
Parsing with Category C00currence Restdcti0ns 

James  KILBURY 

Univers i t i i t  DUsseldorf  

Seminar  fur  Al lgemeine  Sp rachwis senscha f t  

U n ive r s i t ~ t s s t r age  1, D-4.000 DUsseldorf  I 

Federal  Republic of Germany 

Abs t r ac t  

This paper  summar izes  the  f o r m a l i s m  of  Ca tegory  

Cooccur rence  Res t r i c t ions  (CCRs) and descr ibes  t wo  par-  

s ing a l g o r i t h m s  t h a t  i n t e rp re t  it. CCRs are Boolean condi-  

t ions  on the cooccurrence  of  ca tegor ies  in local  t r ees  

which a l low the  s t a t e m e n t  of  genera l i za t ions  which canno t  

be cap tu red  in o the r  cu r r en t  syn tax  fo rmal i sms .  The use of  

CCRs leads to  syn tac t i c  desc r ip t ions  f o r m u l a t e d  ent i re ly  

wi th  r e s t r i c t i ve  s t a t e m e n t s .  The paper  shows  how conven-  

t iona l  a l g o r i t h m s  for  the ana lys i s  of  c o n t e x t  f ree  l anguages  

can be adap ted  to  the  CCR formal i sm.  Spec ia l  a t t e n t i o n  is 

given to  the pa r t  of  the pa r se r  t h a t  checks  the f u l f i l l m e n t  

of logica l  w e l l - f o r m e d n e s s  condi t ions  on t rees .  

1. The CCR f o r m a l i s m  

The CCR formal i sm,  in t roduced  in Kilbury (1986, 1987), 

h a s  i t s  or ig in  in Genera l ized Phrase S t r u c t u r e  Grammar  

(GPSG; cf  Gazdar  e t  al. 1985, hence fo r th  'GKPS') and is a 

spec ia l  type of  uni f ica t ion  g r a m m a r  (cf Shieber 1986). I t  

achieves a more homogeneous  s t r u c t u r e  than  GPSG by a s -  
s igning  a cen t r a l  role  to  cooccurrence  r e s t r i c t i ons .  The 

immedia te  dominance  rules ,  l inear  precedence  s t a t e m e n t s ,  

and m e t a r u l e s  of GPSG are e l imina ted  in favor  of  Ca tegory  

Cooccurrence  Res t r i c t ions  (CCRs), which are  Boolean con-  

d i t ions  on the  cooccurrence  of  ca tegor i e s  in local  t r ees  

(LTs, i.e. t r ees  o f  dep th  one). The e l imina t ion  of  m e t a r u l e s  

(cf Kilbury 1986), which lead to  pa r t i cu l a r  d i f f i cu l t i e s  in 

pars ing  wi th  GPSGs, was in fac t  the immedia te  mo t iva t ion  

for  deve lop ing  and imp lemen t ing  the  fo rma l i sm,  bu t  i ts  

main ju s t i f i ca t ion  l ies in i ts  capaci ty  to  e x p r e s s  gene ra l i za -  

t ions  which cannot  be cap tu red  in GPSG or o t h e r  p r e sen t  

fo rma l i sms .  

W h i l e  reduc ing  the  number  of  descr ip t ive  devices  in 

GPSG, the  f o r m a l i s m  wi th  CCRs re ta ins  the r e s t r i c t i venes s  

of  GPSG. A l t h o u g h  it is no t  in tended  as a vehicle for  the 

i m p l e m e n t a t i o n  of  o the r  g r a m m a r  fo rma l i sms ,  i t  is ' t oo l -  

or ien ted '  in the sense  of  Shieber (1986) in t h a t  i t  provides  

a c l ea re r  p ic ture  of  the re la t ion  GPSG has to  o the r  fo rma l -  

i sms (cf Kilbury 1987). 

T he mot iva t ion  for  CCRs is ana logous  to  t h a t  for  d i s t i n -  

gu i sh ing  Immedia te  Dominance (ID) and Linear Precedence 

(LP) ru les  in GPSG (of GKPS, pp. 44-50). A c o n t e x t  free 

(CF) rule  binds in fo rma t ion  of  two  kinds  in a s ing le  s t a t e -  

ment .  By s epa ra t i ng  th is  in fo rmat ion  in ID and LP rules ,  

GPSG is able  to  s t a t e  genera l i za t ions  of  the  s o r t  "A pre -  
cedes  B in every LT which con ta ins  b o t h  as daughte rs , "  

which canno t  be cap tu red  in a CF grammar .  

J u s t  as ID and LP ru les  cap tu re  gene ra l i za t ions  abou t  

s e t s  of  CF ru les  (or equivalent ly ,  abou t  LTs), CCRs can 

be seen  as s t a t i n g  more a b s t r a c t  gene ra l i za t ions  abou t  ID 

rules ,  which in tu rn  are equ iva len t  to  gene ra l i za t ions  of  

the fo l l owing  s o r t  abou t  LTs: 

(1) Any LT wi th  S as i t s  roo t  m u s t  have A as a daughte r .  

(2) No LT wi th  C as a d a u g h t e r  a l so  has  D as a daughter .  

S t a t e m e n t s  such  as (1) and (2) are CCRs. CCRs are exp re s -  

s ions  of  f i r s t  o rde r  predica te  logic  us ing  t wo  pr imi t ive  

pred ica tes ,  R(a, t) 'el is the  roo t  o f  LT t' and D(eL, t) 'el is 

a d a u g h t e r  in LT t'. [1] CCRs have one of  the  th ree  forms  

V t: Ix D ~ V t: to Vt: o ::) ix 

where  li is a d i s junc t ion  of  posi t ive  l i t e ra l s  R(c~, t) and to 

is a schema,  whereby  the  no t ion  of  a poss ib le  schema  is 

def ined  as fo l lows :  

(a) D(a,  t) is o f  fo rm ~ ;  

(b) if  ~b is o f  fo rm to, then  (~~)  is of  form 6~; 

(c) if  ~ and :~ are bo th  of  fo rm t~, t hen  (~bx)~) is o f  

fo rm to, where  × E {V, A,  D, =}; 

(d) t he se  are a l l  exp re s s ions  of  form to. 

Fur thermore ,  a l l  p red ica tes  wi th in  a CCR have the var iable  

t as s econd  a rgument ;  a l l  f i r s t  a r g u m e n t s  are c o n s t a n t s  

de s i gna t i ng  ca tegor ies .  Pa ren theses  may be o m i t t e d  fo l l ow-  

ing the usua l  convent ions  in predica te  logic. CCRs will  be 
no rma l ly  be w r i t t e n  in the th ree  forms  

g '  I [ to ' ] l  I[to'] l  I[to'] l  ix' 

where  each occurrence  of  D(~,  t) in to is rep laced  s imply  

by c~ in to', and each occurrence  of  R(a ,  t) in p by a in 

ix'. Using th is  no ta t ion ,  (1) and (2) may be r e s t a t e d  as (3) 

and (4.), respec t ive ly :  

(3) S I[ A ]I 

(4.) I[ C D ~D ]I 

Let us cons ide r  the  i l locu t ionary  force of g rammat i ca l  

s t a t e m e n t s .  The s t anda rd  phrase-structure ru les  of  CF 

g r a m m a r  and s imi l a r  f o rma l i sms  e x p r e s s l y  pe rmi t  or  l i-  

cense  s t r u c t u r e s ;  in the  t e rmino logy  of  Toulmin  (1958) 

such  s t a t e m e n t s  c o n s t i t u t e  warrants t h a t  say "Xs are 

a l lowed"  (viewed declara t ive ly)  o r  "You can bui ld  Xs" 

(viewed procedura l ly)  for  co r respond ing  s t r u c t u r e s  of  type 

X. Grammat i ca l  restrictions, in con t r a s t ,  say "Xs are 

forbidden" or  "You may no t  bu i ld  Xs." W a r r a n t s  and 

r e s t r i c t i o n s  used  t o g e t h e r  charac te r ize  the pos s ib l e  and 

n e c e s s a r y  f ea tu res  of  l ingu i s t i c  s t r u c t u r e s  and thus  in-  

t roduce  a moda l  d imens ion  in the l anguage  of  g r a m m a t i c a l  
descr ip t ion .  

Pure CF g r a m m a r s  c o n s i s t  so le ly  of  war ran t s ,  whi le  

GPSG is a mixed  sys tem.  GPSG ca tegor i e s  are def ined  re-  

s t r i c t ive ly  w i t h  Feature  Cooccurrence  Res t r i c t ions  and Fea- 

tu re  Speci f ica t ion  Defau l t s  a f t e r  the space of  ca t egor i e s  

under  cons ide ra t ion  is de f i ned  by the l anguage - i ndependen t  

no t ion  of  ca tegory  i t se l f ;  p roper t i e s  of  LTs, however ,  are 

def ined  wi th  bo th  w a r r a n t s  (in the fo rm of  ID ru les  and 

r~mtarules) and w i t h  r e s t r i c t i ons  (in the fo rm of  LP s t a t e -  

m e n t s  and the Feature  I n s t a n t i a t i o n  Principles).  [2] 
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In a n a l o v y  t o  t he  d e f i n i t i o n  o f  c a t e g o r i e s  in GPSG, t he  

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

o f  LTs a n d  t h e n  p r o v i d e s  a l l  d e s c r i p t i v e  s t a t e m e n t s  in t he  
f o r m  o f  r e s t r i c t i o n s .  I f  we  a b a n d o n  t h e  f o r m a l  d i s t i n c t i o n  

b e t w e e n  c a l e g o r i e s  a n d  LTs and  r e p r e s e n t  t he  i n f o r m a t i o n  

o f  b o t h  w i t h  f u n c t i o n a l  d e s c r i p t i o n s  (i.e. f e a t u r e  s t r u c -  

t u r e s )  a s  in F u n c t i o n a l  l l n i f i c a t i o n  G r a m m a r  (cf  Kay 1985) 

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

the  d e s c r i p ( i o n s  o f  p a r t i c u l a r  n a t u r a l  l a n g u a g e s  is d e f i n e d  

s o l e l y  w i t h  r e s t r i c t i o n .  Th is  p a p e r  r e t a i n s  t h e  d i s t i n c t i o n  

b e t w e e n  LTs and  c a t e g o r i e s  and  t r e a t s  t he  l a t t e r  as  a t o m s  

p u r e l y  fo r  : ; impl ic i ty  o f  p r e s e n t a t i o n .  

C C R s  a n d  t he  LTs to  w h i c h  t h e y  a p p l y  may  f o r m a l l y  be  

r e g a r d e d  as  t he  s a m e  k i n d  o f  i n f o r m a t i o n a l  e l e m e n t .  For  

the  c o r r e s p o n d i n g  n o t i o n  of' u n i f i c a t i o n  and  fo r  t h e  a n a l y s i s  

of" LP s t a t e m e n t s  as  CCRs see  Ki lbu ry  (1987); the  r e f o r m u -  

l a t i o n  of" I,P , ' ; t a t emen t s  w i l l  be o m i t t e d  in the  f o l l o w i n g  

s e c t i o n s .  

2. An e x a m p l e  o f  C C R s  

GKPS (pp. 47-49)  e x a m i n e s  s e t s  o f  s i m p l e  CF r u l e s  a n d  

t h e n  p r o p o s e s  s t r o n g l y  e q u i v a l e n t  d e s c r i p t i o n s  in ID /LP  

f o r m a t .  The. ~ f i r s t  r e s u l t i n g  I D / L P  g r a m m a r  is g iven  in (5): 

(8) ID r u l e s  LP r u l e s  

S -> NP, VP AUX ( NP 

S -~ AIIX,  NP, VP V ( NP 

VP -> AI lX ,  VP NP ( VP 

VP -> V, VP 

VP -> V, NP 

VP ~-> V, NP, VP 

The ID r u l e s  o f  (5) a d m i t  LTs with the  f o l l o w i n g  branches  

(i.e. m o t h e r - p a i r s  pa i r s ) :  

(6) KS, N P ) ,  (S,  V P ) ,  (S,  A t l X ) ,  

(VI ' ,  V ) ,  (VP,  V P ) ,  (VP,  A t I X ) ,  (VP,  NP)  

I t  is  c l e a r  t h a t  a d a u g h t e r  c a t e g o r y  {:an c o o c c u r  o n l y  w i t h  

c e r t a i n  mot :he r  c a t e g o r i e s .  Given t h i s  s e t  o f  b r a n c h e s ,  t h r e e  

g e n e r a l i z a t i o n s  c a n  be f o r m u l a t e d  as  CCRs:  

(7) CCR 1: I[ NP V VP V A l l X  II ( S V VP ) 

CCR 2: I[ V ]1 VP 

C C R  3: I[ ~S ]1 

CCR 1 s t a t e 8  t h a t  any  LT w i t h  NP, VP, o r  AHX as  d a u g h t e r  

n i u s t  have  S o r  VP as  i t s  r o o t  c a t e g o r y ,  w h i l e  CCR 2 r e -  

q u i r e s  LTs w i t h  V as  a d a u g h t e r  t o  have  VP as  r o o t .  CCR 3 

p r e v e n t s  S f r o m  o c c u r r i n g  as  d a u g h t e r  in a LT. 

Now c o n s i d e r  t he  C a r t e s i a n  p r o d u c t  o f  t he  s e t  o f  

p h r a s a l  c a t e g o r i e s  {S, VP} - -  e x c l u d i n g  NP, w h i c h  is n o t  

e x p a n d e d  in t he  I D / L P  g r a m m a r  o f  (5) - -  w i t h  t h e  s e t  o f  

p h r a s a l  and  l e x i c a l  c a t e g o r i e s  {S, VP, NP, V, A{IX}. CCR 2 

e x c l u d e s  t he  b r a n c h  (S ,  V)  w h i l e  CCR 3 e x c l u d e s  (S,  S )  

and  (VP,  S ) .  Thus ,  t h e  s e t  o f  l e g a l  b r a n c h e s  r e m a i n i n g  

a f t e r  t he  C a r t e s i a n  s p a c e  is  f i l t e r e d  by t he  CCRs  o f  (7) is  

e x a c t l y  t h e  s e t  o f  b r a n c h e s  s p e c i f i e d  in  (6). 

P r o c e e d i n g  in t u r n  f ron l  a g i v e n  r o o t  c a t e g o r y ,  c o r r e s p o n -  

d ing  r e s t r i c t i o n s  a p p y  to  t h e  r e o c c u r r e n c e  o f  d a u g h t e r  c a t -  

e g o r i e s .  The  LTs w i t h  S as  r o o t  can  be  c o v e r e d  by a s i n g l e  

CCR: 

(8) CCR 4: S I[ NP A VP II 

CCR 4 s t a t e s  t h a t  NP and  VP a r e  o b l i g a t o r y  in any  LT 

w i t h  S as  i t s  r o o t .  S ince  (S ,  A H X )  is a l s o  a b r a n c h ,  ALIX 

may  o p t i o n a l l y  o c c u r  a s  d a u g h t e r  in s u c h  a t r ee .  

Given t h e  VP e x p a n s i o n s  o f  (5), an  e l e m e n t a r y  l o g i c a l  

t e c h n i q u e  e m p l o y i n g  t r u t h  t a b l e s  (of Ki lbury  1986) a l l o w s  

us  t o  c o n s t r u c t  t im t h r e e  CCRs  of  (9), w h i c h  t a k e n  t o -  

g e t h e r  w i t h  (7) and  (8) a d m i t  t he  s a m e  s e t  o f  i°Ts as  t he  
ID r t t l e s  o f  (5): 

(9) CCR 5': 

CCR 6': 

CCR 7': 

VP II A t l X  -- ~V ]1 

VP I[ ALIX D (VP A ~ NP) II 

VP I[ V D (VP V NP) ]1 

The  CCRs  o f  (9) have  been  f o r m u l a t e d  o n l y  on  t i le  b a s i s  

o f  LTs w i t h  VP as  roo t ,  h o w e v e r ,  and  t h e r e f o r e  fa i l  t o  c a p -  

t u r e  g e n e r a l i z a t i o n s  t h a t  a p p l y  t o  a l l  LTs. Any d a u g h t e r  

ALIX m u s t  have  a VP as  s i s t e r ,  s o  CCR 6' }nay be r e s t a t e d  

as  t w o  s i m p l e r  CCRs,  CCR 5 and  CCR 7, w h e r e  CCR 5 d o e s  

n o t  d e p e n d  on  the  r o o t  c a t e g o r y .  F u r t l m r m o r e ,  CCP, 7' c an  

be r e w r i t t e n  as  CCR 8 s ince  V c a n n o t  be a d a u g h t e r  o f  S. 

The f o l l o w i n g  f i na l  s e t  o f  CCRs  t h u s  e m e r g e s :  

(10) CCR h I1 NP V VP V ALIX II ( S V VP ) 

CCR 2: I[ V ]1 VP 

CCR 3: I[ ~S ]1 

CCR 4: S II NP A VP 711 

CCR 5: I[ AI IX D VP II 

CCR 6: VP I[ ALIX ~ ~V II 

CCR 7: VP II A t l X  7J ~NP ]1 

CCR 8: I[ V -~ (VP A NP) 31 

The g r a n u n a r  (:all be  e x t e n d e d  to  c o v e r  a VP d o m i n a t i n g  

a s i n g l e  V by s i m p l y  e l i m i n a t i n g  CCR 8. Moreove r ,  CCR 6 

can  be l o g i c a l l y  c o n j o i n e d  w i t h  CCR 7 and  CCR 3 w i t h  CCRs  

5 a n d  8 t o  f o r m  s ing le ,  c o m p l e x  CCRs.  

3. P a r s i n g  w i t h  t h e  CCR f o r m a l i s m  

3.1 An  E a r l e y - b a s e d  c h a r t  p a r s e r  

The CCR f o r m a l i s m  <:an be  i n t e r p r e t e d  by a c h a r t  p a r s e r  

b a s e d  on  S h i e b e r ' s  (1984) a d a p t a t i o n  o f  t he  Ea r l ey  (1970) 

a l g o r i t h m  to  t he  ID /LP  f o r m a t  o f  GPSG. M o d i f i c a t i o n s  h e r e  

i nvo lve  t h e  CCR f o r m a l i s m  and  d e t a i l s  o f  E a r l e y ' s  p r e d i c -  

to r .  As n o t e d  above ,  c a t e g o r i e s  a re  t r e a t e d  as a t o m s  h e r e  
fo r  s i m p l i c i t y  o f  p r e s e n t a t i o n .  

I t e m s ,  c o r r e s p o n d i n g  to  e d g e s  of  a cha r t ,  have  t he  f o r m  

<i, j, A, ~, 13, 0>, w h e r e  i and  j a re  i n t e g e r s  d e s i g n a t i n g  t he  

b e g i n n i n g  and  end  o f  t h e  edge ,  A is t he  r o o t  c a t e g o r y  o f  

the  LT, ~ is t i l e  s t r i n g  o f  c a t e g o r i e s  13l ah ' e ady  i d e n t i f i e d  

as  d a u g h t e r s  o f  A, 13 is t he  s e t  o f  c a t e g o r i e s  n o t  in c~ wh ich  

may  be  i m m e d i a t e l y  d o m i n a t e d  by A, and  0 is a s e t  o f  c l a u s e s  

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

LT to  be a c c e p t e d .  A s e n t e n c e  is r e c o g n i z e d  i f  i t s  a n a l y s i s  

p r o d u c e s  an  i t e m  o f  t he  f o r m  <O, n, S, c~, 13, O>, w h e r e  n is 

t he  s e n t e n c e  l e n g t h  and  • is  t he  e m p t y  c l a u s e  se t .  

The  a l g o r i t h m  u s e s  t w o  b a s i c  p r o c e d u r e s ,  t he  p r e d i c t o r  

and  t h e  complete}- ,  in a d d i t i o n  t o  t he  s c a n n e r ,  w h i c h  r e a d s  

t he  n e x t  w o r d  of'  t h e  i n p u t . s t r i n g  and  c a l l s  t h e  o t h e r  t w o  

p r o c e d u r e s .  The f u n c t i o n  o f  t he  p r e d i c t o r  is  t o  i n t r o d u c e  

n e w  a c t i v e  e d g e s  in  t he  c h a r t .  I t s  e f f i c i ency  has  b e e n  in -  

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

s i t i ve  c l o s u r e  F + [411 , w h i c h  are  de r i ved  w i t h  t he  LP r u l e s  s o  

t h a t  <A, B> E F i f f  B c a n  lm the  l e f t - m o s t  d a u g h t e r  o f  A in 
s o m e  LT. Given an  i n a c t i v e  i t e m  <j, k, B, % ~, q)>, an  ac -  

t ive  i t e m  <j, k, A, B, 13, ~> w i t h  <A, B> { F is i n t r o d u c e d  i f f  

t h e r e  is  s o m e  C s u c h  t h a t  <C, A> { F o r  e l s e  C = A a n d  
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there is an active item (i, j, D, c¢, S, o') such tha t  C ~ 
and o' can be reduced (see below) with respect  to C. 

The predictor  f i rs t  cons t ruc t s  the se t  ~ of  categories 

tha t  may be immediately dominated by A, sub t r ac t s  {B} 
f rom it, and then fur ther  sub t rac t s  the set  :( of  those cat-  
egories which B may not  precede, giving [3 in the new active 

item. [6] A clause se t  is then cons t ruc ted  as the conjunc- 
t ion of  all CCRs (stated in simplified conjunctive normal 
form) applying to the members  of d~ in a LT with A as 
root.  Finally, this clause set  is reduced (see below) with re- 
spect  to B and the negation of  each member  of X giving 0. 

The completer  extends  active edges. Given the inactive 

edge (j, k, B, y, ~, ~7 and the active edge (i, j, A, a, [3, 0) 
such that  B ~ [3 and [3' = [3 \ {B}, it sub t r ac t s  the subse t  [3" 
of  categories in tJ' that  B cannot  precede f rom 13' giving 
[3'", reduces 0 with respect  to B and the negation of  each 
member  of  [3", giving 0', and then introduces the new item 
<i, k, A, c¢(qB, 13'", o'>. 

Reduction of  a clause net 0 with respect  to a literal 
t e s t s  the consis tency of  c~ with respect  to the condit ions 
s ta ted  by o and amounts  simply to the One-Literal Rule 

in the procedure of  Davis and Putnam (cf Chang and Lee 
1973, pp. 63-64.). A clause set  0 is reduced with respect  to 

by reducing each clause rc ~ o with respect  to ~. The 

la t ter  is accomplished as follows: 

a) If ~ c 7~, then ~ is removed f rom 0. 
b) If ~ ~ rt and ei ther c¢ = ~[3 or  ~a = ~, then if 

[3 = x reduction fails and a is inconsis tent  with 0, 
and o therwise  [3 is removed f rom ~. 

The following PROLOG program, which is called with 
reduce_cnf(Literal, CNF, [,i, RedCNF), 

implements  reduction of  a clause se t  in conjunctive normal  

form (CNF): 

:- op(60, fx, ~). / *  '~" binds more strongly than ','. * /  

reduce_cnf(_, [3, CNF, CNF). 

reduce--cnf(Literal, [Clause I Clauses], OIdCNF, RedCNF):- 
reduce-clause(Literal, Clause~ [:,i, NewClause)~ 
append(OldCNF, NewClause, NewCNF), 
reduce_cnf(Literal, Clauses, NewCNF, RedCNF). 

reduce_clause(_, [ ' i, [ ' i , [:1 ) :-  ]. 

reduce_clause(~, [,i, Clause, [Clause:] ). 

reduce_clause(Literal, [Literal I -- , i,--, [,i ) :- !. 

reduce-.clause(~Cat, [Cat-l, [ , i , -  ) :- l, fail. 

reduce=clause(Cat, [~Cat "1, [ ] , _  ) :- [, fail. 

reduce--clause(~,Cat, [Cat I Lits'l, OIdClause, RedClause) :- 
!, reduce.-clause(~Cat, Lits, OIdClause, RedClause). 

reduce_clause(Cat, [~Cat I t i ts ] ,  OIdClause, RedClause) :- 
!, reduce_clause(Cat, Lits, OIdClause, RedClause). 

reduce--clause(Lit1, [Lit2 I Lits,l, OldClause, RedClause) :- 
append(OIdClause, [Lit2'l, NewClause), 
reduce--clause(Lit1, t i ts ,  NewCtause, RedClause). 

3,2 A le f t - corner  parser  

PROLOG implementat ions  of  the chart  parser  described 
above su f fe r  f rom inefficiency s temming f rom manipula-- 

t ions of  the knowledge base during parsing. Such knowledge-  
base manipulat ions can be more easily avoided in a lef t-  

corner  parser  (cf Aho /Hl lman  1972), as reflected in the 

fol lowing simplified PROLOG program: 

parse(RCat, [Word I L1], L) :- 
lex(Word, Cat), 
left.-corner(Cat, RCat, L1, L). 

left--corner(Cat, Cat, L, L). 

left-corner(Cat, RCat, L1, L) :- 
rule(CatO, [Cat I Cats]), 
sisters(Cats, L1, L2I, 
left-corner(CatO, RCat, L2, L). 

sisters([,l, L, L). 

sisters([Cat I Cats-l, L!, L) :- 
left.-corner(Cat, L1, L2), 
sisters(Cats, L2, L}. 

The variables L, L], and L2 designate difference l ists  for  
the input  s t r ing as in Definite Clause Grammars,  while 
RCat is the category assigned to the analyzed string. Lex- 
ical entries are represented in the fo rm lex(W0rd, Cat) and 
rules with rule(LHS, RHS), whereby LH8 is a single category 
and RHS a l ist  of  categories.  Adaptation of  the p rogram to 
the CCR formal i sm simply amounts  to a replacement o f  the 
predicate rule as discussed above for  the chart  parser; the 
predicates left-corner and sisters are augmented with an 
a rgument  for  the clause se t  s ta t ing conditions that  remain 
to be fulfilled for  the phrase current ly  being analyzed, Per- 

formance is greatly improved by the addition of  t o p -d o wn  
filtering. 
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Footnotes  

[1] In terpre ta t ions  in t e rms  of  the theory of feature in- 

s tant ia t ion  in GKPS would be ' the root  of  LT t is an 
extension of  ct" and "some daughter  in LT t is an 
extension of" a'. 

[2] Compare the dist inction between Inherited and instan-  
tiatecl features  in GPSG. 

[3] ")?his applies to the recognizer. The parser  has items 
with a s t r ing of  corresponding trees as c~ and may 
add itn additional a rgument  to i tems for  semantic  re- 
presenta t ions .  

[4.] The pFoposal to use F + in the predictor  s t ems  f rom 
an unpublished paper  hy Jochen DSrre and Stefan 
Momma of  the Llniverslty of  Stut tgar t .  See Wir~n 

(1987) fk)r a discussion of  such top -down  filtering and 
of" the advantages of  a modif icat ion of  the Earley 

p ~ d i c t o r  proposed in Kilbury (1985). 

[5] Note that  an i tem is Inactive when the clause se t  of  
conditions remaining to be fulfilled is empty. An inac- 
tive edge may still  be extended with optional  catego-  
ries. 

[6] As Seiffer (1987) and Weisweber  (1988) have pointed 
out, the t rea tment  of  LP restr ic t ions ts more difficult 
with complex categories subject to  unification. LP re- 
s t r ic t ions  may be fulfilled by a partially specified cate-  
gory bu t  violated by its extension arising through fur-  
ther  instant iat ion during parsing. 
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