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A B S T R A C T  

F r o m  a well r e p r e s e n t e d  s a m p l e  o f  w o r l d  l a n g u a g e s  
Steele  (1978)  s h o w s  t h a t  a b o u t  7 0 %  o f  l a n g u a g e s  exh ib i t  
s i g n i f i c a n t  w o r d  o r d e r  v a r i a t i o n .  O n l y  r e c e n t l y  h a s  t h i s  
w l d e - s p r e a d  p h e n o m e n o n  b e e n  d r a w i n g  a p p r o p r i a t e  a t t e n t i o n .  
P e r h a p s  I D / L P  ( I m m e d i a t e  D o m i n a n c e  a n d  L i n e a r  
P r e c e d e n c e )  f r a m e w o r k  is t h e  m o s t  d e b a t e d  t h e o r i e s  in th i s  
a r e a .  W e  p o i n t  o u t  s o m e  diff icul t ies  in p r o c e s s i n g  s t a n d a r d  
I D / L P  g r a m m a r  a n d  p r e s e n t  a m o d i f i e d  ve r s i on  o f  t h e  
g r a m m a r .  In  t h e  m o d i f i e d  ve r s ion ,  t h e  r i g h t  h a n d  s ide  o f  
p h r a s e  s t r u c t u r e  ru les  is t r e a t e d  as a se t  o r  p a r t i a l l y  o r d e r e d  
set .  A n  i n s t a n c e  o f  t h e  f r a m e w o r k  is i m p l e m e n t e d .  

1. I n t r o d u c t i o n  

F r o m  a well r e p r e s e n t e d  s a m p l e  o f  w o r l d  l a n g u a g e s  
Steele  (1978)  ~,~hows t h a t  a b o u t  7 6 ~  of  t h e  l a n g u a g e s  e x h i b i t  
s i g n i f i c a n t  w o r d  o r d e r  v a r i a t i o n  | . Unt i l  r e c e n t l y  th l s  
w i d e s p r e a d  p h e n o m e n o n  w a s  n o t  g iven  p r o p e r  a t t e n t i o n  in 
n a t u r a l  l a n g u a g e  p r o c e s s i n g .  T h e  p r i m a r y  goa l  o f  t b i s  s t u d y  
is t o  deve lop  e o m p u t a t l o n a l l y  eff ic ient  a n d  l ingu i s t i ca l ly  
a d e q u a t e  s t r a t e g l e s  f o r  p a r s i n g  w o r d  o r d e r  v a r i a t i o n .  T h e  
s t r a t e g i e s  a r e  i m p l e m e n t e d  in a n e t w o r k  b a s e d  p a r s e r .  A t  
f i rs t  w e  c h a r a c t e r i z e  t h e  b a s i c  p r o b l e m  a t  a n  a b s t r a c t  level 
w i t h o u t  g o i n g  i n to  de t a i l s  o f  t h e  p r o b l e m  in a n y  specific 
l a n g u a g e  ( in Sec t ion-2 ) .  Then~ in Sec t lon -3 ,  t h e  de ta i l s  o f  t h e  
p r o b l e m s  in a specific l anguage~  namely~ Iilndi~ a re  p r e s e n t e d .  

T h e  I m m e d i a t e  d o m i n a n c e  a n d  l i nea r  p r e c e d e n c e  ( I D / L P )  
f r a m e w o r k ~  d e v e l o p e d  b y  G a z d a r  a n d  Pul lum~ is one  o f  t h e  
m o s t  d e b a t e d  t h e o r i e s  in t h e  s t u d y  o f  w o r d  o r d e r  v a r i a t i o n  
( P u l l u m  1982~ U s z k o r e l t  1082 ,  Sh i ebe r  1983 ,  B a r t o n  1985) .  
T h e  b a s i c  idea  b e h i n d  I D / L P  f r a m e w o r k  is to  s e p a r a t e  
i m m e d i a t e  d o m i n a n c e  f r o m  l inea r  p r e c e d e n c e  in r e w r i t e  rules .  
P u l l u m  (1982)  exp re s se s  t h i s  v ia  a m e t a g r a m m a r .  T h e  
m o d i f i e d  v e r s i o n  p r e s e n t e d  in t h i s  p a p e r  exp res ses  t h i s  d i r ec t l y  
in t h e  o b j e c t  g r a m m a r  e l i m i n a t i n g  t h e  n e e d  f o r  a 
m e t a g r a m m a r .  I t  t r e a t s  t h e  r i g h t  h a n d  side o f  a P S  ( P h r a s e  
S t r u c t u r e )  r u l e  as  a se t  o r  p a r t i a l l y  o r d e r e d  se t .  P a r s i n g  w i t h  
t h i s  t y p e  o f  ru le  c a n  p r o c e e d  b y  c h e c k i n g  s e t  m e m b e r s h i p .  

2. T h e  W o r d  O r d e r  P r o b l e m  in G e n e r a l  

T h e  w o r d  o r d e r  p r o b l e m  is t h e  p r o b l e m  of  p r o c e s s i n g  t h e  
who le  r a n g e  o f  w o r d  o r d e r  v a r i a t i o n  o c c u r r i n g  in n a t u r a l  
l a n g u a g e s .  S o m e  A u s t r a l i a n  l a n g u a g e s  s u c h  as  W a r l p i r i  show 
e x t r e m e  w o r d  o r d e r  v a r i a t i o n  (Ha le  1983).  Hind i ,  J a p a n e s e  
a n d  G e r m a n  a l so  a l low c o n s i d e r a b l e  w o r d  o r d e r  v a r i a t i o n .  In 
t h i s  s e c t i o n  we  deve lop  desc r ip t i ve  f o r m a l i s m s  a n d  p a r s i n g  
m e c h a n i s m s  t h a t  a r e  a d e q u a t e  fo r  t h e  w h o l e  r a n g e  o f  w o r d  
o r d e r  v a r i a t i o n .  

C o n s i d e r  a g r a m m a r  t h d t  a l lows a n o d e  l abe led  S t o  h a v e  
d a u g h t e r s  l abe l ed  $, O,  a n d  ¥ in a n y  l inea r  order~ a n d  
n o t h i n g  else. S u c h  a g r a m m a r  c a n  be  p r e s e n t e d  w i t h  a se t  o f  
ru l e s  s u c h  as  t h a t  g iven  in (2.1).  

(2.1) S --> $ O V ,  S --> $ V O ,  S --> 0 SV,  
S - - >  O V $ ,  S - - >  V $ O ,  S - - >  V O $  

T h e  p r o b l e m  w i t h  a g r a m m a r  s u c h  as  t h a t  g iven  in 
(2.1) is t h a t  i~ n e e d s  t o o  m a n y  ru les  t o  c a p t u r e  w o r d  o r d e r  
v a r i a t i o n  ( in t h i s  case  f r ee  w o r d  o r d e r ) .  F o r  5 ' w o r d s '  s u c h  a 
g r a m m a r  will need  5! = 120  rules .  W i t h  t h e  i nc rease  in t h e  

n u m b e r  of  w o r d s ,  s u c h  a g r a l n m a r  will g r o w  f a c t o r i a l l y .  T h a t  
is, f o r  a n u m b e r  o f  w o r d s  it will  n e e d  n/ rules .  

T h e r e  is a convYnien t  w a y  of  ' co l l ap s ing '  ru les  in G P S G  
( G e n e r a l i z e d  P h r a s e  S t r u c t u r e  G r a m m a r )  o f  G a z d e r  (1981).  I t  
uses m e t a r u l e s  t h a t  o p e r a t e  o n  b a s i c  ru les  t o  g e n e r a t e  de r ived  
ru les  w h i c h  t h e n  f u n c t i o n  as  b a s i c  ru les  in d e r i v a t i o n s .  T h u s ,  
(2.1) c a n  be  a b b r e v i a t e d  as  (2.2).  

(2.2) Bas ic  rule :  [_~ $ O V ]  

M e t a r u l e :  [5.. . .X...Y...] = : >  [S. . . .y . . .X. . . ]  

w h e r e  X a n d  Y r a n g e  o v e r  $, O,  V. 

W i t h i n  G P S G  P u l l m n  (1982)  s u g g e s t s  a n o t h e r  s o l u t i o n  
w h i c h  also involves  a m e t a g r a m m a r ,  t i e  s u g g e s t s  t h a t  a 
g r a m m a r  s u c h  as  (2.1) c a n  be  e x p r e s s e d  v i a  a m e t a g r a m m a r  
t h a t  t r e a t s  i m m e d i a t e  d o m i n a n c e  a n d  l inea r  p r e c e d e n c e  
s e p a r a t e l y .  P u l l u m ' s  t h e o r y  is k n o w n  as  I D / L P  a n a l y s i s  2 
A c c o r d i n g  t o  t h i s  t h e o r y  g r a m m a r  (2.1) " w o u l d  be  specif ied  b y  
m e a n s  o f  t h e  m e t a g r a m m a r "  g iven  in (2.3).  S imi lar ly j  t h e  
m e t a g r a m m a r  g iven  in (2.4) " d e t e r m i n e s "  t h e  g r a m m a r  s h o w n  
in (2.5).  In  (2.3) a n d  (2.4) i . . . . .  d i a t e  d o m l  . . . .  e s t a r  . . . .  ts  
a re  g iven  u n d e r  a~ a n d  l i nea r  p r e c e d e n c e  s t a t e m e n t s  a r e  given~ 
u n d e r  b.  In t h e  case  o f  (2.3) h o w e v e r  t h e  se t  o f  l inea r  
p r e c e d e n c e  s t a t e m e n t s  is e m p t y .  In  t h e  case  o f  (2.4) $ ( O 
m e a n s  'it" a n y  ru le  i n t r o d u c e s  $ a n d  O,  $ l i nea r ly  p r e c e d e s  O ' .  

(2 .3)a .  { S - - >  $ , O , V }  b.  { $ }  

(2.4)a .  { S - - >  $ , O , V }  h.  ( * < O }  

(2.5) ( s - > . * o v ,  s - > $ v o ,  s - > v $ o }  

A n  i m p o r t a n t  a d v a n t a g e  o f  I D / L P  a n a l y s i s  is t h a t  it  
c a n  a c c o u n t  f o r  w o r d  o r d e r  v a r i a t i o n  in a g e n e r a l  w a y ,  
c a p t u r i n g  " a n a l y t i c a l  in tul t ion~ o f t e n  h i n t e d  a t  in t h e  
l i t e r a t u r e ,  t h a t  f ix ing  c o n s t i t u e n t  o r d e r  "cos t s "  in t h e  s a m e  
w a y  t h a t  h a v i n g  spec ia l  N P  c a s e - m a r k i n g  ru les  o r  v e r b  
a g r e e m e n t  ru les  does"  ( P n l l u m  1982:  211).  T h e  m a i n  
d i s a d v a n t a g e  o f  t h e  s t a n d a r d  I D / L P  f r a m e w o r k  is th~:t it  is 
diff icul t  to  p r o c e s s  (Sh iebe r  1983 ,  B a r t o n  1985) .  

T h e  a l t e r n a t i v e  s o l u t i o n  p r o p o s e d  in t h i s  s t u d y  t r e a t s  t h e  
r i g b t  h a n d  side o f  a ru le  as a s e t 3  . Thus~ t h e  g r a m m a r  in 
(2.1) c a n  be  p . . . . .  t e d  in t h i s  f o rma t ,  e i th  . . . .  (2 .6a)  o r  as 
(2 .6b) .  T h e  l a t t e r  ru le  is t o  be  u n d e r s t o o d  u n d e r  t h e  n o d e  
a d m i s s i b i l i t y  c o n d i t i o n .  

(2.a)a. S - > ( $ , o , v }  b. (5 $ ' ° ' v }  

Since t h e  r i g h t  h a n d  side o f  t h e  ru le  is a se G t h e  o r d e r  o f  
$~ O a n d  V does  n o t  m a t t e r .  In  p a r s i n g ,  t h i s  s o l u t i o n  h a s  
def in i te  a d v a n t a g e s .  First ly~ t h e  f a c t o r i a l  g r o w t h  o f  ru les  is 
e l i m i n a t e d .  Secondly~ p a r s i n g  c a n  p r o c e e d  b y  c h e c k i n g  se t  
m e m b e r s h i p  o r  se t  d i f ference.  T h a t  is, i n s t e a d  o f  ' o r d e r e d  
m a t c h '  t h e  p a r s e r  h a s  t o  do  ' u n o r d e r e d  m a t c h ' .  T h e  prec i se  
w a y  o f  d o i n g  it will  v a r y  f r o m  p a r s e r  t o  p a r s e r .  W e  desc r ibe  
one  w a y  o f  i m p l e m e n t i n g  it in t h e  A T N  ( A u g m e n t e d  
T r a n s i t i o n  N e t w o r k  ( W o o d s  1970 ,  F i n l n  a n d  H a d d e n  1977))  
f o r m a l i s m .  

C o n s i d e r  t h e  A T N  f r a g m e n t  p r e s e n t e d  be low in (2.7) fo r  
t h e  g r a m m a r  g iven  in (2.6).  C o n d i t i o n s  o n  a r e  a r e  g iven  in . 
L ISP  like s t r u c t u r e s  w i t h i n  p a r e n t h e s i s .  T h u s  (null  $) m e a n s  ' i f  
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S-reglster  is e m p t y ' .  By t h e  arc  W R D  $ (null  $), t h e  'word '  $ 
will  be a c c e p t e d  if  no $ ha s  p rev ious ly  been  found.  (In n a t u r a l  
l anguage ,  one  can  a s s u m e  $ ~ Subjec t ,  O ~ Objec t ,  V = 
Verb,  a n d  use  P U S H  arc  in p lace  of  W R D  in t he  fol lowing 
d i a g r a m . )  

(2.7) 

WRD, (N~LL 

~ :23 W R D O ( N U L L _  O) / / 

W R D  V (NULL V) J 

~ 4 P O P  ( N O T N U L L  $ ) (NOTNULL O ) ( N O T N U L L  V ) ~  

(2.7) pa r ses  any  s t r i n g s  g e n e r a t e d  by  (2.1) b y  s c a n n i n g  
the  i n p u t  f r o m  lef t  to  r i g h t  a n d  check ing  t he  se t  m e m b e r s h i p .  
Thus ,  in r e c o g n i t i o n  a n d  pa r s ing ,  (2.7) cor rec t ly  ref lects  (2.0). 
Suppose ,  t he  i n p u t  s t r i n g  is VO$. One w a y  to  see how a 
sen tence  is p a r s e d  is t o  t r a c e  t h r o u g h  t he  ana lys i s  of  t he  
sen tence  as  a re  sequence .  Th i s  s t r i n g  is a c c e p t e d  b y  t he  arc 
sequence  (3, 2, 1, 4). The  A T N  g iven  in (2.7) can  be sa id  to  
have  cond i t i oned  m u l t i p l e  loops.  Fo r  convenience  of 
reference,  we sha l l  refer  to  A T N  s t r u c t u r e s  such  as (2.7) as 
' se t - loops ' .  F u r t h e r  r e s t r i c t i ons  on se t - loops  ( such  as (2.7)) can  
be imposed  a n d  all  c o n s t i t u e n t  o r d e r  v a r i a t i o n s  can  be p a r s e d  
s imp ly  by  i m p o s i n g  a d d i t i o n a l  cond i t ions  on arcs .  Thus ,  an  
A T N  p a r s e r  such  as  (2.8b) c an  pa r se  the  l a n g u a g e  g e n e r a t e d  
by  t he  g r a m m a r  g iven  in (2.5). Fo rma l ly ,  (2.5) is p r e s e n t e d  
w i t h  a p a r t i a l l y  o r d e r e d  se t  such  as (2.8a) in t he  p r o p o s e d  
f r a m e w o r k .  The  p a r t i a l  o rde r ing  is specif ied as  a c o n s t r a i n  
a f te r  "/"~ as in a con t ex t - s ens i t l ve  ru le  c o n t e x t s  are  specif ied 
a f t e r  "/ ' ' .  

(2.8)a. ( * , O , V } / $ < O  

(2.8)b. 

( W R D  $ _(NUL____~L 

~ D  O (NULL O ) ( N O T N U L L  $) 

W R D  V (NULL V) 

P O P  ( N O T N U L L  $ ) (NOTNULL O ) ( N O T N U L L  V ~  

Suppose  t h a t  $, O, a n d  V are  n o n t e r m l n a l s  which  are 
f u r t h e r  e x p a n d e d  by  a p p r o p r i a t e  r ewr i t e  rules.  R i g h t  h a n d  
side of such  e x p a n s i o n s  can  also show word  o rde r  v a r i a t i o n s  as 
shown  in (2.9). 

(2.9) $ --:> { a , b , c } ,  O --> (d , e} ,  V --~> { f , g , h }  

So far ,  we h a v e  desc r ibed  pa r s i ng  s t r a t e g i e s  for  
c o n s t i t u e n t  o r d e r  va r i a t i ons .  However ,  in n a t u r a l  l a n g u a g e  we 
of ten  f ind a d i s c o n t i n u o u s  cons t i t uen t .  T h a t  is, an  e l e m e n t  
can  be m o v e d  o u t  o f  i t s  c o n s t i t u e n t  ( t op lca l i za t ion  in Eng l i sh  
would  be a good  e x a m p l e  if  V P  is a c o n s t i t u e n t )  which  can  be 
descr ibed  b y  ca t egor i e s  w i t h  holes  (eg. V P / N P ) .  In  cases such  
as th is ,  V IR  arcs  in c o m b i n a t i o n  w i t h  ho ld  l is ts  a rc  used  in 
A T N  (Bates  1978). A l t e r n a t i v e l y ,  t e m p o r a r y  reg i s t e r s  c an  be 
used  to  pa r se  d i s c o n t i n u o u s  c o n s t i t u e n t s .  T e m p o r a r y  
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r eg i s t e r s  a re  p a r t i c u l a r l y  s u i t a b l e  t o  h a n d l e  large  n u m b e r  of  
'm i sp l aced '  w o r d s  t h a t  c a n n o t  be  h a n d l e d  b y  usua l  H O L D  lists  
in c o m b i n a t i o n  w i t h  VIR  arcs .  W e  wou ld  l lke to  a p p l y  t he  
genera l  s t r a t e g i e s  desc r ibed  above  to  t he  case of  Hindi  which  
shows cons ide rab l e  w o r d  o r d e r  v a r i a t i o n .  

3. W o r d  O r d e r  in  Hindi  

In Hindl ,  t he  o r d e r  of  t he  m a j o r  c o n s t i t u e n t s  such  as $ 
(Subject ) ,  O (d i rec t  Objec t ) ,  I ( Ind i rec t  objec t ) ,  a n d  V (Verb 
( + a u x ) )  is free.  Fo r  example ,  o u t  o f  t he  four  c o n s t i t u e n t s  
p r e sen t  in  (3.11.1), we can  m a k e  t w e n t y  four  v a r i a n t s  of  t h e  
s a m e  senteneep al l  of  w h i c h  are  pe r fec t ly  good  in Hindi  as  is 
obvious  f r o m  (3.11.1-24). 

(3.11/1.  m o h a n  ne  r a a m  ko  sev d l a a  t h a a .  ($IOV / 
M o h a n  ag  R a m  to  app le  g a v e  was  

"Mohan  g a v e  t h e  app le  to  R a m . "  

2. m o h a n  ne  r a a m  ko  d l a a  t h a a  sev. ($IVO) 

3. m o h a n  ne d i a a  t h a n  r a a m  ko  sev. ($VIO) 

4. m o h a n  ne  d i a a  t h a n  sev  r a a m  ko. ($VOI) 

24. d i a a  t h a a  sev m o h a n  ne r a a m  ko. (VO$I) 

To  c a p t u r e  t he  f r e edom of o r d e r  of  $, I, O~ a n d  V in 
sen tences  s u c h  as (3.11) We can  have  a ru le  such  as (3.12) in 
t he  g r a m m a r  of  Hindl .  The  V a lone  can  s t a n d  as  a s en t ence  in 
Hindi  s ince i t  is h igh ly  inf lec ted  (see K a c h r u  1980). Hence 
(3.13) is m o r e  a p p r o p r i a t e  for  Hindi  where  $~ I, a n d  O are  
g iven  w i t h i n  p a r a t h e s e s  t o  show t h e i r  o p t i o n a l  occur rence .  

(3.12) (S ~'I'O'V } 

(3.13) ( ~ (,), (I), (o) ,  v } 

We h a v e  b e e n  r e f e r r i ng  to  ru les  such  as  (3.13 / as se t  
rules.  An  A T N  f r a g m e n t ,  such  as (3.14) would  be a p p r o p r i a t e  
for (3.13 / . 

IC PUSH CNULL,I _j / / 

5 P O P  ( N O T N U L L  V) f 

(Assume  a p p r o p r i a t e  s u b n e t s  for $, I, O, V) 

Suppose  we  are  p a r s i n g  (3.11.1) mohaa nc raam ko sev diaa than 
"Mohan  g a v e  t he  app le  to  Ram" .  I t  is a c c e p t e d  by  t he  arc  
seq . . . . .  (1, 2, 3, 4, 5). The  sen tence  g iven  in (3.11.24) is 
a ccep ted  by  t he  arc  sequence  (3, 1, 4, 2, 51 . (3.14) c a p t u r e s  
c o n s t i t u e n t  o r d e r  v a r i a t i o n  in Hindl  in a gene ra l  way .  
However ,  i t  is to  be n o t e d  t h a t  sen tences  such  as (3.11.1) h a v e  
b l - t r a n s l t i v e  (or doub le  t r a n s i t i v e )  V. W e  h a v e  to  impose  
more  cond i t i ons  on  arc  5, P O P ,  to  p a r s e  i n t r a n s i t i v e  a n d  
t r a n s i t i v e  sen tences .  In fo rma l ly ,  t he  cond i t ions  are: (1 / I f  t h e  
V is i n t r a n s i t i v e  t h e n  t h e  I and  O m u s t  be e m p t y .  (2) I f  t he  V 
is t r a n s i t i v e  t h e n  t h e  I m u s t  be e m p t y .  W e  h a v e  i m p l e m e n t e d  



a large parser  of Hindl wlth wide coverage of construct ion 
types including relat ive clauses, interrogatives,  passives, 
dat ive subjects,  compound verbs and gapping which in teract  
with word order var ia t ion  (see Dey 1982, 1984). 

Word order var ia t ion  in Hindl is fairly restrictive.  Thus, 
in the sentences of (3.11) the  main  verb mus t  precede the 
AUX. (3.15) is unacceptable  because it violates this  restriction. 

(3.15) * t h a a  dlaa sev mohan  ne r aam ko. 
was gave apple Mohan ag Ram to 

Similarly, (3.16) violates the restr ict lon t h a t  the case elements 
mus t  follow the noun (Verma 1970). 

(3.18) * m~ mohan  ram ko sev diaa thaa .  
ag Mohan Ram to apple gave was 

As obvious frmn (3.15-16), all rules of tI indi are not 
'set .rules ' .  Thus, the subject"NP, $, cannot  be expanded by 
(3.17a); rat] . . . .  w . . . .  th  . . . . . .  1 (3.17b). 

(3.17)a. {-*e NP, K } b. [ $ NP K ] 

(Assume [NP mohan], [K ne]) 

In the modified ID/LP fl 'amework we allow str ic t  order 
rules such as (3.17b), fr . . . .  d . . . . .  I . . . . . .  h as (3.14) and 
par t ia l  order rules such as (2.8a). We also allow notions llke 
subject  and object.  T h a t  means the g r a m m a r  is an anno ta ted  
PS g rammar .  The pars ing s t r a t egy  suggested above for this  
g r a m m a r  has an impor t an t  consequence. It  does not recognize 
VP (thab dominates  V, O, I) as a const i tuent .  It advocates  a 
'flat '  s t ruc ture  for sentences as shown in (3.1.8). 

(3.18) S 

( 1 o v 

mohan ne r a a m  ko sev dl aa 
"Mohan gave tbe apple to Ram." 

I t  should be noted t h a t  actual  s t ruc tura l  representat ions 
should be given with m o r t  details. Some parse trees given by 
the parser  are presented below: 

(3.19) (p . . . . .  (inoh . . . . . . .  aln k . . . .  dlaa thaa)) 

(S (NP-subj (NP (DEW nil) (ADJ) (N mohan)) (K-ag he)) 
(NP-ind (NP (DET nil) (ADJ) (N . . . . . .  )) (K-dat  ko)) 
(NP-obj (NP (DET nil) (ADJ) (N sev))) 
(VX (ADV) (V dlaa (AUX thaa)))) t  

(3.20) (parse (diaa t h a a  sev raam ko mohan  ne)) 

(S (NP-sul,j (NP (DET nil) (ADJ) ( i  mohan)) (K-ag ne)) 
(NP-ind (NP (DET nil) (hDJ) ( i  raam)) (K-dat  ko)) 
( i P - o b j  ( i l '  (DET nil) (ADJ) (N sev))) 
(VX (ADV) (V diaa (AUX thaa))) ) t  

I t  is t~o be noted  t h a t  though case words llke ne and ko 
often help to identify subjects,  objects etc. the parser  mus t  
use semant ic  informat ion in order to identify them in 
sentences mlch as the ones given in (3.21-22) (see Dey 1984). 

(3.21.) (parse (mohan anDaa k h a a t a a  hat)) 
Mohan egg eats  is 

"Mohan eats an egg" 

(S (NP-subj (NP (DET nil) (ADJ) (N mohan)) (K-ag nil)) 
(NP-Ind nil (K-dat  nil)) 
(NP-obj (NP (DET nil) (ADJ) ( i  anDaa))) 
(VX: (ADV) (V k h a a t a a  (AUX hal))))t 

(3.22) (p . . . .  (anDaa mohan  k h a a t a a  hal)) 
"Mohan eats an egg" 

(S (NP-subj (NP (DET nil) (ADJ) (N mohan)) (K-ag nil)) 
(NP-ind nll (K-dat nil)) 
(NP-obj (NP (DET nil) (ADJ) (N anDaa))) 
(VX (ADV) (V khaataa (AUX hai))))t 

4. Concluding Remarks  

Processing word order var ia t ion  with new techniques 
within the modified ID /LP  framework seems to be revealing. 
But, it is not  eontext"fl'ee nnlike other ID/LP based parsers. 
Detailed comparison of I I ) /LP  based parsers  is a subject  of 
further  research. 

Footnotes:  
1. I am grateful  to  A. K. Joshi, A. Kroch, T. Finln, D. 

Itindle, S. Gambhlr ,  K. Reilly, D. Kaemmerer ,  K. Ryan, II. 
Bullock and the anonymous  COLING-86 referees for thelr  
helpful suggest ions and comments.  

2. See Uszkoreit  (1982) for an implementa t ion  of ID/LP 
framework.  

3. The r ight  hand side of a rule should be t rea ted  as a 
res t r ic ted set r a ther  than  as a pure set. The restr ict ion can bc 
s ta ted  as follows: a membvr  of a set  can occur only once in the 
set unless specified otherwise. Thus, though formally the 
following two sets are equal, under  the restrict ions imposed 
they are n o t e q u a h  { $, O, V } =#= { $, O,V,  $,V } 
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