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A b s t r a c t  

T h i s  p a p e r  r e p o r t s  a c o m p l e t e d  s t a g e  o f  
o n g o i n g  r e s e a r c h  a t  t h e  U n i v e r s i t y  oF 
Yo rk .  L a n d s b e r g e n ' s  a d v o c a c y  o f  a n a l y t -  
i c a l  inverses ~or  composit ional  suntax 
r u l e s  e n c o u r a g e s  t h e  a p p l i c a t i o n  o f  D e f i n -  
i t e  C l a u s e  Grammar t e c h n i q u e s  t o  t h e  c o n s -  
t~uct ion o f  a parser re tu rn ing  Montague 
a n a l y s i s  t r e e s .  A p a r s e r  MDCg i s  p r e s -  
e n t e d  w h i c h  i m p l e m e n t s  an augmen ted  
F r i e d m a n  - War ren  a l g o r i t h m  p e r m i t t i n g  
p o s t  r e f e r e n c i n g ,  and i n t e r f a c e s  w i t h  a 
l a n g u a g e  oF i n t e n s i o n a l  l o g i c  t r a n s l a t o r  
L I L T  so as t o  d i s p l a y  t h e  d o r i v a t t o n a l  
h i s t o r y  o f  c o r r e s p o n d i n g  r e d u c e d  I L  Fo rm-  
u l a e .  Some f a m i l i a r i t y  w i t h  M o n t a g u e ' s  
PTG and the basic DCQ mechanism is  
assumed. 
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I Introduct~op 

C o n s i d e r a t i o n  i s  g i v e n  by L a n d s b e r g e n  
( 2 0 ]  t o  t h e  g l o b a l  a l g o r i t h m i c  s t r u c t u r e  
o f  a top  down p a r s e r  d e m o n s t r a b l y  e q u i -  
v a l e n t  t o  a c o m p o s i t i o n a l  grammar such  as 
that  o f  PTG [223 .  The method i s  as 
Follo~s: 

1. Formulate the o r i g i n a l  grammar in 
te~ms of indexed composit ional-M ru les  o f  
fo rm:  

I f  s y n t a x  t r e e s  ~ S k . . S n )  s a t i s f ~  
c o n d i t i o n  C t h e n  comb ine  
<Sk. .  Sn~ i n t o  S j  

such t h a t  t h e  c o m p o s i t i o n a l  h i s t o r y  may be 
represented on a d e r i v a t i o n  t ree  ( i . e .  a 
s k e l e t a l  a n a l g s i s  t r e e  l a c k i n g  node 
l a b e l s ) .  

~. Subject to spec i f ied  r e s t r a i n t s  evolve 
inverse ana l y t i ca l -M  Rules of form: 

I f  S j  c o n f o r m s  t o  c o n d i t i o n  C" 
t h e n  a n a l g s e  S j  i n t o  < S k . . S n ~ .  

3. P~ove that  the composl t ional  and ana- 
l y t i c a l  M ~ules are equ iva lent .  

4. C o n s t r u c t  a two  s t a g e  p a r s e r :  

( i )  P a r s e  • s e n t e n c e  u s i n g  a c o n t e x t  
f r e e  grammar (CFg) t h u s  d e r i v i n g  a 
s y n t a x  t r e e .  

( i i )  T r a v e r s e  t h e  s v n t a x  t r e e  i n  
p o s t o r d e r  [ 1 9 ]  u n d e r  t h e  g u i d a n c e  o f  
the a n a l y t i c a l - M  ru les ,  construct ing 
the d e r i v a t i o n  t ree which r e f l e c t s  
the reverse order a p p l i c a t i o n  of the 
inverse r u l e s .  

An abst rac t  a lgor i thm descr ibing the 
parser is  given in the Form o f  procedural 
pseudo  code ,  h o w e v e r  t h e  p r o b l e m  o f  
es tab l l sh ing  tha t  an implementation con- 
Forms t o  t h e  a l g o r i t h m  i s  d e f e r r e d ,  a 
p r o b l e m  p e r h • p s  a g g r a v a t e d  bv t h e  a b s e n c e  
Of • F o r m a l  no ta t i on  fo r  M ru les  which 
m i g h t  o t h e r w i s e  have  s u g g e s t e d  appropr ia te  
d a t a  s t r u c t u r e s .  

The p o s t o r d e r  t r a v e r s e  i n  ( i i )  o f  a 
p r e o r d e r  e r e • t i D e  i n v o l v e s  a d u p l i c a t i o n  
w h i c h  may be • v o i d e d  by • d o p t i n g  t h e  
PROLOG D e f i n i t e  C l a u s e  grammar (DCg) 
f o r m a l i s m ,  ( C 2 8 ]  o f .  [ 3 ] ,  £4 ] ,  C5],  [ 2 1 ] ) ,  
w h i c h ,  as has  been o b s e r v e d  [ 3 2 ]  v i r t u a l l y  
f o r c e s  t h e  m e t h o d o l o g y  o f  s y n t a x  d i r e c t e d  
t r a n s l a t i o n  c o u p l e d  w i t h  c o m p o s i t i o n a l  
s e m a n t i c s .  A DCG may be i n g e n u o u s l y  
c h a r a c t e r i s e d  as a CFQ h a v i n g  c a t e g o r y  
s u m b o l s  augmen ted  by a r g u m e n t  p l a c e s ,  and 
c o n t • i n i n g  s u p p l e m e n t a r y  g o a l s  n o t  l i m i t e d  
i n  f u n c t i o n  t o  i n p u t  c o n s u m p t i o n . .  L o g i c a l  
v a r i a b l e s  i n  a r g u m e n t  p l a c e s  p e r m i t  
synthesised and i nhe r i t ed  a t t r i b u t e s  (18] 
t o  be h a n d l e d  w i t h  e q u a l  F a c i l i t  U. The 
clauses of  • DC~ may be d i r e c t l u  executed 
by a PROLOG i n t e r p r e t e r ,  hence  i f  comb ined  
C F g + a n a l y t i c a l - M  r u l e s  a r e  p r e s e n t e d  i n  
t h e  f o r m  o f  D e f i n i t e  C l a u s e s ,  t h e  p r o b l e m  
of mapping a lgor i thm to implementation 
does n o t  a r i s e :  t h e  a l g o r i t h m  and p r o g r a m  
a r e  one and t h e  s•me. 

The p a ~ s e r s  o f  b o t h  L a n d s b e r g e n  ( 2 0 ]  
and F r i e d m a n  ~ War ren  [ 9 ]  g e n e r a t e  o n l y  
s k e l e t a l  t r e e s ,  o t h e r  d e t a i l s  b e i n g  
r e c o v e r a b l e  f r o m  t h e  l e • v e s  and o p e r a t i o n  
i n d i c e s :  h o w e v e r  t h e  t e d i u m  o f  such 
r e c o v e r  v may p r o p e r l ~  d e v o l v e  on t h e  comp- 
u t e r ,  and For  p e d • g o g i c a l  p u r p o s e s  a t  
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l e a s t  t h e  p r o d u c t i o n  o f  F u l l  a n a l g s i s  
t r e e s  ~ o u l d  be a d v a n t a g e o u s .  T h i s  pape~ 
o u t l i n e s  a DCO implementation of a v e r s i o n  
o~ the c o m p o s i t i o n a l  s u n t a x  o~ PTG ~ h i c h  
~etu~ns Fu l l  Montague ana lus is  t rees in  
the Form of v ine d;agrams modif ied at  most 
b~ add i t i ona l  .~eatu~e marking on v a r i -  
ables. Given  an i n p u t  s e n t e n c e ,  MDCg 
r e t u r n s  s e t s  oF t r e e s ,  o p t i o n a l l y  p a s s i n g  
members t o  a language o f  i n t e n s i o n a l  l og i c  
t ~ a n s l a t o r  ( L I L T )  ~ h i c h  g e n e r a t e s  c o r r e s -  
p o n d i n g  I L  Fo rmu lae .  The t n d e t e ~ m i n a c g  o f  
PRQLOg impl ies tha t  a DCO w r i t t e n  w i th  
c i r c u m s p e c t i o n  mau a l s o  be used i n  
reverse, but i t  remains to be i nves t i ga ted  
~ h e t h e r  t h e  mode l  c o u l d  be so m o d i f i e d  as 
t o  a c h i e v e  t h e  r e c e n t  o b J e c t i v e s  o f  
Friedman [8] .  To handle q u a n t i f i c a t i o n  
MDCO emp lous  a v a r i a t i o n  oF the 
Friedman-Warren a lgor i thm (FWA) [9 ] .  

The p r o g r a m s  a r e  i m p l e m e n t e d  i n  
U n i v e r s i t ~  oF E d i n b u r g h  DEC-IO PROLQG and 
~un on t h e  U n i v e r s i t u  o f  York  DEC-IO comp- 
u t e r  

~ I m o l i e d  M o d i f i c a t i o n s  t o  PT~ 

The vers ion o~ PTO grammar i m p l e m e n t e d  
;n  MDCg has bo th  s i g n i f i c a n t  and c o s m e t i c  
changes.  As ~ e g a r d s  t h e  F i r s t ,  P a r t e e  
o b s e r v e s  ( ( 2 4 ] ,  C25 ] )  t h a t  a v e r s i o n  o f  
51~ wh ich  i n s e ~ t s  l a b e l l e d  b r a c k e t i n g ,  and 
a v e r s i o n  oF $4 s e n s i t i v e  t o  such 
b r a c k e t i n g  and g e n e r a l i s e d  t o  add s u b j e c t  
- a g r e e m e n t  t o  t h e  f i r s t  v e r b  i n  each 
c o n j u n c t  o f  a c o n j o i n e d  v e r b  p h r a s e ,  i s  
needed i n  o ~ d e y . t o  d i s t i n g u i s h  (1 )  ~rom 
(2 ) .  

(1 )  ~ohn t ~ i e s  t o  v a l k  and t a l k s .  
(2 )  ~ohn t r i # s  t o  ~ a l k  and t a l k .  

Without l a b e l l e d  b r a c k e t i n g ,  PTG has d t F F -  

4~ 
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i f  

i f  

i f  

i f  

i f  

i f  

i f  

4~ 

4~ 

i f  

4~ 

i f  

and t h e n  c o n s t r a i n s  t h e  p r e d i c a t e  t o  be a 
c o n j u n c t i o n  o f  one o r  mo~e v e r b  p h r a s e s  
i d e n t i f i a b l e  as commencing ~ i t h  c o n c o r d a n t  
F i n i t e  Forms. L i k e w i s e  t h e  p ~ o c e d u r e  
~ h | c h  pa~ses  i n f i n i t i v a l  c o m p l e m e n t s  i n  
a c c o r d a n c e  w i t h  $8 a c c e p t s  a c o n j u n c t i o n  
o f  one o r  more v e r b  p h r a s e s  s t a r t i n g  ~ i t h  
i n f i n i t i v e s .  MDCG s u c c e s s F u l l ~  g e n e r a t e s  
t h e  t r e e s  i l l u s t r a t e d  i n  F ig  i ,  t h u s  
t a c l t l u  assuming composi t ional  counter -  
p a r t s  a d o p t i n g  m o d i f i c a t i o n s  such as 
t h e  b ~ a c k e t i n 9  o~ P a r t e e  ( ( 2 4 ] ,  [ ~ 5 ] ) 0  
o r  t h e  h e a d v e r b  F l a g g i n g  convention o f  
Bennett [2 ] .  Bennet t ' s  s i m p l i f i e d  sem- 
an t i c  tup ing ,  ~hich r e s u l t s  F~om t~eat ing 
IV and CN as p r i m i t i v e  categor ies,  is  also 
exp lo i t ed  in  LILT as i l l u s t r a t e d  in the 
a p p e n d i x .  

The MDCG p o s t  r e f e r e n c i n g  F a c i l i t q  
r e q u i r e s  t h e  a d m i s s i o n  oF a l t e r n a t i v e  
c a o i t a l t s e ~  v a r i a b l e s ,  and an a m e n d e d  # I 0  
~ h i c h  u n d e r t a k e s  t h e  r e p l a c e m e n t  bQ te rm  T 
OF t h e  e a r l i e r  o # :  

Ca) t h e  F i r s t  u n c a p i t a l i s e d  v a r i a b l e  
w i t h  i n d e x  n 

o r  ( b )  t h e  l a s t  o c c u r r i n g  v a r i a b l e  ~ i t h  
i n d e x  n. 

Whethe~ c a p i t a l t s e d  : v a ~ i a b l e s  wou ld  p r o v e  
p o p u l a r  ~ i t h  a d v o c a t e s  OF t h e  " w e l l  
Fo rmedness  c o n s t r a i n t "  [ ~ 7 ]  i s  u n c e r t a i n  

F e a t u r e  m a t c h i n g ,  ~ h i c h  i s  a c h i e v e d  b9 
PROLOg's c~oss  - 9 o a l  v a r i a b l e  i n s t a n t i a t -  
i o n  c o n v e n t i o n s ,  p l a i n l g  a f f o r d s  a s i m p l e  
mechan ism,  From t h e  s u n t a c t i c  v i e w p o i n t ,  
Fo~ h a n d l i n g  numbe~ c o n c o r d  and s e l e c t i o n -  
a l  r e s t r i c t i o n s  on t h e  b a s i s  o~ F e a t u r e  
marked l e x i c e l  e n t r i e s .  I n d e e d  s i n c e  t he  
a l t e r n a t i v e  o p e r a t i o n s  l i c e n c e d  bU 52 a~e 
a l s o  i d e n t i f i e d  i n  t h e  l e x i c o n ,  MDCO has 
t h e  # a c i l i t u  w i t h o u t  amendment  t o  p r o d u c e  
a n a l u s i s  t r e e s  For  p l u r a l  s e n t e n c e s  such 

if4~4~4~4~4~4~4~4~41-~4~4~4~4i 4~4k41-g 4k4kakak4~4~4~ 4Hl~4~4kak4~4~.4~4~ak4~akak.aka~ ~ . ~ ~  ~ . ~ . ~  ~ 

( a )  

# 4 : 4  j o h n  t r i e s  t o  ~ a l k  and t a l k s  
e l :  m j o h n  
# 1 2 : 8  t r g  t o  ~ a l k  and t a l k  

# 8 : 6  t r  U t o  w a l k  

# l : m  w a l k  
# l : u  t a l k  

(b )  
# 4 : 4  JOhn t r i e s  t o  w a l k  and t a l k  

#1: ~ JOhn 
# 8 : 6  t r g  t o  ma lk  and t a l k  

e l :  ~ t r  U 
# 1 2 : 8  ~ l k  and t a l k  

# I : ~  w a l k  
e l : =  t a l k  

i f  

i f  

i f  

i f  

tk 

t 

i f  * f i g  1. 

i c u l t ~  i d e n t i f y i n g  head v e r b s ,  b u t  s i n c e  a 
DCg works  t op  down i t  e n c o u n t e r s  no such 
p rob lems .  The MDCG a n a l o g u e  'o f  
i d e n t i f i e s  t h e  

a S ;  

( 3 )  The men have  n o t  e a t e n  t he  F i s h e s .  
$4 F i r s t  

F e a t u r e s  o f  t h e  s u b j e c t ,  
g i v e n  a F u r t h e r  d e t e r m i n e r  c l a u s e  i n  t h e  
l e x i c o n  i n t r o d u c i n g  a d e f i n i t e  a r t i c l e  
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p a i r e d  w i t h  an a d d i t i o n a l  o p e r a t i o n  number  
and marked w i t h  t h e  f e a t u r e s  Cdof ,  p l ] .  
The pr inc ip le  o f  composlt lonalitq [ I 0 ]  
demands t h a t  t h i s  s y n t a c t i c a l  f a c i l i t g  
r e m a i n  o f F i c i a l l q  u n t r i g g a r e d  p e n d i n g  t h e  
i n t ~ o d u c t i o n  oF a p p r o p r i a t e  p l u r a l  d a t e r -  
miner i n t e r p r e t a t i o n  c l a u s e s  i n  LILT~ 
however  i t s  i n t r o d u c t i o n  f o r  e x p e r i m e n t a l  
p u r p o s e s  a l l o w s  HOCO and L I L T  t o  p ~ o v i d o  a 
t e s t b e d  f o r  t h e  i n v e s t i g a t i o n  o f  senses  
For  addit ional  quant l f lers.  

The c o s m e t i c  v a r i a t i a n  i n v o l v e s  t h e  
i n t r o d u c t i o n  o f  f u r t h e r  f e a t u r e  m a r k i n g  on 
v a r i a b l e s ,  b u t  s i n c e  v a r i a b l e s  r e c e i v e  
s e m a n t i c  i n t e r p r e t a t i o n  o n l y  i n  l e a f  
p o s i t i o n  where  PTG and HI)CO a r e  e q u i -  
v a l e n t ,  t h e  change has no s e m a n t i c  
s i g n i f i c a n c e .  V a r i a b l e s  as l e a v e s  a r e  i n  
t he  r a n g e  h e O . . h e ~ ,  b u t  w h e r e a s  PT@ 
i n t r o d u c e s  o n l ~  a c c u s a t i v e  m a r k i n g  as a 
s i d e  e f f e c t  o f  c o m b i n a t i o n ,  MI~O adds 
m a r k i n g s  For  g e n d e r  (and I f  needed  
number) .  Amendments t o  PT@ t o  r e f l e c t  
t h e s e  i n n o v a t i o n s  wou ld  ba p u r e l y  
d e c o r a t i v e .  S2 wou ld  mark i t s  o u t p u &  w i t h  
a number F e a t u r (  d e r i v e d  # row t h e  
quant i f ier ,  w h i l e  .bo th  £;4 and 85 w o u l d ,  
l i k e  52, l i c o r i c e  a l t e r n a t i v e  o p e r a t i o n s  
such t h a t  f 4 . 0  and fS. 0 w o u l d  be 
r e s t r i c t e d  t o  cases  where  t h e  i n p u t  T wore  
n o t  a v a r i a b l e ,  and f 4 . 1 . . F 4 . 4 ,  f S . l . . f ~ . 4  
wou ld  g e n e r a t e  ha~ IV  . .  t h a u R  IV,  TV 
him E . .  TV them~ ~ e s p o c t i v e l  V. S i n c e  t h e  
t r a n s l a t i o n  r u l e s  ~T4 and TD r e f e r  t o  t h e  
v a l u e  o f  t h e  S n o u t ; t e r m  o f  a F u n c t i o n  i n  
t he  F4, F5 s e r i e s  t h e s e  w o u l d  be 
u n a f f e c t e d .  R u l e s  i n  t h e  r a n g e  S3n, S l 4 n  
. .  516n w o u l d  a p p l y  on c o n d i t i o n  that t h e  
i n p u t  s e n t e n c e  d i d  n o t  i n c l u d e  a v a r i a b l e  
w i t h  i n d e x  n h a v i n g  d i s c o r d a n t  f e a t u r e s .  
IF p l u r a l  Forms became a v a i l a b l e ,  t h e  
subJeCt  a g r e e m e n t  c l a u s e  o~ 94 w o u l d  need 
g e n e r a l i s i n 9 ,  and S13 w o u l d ,  L i k e  S l l  and 
$12, g a i n  access  t o  FS, m a r k i n g  i t s  o u t p u t  
w i t h  t he  number o f  i t s  F i r s t  a r g u m e n t  i n  
case t he  o p e r a t i o n  were  FS, o r  w i t h  
[ + p l u r a l ]  o t h e r w i s e .  

3 T r e e  S t r u c t u r e s  and P@T~ino P r o c e d u r e s  

Nodes on an a n a l y s i s  t r e e  a r e  r e p r e s -  
en ted  i n t e r n a l l y  by a n a l o g u e s  o f  t h e  " s y n "  
s t r u c t u r e s  o f  McCord C213, h a v i n g  t h e  
form:  

n o d e ( N , F , L , D )  
where:  

N : A r u l e  number i n  t h e  Form #Sqn :Fun ,  
#Sun: (Fun, I n x ) ,  o r  # i : =  such t h a t  Sun 
and Fun e r e  Man•ague s y n t a x  r u l e  and 
s t r u c t u r a l  o p e r a t i o n  numbers ,  I n x  i s  
a var iab le subscript, and elm 
i n d i c a t e s  I e x i c a l  i n s e ~ i a n .  

F = A l i s t  o f  F e a t u r e s  i n t r i n s i c  t o  t h e  
node. 

L = A node l a b e l  i n  l i s t  Form. 
D = In  t h e  case o~ • n o n - t e r m i n a l  node a 

b i n a r y  l i s t  o f  d a u g h t e r s  b o t h  o f  

w h i c h  a r e  nodes ,  o t h e r w i s e  a s t r u c -  
t u r e  o f  fo rm:  

s e n s e ( I t e m ,  C a t e g o r y )  
used by L I L T  i n  t h e  g e n e r a t i o n  o f  I L  
F o r m u l a s .  

P r o c e d u r e s  w h i c h  p a r s e  g r a m m a t i c a l  c a t -  
e g o r t s s  n o r m a l l y  have  t e n  a r g u m e n t s  t h e  
n a t u r e  oF w h i c h  w i l l  whe re  n e c e s s a r y  be 
e x p l a i n e d  i n  s u b s e q u e n t  s e c t i o n s .  The 
g e n e r a l  f o r m  i s  as # a l l o y s :  

c a t e g o r u ( N , F , E , L ,  I a ,  I z ,  FVB, SA, SRa, SRz) 
whe re  

N m A node  s t r u c t u r e  as d e s c r i b e d .  
F m The f e a t u r e s  o f  t h e  c a t e g o r y  - i n  - 

c o n t e x t  wh i ch  may exceed  t h e  node 
F e a t u r e s .  F o r  e x a m p l e  case i s  n o t  an 
i n t r i n s i c  noun p h r a s e  l e a f  f e a t u r e ,  
b u t  i t  c o n s t r a i n s  a d o p t i o n  t o  s p e c i f -  
i e d  c o n f i g u r a t i o n s .  

E m The e n v i r o n m e n t  ( p r e o r d e r  
p r e d e c e s s o r s )  o f  t h e  c a t e g o r y  r e l a t -  
i v e  t o  w h i c h  t h e  p a r s e  i s  a b o r t e d  i f  
N i s  non u n i q u e .  

L m The t r a n s m i s s i o n  l a b e l .  
Za, ZZ m S t r i n g  b u f f e r s  b e f o r e  end a f t e r  

p a r s i n g .  
m F r e e  v a r i a b l e s  b e l o w  l i s t  

m S u b s t i t u t i o n s  a b o v e  l i s t .  
SRa, SRz = S u b s t t t u e n s .  r e q u i r e d  l i s t s  

b e f o r e  and a f t e r  p a ~ s t n g .  

4 I m s l e m ~ n ~ t n o  FMA i n  PROLOQ 

The FWA h a n d l e s  t h e  i n t r o d u c t i o n  and 
s u b s e q u e n t  b i n d i n g  o f  i n d e x e d  v a r i a b l e s  on 
n - a r y  s u b s t i t u t e s  f o r  s k e l e t a l  a n a l y s i s  
t r e e s  by t h e  m a n i p u l a t i o n  o f  two l i s t s ,  
FVB ( f r e e  v a r i a b l e s  b e l o w )  and SA ( s u b -  
e t l t u t t o n s  a b o v e ) .  I n  o r d e r  t o  i m p l e m e n t  
t h e  a l g o r i t h m  i n  a PROLOQ DCQ d i r e c t e d  
t o w a r d s  t h e  p r o d u c t i o n  o f  s t r i c t l y  
M a n t a • a v i a n  t r e e s ,  each c l a u s e  r e s p o n s i b l e  
For  c r e a t i n g  a node  r e q u i r e s  b o t h  FVB and 
SA a r g u m e n t  p l a c e s ,  t h e  F i r s t  t o  a c t  as an 
o u t p u t  and t h e  second as i n  i n p u t  
p a r a m e t e r ,  w i t h  t h e  p r o v i s o  t h a t  t h e  top  
l e v e l  " s e n t e n c e "  c a l l  s e t  b o t h  t o  t h e  
empty l i s t .  

A c l a u s e  c h a r g e d  w i t h  t h e  c o n s t r u c t i o n  
o f  a T (=NP) node ,  p r o v i d e d  t h a t  i t  does 
wore  t h a n  r e a d  a s u r f a c e  p r o n o u n ,  must  be 
g i v e n  t h e  o o t i o n  o f  r e t u r n i n g  • d e f a u l t  
node,  o r  a l t e r n a t i v e l y  o f  b i n d i n g  t h e  noun 
p h r a s e  d i s c o v e r e d  t o  t h e  n e x t  a v a i l a b l e  
v a r i a b l e ,  a d d i n g  t h ~  b i n d i n g  t o  t h e  FVB 
s e t ,  and r e t u r n i n g  a v a r i a b l e  node 
i n s t e a d .  I n  HDC@ a b i n d i n g  t a k e s  t h e  Form 
n o t  OF a < v a r i a b l e ,  n o u n - p h r a s e )  p a i r  b u t  
a f  a s t r u c t u r e :  

b i n d ( V a r ,  I n x , N o d e )  
where :  
V a t  = The i n d e x e d  v a r i a b l e .  
I ns  a The s u b s c r i p t .  
Node m The c o m p l e t e  s t r u c t u r e  

node (NoF ,  L , D )  f o r  a T o r ,  i n  case  t h e  
b i n d i n g  i s  p e r f o r m e d  unde r  t h e  S3 
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a n a l o g u e ,  f o r  a CN. The f e a t u r e  
f i e l d  i n c l u d e s  b o t h  g e n d e r  and number  
a l t h o u g h  p r e s e n t l ~  a v a i l a b l e  d e t e r -  
m i n e r s  c o n s t r a i n  number  t o  be 
s i n g u l a r .  

C l a u s e s  r e s p o n s i b l e  #o~ r e t u r n i n g  
s e n t e n c e  and v e r b  p h r a s e  n o d e s  m u s t  l i k e -  
, i s •  c o n s t r u c t  • d e f a u l t  node ,  b u t  m u s t  be 
permi t ted t o  s u b s t i t ~ t  e f o ~  i t  • node  
h a v i n g  t h i s  d e f a u l t  as y o u n g e r  d a u g h t e r ,  a 
T node f r o m  a b i n d i n g  e x t r a c t e d  f r o m  t h e  
: u ~ r e n t  FV~ as e l d e r  d a u g h t e r ,  and t h e  
s t r u c t u r a l  o p e r a t i o n  f l a g g e d  w i t h  t h e  
b inding index. 

In  a l l  cases  t h e  FVB ~ e t u ~ n e d  t o  t h e  
head g o a l  must  r e p r e s e n t  t h e  u n i o n  o f  t h e  
FVBs o? t h o s e  s u b - g o a l s  ~ h i c h  c o n s t r u c t  
d a u g h t e r s  (p~eo~de~  s u c c e s s o r s ) ,  p l u s  an U 
add i t i ons  ~esu l t ing  f r o m  a s p e c i f i c  c•11 
~o oot ion,  or less any e x t r a c t i o n s  
a c c o m p l i s h e d  b~ a s p e c i f i c  c a l l  t o  s u b -  
s t i t u t e  The FVB o f  a given node  m•U 
n e v e r t h e l e s s  c o n t a i n  b i n d i n g s  • p p a r e n t l u  
i n t r o d u c e d  b~ a p r e o r d e ~  p r e d e c e s s o r  
0 • c a u s e  t h e  e f f e c t  o f  s u b s t t t u ~  i s  t o  
# d o p t  e l d e r  s i s t e r s .  A c c o r d i n g l ~  t h e  
p u b l i s h e d  c o n s t r a i n t s  [ 9 ]  on 
q u a n t i f i c a t i o n  ove~ v a r i a b l e s  remaining 
Free  i n  p r e o r d e r  p r e d e c e s s o r s  mus t  be 
p r e s e r v e d .  P ~ i o r  t o  e x t r • c t i o n  MDCG 
v e r i f i e s  tha t  the V•r f i e l d  o~ • b ind ing 
does not appear as a labe l  dominated bu 
t h e  Node ~ i e l d  o f  an~ o t h e r  b | n d i n g  
a v a i l a b l e  i n  t h e  c u r r e n t  FVB. 

V a c u o u s l y  q u a n t i f i e d  r e l a t i v e  c l a u s e s  
( " n o t  t h e r e "  c a s e s  [ 1 6 ] )  a r e ,  s u r p r i s -  
i n g l y ,  t o l e r a t e d  bU t h e  o ~ i g i n a l  FMA, 

r e q u i r e m e n t  t h a t  i n  t h e  t o p  l e v e l  
" s e n t e n c e "  c a l l  FVB m u s t  be [ ] .  The 
l a t t e r  requi rement  c o n s t i t u t e s  a f i n a l  
t i l t e r  as s u g g e s t e d ,  a l b e i t  w i th  
r e s e r v a t i o n ,  by d • n s s e n  ~16 ]  as a means o f  
e n s u r i n g  s y n t a c t i c  c o n f o r m i t y  t o  t h e  
" v a r i a b l e  p r i n c i p l e " .  

When a p a r s i n g  p ~ o c e d u ~ e  i s  c a l l e d  
o t h e r  t h a n  a t  t o p  l e v e l ,  t h e  SA i s  
i n i t i a l l s e d  at  the union o~ the SA o f  the 
head g o a l  and t h e  FVB o f  an~ g o a l  
c o n s t r u c t i n g  an e l d e ~  s i s t e r .  A noun 
p h r a s e  p a r s i n g  c l a u s e  w h i c h  r e a d s  a 
surface p~onoun  may ~ e f e r e n c e  any b ind ing 
i n  t h e  SA such t h a t ,  w h e r e  Node = 
n o d e ( N o F ,  L , D ) ,  t h e  f e a t u r e s  i n  F c o n f o r m  
w i th  the p~onoun in numbe~ and gender. A 
v a r i a b l e  node  h a v i n g  t h e  i n d e x e d  v a r i a b l e  
from the b ind ing in i t s  L F ie ld  is 
re turned,  thus ach iev ing an antecedent 
~ e ~ e ~ e n c e ,  

Neithe~ LIFO nor FIFO l i s t s  s u f f i c e  to 
generate a l l  pe rm i t ted  q u a n t i f i e r  scope 
v a r i a t i o n s .  I~ FVB and SA a~e formed by 
simple concatenat ion then ~ b s t i t u t e  must 
be c a p a b l e  o f  e x t r a c t i n g  members  ~ a n d o m l y  
A l t e r n a t i v e l y  s u b s t i t u t e  may sa fe ly  se lec t  
the next a v a i l a b l e  i tem p~ovided t h a t  ~he 
l i s t s  are formed in such a ~a~ t h a t  a l l  
p e r m u t a t i o n s  emerge  i n  due c o u r s e .  MDCG 
a d o p t s  t h e  l a t t e r  c h o i c e ,  e m p l o y i n g  a 
p ~ e d i c a t e :  

m i x ( L I , L I ,  L3 )  
~ h i c h ,  g i v e n  s u c c e s s i v e  c a l l s ,  s i m u l a t e s  
t h e  s c a t t e r i n g  o f  t h e  members  o f  L1 w i t h i n  
L2 in a ~andom pa t t e rn  on the assumption 
t h a t  L2 is  al~ead~ ~andom. 

* # 1 4 : 1 0 : 2  t h e  man such t h a t  he l o v e s  h e r  f i n d s  mary  * 
* #I= mary * 
* # 4 : 4  t h e  man such t h a t  he l o v e s  HER~ f i n d s  h e r 2  * 
* # 2 : 1  t h e  man such t h a t  he l o v e s  HER~ * 
* #1:= the * 
* # 3 : 3 : 1  man such t h a t  he l o v e s  HER~ * 
* . . . .  , ,  . . . . . . . . . . . . . .  

* f i g  2. * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

although a p a ~ a l l e l  t e s t  f o r  v a r i a b l e  
e l i g i b i l i t y  i s  p l a i n l y  needed. In MDCG 
the e l i g i b i l i t y  p~oceduPe inc ludes a 
mechanism s u i t a b l e  f o r  e l i m i n a t i n g  vacuous 
a p p l i c a t i o n s  o f  S3: t h e  s e l e c t e d  v a r i a b l e  
may n o t  be d o m i n a t e d  by any node  i n  
a n o t h e r  FVB b i n d i n g ,  b u t  i t  mus t be 
d o m i n a t e d  by t h e  embedded s e n t e n c e  node.  

The e l i m i n a t i o n  o f  " l e f t  o v e ~ s " ,  i s .  
i n d e x e d  v a r i a b l e s  r e m a i n i n g  f ~ e e  on t h e  
t o p  node o f  an a n a l y s i s  t r e e ,  i s  a c h i e v e d  
p a r t l y  by t h e  c o n s t r a i n t s  on s u b s t i t u t i o n  
w h i c h  p r e v e n t  a p p e a r a n c e s  o u t s i d e  t h e  
scape  o f  q u a n t i f i c a t i o n ,  and p a r t l y  by t h e  

5 A u a m e n t i n o  FW~ • 

S i n c e  t h e  gramma~ o f  PTQ does  n o t  
g e n e r a t e  p o s t  ~ e f e ~ e n c i n g  p r o n o u n s ,  FWA i s  
n o t  d e s i g n e d  t o  a c c o m m o d a t e  them. In  MDCg 
an a u g m e n t e d  FWA i s  i n t r o d u c e d  t o  h a n d l e  
p o s t  r e f e r e n c i n g  v i a  c a p i t a l i s e d  v a r i a b l e s  
w h i c h  a~e a l e • u s  r e a l i s e d  as s u r f a c e  

p ~ o n o u n s .  F o r  e x a m p l e  i n  r e s p o n s e  t o  t h e  
i n p u t :  

( 4 )  The man such t h a t  he 
l o v e s  he~ f i n d s  Ma~y. 

t h e  o u t p u t  i n c l u d e s  a t ~ e e  commenc ing  as 
i n  f i g  2. 
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The a u g m e n t  r e q u i r e s  p a r s i n g  p r o c e d u r e s  
t o  a c c e p t  t w o  a d d i t i o n a l  l i s t  h o l d i n g  
a r g u m e n t  p l a c e s ,  SRa a n d  SRz ( S u b s t i t u e n s  
R e q u i r e d  a t  s t a r t  and  a t  e n d ) .  When a 
s u r f a c e  p r o n o u n  i s  e n c o u n t e r e d ,  a c h e c k  i s  
F i r s t  made b o t h  i n  SA ( F o r  a n  a n t e c e d e n t  
~ e ~ e ~ e n t )  and  in SRa ( i n  c a s e  a p r e v i o u s  
p o s t  r e f e r e n c e  h a s  b e e n  m a d e )  Fo~ • 
b i n d i n g  w i t h  m a t c h i n g  n u m b e r  and  g e n d e r .  
I F  n o n e  i s  Found  t h e n  a dummu b i n d i n g ,  
w i t h  o n l u  t h e  F F i e l d  o f  t h e  n o d e  s t r u c -  
t u r e  s e t ,  i s  c r e a t e d .  The  u n i o n  o f  t h i s  
i t e m  and  SRa b e c o m e s  SRz,  ~ h i l s t  t h e  dumm U 
i s  a d d e d  t o  FVB. The SRa o f  a n  e l d e r  
d a u g h t e ~  i s  t h e  SRa o f  i t s  p a r e n t ,  t h e  SRa 
o f  a y o u n g e r  d a u g h t e r  i s  t h e  SRz o f  i t s  
e l d e r  s i s t e r ,  and  t h e  SRz o f  t h e  y o u n g e r  
d a u g h t e r  b e c o m e s  t h e  SRz oF t h e  p a r e n t .  

I t  i s  n o ~  r e q u i r e d  t h a t  w h e n e v e r  a n o u n  
p h r a s e  m a k i n g  c l a u s e  e x e r c i s e s  i t s  o o t i o n  
t o  i n t r o d u c e '  a v a r i a b l e ,  • c h e c k  m u s t  
F i r s t  be made o f  t h e  SR l i s t ,  a n d  i f  
p o s s i b l e  a s u i t a b l e  dummu b i n d i n g  e x -  
t r a c t e d  and  c o m p l e t e d  w i t h  n o  a d d i t i o n  t o  
t h e  FVB l i s t .  The  b e h a v | o u r  o f  PROLOG 
e n s u r e s  t h a t  c o m p l e t i o n  e f f e c t s  a l l  
e x i s t i n g  o c c u r r e n c e s  o f  t h e  dumm U. A c o n -  
s ty •an t  on s u b s t i t u t i o n  m u s t  n o w  p ~ o h i b i t  
t h e  e x t r a c t i o n  F r o m  t h e  FVB o f  anu  b i n d i n g  
a p p e a ~ i n g  in t h e  SRz l i s t  r e t u r n e d  t o  t h e  
h e e d  g o a l .  I n  t h i s  waq n o t  o n l u  maq n o  
qounge~ s i s t e r  dominate q u a n t i f i c a t i o n  
o v e ~  a v a r i a b l e  r e m a i n i n g  F r e e  i n  t h e  
~ a m i l q  o f  an  e l d e ~  ~ i s t e r  ( t h e  o r i g i n a l  
c o n s t r a i n t ) ,  but t h e  e l d e r  s is te~  must 
e x t e n d  t h e  same c o u r t e s v  t o  h e r  s i b l i n g .  

b The Mechanics of MOCQ 

b. I Handl~na Le f t  Recursion 

F i g  3 i l l u s t r a t e s  t h e  MIDCG e q u i v a l e n t  

i s  e s s e n t i a 1 1 u  l e f t  r s c u r s i v e ,  w h i c h  p r e s -  
e n t s  p r o b l e m s  F o r  a t o p - d o w n ,  l e f t - r i g h t ,  
d e p t h  F i r s t  DCQ t e c h n i q u e .  S t a n d a r d  
m e t h o d s  (343 F o r  e l i m i n a t i n g  l e f t  
r e c u r s / o n  F r o m  a CFQ w o u l d  be  i n a p p r o p -  
r i a t e  a s  t h o u  r e s u l t  i n  o n l u  w e a k l ~  e q u i -  
v a l e n t  grammars. T h e  MDCg s o l u t i o n  is to 
e m p l o v  a w e l l  Fo~med  subst~ing tab le  
(WFST) ,  ( v i d e  [ 1 7 ] ,  [ 3 1 ] ,  ( 3 3 ] ,  ( 3 5 ] )  and  
a s s u m e  t h a t  t h e  r e c u r r i n g  i t e m  h a s  a l ~ e a d g  
b e e n  F o u n d ,  a d d i n g  t o  t h e  t a b l e  t h e  ~ e s u l t  
of subsequent parsing given t ha t  i t  is  
unique r e l a t i v e  to i t s  e n v i r o n m e n t .  

S i n c e  t h e  WFST m u s t  r e c o r d  t h e  ~ e l a t i v e  
p o s i t i o n  o f  e n t r i e s ,  g r a m m • ~  r u l e  n o t a t i o n  
(GRN) w h i c h  i n s u l a t e s  t h e  p r o g r a m m e ~  f ~ o m  
l e x i c • l  d e c o m p o s i t i o n  m u s t  be  p ~ o s c ~ i b e d :  
accord ing lu  MDCQ is  w r i t t e n  in ~aw PROLOG, 
p a i r s  o f  v a r i a b l e s  i n  t h e  ~ a n g e  I a .  I z  
~ e p r e s e n t i n g  s t ~ i n g  b u f f e r s  b e f o r e  and  
a f t e r  parsing. 

6. ~ R e s . t o r • t i v e  Ed i t i na  

R e f l e c t i o n  on  t h e  b e h a v i o u ~  o f  t h e  
c l a u s e  i n  F i g  3 d u r i n g  t h e  p a r s i n g  o f :  

( 6 )  Woman s u c h  t h a t  a man l o v e s  he~ .  
r e v e a l s  t h a t  p T i o r  t o  p a r s i n g  t h e  e m b e d d e d  
s e n t e n c e ,  t h e  k t h  v a r i a b l e  ( k = I n x )  ' i n  t h e  
~ a n g e  h e O . . h e ~  i s  g e n e r a t e d  and  i t s  
b i n d i n g  t o  CN p a s s e d  on  i n  a new  S~ l i s t .  
When t h e  p ~ o n o u n  i s  e n c o u n t e r e d ,  t h e  
b i n d i n g  w i t h  i n d e x  k m•U .be e x t r a c t e d ,  a 
l e a f  n o d e  w i t h  h e ~  a s  l a b e l  c ~ e a t e d ,  and  a 
Fo~m m a r k e d  F o r  n u m b e r ,  g e n d e ~  a n d  c a s e  
r e t u r n e d  a s  t r a n s m i s s i o n  l a b e l  t o  t h e  
i m m e d i a t e l q  d o m i n a t i n g  n o d e .  The v a l u e  o~ 
Lb  ( t h e  e m b e d d e d  s e n t e n c e  l a b e l )  ~ i l l  i n  
d u e  c o u r s e  be  ~ e t u ~ n e d  a s :  

( b )  a man l o v e s  h e r ~ .  
B e f o r e  t h i s  ma U be  p ~ e f i x e d  w ~ t h  t h e  
common n o u n  p l u s  " s u c h  t h a t "  t o  b e c o m e  t h e  

4. .If 

* c o m m o n ( N o d e ,  F t ,  E , L , I • , Z z , F V B ,  S A , ~ R a ,  SRz )  " -  * 
* w F s t ( c o m m o n ( C N ,  F t ,  E, L a ,  I a ,  I b ,  F V B • ,  SA, SRa, SRb)  ) ,  * 

s c • n ( [ s u c h ,  t h a t 2 ,  Zb, I c ) ,  * 
* g e n s q m ( h e ,  He,  l n x ,  S u F F i x ) ,  * 
* j o i n (  ( b i n d ( H e ,  I n x ,  C N ) I F V B a ] , S A ,  S A a ) ,  * 
* j o i n ( E ,  CN, E l ) ,  * 
* s e n t e n c e ( S ,  ( d e l l ,  E l ,  L b ,  I c ,  I z ,  FVBb ,  S A • ,  SRb, S R z ) ,  * 
* e l i g i b l e ( b i n d ( H e ,  I n x ,  C N ) , F V B b ,  [ 3 ,  ( 3 ) ,  * 
* d o m i n a t e d  (He .  S ) .  * 
* m a k e v a r s ( N o m , _ , A c c , _ , S u F F J x ,  S u b j , O b j , F t ) ,  . 
* e d i t l i n e ( N o m ,  A c e ,  Sub j ,  Ob j ,  L b ,  L c ) ,  * 
* j o i n ( L • ,  [ s u c h ,  t h a t l L c ] , L d ) ,  * 
* m i x  ( F V B • ,  FVBb,  FVBc ) ,  * 
* s u b s t i t u t e ( o n ,  n o d e ( # 3 :  ( 3 :  I n x ) , F t ,  L d ,  [CN,  S ] ) ,  * 
* N o d e ,  L d , L ,  [ 3 ,  [ ] , F V B c , F V B ,  [ ] , S R z ) ,  • 
* r e c o ~ d z  ( w F s t  ( c o m m o n ( N o d e ,  * 
* F t ,  ~,  L ,  I a ,  I z, FVB, SA, SRa,  SRz ) ) ). * 

* F i g  3 .  . 

oF M o n t a g u e ' s  ~ u l e  $3 .  The  i n v e r s e  o f  $ 3  d e f a u l t  l a b e l  Ld i t  m u s t  be e d i t e d  so as  
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t o  r e s t o r e  a l l  v a r i a b l e s  w i t h  i n d e x  k t o  
a p p r o p r i a t e  s u r f a c e  F o r m s .  S a m p l e s  OF 
e l i g i b l e  v a r i a b l e s  ( i . e .  k - v a r i a b l e s  o f  
a p p r o p r i a t e  n u m b e p  and  g e n d e r )  a r e  c r e a t e d  
by m a k e v a ~ s ,  w h e t , a f t e r  e d i t l i ~ q  a c h i e v e s  
the ~ e q u i r e d  r e s t o r a t i o n .  

b. 3 Node and T ransmiss ion  Labe l s  

The l a b e l  o$  a l e a f  n o d e  i s  i n v a r i a b l ~  
a r o o t  # o r m ,  b u t  a m o r p h o l o g i c a l  v a r i a t i o n  
i s  v e r y  o f t e n  r e q u i r e d  a s  t r a n s m i s s i o n  
l a b e l  N o n - l e a f  n o d e s  may a l s o  be  so  
c h a ~ a c t e ~ i s e d .  When a v l ~ b p h ~ a s e  i s  e x -  
t r a c t e d  F~om t h e  WFST i n  f i g  4 ,  w h i c h  i l l -  

~.4 C a l l s  to  " s u b s t i t u t e "  an~ " o p t i o n "  

F i g  4 i n c l u d e s  a c a l l  t o  s u b s t i t u t e  
w h i l e  a c a l l  t o  o o t i o n  o c c u r s  i n  F i g  5 
w h i c h  i l l u s t r a t e s  t h e  MDCg c l a u s e  
r e s p o n s i b l e  # o r  p a r s i n g  p r o p e r  n a m e s .  The  
F o r m  o f  a s u b s t i t ~ t l  c a l l  i s  as  F o l l o w s :  

s u b s t i t u t e ( T ,  N o d e ,  N o d e l ,  T 1 , T l l , N 1 ,  
NL1,  FVB, F V B 1 , S k ,  SR) 

~ h o r e :  
T = The  t ~ p e  o f  n o d e  i n v o l v e d  ( s = S E N ,  

v p m I V ,  cnmCN) .  
N o d e  = T h e  d e f a u l t  n o d e  c o n s t r u c t e d .  
N o d a l  - T h e  r e p l a c e m e n t  n o d e  ( N o d . l - N o d e  

i f  no s u b s t i t u t i o n  i s  made). 
T I , T I 1  = D e f a u l t  and r e p l a c e m e n t  t r a n s -  

* v e r b p h r a s e ( n o d o ( N O ,  FO, LO, D O ) , V F ,  E , L ,  I a ,  I z ,  FVB,  SA, SRa,  S R z )  - -  * 
* w f s t ( v e l ' b p h r a s e ( n o d e ( N l ,  F l o  L I °  D 1 ) ,  VF,  E, L a ,  I a ,  I b °  * 
• FVBa0 SAo SRao SRb)  )° * 
* mix (FVBa, SA, SAa ), • 
* j o i n ( E ,  n o d e ( N 1 ,  F l °  L I °  D1 ) ,  E l ) ,  
* v p a d v o r b  (VPADV,  AV, E l ,  L b ,  I b ,  I z, FVBb ,  SAa,  SRa° SRz ) ,  * 
• J o i n ( L , ,  Lb ,  L c ) ,  • 
• J o i n ( L l °  L b ,  L I ) ,  * 
• mix (FVBa° FVBb, FVBc ), • 
* s u b s t t t u t e ( v p ,  n o d e ( # 1 0 :  7 ,  VF0 L I ,  * 

* [VPAI )V ,  n o d e ( N 1 ,  F1 ,  L 1 , 9 1 )  3 ) ~  * 
• n o d e ( N O ,  FO, LO, DO) ,  * 
• L c ,  Lo L ~ ,  LO, FVBc ,  FVB, SA, r ] ,  S R a ) ,  * 
• ~ e c o r d  z ( w F s t  ( v e ~ b p h r a s e  ( n o d e  (NO, FO, LO, DOt ,  VF,  E, L ,  * 
* ] a ,  I z ,  FVB,  SA, SRa,  SRz ) ) ) .  * 

* f i g  4. * 

us t~a tes  the MDCG e q u i v a l e n t  o f  $10, the  m i s s i o n  l a b e l s  ( T I I = T I  i f  no s u b s t i t -  
n o d e  l a b e l  L 1  m u s t  c o n t a i n  t h e  b a r e  u t i o n  m a d e ) .  
i n f i n i t i v e  o~ t h e  h e a d  v e r b  w h i l e  L a  N l ° N 1 1  m D e f a u l t  a n d  ~ e p l a c e m e n t  n o d e  
c o n t a i n s  a f i n i t e  Form. Having processed l a b e l s  (NllmN1 i f  no s u b s t i t u t i o n  
the adverb,  a Pa~T o f  new l a b e l s  must made, and N 1 , N L I - [ ]  iS T=s or T=cn 

* n o u n p h r a s e ( N o d e ,  [ g ,  (C,  N u m ) ] , E , L ,  I a ,  I z , F V B ,  SA, SRa,  SRz )  " -  * 
* s c a n ( P n ,  I a ,  I z ) ,  
* p r o p o r ( P n ,  [O ,  (Num)  ] ,  * 
* o p t i o n ( n o d e ( # 1 :  " = ' ,  [O ,  ( N u m ) ] ,  [ P n ] ,  [ s e n s e ( P n ,  [ p n ] ) ] ) ,  * 
* [ g ,  (C,  N u m ) ] ,  N o d e ,  [ P h i ,  Lo [ ] ,  FVB0 SRa,  SRz ) ,  * 
* r e c o r d z ( w F s t ( n o u n p h r a s e ( N o d e ,  [ g ,  (C,  N u m ) ] , E ,  * 
• L ,  l a ,  I z ,  FVB,  SA, SRa,  SRz )  ) ) .  * 

Fig 5. 

a c c o r d i n g l y  be  c o n s t r u c t e d ,  o n e  F o r  t h e  s i n c e  t h e  n e w ~  n o d e  l a b e l  i s  
d e f a u l t  n o d e  a n d  o n e  f o r  i t s  t r a n s m i s s i o n  t o  be  T l l ) .  
l a b e l .  Should a s u b s t i t u t i o n  then be FVB, FVB1 = The f r e e  v a r i a b l e  be low 
made ,  t w i n  l a b e l s  F o r  t h e  i n t r o d u c e d  b e f o r e  a n d  a f t e r  a n ~  e x t r a c t i o n .  
h i g h e r  n o d e  m u s t  l i k e w i s e  be  m a i t a i n e d  by  Sk 
t h e  s u b s t i t u t  e p r o c e d u r e .  

SR 

taken 

l i s t s  

= Those b i n d i n g s  b ipassed in  a n c e s t o r  
c a l l s  t o  s u b s t i t u t e  (At  top l e v e l  
S~m£]). 

= The s u b s t i t u o n s  requ i~ed  l i s t  
c o n t a i n i n g  the  c o n s t r a i n t s  on sub- 
s t i t u t i o n .  
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S i m i l a r l y  a c a l l  t o  9 o t i o n  a p p e a r s  i n  
t h e  Form:  

o p t i o n ( N o d e ,  F o N o d e l ,  T1,  T l l ,  FVB, FVB1,  
SR, SR1)  

w h e r e :  
N o d e ,  N o d e l  = The  d e f a u l t  and  r e p l a c e m e n t  

n o d e s .  
F = The F e a t u r e s  ( g e n d e r  and  n u m b e r )  o f  

t h e  n o d e .  
TI, TI1 = The d e f a u l t  and t r a n s m i s s i o n  

l a b e l s .  
FVB, FVB1 = The Free v a r i a b l e s  below l i s t s  

be fo re  and a f t e ~  any a d d i t i o n .  
SR, SRI = The  s u b s t i t u e n s  r e q u i ~ e d  l i s t s  

b e f o r e  and  a f t e r  a n y  s u b t r a c t i o n .  

7 A F o r e t a s t e  of  LILT 

Warren [32 ]  suggests two p o s s i b i l i t i e s  
For encoding l•mbda te~ms in  PROLOQ g iven  
t h e  d e s i r e  t o  r e p r e s e n t  • f u l l  t y p e d  
l a m b d a  c a l c u l u s 0  t h e  F i r s t  p o r t r a y i n g  
l a m b d a  v a r i a b l e s  as  PROLOO s t r u c t u r e s  and  
t h e  s e c o n d  e q u a t i n g  t h e m  w i t h  PROLOQ v a r i -  

d e s c r i p t i v e  commentary s i m i l a r  to  t h a t  
g i ven  bq Pas te •  [ 2 5 ]  and Dowry [ 7 ] .  This  
i s  a c c o m p l i s h e d  d u r i n g  a t r a v e r s e  i n  
" g • l i l e • n "  p o s t o ~ d e r  o f  t h e  a n a l y s i s  t r e e ,  
p roduc ing  o u t p u t  o~ the  Form i l l u s t r a t e d  
in  t h e  a p p e n d i x ,  F r o m  w h i c h  i t  w i l l  be 
a p p a r e n t  t h a t ,  s i n c e  PROLOg d o e s  n o t  
r e c o g n i s e  • l a m b d •  e x p r e s s i o n  F o r m e d  by 
j u x t a p o s i t i o n ,  the  i n i t i a l  p a i r i n g  of  
o p e r a t o r  and ope~•nd i s  ach ieved v i a  a 
conven ience  p ~ e d i c a t e  " e v a l "  and 
subsquen t l y  e v a l u a t e d .  

Whereas d•nssen ( [ 1 4 ] ,  [ 1 5 ] )  accomp- 
l i s h e s  r e d u c t i o n  by a process of  
e s s e n t i a l l y  l o c a l i s e d  t r e e  t r a n s f o r m -  
• t i o n s ,  the  s i m p l i f i c a t i o n  a l g o r i t h m  of  
LILT takes  advantage o~ PROLOG's l i s t  
p r o c e s s i n g  c a p a b i l i t i e s  to unde r take  
g l o b a l  l i s t  t r a n s f o r m a t i o n s  whenever 
necessary .  MDCg - LILT e x e m p l i f i e s  the 
r e o r g • n i s e d  d i r e c t e d  p r o c e s s  a p p r o a c h  
d iscussed by War~en and Friedman [ 3 3 ] ,  ie .  
LILT i s  ( o p t i o n a l l y )  c a l l e d  a f t e r  each 
p a r s e .  The  p r e s e n t  o b j e c t i v e  o f  d i s p l a y -  

• * 

• s e n s e ( t h e o [ d ( s g ) ] , l • m b d • ( p : l a m b d • ( q : e x i s t s ( Y : a l l ( X :  * 
• ( ' p ( X ) < = ~ e q u • l s ( X , Y ) ) k ( ' ~ ( Y ) ) ) ) ) ) )  " -  !. * 
e 

• Fig &. * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* t r a n s l • t e ( n o d e ( N , F , L ,  [ s e n s e ( R , T ) ] ) , S )  " -  * 
* ! ,  s e n s e ( R , T , S ) , m e s s a g e ( O ,  EL, S ] ) .  * 

* t r a n s l a t e ( T r e e ,  IL )  : -  * 
* s t r u c t u r e  ( T r e e ,  n o d e ( N ,  F,  L ,  _ ) ,  L s u b ,  R sub ) ,  * 
* t r a n e l • t e ( R s u b ,  Rnew), t r a n s 1 • t e ( L s u b , L n e w ) ,  * 
* c o n s t r u c t ( n o d e ( N ,  F,  L ,  _ ) ,  Lnewo Rnew,  T r e e 1  ) ,  * 
* f o r m u l a t e ( T r e e 1 ,  I L l ) ,  * 
* m e s s a g e ( N ,  I L l ) ,  * 
* s imp l iFq  ( I L l ,  I L ) .  * 

* Fig 7. * 
* * * * * * - - * * - - * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

a b l e s .  S i n c e  L I L T  i s  c o n c e r n e d  o n l y  w i t h  
t h a t  s u b s e t  o f  l a m d a  c a l c u l u s  n e e d e d  F o r  
~ e p r e s e n t i n g  Montague 's  language IL, a 
s i m p l e r  s c h e m e  b e c o m e s  p o s s i b l e .  I n  L I L T  
p r e d i c a t e  v a r i a b l e s  are r e p r e s e n t e d  by 
PROLOg atoms w h i l e  PROLOG v a r i a b l e s  • r e  
used d i r e c t l y  For i n d i v i d u a l  v a r i a b l e s  
i n t r oduced  by "sense*' c lauses  ( o t h e r  than 
those anapho r i c  r e f e r e n c e s  •1 ready  con-  
s t r a i n e d  t o  be i n  t h e  r a n g e  xO . .  x ~ ) .  

The essence of  t h i s  scheme may be ex -  
t r a c t e d  From Fig 6 which i l l u s t r a t e s  the 
c lause  c o r r e l a t i n g  s i n g u l a r  d e f i n i t e  a r t -  
i c l e  w i t h  i t s  sense. The top l e v e l  t r a n s -  
l a t i o n  c lauses  are i l l u s t r a t e d  in  Fig 7. 
T h e s e  c o n s t i t u t e  a r e c u r s i v e  p ~ o c e d u r e  
w h i c h  g e n e r a t e s  r e d u c e d  I L  f o r m u l a e  w i t h  

ing a c o n v e n t i o n a l  d e r i v a t i o n a l  h i s t o r y  
makes the immediate r e t u r n  of  l o g i c a l  
r e p r e s e n t a t i o n s  r a t h e r  than s y n t a c t i c  sub 
t r e e s  i n a p p r o p r i a t e .  Were a l l  p a r s i n g  
p~ocedu~es to  c a l l  a mute , /e~sion of  
t r a n s l a t e  l o c a l l y 0  i t  i s  p r e d i c t e d  t h a t  a 
s e m a n t i c  e q u i v a l e n c e  p a r s e  (up  t i t )  w o u l d  
r e s u l t .  
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Appendix : Sample Output 

l: mary b e l i e v e s  chaC John is a man. 

Parse  No. 1 
************* 

#4:4 mary b e l i e v e s  that john i s  a man 
#1: = mary 
#7:6 b e l i e v e  t h a t  John i s  a man 

#1: - b e l i e v e  
#4:4 John i s  a man 

# I :  " John 
#5:5 be a man 

# l :  = be 
#2:2 a man 

#1:  - a 
# l :  - man 

1? yes, 

Composit£on & Simplification 
**************************** 

[0] ~rom Lexicon: Basic expression [man] -> 
w a n  

I t ]  from Lexicon: Basic expression [a] => 
l a m b d a ( p : l a m b d a ( q : e x i s t s (  3423: ( 'p (_3423)& " q ( _ 3 4 2 3 ) ) ) ) )  

[2] from [ 0 , 1 ] :  C o n s t r u c t i o n  by T2 -> 
e v a l ( l a m b d a ( p : l a m b d a ( q : e x i s c s (  3423: (~p(  3423)& 
' q ( _ 3 4 2 3 ) ) ) ) ) , ' m a n )  

[3] from [2 ] :  I n s t a n t i a t e  v a r i a b l e  
e v a l ( "  "man, 34231 

[4] from [3 ] :  R e l a t i o n a l  no~ac ion  
• "man( 34231 

[5] from [4]: Down-up ~onverslon 
man(3423) 

[6} from [2]: Lambd~converslon 
lambda(q:exists( 3423:(man( 3423)& 'q(_3423)))) 

[7] from Lexicon:  Bas ic  e x p r e s s i o n  [be] =~ 
l ambda(sub : l ambda(  4 6 0 7 : ' s u b ( ' l a m b d a ( 4 6 0 8 :  
equals (. 4607 ,_.4608T) ) ) ) 

[8] from [ 6 , 7 ] :  C o n s t r u c t i o n  by T5 -> 
eva l ( l ambda( sub : l ambda(_ .4607 :  " s u b ( ' l a m b d a (  4608: 
e q u a l s ( 4 6 0 7 ,  4 6 0 8 ) ) ) ) ) , ' l a m b d a ( q : e x i s C s (  3~23: 
man(_3423)& " ~ ( _ 3 4 2 3 ) ) ) ) )  

[9] f r o m  [ 8 ] :  I n s t a n t l a t e  v a r i a b l e  
e v a l ( "  " l a m b d a ( q : e x i s t s (  3423:(man( 3423)~ "q( 34231)11,  
" lambda(4608:equals(. .46~7,._4608)))--  

[ I0]  from [9 ] :  Down-up c o n v e r s i o n  
e v a l ( l a m b d a ( q : e x i s c s (  3423:(man( 3423)& " q ( _ 3 4 2 3 ) ) ) ) ,  
"lambda (_4608 : e q u a l s  (_--4607 ,._4608~) ) 
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[II]  from [I0]:  InscanClace variable 
eval(" "lambda(4608:equals(_4607,_.4608)),..3423) 

[12] from [ i i ] :  Down-up conversion 
eval(lambda(.4608:equals(_4607,4608)),3423) 

[13] from [12]: Laabda conversion 
equals(4607,_3423) 

[14] from [I0]:  SubsclCuCe IdenCicals 
man(_4607) 

[15] from [I01: Lambda conversion 
man(4607) 

[16] from [8]: Lamb~a conversion 
lambda( 4607:man(4607)) 

[17] from Lexicon: BaSic expression [John] => 
lambda(p: "p(John)) 

[18] from [16,17]: Construction by T4 -> 
eval(lambda(p: "p(John)),'lambda(_.4607:man(_4607))) 

[19] from [18]: InscanCiace variable 
eval(" "lambda(4607:man(_4607)),John) 

[20] from [19]: Down-up conversion 
eval(lambda(_.4607:man(_4607)),John) 

[21] from [20]: Lambda conversion 
man(John) 

[22] from [18]: Lambda conversion 
man(John) 

[23l from Lexicon: Basic expression [believe] -> 
believe 

[24] from [22,23]: Conscrucclon by T7 => 
eval(believe, 'man(John)) 

[25] from [24]: RelaClonal noCaClon 
belleve('man(John)) 

[26] from Lexicon: Basic expression [mary] -> 
lambda(p: "p(mary)) 

[27] from [25,26]: Construction by T4 => 
eval(lambda(p: "p(mary)) , 'bel leve( 'man(John)))  

[28] from [27]: InsCanclaCe variable 
eval(" "believe(*man(John)),mary) 

[29] from [28]: Relacional nocaclon 
• "belleve(mary,'man(John)) 

[30] from [29]: Down-up conversion 
belleve(mary,'man(John)) 

[31] from [27]: Lambda conversion 
believe(mary,'man(John)) 

Logical Form 

believe(mary,'man(John)) 
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