  d a t a .  

For instance, "collections of boys" and "boys' collections" are con- 

sidered synonyn~ous, although they are not in English. Consider: 

"At the fair, I saw collections of boys. " and "At the fair, I saw 

boys' collections. " 

F i n a l l y ,  a l i m i t a t i o n  in  r e v e r s e ,  a s  i t  w e r e ,  i s  the  f a c t  t h a t  

we  h a v e  e m p h a s i z e d  the  i n c l u s i o n  of  g r a m m a t i c a l  s t r i n g s  r a t h e r  

t h a n  a t t e n d i n g  to s t r i c t  i n s i s t e n c e  on  g r a m m a t i c a l l t y .  

O r g a n i z a t i o n  of t he  I%EL E n g l i s h  g r a m m a r s  

The  R E L  E n g l i s h  g r a m m a r  c o n s i s t s  of  a s y n t a c t i c  c o m p o n e n t  

a n d  a s e m a n t i c  c o m p o n e n t .  The  s y n t a c t i c  c o m p o n e n t  c o n s i s t s  of  a 

We a r e  i n d e b t e d  to  N o r t o n  G r e e n f e l d  f o r  m a n y  v a l u a b l e  i n s i g h t s  
a n d  c o m m e n t s  a s  w e l l  a s  fo r  the  e x c e l l e n t  p r o g r a m m i n g  of a l a r g e  
p o r t i o n  of t he  c u r r e n t  E n g l i s h  r u l e s .  
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s e t  of  r e w r i t e  r u l e s ,  c o n t e x t - f r e e  and  g e n e r a l ,  w h i c h  bu i ld  the  d e e p  

s t r u c t u r e  P h r a s e - m a r k e r s  in  the  f o r m  of  k e r n e l  s e n t e n c e s ,  a n d  a 

n u m b e r  of  t r a n s f o r m a t i o n a i  r u l e s .  T h e  s e m a n t i c  c o m p o n e n t  c o n -  

s i s t s  of  s e m a n t i c  t r a n s f o r m a t i o n  r u l e s  a c t i n g  on  the  m e m o r y  s t r u c -  

t u r e s  of  the  d a t a  b a s e s .  The  l a n g u a g e  p r o c e s s o r ,  d e s c r i b e d  in  

detail in the accompanying paper [5], builds a sentence analysis 

Phrase-marker. The sentence is interpreted by successive appli- 

cation of the corresponding semantic transformations in accordance 

with the parsing. The application of semantic rules to the consti- 

tuents of a complex phrase produces the interpretation of the phrase 

or, if the phrase is semantically meaningless, an indication of that 

to the language processor. 

The parts of speech of REL English are given in Figure I, 

together with examples. These parts of speech are inclusive terms 

for syntactic classes (labels on the parsing tree), and semantic 

categories (memory structures). 

Function words, e. g. , al__!l, o__ff, wha_.___tt, are distinct from 

referent words; the former are empty in the sense of not being 

associated with memory structures. Other aspects of the grarnrnar, 

namely features, name and relation modification, verbs, clauses, 
I 

quantifiers and conjunctions, are discussed in detail in the remairder 

of the paper. 



II. R E L  Da ta  S t r u c t u r e s  

S t r u c t u r a l  P o w e r  of L a n g u a g e  a n d  S t r u c t u r a l  P o w e r  of D a t a  

O r g a n i z a t i o n  

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

p r o g r a m m i n g  l a n g u a g e s  n e e d s  a d e f e n s e .  T h e r e  a r e  o b v i o u s  j u s t i -  

f i c a t i o n s .  F o r  a u s e r  f o r  w h o m  t h e  c o m p u t e r  i s  o n l y  a t o o l  f a c i l i -  

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

l a n g u a g e  c o m m u n i c a t i o n ,  i s  a m e d i u m  a l l o w i n g  m a x i m u m  c o n c e n -  

t r a t i o n  on t h e  p r o b l e m  i t s e l f  by  m i n i m i z i n g  t h e  n e e d  f o r  c o n c e r n  

w i t h  t h e  m e d i u m .  T h e  f l e x i b i l i t y  of n a t u r a l - l i k e  l a n g u a g e  a u g m e n t e d  

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

m a n i p u l a t i o n  of e x i s t i n g  d a t a  s t r u c t u r e s  a n d  f o r  ne w  c o n c e p t  f o r m a -  

t i o n .  We b e l i e v e  t h a t  a d e e p e r  j u s t i f i c a t i o n  l i e s  in  t h e  r e l a t i o n s h i p  

b e t w e e n  l a n g u a g e  s t r u c t u r e  a n d  da t a  s t r u c t u r a t i o n .  T h e r e  m u s t  

e x i s t  a c o r r e s p o n d e n c e  b e t w e e n  t h e  p o w e r  of l a n g u a g e  a n d  t h e  p o w e r  

of d a t a  o r g a n i z a t i o n .  G i v e n  t h e  f o l l o w i n g  e x t r e m e  a l t e r n a t i v e s :  

1) h i g h l y  
f o r m a t t e d  
d a t a  

2) p o w e r f u l l y  
s t r u c t u r e d  
d a t a  

1) f o r m a t t e d  d e s i r a b l e  
l a n g u a g e  

2) p o w e r f u l l y  
s t r u c t u r e d  u n d e s i r a b l e  
l a n g u a g e  

t h e  1) - 1) a n d  2) - 2) c o m b i n a t i o n s  a r e  o p t i m a l .  

u n d e s i r a b l e  

d e s i r a b l e  

T h e  u s e  of a f l e x i b l e ,  



r i c h  l a n g u a g e  f o r  w o r k  w i t h  h i g h l y  f o r m a t t e d  da ta  i n t r o d u c e s  too  

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

c i e n c y .  C o n v e r s e l y ,  t h e  u s e  of a f o r m a t t e d  l a n g u a g e  fo r  w o r k  w i t h  

p o w e r f u l l y  s t r u c t u r e d  da t a  p r e c l u d e s  fu l l  and  e f f i c i e n t  e x p l o i t a t i o n  

of t he  o r g a n i z a t i o n  of t h e  d a t a  by  i m p o s i n g  a r e s t r i c t e d  m e d i u m  of 

access. 

R i n  G S t r u c t u r e  of R E L  E n g l i s h  Data  B a s e s  

S i n c e  e f f e c t i v e  c o m m u n i c a t i o n  r e q u i r e s  t he  m a x i m i z a t i o n  of 

i n f o r m a t i o n ,  t h e  s t r u c t u r a t i o n  of t h e  p r o c e s s  m u s t  be  a c o m p r o m i s e  

b e t w e e n  t h e  c o m m u n i c a t i n g  e n t i t i e s  - -  in  ou r  c a s e ,  the  h u m a n  u s e r  

a n d  t h e  c o m p u t e r .  R ing  s t r u c t u r e s  a r e  a v e r y  f l e x i b l e  m e d i u m ,  

s u i t a b l e  f o r  t h e  o r g a n i z a t i o n  of da t a  on w h i c h  n a t u r a l  l a n g u a g e  

o p e r a t e s  a n d  f o r m a l i z e d  e n o u g h  to  be  a m e n a b l e  to  m a n i p u l a t i o n  by  

c o m p u t e r  p r o g r a m s .  [6] 

The semantic component of REL English, mentioned above, 

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

i n t e r p r e t a t i o n  r u l e s  c o n s t i t u t e  c h e c k s  on  the  r i n g  s t r u c t u r e s .  

t a k e  as  o u r  da t a  b a s e  t h e  f o l l o w i n g  e n v i r o n m e n t :  

l) 

Z) 

3) 

4) 

T h e s e  

L e t  us  

T h e r e  a r e  t h r e e  s h i p s :  l ~ a r u ,  P i n t a  and  Nina.  

T h e  r e s p e c t i v e  l o c a t i o n s  of  t h e s e  s h i p s  a r e :  B o s t o n ,  

B o s t o n  a n d  New York .  

B o s t o n ,  New Y o r k  and  C h i c a g o  a r e  c i t i e s .  

The  r e s p e c t i v e  p o p u l a t i o n s  of t h e s e  c i t i e s  a r e  3205, 11366 



and 6689, in thousands. 

Figures Z and 3 illustrate how ring structures contain this environ- 

ment. Let us follow these rings. Links from the SHIP ring lead to 

Maru, Pinta and Nina. The arrow at intersection points on the SHIP 

ring pointing down and on the Maru, Pinta and Nina pointing up 

indicate the class-member relationship: Pinta is a member of the 

class SHIP. This exemplifies ring structures which relate classes 

of objects and individual objects. The other type of ring structure 

a r e  b i n a r y  r e l a t i o n s  b e t w e e n  r i n g s .  If we fo l low now the  l ink  f r o m  

t h e  P i n t a  r i n g  t h r o u g h  t h e  l o c a t i o n  r i n g ,  we r e a c h  t h e  B o s t o n  r i n g .  

T h e  r e l a t i o n  of l o c a t i o n  h o l d s  b e t w e e n  P i n t a  a n d  B o s t o n ,  t h u s ,  i n  

p r e d i c a t e  n o t a t i o n ,  we  c a n  s a y :  l o c a t i o n  (P in t a ,  B o s t o n ) .  T h e  

s y m b o l s  0, 1 a n d  2 r e f e r  to  t he  o r d e r  in  t h i s  r e l a t i o n s h i p .  

N u m b e r  r e l a t i o n s ,  s u c h  a s  p o p u l a t i o n ,  r e l a t e  a r i n g  to  a 

n u m b e r :  p o p u l a t i o n  ( B o s t o n ,  3205) .  T h e y  e x i s t  a s  l i n k s  w i t h i n  t h e  

r e s p e c t i v e  r i n g s  t o  w h i c h  t h e y  r e f e r .  H o w e v e r ,  t h e  n u m e r i c a l  d a t a  

i t s e l f  i s  in  t h e  r i n g  to  w h i c h  i t  a p p l i e s .  T h u s  one  f i n d s  a r e f e r e n t  to 

p o p u l a t i o n  on t h e  B o s t o n  r i n g ;  a n d  a s s o c i a t e d  w i t h  t he  r e f e r e n t  to  

p o p u l a t i o n  i s  t h e  d a t a  e n t r y .  

T h e  s t r u c t u r a l  m e t h o d s  u s e d  to  h a n d l e  t he  t i m e  a s p e c t s  of t i m e -  

r e l a t e d  d a t a  a r e  no t  d i s c u s s e d  in  t h i s  p a p e r  f o r  r e a s o n s  of s p a c e .  

R i n g  s t r u c t u r e s  a r e  a l s o  b u i l t  d u r i n g  a n a l y s i s  of s e n t e n c e s  a nd  

u n d o n e  on t h e i r  c o m p l e t i o n .  T h u s  i n  t h e  p r o c e s s i n g  of t h e  s e n t e n c e :  
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W h a t  a r e  t he  l o c a t i o n s  of s h i p s ?  

t h e  s e m a n t i c  t r a n s f o r m a t i o n  a s s o c i a t e d  w i t h  t h e  'N -~ R of N'  r u l e  

w i l l  b u i l d  a s c r a t c h  r i n g  of a l l  l o c a t i o n s  of s h i p s ,  in  t h e  p a r t i c u l a r  

c a s e  a t  h a n d ,  B o s t o n  a n d  New York .  T h i s  s c r a t c h  r i n g  w i l l  be  i n t e r -  

r e l a t e d  t o  t h e  d a t a  b a s e  i n  t h e  s a m e  m a n n e r  a s  p e r m a n e n t  r i n g s  a n d  

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

U p o n  c o m p l e t i o n  of t h e  a n a l y s i s  a n d  r e s p o n s e  to  t he  g i v e n  s e n t e n c e ,  

t h e  l i n k s  to  t h i s  s c r a t c h  r i n g  a n d  the  s c r a t c h  r i n g  i t s e l f  w i l l  be 

d e l e t e d  f r o m  o t h e r  r i n g s  of t h e  da t a  b a s e .  

A s e c o n d  t y p e  of s c r a t c h  r i n g  i s  a n u m b e r  r i n g ,  t h a t  i s  a r i n g  

a l l  of  w h o s e  e n t r i e s  a r e  n u m e r i c a l  d a t a .  ]For e x a m p l e ,  t h e  p h r a s e :  

' p o p u l a t i o n s  of c i t i e s '  w i l l  r e s u l t  i n  t h e  c r e a t i o n  of s u c h  a n u m b e r  

r i n g  c o n t a i n i n g  t h e  n u m b e r s  3205,  11366, 6689.  T h e  s y n t a c t i c  

r e s u l t  of ' p o p u l a t i o n  of c i t i e s '  h a s  p a r t  of s p e e c h  U, a n d  t he  n u m b e r  

r i n g  f e a t u r e  ( d i s c u s s e d  be low )  d e s i g n a t e s  t he  c h a r a c t e r  of t h e  u n d e r -  

l y i n g  s t r u c t u r e .  

R u l e s  s u c h  a s  'U -~ a v e r a g e  U ' ,  o r  ' U - ~  s u m  of U'  a p p l y  to  

n u m b e r  r i n g s .  New da t a  c a n  be  e n t e r e d  s i m p l y  f r o m  the  c o n s o l e ,  

f o r  e x a m p l e  t h a t  t h e  S a n t a  M a r i a  i s  a s h i p  l o c a t e d  i n  B o s t o n :  

def :  S a n t a  M a r i a :  = n a m e  
I 

T h e  S a n t a  M a r i a  i s  a ship ' .  

T h e  l o c a t i o n  of t he  S a n t a  M a r i a  i s  Boston~ 

T h i s  w i l l  r e s u l t  in  t h e  c r e a t i o n  of a r i n g  f o r  S a n t a  M a r i a  a n d  a 
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l i nk ing  r i n g  b e t w e e n  t h a t  r i ng ,  l o c a t i o n  and  B o s t o n .  

F e a t u r e s  and  T h e i r  F u n c t i o n s  

F e a t u r e s  c o n s t i t u t e  an  i m p o r t a n t  and  p o w e r f u l  m e c h a n i s m  in 

R E L .  We u s e  the  t e r m  in  the  g e n e r a l  C b o m s k y  s e n s e  [4], but w i t h  

s o m e  s i g n i f i c a n t  m o d i f i c a t i o n s .  S o m e  a s p e c t s  of t he  o p e r a t i o n  of 

f e a t u r e s  f r o m  the  po in t  of v i e w  of t he  l a n g u a g e  p r o c e s s o r  a r e  d i s -  

c u s s e d  in  [5]. S u m m a r i l y ,  t h e  r o l e  of f e a t u r e s  i s  s u b c a t e g o r i z a t i o n ,  

d e t e r m i n a t i o n  of s y n t a c t i c  c o n s t r u c t i o n s  and  o r d e r  of s y n t a c t i c  

g r ouping  s .  

(a) T h e r e  a r e  only  two s e m a n t i c  f e a t u r e s  in  t he  p r e s e n t  R E L  

E n g l i s h .  The  t e n s e  c h a r a c t e r  of the  v e r b  i s  a f e a t u r e  a s s i g n e d  to  t he  

i n d i v i d u a l  l e x i c a l  i t e m .  The  f e a t u r e  d i s t i n g u i s h i n g  a n u m b e r  r i n g  

f r o m  a n u m b e r  is  a s s i g n e d  to  a da ta  s t r u c t u r e  w h i c h  in a s e n s e  i s  

a l s o  t r e a t e d  as  a l e x i c a l  i t e m  in  s e n t e n c e  a n a l y s i s .  

Co) M o r p h e m i c  f e a t u r e s  s u b c a t e g o r i z e  s y n t a c t i c a l l y  p a r t s  of 

s p e e c h .  T h e s e  i n c l u d e  t h e  N o m i n a t i v e / P o s s e s s i v e  and S i n g u l a r /  

P l u r a l  s u b c a t e g o r i z a t i o n s  of Nouns  and  R e l a t i o n s ;  and the  S i n g u l a r  

and  P a r t i c i p l e  s u b e a t e g o r i z a t i o n s  of V e r b s .  M o r p h e m i c  f e a t u r e s  

o f t en  f u n c t i o n  a s p r e c e d e n c e  m a r k e r s  a s  w e l l .  Thus  c h e c k s  on 

N o r a . / P o s s .  and  S i n g . / P l u r a l  f e a t u r e s  f o r c e  the  fo l lowing  p a r s i n g :  

( ( ( sma l l  ( c o m p u t e r  s))') (word  size)) 

excluding such parsings as: 

( s m a l l  ( ( ( c o m p u t e r  s)') (word  s i ze ) ) )  
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(c) The p a s s i v e  vo ice  f e a t u r e  of v e r b s  i s  s e t  by the  v e r b  "to b e "  

u s e d  a s  an a u x i l a r y .  Once  se t ,  it s i g n a l s  o t h e r  r o u t i n e s  to a p p r o p r i -  

a t e l y  hand le  s u b j e c t  and o b j e c t ,  e s s e n t i a l l y  key ing  the  p a s s i v e  t r a n s -  

f o r m a t i o n .  The  n e g a t i o n  f e a t u r e  on the v e r b  is  s e t  by "no t"  and i t s  

c o n t r a c t e d  f o r m s .  

(d) P r e c e d e n c e  f e a t u r e s .  The r e m a i n i n g  f e a t u r e s  d e t e r m i n e  

the  a p p l i c a b i l i t y  of r u l e s  and  the  o r d e r  of t h e i r  a p p l i c a t i o n  to  f o r m  

s y n t a c t i c  g r o u p i n g s .  On N and R t h e y  a r e :  

d e t e r m i n e r  - -  w h i c h  p r e v e n t s  f u r t h e r  m o d i f i c a t i o n  

e . g .  t he  t he  ba l l ,  big the  ba l l ,  a r e  e x c l u d e d .  

p h r a s a l  - -  w h i c h  p r e v e n t s  the  a p p l i c a t i o n  of c e r t a i n  

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

p r e - m o d i f i c a t i o n  and p o s t - m o d i f i c a t i o n  - -  w h i c h  c a u s e  

the  fo l l owing  c o n s t i t u e n t  a n a l y s i s :  

e . g .  (the (den t i s t  (son of (Sally Smi th) ) ) )  

not :  (((the d e n t i s t )  son)  of (Sally Smi th) )  

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

in c o n j u n c t i v e  p h r a s e s .  

e . g .  ((JohnWs son)  and  ( M a r y ' s  d a u g h t e r ) )  

not :  J o h n ' s  ( son  and ( M a r y ' s  d a u g h t e r ) )  

wh i l e :  ( M a r y ' s  (unc les  and aun t s ) )  

not :  ( ( M a r y ' s  u n c l e s )  and  au n t s )  

On the  V p h r a s e s ,  r i g h t  m o d i f i c a t i o n  and  s u b j e c t  f e a t u r e s  p l a y  a 
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s i m i l a r  r o l e .  A u x i l a r i e s  m u s t  go on  b e f o r e  r i g h t  m o d i f i c a t i o n ;  r i g h t  

m o d i f i c a t i o n  m u s t  b e  c o m p l e t e d  b e f o r e  t he  s u b j e c t  c a n  go on.  

e . g .  ( J o h n  (((wil l  m a r r y )  J o a n )  b e f o r e  1970)) 

no t :  ( ( John  (wil l  ( m a r r y  J o a n ) ) )  b e f o r e  1970) 

T he  i m p o r t a n c e  of p r e c e d e n c e  f e a t u r e s  i s  t h a t  t h e y  s h a r p l y  

curtail redundant parsings. Thus the rules: 

N -~ Ns N -~ NN 

N -~ N's N -~ the N 

g ive  s e v e n  p a r s i n g s  of t h e  p h r a s e  ' t h e  b o y ' s  d o g s ' .  The  f e a t u r e  

c h e c k s  e l i m i n a t e  a l l  bu t  one ,  n a m e l y :  ( the ( ( b o y ' s )  (dogs) ) ) .  S i n c e  

t h e s e  f e a t u r e  c h e c k s  a r e  m a d e  b y  t he  p a r s e r  a t  t h e  e a r l i e s t  p o s s i b l e  

m o m e n t ,  t h e y  p r o v i d e  a v e r y  e f f i c i e n t  and  e f f e c t i v e  c o n t r o l  on 

r e d u n d a n c  y. 
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f . 

I I I .  B u i l d i n g  of L i n g u i s t i c  S t r u c t u r e s  

N a m e  M o d i f i c a t i o n  

A " n a m e "  r e f e r s  to  a c l a s s  o r  t h e  i n d i v i d u a l  m e m b e r s  of a 

c l a s s  i n  t h e  r i n g  s t r u c t u r e d  d a t a  b a s e ,  a " r e l a t i o n "  to  a b i n a r y  

p r e d i c a t e .  

N a m e  m o d i f i c a t i o n  c o n s t r u c t i o n s  c o n s i s t  of  a n a m e  a s  h e a d  

a n d  o n e  o r  m o r e  m o d i f i e r s .  M o d i f i e r s  a r e :  d e t e r m i n e r s ,  r e l a t i o n s ,  

a n d  o t h e r  n a m e s .  

T h e  i n d e f i n i t e  a n d  d e f i n i t e  a r t i c l e s  c o m p r i s e  t h e  f i r s t  c l a s s .  

T h e i r  f u n c t i o n s  a r e  c o m p l e x ,  a n d  a n  a d e q u a t e  d i s c u s s i o n  w o u l d  go  

b e y o n d  t h e  s c o p e  of  t h i s  p a p e r .  

R e l a t i o n s  c a n  f u n c t i o n  a s  p r e - m o d i f i e r s  a n d  p o s t - m o d i f i e r s .  

A c c o r d i n g l y ,  t h e r e  a r e  t w o  d i f f e r e n t  s y n t a c t i c  c o n s t r u c t i o n s ,  w h i c h  

w e  t r e a t  i n  R E L  a s  s y n o n y m o u s :  " l o c a t i o n  of  J o h n "  a n d  " J o h n ' s  

l o c a t i o n " .  

F i g u r e s  4 a n d  5 i l l u s t r a t e  t he  a p p l i c a t i o n  of  s u c h  r u l e s .  

R e l a t i o n  M o d i f i c a t i o n  

We d i s t i n g u i s h  b e t w e e n  t w o  t y p e s  of  r e l a t i o n s ,  p r i m i t i v e  a n d  

c o m p l e x .  A p r i m i t i v e  R d i r e c t l y  d e s i g n a t e s  a n  a s s o c i a t e d  r i n g  

s t r u c t u r e .  A c o m p l e x  R d e s i g n a t e s  a l i s t  s t r u c t u r e  c o n s i s t i n g  of 

c o n s t r u c t i o n s  w h i c h  b u i l d  a c o m p l e x  r e l a t i o n s h i p  ou t  of  p r i m i t i v e  

o n e s .  T h e  p r o c e s s  of  b u i l d i n g  t h i s  l i s t  s t r u c t u r e  i s  r e f e r r e d  to  a s  
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relation modification. Figure 6 shows the possible constructions, 

together with grammar rules for relation modification. Semantic 

transformations for name modification rules recursively resolve 

this list structure. For example, in the analysis of the phrase: 

John's male child's location 

"Male child's location" gives rise to the cornplex R: 

composition [modification [male, child], location]. 

Then the name modification rule is applied to: "John's R", whose 

semantic transformation expands the complex R, developing the 

location of each "male (child of John)". 

Relation modification plays an important role in definitions 

of complex concepts. It is employed widely in elevating lanEuages 

beyond the base level of primitive relationships. This can be 

exemplified in family relationship situations. For instance, given 

the "parent" and "identity 9' relations as primitive, the following 

series of definitions introduces the relation "uncle": 

def:child:converse of parent 

def:son:male child 

c l e f : s i b l i n g : c h i l d  of p a r e n t  and  not  i d e n t i t y  

d e f : b r o t h e r  : m a l e  s i b l i n g  

d e f : u n c l e : b r o t h e r  of p a r e n t  

R e l a t i o n  m o d i f i c a t i o n  a l s o  p l a y s  a n  i m p o r t a n t  r o l e  in  b u i l d i n g  

c o m p l e x  d e f i n i t i o n s  i n v o l v i n g  n u m b e r  r e l a t i o n s  s u c h  a s  a r e a ,  G N P ,  

s a l a r y ,  e t c .  C o n s i d e r  t h e  d e f i n i t i o n :  
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def:per capita "GNP":"GNP"/population 

Complex relations of this sort function in such expressions as 

"Average per capita area of nations". 

The Verb 

We are accustomed to the traditional definition saying that a 

verb denotes an action or a state: an action is performed by an actor 

(subject) on an object, a state is a momentarily or permanently 

frozen action between subjects and objects. Thus, an action, in this 

inclusive sense, is characterized by (i) the aspect of beginning, 

ending, duration or momentariness; (Z) by its situation in time, and 

(3) by referring to subjects and objects. Two groups of verbs may 

be distinguished: those referring to a relation between subjects and 

objects, and those which establish a connection between them. The 

relation expressed by a verb constitutes (and is here referred to as) 

its 'predicate'; such verbs are called relation verbs. Relation verbs 

also express temporal aspects of a relation. Typical relation verbs 

are "arrive" and "leave"; both refer to the relation of 'location'; 

"arrive" refers to the beginning of the existence of this relation, 

and "leave" to its ending. For instance, "John left Boston" means 

that the relation of 'location' existing between John and Boston came 

to an end. Verbs which express a connection between subjects and 

objects are referred to as copulas, e.g. "is" in "John is a boy". 

The copula itself constitutes the predicate. 
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1. R e l a t i o n  V e r b s  

E a c h  of t he  f o u r  fo l lowing  s e n t e n c e s  c o n t a i n s ,  in  s u r f a c e  

s t r u c t u r e ,  a d i f f e r e n t  v e r b .  

(1) J o h n  a r r i v e d  in  Bos ton .  

(ii) J o h n  le f t  Bo s t o n .  

(iii) J o h n  l i ved  in  Bo s t o n .  

(iv) J o h n  is  r e s i d i n g  in  Bo s t o n .  

The  u n d e r l y i n g  s t r u c t u r e  of t h e s e  s e n t e n c e s  i s  i d e n t i c a l :  ' l o c a t i o n  

(John,  B o s t o n ) ' ,  e x c e p t  fo r  the  t e m p o r a l  a s p e c t  of t h i s  r e l a t i o n :  

b e g i n n i n g  in  (i), end ing  in (ii), m o m e n t a r i n e s s  in  (iii) and d u r a t i o n  

in  (iv). In R E L  E n g l i s h ,  the  t e m p o r a l  a s p e c t  i s  d e n o t e d  by  the  

' t e n s e  c h a r a c t e r '  f e a t u r e .  

V e r b s  a r e  i n t r o d u c e d  t h r o u g h  l an g u ag e  e x t e n s i o n .  T h e y  a r e  

d e f i n e d  in t e r m s  of a r e l a t i o n  and a t e n s e  c h a r a c t e r .  The r e l a t i o n  

m u s t  d e n o t e  an  a l r e a d y  e x i s t i n g  r ing  s t r u c t u r e .  T h u s ,  g iven  the  

r e l a t i o n  of " l o c a t i o n " ,  t he  v e r b  " a r r i v e "  i s  d e f i n e d  by:  

d e f : a r r i v e : v e r b  ( loca t ion ,  1). 

A v e r b  is  i n t e r n a l l y  r e p r e s e n t e d  as  a " v e r b  t a b l e " ,  w i th  p a r t  

of s p e e c h  V. In t he  v e r b  t a b l e  f o r  " a r r i v e " ,  ' l o c a t i o n '  i s  e n t e r e d  

as  p r e d i c a t e  and '1' as  t e n s e  c h a r a c t e r ,  i n d i c a t i n g  b e g i n n i n g .  

In i t i a l l y ,  the  v e r b  t a b l e  i s  a s s i g n e d  the  p r e s e n t  t e n s e ,  o r  ' n o w -  

h e s s ' .  T h i s  c a n  he  s u b s e q u e n t l y  m o d i f i e d  by  v e r b  m o r p h o l o g y ,  
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a u x i l i a r y  v e r b s ,  and  t e n s e  m o d i f i e r s  ( t e m p o r a l  p h r a s e s  o r  c l a u s e s ) .  

Z. Copu la  v e r b s  

Copula  v e r b s  have  a v e r b  t a b l e  w h i c h  has  a copu la  p r e d i c a t e  

and  (at p r e s e n t )  no t e n s e  c h a r a c t e r .  The  c o p u l a s  a r e :  " i s " ,  " a r e " ,  

" w a s " ,  " w e r e " ,  and  t h e i r  c o n t r a c t e d  n e g a t i v e s .  F o r  e x a m p l e ,  the  

r u l e  'C -* w a s n ' t '  w i l l  r e s u l t  in  t he  c r e a t i o n  of a v e r b  t a b l e  w i t h  a 

copu l a  p r e d i c a t e ,  t i m e  e q u a l  to  p a s t ,  and  the  f e a t u r e  of n e g a t i o n .  

3. V e r b  t a b l e  m o d i f i c a t i o n  

The e l e m e n t s  of a v e r b  t a b l e  c o r r e s p o n d  to  t he  e l e m e n t s  of a 

k e r n e l  c l a u s e  (i. e. one  w i t h  a s i n g l e  d e e p  s t r u c t u r e  P h r a s e - m a r k e r ) .  

T h e y  a r e :  s u b j e c t ,  p r e d i c a t e ,  o b j e c t ,  t e n s e  c h a r a c t e r ,  and  t i m e s  

t l ,  t 2. The  s u b j e c t s  and  o b j e c t s  of the  k e r n e l  m a y  be  N (names )  and 

U ( n u m b e r s } .  The  p r e d i c a t e  i s  a r e l a t i o n .  The  t y p e s  of t he  t e n s e  

c h a r a c t e r  a r e  d i s c u s s e d  ab o v e .  The  t i m e s  on  a v e r b  t a b l e  i n d i c a t e  

a p o i n t  o r  i n t e r v a l  w i t h i n  the  s p a n  b o u n d e d  by  p a s t  (0) and f u t u r e  (~).  

The  t 1 and  t 2 e i t h e r  b o t h  s p e c i f y  a s i n g l e  po in t  o r  b ind  an  i n t e r v a l  of 

t i m e  in w h i c h  the  e v e n t  i n d i c a t e d  by the  c l a u s e  t a k e s  p l a c e .  

R E L  v e r b s  a r e  m a r k e d  by  t h r e e  r e g u l a r  i n f l e c t i o n a l  m o r -  

p h e m e s :  p a s t  t e n s e ,  p a s t  p a r t i c i p l e ,  and  3 r d  p e r s o n  s i n g u l a r .  

The  f u n c t i o n  of i n f l e c t i o n a l  m o r p h e m e s  and  a u x i l i a r y  v e r b s  i s  t w o -  

fo ld :  m o d i f i c a t i o n  of the  o r i g i n a l  t i m e  in  t h e  v e r b  t a b l e  and s e t t i n g  

of s y n t a c t i c  f e a t u r e s .  F o r  e x a m p l e ,  t he  p a s t  t e n s e  m o r p h e m e  and  

the  a u x i l i a r y  " d i d "  m o d i f y  t 1 to  be  p a s t ,  t h u s  e s t a b l i s h i n g  t h e  t i m e  
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i n t e r v a l  ' 0  t o  n o w '  (i. e .  t 1 = 0, t 2 = now) ;  t h e  a u x i l i a r y  " w i l l "  m o d i -  

f i e s  t 2 t o  b e  f u t u r e ,  t h u s  e s t a b l i s h i n g  t 1 = n o w ,  t 2 = = ; 3 r d  p e r s o n  

s i n g u l a r  a n d  a u x i l i a r i e s  " h a s "  a n d  " d o e s "  s e t  t h e  s i n g u l a r  f e a t u r e .  

T i m e  m o d i f i e r s  (M) f u r t h e r  m o d i f y  t h e  v e r b  t a b l e .  T h e y  o r i g i -  

n a t e  f r o m  p r e p o s i t i o n a l  t i m e  p h r a s e s ,  e . g .  " b e f o r e  1960 ~v, a n d  s u b -  

o r d i n a t e  c l a u s e s ,  e . g .  " b e f o r e  J o h n  a r r i v e d  i n  B o s t o n  N. T h e  t i m e s  

o f  t h e  o r i g i n a l  v e r b  t a b l e  ( o r  a s  m o d i f i e d  t h r o u g h  t h e  p a s t  m o r p h e m e  

a n d / o r  a u x i l i a r i e s )  a r e  f u r t h e r  m o d i f i e d  s o  a s  to  b e  i n  a c c o r d  w i t h  

t i m e  m o d i f i e r s .  T h u s ,  i n  t h e  s e n t e n c e  " W i l l  J o h n  a r r i v e  b e f o r e  

19707 ,t t h e  v e r b  t a b l e  f o r  " a r r i v e "  h a s  t l ,  t 2 - n o w ;  m o d i f i c a t i o n  

b y  " w i l l "  c h a n g e s  t 2 t o  ' ~ ' ;  m o d i f i c a t i o n  b y  " b e f o r e  1970 '~ c h a n g e s  

t 2 t o  ' 1 9 7 0 ' ,  t h u s  r e s u l t i n g  in  t h e  i n t e r s e c t e d  t i m e  i n t e r v a l  ' b e t w e e n  

n o w  a n d  1 9 7 0 ' .  

S u b j e c t s  a n d  o b j e c t s  a r e  i n s e r t e d  i n  t h e  v e r b  t a b l e  u p o n  a p p l i -  

c a t i o n  o f  t h e  r u l e s :  

(i) V -* N V ( r u l e  p u t t i n g  s u b j e c t  on)  

( i i )  V -* V N ( r u l e  p u t t i n g  o b j e c t  on)  

(iii) V -* VbyN. 

These rules also check whether the passive feature is on (set by 

copulas forming passives), and if it is, rule (i) converts the N into 

an object; rule (ii) converts the N into a subject; rule (iii) applies 

only if the passive feature is on and converts the N into a subject. 

Number subjects and objects do not participate in the passive trans- 
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f o r m a t i o n .  

N e g a t i o n  is  h a n d l e d  by  a f e a t u r e  on the  v e r b  t a b l e .  It i s  s e t  by  

r u l e s  p r o c e s s i n g  " n o t "  w i t h  c o p u l a s ,  bo th  in  i s o l a t i o n  and c o n t r a c t e d ,  

and  r u l e s  p r o c e s s i n g  " n o t "  w i th  v e r b s .  T h e y  d i f f e r  s y n t a c t i c a l l y  in  

t he  p o s i t i o n  of "no t " .  If t h e  n e g a t i v e  f e a t u r e  i s  a l r e a d y  s e t  by  a p r e -  

v i o u s  r u l e ,  the  r e s u l t  i s  p o s i t i v e  (i. e. double  n e g a t i v e s  t u r n  in to  a 

p o s i t i v e ) .  

L e t  u s  c o n s i d e r  an  e x a m p l e  of v e r b  t a b l e  a c c u m u l a t i o n  ( f igure  

7). The  d e v e l o p m e n t  of t he  v e r b  t a b l e  s h o w s  the  s u c c e s s i v e  m o d i f i -  

c a t i o n  due to  t he  v e r b  r u l e s  w h i c h  have  a p p l i e d .  The  p a r s i n g s  r e f l e c t  

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

i n c o r r e c t  o r  i r r e l e v a n t  to  t he  a n a l y s i s ,  and  d e t e r m i n e  the  o r d e r  of 

p a r s i n g .  

C l a u s e  P r o c e s s i n g  

The  a c c u m u l a t e d  v e r b  t a b l e  c o n s t i t u t e s  t h e  inpu t  to  the  c l a u s e  

p r o c e s s i n g  r o u t i n e .  The  v e r b  t a b l e  m a y  b e  e i t h e r  c o m p l e t e ,  i . e .  

have  a l l  i t s  p o s i t i o n s  f i l l e d ,  o r  e l s e  have  s u b j e c t s  o r  o b j e c t s  m i s s i n g .  

The  c l a u s e  p r o c e s s o r  c o m p l e t e s  t h e  v e r b  t a b l e  i f  n e c e s s a r y ,  and  

r e t u r n s  it t o g e t h e r  w i t h  a l i s t  of t i m e s  f o r  w h i c h  the  c l a u s e  h o l d s ,  

and  a n o t h e r  l i s t  of t i m e s  f o r  w h i c h  i t  d o e s  no~ hold .  The  r e s u l t s  of 

t he  c l a u s e  p r o c e s s o r  a r e  s u b s e q u e n t l y  u s e d  by  the  s e n t e n c e  r u l e s  to  

p r o d u c e  output ,  o r  by  t h e  s u b o r d i n a t e  c l a u s e  r u l e s .  
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S e n t e n c e s  a r e  c l a u s e s  p l u s  s e n t e n c e  d e l i m i t e r s  - -  i n  R E L  

E n g l i s h ,  t h e s e  a r e  i n i t i a l  c a p i t a l  l e t t e r s ,  a n d  t e r m i n a l  q u e s t i o n  m a r k  

o r  e x c l a m a t i o n  m a r k .  A c c o r d i n g l y ,  w e  d i s t i n g u i s h  t w o  t y p e s  o f  

s e n t e n c e s ,  q u e s t i o n s  w h i c h  i n t e r r o g a t e  t h e  d a t a ,  a n d  c o m m a n d s  

w h i c h  m o d i f y  i t .  

T h e  r u l e s  f o r  h a n d l i n g  q u e s t i o n s  a r e :  (S s t a n d s  f o r  s e n t e n c e ,  

K f o r  c a p i t a l  l e t t e r )  

(i) S -* K V? Did Stan marry Jill before 1950? 

(ii) S -* K w h a t / w h o  V?  W h o  a r e  t h e  S m i t h s '  c h i l d r e n ?  

( i i i )  S -- K M ?  W h e n  d i d  J o h n  a r r i v e ?  

R u l e  (i) r e s u l t s  i n  a y e s / n o  o u t p u t  d e p e n d i n g  on  w h e t h e r  t h e  r e l a t i o n  

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

p r e d i c a t e  s p o u s e  
s u b j  e c t  S t a n  
obj  e c t  J i l l  
t e n s e  c h a r a c t e r  b e g i n  

t 1 0 
t 2 1950 

S u p p o s e  a l s o  t h e  d a t a  s h o w  t h a t  S t a n  m a r r i e d  J i l l  i n  1948.  S i n c e  1948 

i s  w i t h i n  t h e  t i m e  i n t e r v a l  '0  t o  1 9 5 0 ' ,  t h e  a n s w e r  w i l l  be  a f f i r m a t i v e  

I f  t h e  i n p u t  i s  a n e g a t i v e  q u e s t i o n ,  w e  u s e  t h e  t i m e  f o r  w h i c h  t h e  

r e l a t i o n  d o e s  n o t  h o l d .  

T h e  o u t p u t  o f  r u l e  (i i)  i s  o n e  o r  m o r e  N s .  T h e s e  a r e  s u p p l i e d  

b y  t h e  c l a u s e  p r o c e s s i n g  r o u t i n e  a s  e i t h e r  s u b j e c t s  o r  o b j e c t s .  In  

e x a m p l e  ( i i) ,  s u b j e c t s  a r e  s u p p l i e d .  
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T h e  o u t p u t  o f  r u l e  ( i i i )  i s  a t i m e  (o r  t i m e  l i s t )  a t  w h i c h  

t h e  r e l a t i o n  i n d i c a t e d  i n  t h e  v e r b  t a b l e  h o l d s .  

T h e  o u t p u t  m a y  b e  a m b i g u o u s .  F o r  e x a m p l e ,  " D i d  S m i t h  l i v e  

i n  N e w  Y o r k ?  " w o u l d  r e s u l t  i n  b o t h  " y e s "  a n d  " n o "  a s  a m b i g u o u s  

o u t p u t  i f  " S m i t h "  r e f e r r e d  t o  o n e  S m i t h  w h o  d i d  a n d  a n o t h e r  w h o  d i d  

n o t  l i v e  i n  N e w  Y o r k .  " W h o  i s  S t a n ' s  s i s t e r ?  " w o u l d  h a v e  a m b i g u o u s  

a n s w e r s  i f  S t a n  h a d  m o r e  t h a n  o n e  s i s t e r .  

T h e  o u t p u t  i s  a V a c u o u s  D e s c r i p t i o n  i f  t h e r e  i s  n o  v a l i d  s e m a n -  

t i c  a n a l y s i s  o f  t h e  q u e r y .  F o r  e x a m p l e  i n  t h e  s e n t e n c e ,  " W h a t  i s  t h e  

i n c o m e  of  t h e  p r e s e n t  k i n g  o f  F r a n c e ?  " t h e  p h r a s e  " p r e s e n t  k i n g  o f  

F r a n c e "  i s  a v a c u o u s  d e s c r i p t i o n  i n  t e r m s  of  o u r  d a t a  i f  t h e  d a t a  

c o n t a i n s  f a c t u a l  i n f o r m a t i o n  o n  p r e s e n t - d a y  F r a n c e .  T h i s  a s p e c t  of  

t h e  a n a l y s i s  i s  n o t  e x p l i c a t e d  h e r e  f o r  l a c k  o f  s p a c e .  

T h e  s e c o n d  t y p e  o f  s e n t e n c e s ,  c o m m a n d s ,  a r e  u s e d  f o r  a d d i n g  

o r  d e l e t i n g  d a t a .  T h e  r u l e s  a n d  c o r r e s p o n d i n g  e x a m p l e s  a r e :  

(i) S -~ K V~ J o h n  i s  a boy~ 

S a l l y  l i v e d  i n  B o s t o n  a f t e r  1950! 

( i i )  S -~ K R of  V~ T h e  l o c a t i o n  o f  S a l l y  w a s  B o s t o n  
a f t e r  1950'. 

$ 

T h e  i n c o m e  o f  J o h n  i s  10000~ 

T h e  d a t a  i s  d e l e t e d  i f  t h e  v e r b  t a b l e  h a s  t h e  n e g a t i v e  f e a t u r e  s e t .  

T h e r e  a r e  t w o  r e s t r i c t i o n s  o n  t h e  a b o v e  r u l e s :  t h e  s u b j e c t  o f  t h e  
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v e r b  t a b l e  i n  (i) m u s t  n o t  b e  m o d i f i e d ;  a n d  t h e  p r e d i c a t e  o f  t h e  v e r b  

t a b l e  i n  (ii)  m u s t  b e  a c o p u l a .  

T h e  s t r u c t u r e  o f  t h e  i n p u t  s e n t e n c e  d e t e r m i n e s  t h e  s t r u c t u r a l  

r e l a t i o n s  t o  b e  e s t a b l i s h e d  b e t w e e n  i t e m s  i n  t h e  d a t a .  

S u b o r d i n a t e  c l a u s e s  m o d i f y  s o m e  i t e m  i n  a n o t h e r  c l a u s e ,  o r  

a n o t h e r  c l a u s e  a s  a w h o l e .  I n  R E L  E n g l i s h ,  c l a u s e s  o f  t h e  f i r s t  t y p e  

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

" w h o " ,  " w h i c h " ,  " t h a t " ,  " w h o m "  a n d  " w h o s e " .  C l a u s e s  m o d i f y i n g  

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

a n d  " w h e n " ,  a n d  r e s u l t  i n  t i m e  m o d i f i c a t i o n .  

E x a m p l e s  o f  r e l a t i v e  c l a u s e s :  

(i) N -~ N w h o  V Did  t h e  b o y  w h o  l e f t  B o s t o n  m a r r y  

J i l l ?  

(i i)  N -* N t h a t  V W a s  B o s t o n  t h e  c i t y  t h a t  J o h n  l e f t ?  

( i i i )  N -* N w h o s e  R V Did  t h e  b o y  w h o s e  f a t h e r  l e f t  B o s t o n  

m a r r y  J i l l ?  

V e r b  t a b l e s  r e p r e s e n t i n g  r e l a t i v e  c l a u s e s  a r e  c o m p l e t e d  u s i n g  

t h e  n o u n  w h i c h  t h e  c l a u s e  m o d i f i e s .  T h u s  i n  (i) t h e  N i s  u s e d  a s  t h e  

s u b j e c t  o f  t h e  v e r b  t a b l e ,  i n  (i i)  e i t h e r  a s  s u b j e c t  o r  o b j e c t .  I n  ( i i i )  

t h e  N f o r  w h i c h  t h e  r e l a t i o n  R h o l d s  i s  u s e d  a s  s u b j e c t  o r  o b j e c t .  

P a r a l l e l  t o  t h e  a b o v e  r u l e s  a r e  r u l e s  w i t h  a c o m m a  p r e c e d i n g  

t h e  r e l a t i v e  p r o n o u n .  H o w e v e r ,  t h e  r u l e s  w i t h  c o m m a s  a p p l y  o n l y  
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to post-modified NXs and the comma plays a disambiguating function. 

For instance, "parents of boys who left Boston" can be ambiguous; 

in our English, the relative clause refers to "boys", while in 

" p a r e n t s  of  b o y s ,  w h o  l e f t  B o s t o n "  t h e  r e l a t i v e  c l a u s e  r e f e r s  to  

" p a r e n t s  ".  

E x a m p l e s  of  t e m p o r a l  c l a u s e s :  

(i) M -~ b e f o r e  V Did  J o h n  m a r r y  J i l l  b e f o r e  J i l l  l e f t  
B o s t o n ?  

(ii) M "~ w h e n  V W h a t  w a s  J o h n ' s  i n c o m e  w h e n  S t a n  l i v e d  
i n  B o s t o n ?  

T h e  o u t p u t  of  r u l e  (i) i s  a t i m e  m o d i f i e r  w i t h  t h e  t i m e  i n t e r v a l  t 1 = 0, 

t 2 = d a t e  s p e c i f i e d  b y  t h e  s u b o r d i n a t e  c l a u s e .  In  t h e  s u b s e q u e n t  

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

i n  t h e  s a m e  w a y  a s  t i m e  m o d i f i e r s  s u c h  a s  " b e f o r e  1 9 6 0 . "  F o r  

i n s t a n c e ,  l e t  u s  a s s u m e  t h a t  J o h n  m a r r i e d  J i l l  i n  1950 a n d  t h a t  J i l l  

l e f t  B o s t o n  i n  1955. T h e  o u t p u t  of  r u l e  (i) w i l l  n o w  b e  t h e  i n t e r v a l  

'0 t o  1955 ~ a n d  t h e  t i m e s  to  b e  i n t e r s e c t e d  a r e  '0 t o  1955'  a n d  1950: 

o . . . .  . . . . . . . . . .  . . . . .  • 

T h e  r e s u l t  i s ,  o b v i o u s l y ,  a " y e s "  a n s w e r .  T h e  o u t p u t  of  r u l e  (ii) i s  

a t e n s e  m o d i f i e r  w i t h  t h e  t i m e  i n t e r v a l  t 1 - t 2 - d a t e  s p e c i f i e d  b y  t h e  

s u b o r d i n a t e  c l a u s e .  

Q u a n t i f i e  r s 

By  " q u a n t i f i e r s "  w e  r e f e r  t o  " a l l " ,  " s o m e " ,  " h o w  m a n y " ,  

" w h a t " ,  " e a c h "  a n d  " n o " .  P h r a s e s  c o n t a i n i n g  s u c h  w o r d s  a r e  of  

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

a g g r e g a t e s  a n d  m o r e  a b s t r a c t  c o n c e p t s .  

S o m e  e x a m p l e s  a r e :  

Did  s o m e  S m i t h  w h o  l i v e d  i n  N e w  Y o r k  m o v e  t o  B o s t o n ?  

How m a n y  S m i t h s  h a v e  a n  i n c o m e  g r e a t e r  t h a n  12000? 

W h a t  w a s  the  a v e r a g e  b e t w e e n  1950 a n d  1960 of  t h e  i n c o m e s  of 

e a c h  S m i t h ?  

In  s u c h  s e n t e n c e s ,  a c l a s s  of o b j e c t s  i s  c o n s i d e r e d .  T h e  

s e n t e n c e  c o n s t i t u t e s  a c o n d i t i o n  on  e a c h  e l e m e n t  of  t h i s  c l a s s ,  t h e  

c o n d i t i o n  d e p e n d i n g  on  t h e  p a r t i c u l a r  q u a n t i f i e r .  C o n s i d e r  in  d e t a i l  

t h e  e x a m p l e :  " I s  B o s t o n  t h e  l o c a t i o n  of a l l  m e n ?  " T o  a n s w e r  t h i s  

q u e s t i o n ,  e a c h  m a n  m u s t  be  c o n s i d e r e d  i n  t u r n .  We a p p l y  t h e  t e r m  

g e n e r a t i o n  t o  t h i s  k i n d  of  a p r o c e s s .  A s  e a c h  m a n  i s  g e n e r a t e d  in  

t u r n ,  s a y  m a n . ,  t h e  s e n t e n c e  " I s  B o s t o n  t h e  l o c a t i o n  of m a n . ?  " 

m u s t  be  p r o c e s s e d .  I f  t h e  a n s w e r  to  a l l  c a s e s  i s  " y e s " ,  t h e n  t h e  

o r i g i n a l  q u e s t i o n  i s  a n s w e r e d  a f f i r m a t i v e l y ;  o t h e r w i s e ,  i t  i s  

a n s w e r e d  n e g a t i v e l y .  In  t h e  c a s e  of  t h e  " s o m e  '~ g e n e r a t o r ,  t h e  

a n s w e r  w o u l d  b e  a f f i r m a t i v e  i f  a t  l e a s t  one  of  t h e  m e n  l i v e s  in  

B o s t o n .  F o r  t h e  q u e s t i o n  " W h a t  m e n  l i v e  i n  B o s t o n ?  , i  t h e  a n s w e r  

i s  t h e  l i s t  of m e n  f o r  w h o m  t h e  c l a u s e  " m a n .  l i v e s  in  B o s t o n "  h o l d s .  
1 

S e v e r a l  g e n e r a t o r s  c a n  b e  n e s t e d  in  a s e n t e n c e .  A n  e x a m p l e  

i s :  ~ 'Each S m i t h  l i v e d  in  w h a t  c i t i e s ?  " In  g e n e r a l ,  t he  n e s t i n g  of  

g e n e r a t o r s  p o s e s  d i f f i c u l t  a n d  c h a l l e n g i n g  p r o b l e m s .  A l t h o u g h  w e  
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h a v e  b e e n  a b l e  to  s a t i s f a c t o r i l y  d e a l  w i t h  t h e s e  p r o b l e m s ,  a n  

a d e q u a t e  t r e a t m e n t  m u s t  b e  d e f e r r e d  to  a s e p a r a t e  p u b l i c a t i o n  b e c a u s e  

of  t h e i r  c o m p l e x i t y .  

C o n j u n c t i o n s  

C o n j u n c t i o n  of R ' s  w a s  d i s c u s s e d  a b o v e  u n d e r  r e l a t i o n  m o d i f i -  

c a t i o n .  C o n j u n c t i o n  of N ' s  a n d  V ' s  s e t  up g e n e r a t o r s  a c c o r d i n g  to  t h e  

f o l l o w i n g  r u l e s  : 

N G E  -~ N J  N 

NGEJ -~ N, NJ 

VGE -~ V JN 

V G E J  -~ V, V J  

w h e r e  t h e  GE s u b s c r i p t  i n d i c a t e s  a g e n e r a t e d  p h r a s e .  If t h e  J - p h r a s e  

i s  " a n d " ,  t h e  g e n e r a t o r  i s  a n  " a l l "  g e n e r a t o r ;  i f  t h e  J - p h r a s e  i s  " o r " ,  

t he  g e n e r a t o r  i s  a " s o m e "  g e n e r a t o r .  A n  e x a m p l e  i s  g i v e n  i n  f i g u r e  8. 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . .  

IV. A Few Inclusive Examples 

> ~ h a t  w a s  t h e  a v e r a g e  b e t w e - e n  1 9 6 h  a n d  now o f  t h e  i n c o m e s  o f  
e a c ~  woman  w h o  h a s  n o t  m a r r i e d ?  

. . . . . . . . . . .  S d ~ - S m i ~ l ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . .  
Sal ly  Smith 10,892.3 c 

. . . . . . . . . . . .  > ~ a c h - - J o n e ~ - l i V e ~ - i - h - ~ Q h ~ C - C i t Y - w h e ~ - ~ i I I - ~ 6 n ~ - ~ - F i V e ~  . . . . . . . . . . . . . . . . . . . . . . . . .  
i n  Los  A n g e l e s ?  
~ a r y  $ ~ a - # t i n  J o n e s  B o s t o n  
Jack Jones Boston 

. . . . . . . . .  ~ i i I  ' d o r i e s  Smi t h  . . . . . . . . . . . .  L6S A G ~ e i e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
d o h n  J o n e s  B o s t o n  

. . . . . . . . . . .  > ~ i  d - S  t a f t -  Sm i t l l  ' m a r  r y  - d [ ]  i - J 8 6  ~ - a n a - i - f  ~ - T 6 -  L ~ - ~ 6 g g l e %  ? . . . . . . . . . . . . . . . . . . . . .  
Y e s  
> l ~ h a t  w e r e  t h e  i n c o m e s  o f  S t e v e  S m i t h ' s  p a r e n t s  a f t e r  S t e v e  
S m i t h  a r r i v e d ?  .. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  d i l l  d o r i e s S m i t h  - " h ,b -O0  A u g u s t  u p  t o  D e c e m b e r ,  1 9 6 2  
. . . . . . . . .  0 f r o m  195.3._.t!.p_ t_o_.d_une__ I_9.69 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  S i : a n S 6 ~ i t h  8 , 0 0 0  A u E . u s t  u p  t o  D e c e m b e r ,  1 9 6 2  
9,000 i n  1963 

10,000 f r o m  196h up  to 1967 
. 1 1 , 0 0 0  f r o m . 1 9 6 7 . . L ~ p . . . t ; o  _dune..]:._9_fi9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

->When Was t i l e  n u m b e r  0 f  S i l i i t h s  e q u a l  t o  5? 
AMBIGUOUS OUTPUT:  

. . . . . . . . . . . . . . . .  ( i - )  . . . .  AU~dg  t - 1 9 3 8 -  - t o - S e i ~ t  e ,hbe r -  ~i95G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( 2 )  S e p t e m b e r  1 9 5 8  t o  l.'~ay 1 9 6 0  

................. >t~l~ ~ n--a i d -  e E 6 1 ~ - - J d ~ g s - ] -  i - ~6 - - i  h--E~l-~- c i t y ? 
J o h n  J o n e s  B o s t o n  1 9 3 0  t o  J u n e  1 9 5 9  

. . . . . . .  d i  ] ] J o n e s  S m i t h  . . . . . . . . . .  New Y o r k  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SePte.n~-Ser i-9-5-5--t~o-A-l~r -~ 
L o s  A n g e l e s  d u n e  1 9 6 1  t o  d u n e  ] 9 5  (. 

. . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . .  B o s t o t i  ................................ ~J-Liiy i 9 3 7 - - t ~ o - - K 6 ~ , t i s t  i (- 
J a c k  Jones Boston 1935 to June 1969 

. . . . .  ~.~ie~-- I~6~ t l  i i -  -d6~i~-E . . . . . . . . . .  i~i5 s t o n -i-9 3-0--t-6- Ji~-5-6 1 9 6 9  

. . . . . . . . . .  > 4 e f  :.i n t h e . . _ " 1 9 h O " s  ~.be!we_en..'_?_1_9_h()!'._ a.gd _lQ..y_ea i s  _a_i~t_e.r__-!_9_ 90_ '_'_ . . . . . . . . . . . . . .  
DEFINED. 
> W h a t  w a s  S t a n  S m i t h ' s  i n c o m e  i n  t h e  1 9 6 0 s ?  

. . . . . . . . . .  6 , 0 0 0  i i l  1 9 6 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 , 0 0 0  from 1961 up to 1963 

" - - "  ~-,-'~'0-0"- TS- ~ 
I 0 , 0 0 0  f r o m  I 9 6 h  u p  t o  1 9 6 7  

. . . . . . . . . . . . . .  1 1 ,  0 0 0  f t o n i  "196"7- d p " t o "  ;J-6h-6 -19-69 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
> _  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Z8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' " 
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Symbol 

N 

R 

V 

C 

J 

T 

M 

U 

S 

N a m e  

n a m e  

r e l a t i o n  

v e r b  t a b l e  

c o p u l a  

c o n j u n c t i o n  

t i m e  

t i m e  m o d i f i e r  

n u m b  e r 

sentence 

Example s 

boy, John, the location of John 

location, father, age 

arrive, has lived 

i s ,  ~vas 

and, or 

January 1960 

before January 1960 
between now and 1970 

5Z, 61.34 

John is a boy! 
Is John a boy? 

F i g u r e  1 P a r t s  of  S p e e c h  
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c o m p o s i t i o n  

c o n j u n c t i o n  

d i s j u n c t i o n  

m o d i f i c a t i o n  

r e l a t i v e  n e g a t i o n  

converse 

R ~  RR 

R ~  R J R  

R ~  NR 

R ~  R b u t  not  R 

R ~ c o n v e r s e  of  R 

son's location 

uncles and aunts 

uncles or aunts 

boy friend 

uncles but not aunts 

converse of parent 

P 
v 

(for number relations) 

sum 

d i f f e r e n c e  

product 

q u o t i e n t  

R~R+ R 

R.~R - R 

R~R ~; R 

R --R/R 

direct salaries plus overhead 

pay r a t e  * h o u r s  w o r k e d  

GNP/population 

F i g u r e  6 C o m p l e x  R e l a t i o n  C o n s t r u c t i o n s  
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V 
11 ! 

I 9 %/ 

%/ 
! 71 

V 

F 5.I 
~J ¥ N w -  

r ~-~ ,o 4 
Sue will have divorced John before 1970 

V e r b  T a b l e  

p r e d i c a t e  

subject 

object 

t e n s e  character 

t 1 

t z 

p a r t i c i p l e  
f e a t u r e  / 

spouse 

end 

nOW 

now 

off 

5 

spouse 

end 

0 

now 

on 

6 

spouse 

end 

0 

now 

off 

7 

spouse 

end 

0 

off 

8 

spouse 

John 

end 

0 

off 

9 

spouse 

J obn 

end 

0 

1970 

off 

II 

spouse 

Sue 

John 

end 

0 

1970 

off 

Figure 7 Verb Table Accumulation 



( g e n e r a t o r  r e s o l u t i o n )  

~'C-E" 

%~E (nested a l l  a n d  s o m e  g e n e r a t o r s )  

! 

NGE (some g e n e r a t o r )  

IV N 

v N Y N N 
r "i 

~ _ . ~ _ , ,  ~_~_,  ~ , - - ~  ~ , ., . - - - - - ,  

S t a n  l i v e d  in  B o s t o n  a n d  m a r r i e d  the  d a u g h t e r  of J i l l  o r  t he  a u n t  of M a r y ?  

I 

Figure 8 Example of Conjunctions 


