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A b s tr a c t:  E x ten sio n s  to C ategoria l G ram m ars p rop osed  to accou n t for  

n on con stitu ten t con ju n ction  and lon g-d istan ce  d ep en d en cies  in troduce the p rob lem  o f  

eq u iv a len t d erivation s, an issu e  w e  have characterized  as spurious am bigu ity  from  the  

parsing p ersp ective . In W ittenburg (1 9 8 7 ) a proposal w as m ade for co m p ilin g  C ategoria l 

G ram m ars into p red ic tive  form s in order to so lv e  the spurious am b igu ity  prob lem . T his  

paper in v estig a tes  form al properties o f  gram m ars that u se  p red ictive  version s o f  fu n ction  

co m p o sitio n . A m o n g  our results are (1 ) that gram m ars w ith  p red ictive  co m p o sitio n  are in 

general eq u iva len t to the orig in als i f  and on ly  if  a restriction on p red ictive  rules is applied ,

(2) that m o d u lo  this restriction , the p red ictive gram m ars have in d eed  elim in ated  the p rob lem  

o f  sp uriou s am b igu ity , and (3) that the issu e  o f  eq u iv a len ce  is d ec id a b le , i.e ., 

for any particular gram m ar, w hether on e  n eed s to apply the restriction  or not to ensure  

eq u iv a len ce  is a d ec id a b le  question .

1. I n tr o d u c t io n .  S teed m a n  (1 9 8 5 , 1 9 8 7 ), D o w ty  (1 9 8 7 ) , M o o rtg a t (1 9 8 8 ) , M orrill 

(1 9 8 8 ) , and others h ave p rop osed  that C ategoria l G ram m ar, a theory o f  syn tax  in w h ich  

gram m atica l ca tegor ies  are v ie w e d  as fu n ction s, be gen era lized  in order to an alyze  

"noncanonical"  syn tactic  con stru ction s such  as w h -extraction  and n on con stitu en t 

con ju n ction . A  co n seq u en ce  o f  th ese augm en tation s is an e x p lo s io n  o f  sem an tica lly  

eq u iva len t d erivation s adm itted  by the gram m ar, a problem  w e  h ave characterized  as 

spurious am b igu ity  from  the parsing p ersp ective  (W ittenburg 1986). In W ittenburg

(1 9 8 7 ) , it w a s  su g g ested  that the o ffen d in g  ru les o f  th ese gram m ars co u ld  take an 

alternate p red ictive  form  that w o u ld  e lim in ate  the p rob lem  o f  spurious am b igu ity . T h is  

approach , c o n s is t in g  o f  co m p ilin g  gram m ars in to  form s m ore su itab le  for parsing, is  

w ith in  the tradition o f  d isco v er in g  norm al form s for phrase structure gram m ars, and thus 

our title. O ur approach stands in contrast to th ose  w h ich  are attem pting to address the  

spurious am b igu ity  p rob lem  in C ategoria l G ram m ars through the parsing a lgorithm  itse lf  

rather than through the gram m ar (see  P aresch i and S teed m an  1987; M oortgat 1987 , 1988; 

H ep p le  and M orrill 1989; K o en ig  1989; G ardent and B es  1989 ). O ur approach is m ore  

in lin e  w ith  the tack  that B o u m a  (1 9 8 9 )  is taking, a lthough h is form u lation  o f  categoria l 

sy ste m s  d iffers ra d ica lly  from  our o w n , m ore traditional se t  o f  a ssu m p tion s.

In W ittenburg (1 9 8 7 )  it w a s  con jectu red  that p red ictive  form s for C ategoria l G ram m ars 

w ere eq u iv a len t to the sou rce form s and that they did  in d eed  e lim in a te  spurious  

am b igu ity . H ere w e  report on form al resu lts that have en su ed  from  th ese  orig in a l 

co n jectu res. W e  have fou n d  that, on  the w h o le , the con jectu res p roved  va lid  a lth ou gh  w e  

h ave d isco v ered  that the relationsh ip  b etw een  p red ictive norm al form s for th ese  gram m ars 

and their sou rce  form s are m ore co m p lica ted  than w as im p lied  by the earlier paper. A s  

w e w ill sh o w , an add itional co n d itio n  is n ecessary  to ensure eq u iv a le n c e  o f  th ese  

gram m ars and e lim in a te  spurious am b igu ity  from  the picture.
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2. S o u r c e  G r a m m a r  (G ) In th is paper w e  fo cu s  on the ro le o f  b asic  fu n ction  

co m p o sit io n  as a w ay  o f  illustrating the e ffec ts  o f  p red ic tive  norm al form s. For th ese  

p roofs then, w e  assu m e a form  o f  C ategorial G ram m ar that is con sid erab ly  m ore restricted  

than th ose  ad vocated  by van B en th am  (1 9 8 6 ) , S teed m an  (1 9 8 7 ) , M oortgat (1 9 8 8 ) , M orrill

(1 9 8 8 ) , and others. A s the w ork  o f  th ese  authors sh o w s , the s im p le  C ategoria l G ram m ars 

w e  assu m e here are n o t lin g u istica lly  adequate. W e d o  not con sid er  the e ffec ts  o f  typ e- 

raisin g  nor o f  g en era lized  con ju n ction  here, nor d o  w e  address the issu e  o f  gen era lized  

co m p o sit io n . W h ile  w e  in ten d  to address these p o in ts in future w ork , the s im p lifica tio n s  

w e  a ssu m e here a llo w  us to  u n cover an in tidal set o f  properties assoc ia ted  w ith  the u se o f  

p red ic tive  com binators.

W e a ssu m e for our sou rce gram m ar G the fo llo w in g  com b in atory  rules togeth er w ith  a 

le x ic a lly  a ssig n ed  sy stem  o f  ca tegor ies  o f  the usual recu rsive  so r t  T hat is , w e  a ssu m e a set  

o f  b a s ic  c a teg o r ie s , sa y , { S ,  N P , N } .  If X  and Y  are ca teg o r ies , so  are X /Y  and Y \X .  

O ur n otation  fo llo w s  S teed m an  (1 9 8 7 ) and D o w ty  (1 9 8 5 )  in that the d om ain  typ e appears 

co n sisten tly  to the right o f  a s lash  and a range typ e to the left. L eft d irection ality  is then  

in d ica ted  by a le ft-lea n in g  slash , and right d irection ality  by a r ight-lean in g  slash . 

S em a n tica lly , w e  a ssu m e that le x ica l ca tegories in troduce fu n ction al con stants in  lam bda  

term s w h ere the arity o f  the fu n ction s bears an o b v io u s  and d irect relation  to the syn tactic

ty p e .1 H ere are ex a m p le  le x ic a l entries.

k ick s: S \N P /N P  John: S /(S \N P ) a: N P /N  p la typ u s: N

X x X y  ( ( k ic k s  x  ) y )  \ f ( f  j o h n )  X x (a  x ) p la ty p u s

W e  a ssu m e the fo llo w in g  set o f  com b in atory  rules:

F orw ard  fu n ction  ap p lica tion  (fa> ) B ack w ard  fu n ction  app lication  (fa< )

X /Y  Y  ->  X  Y  XVY ->  X

f  a f(a ) a f  f(a )

F orw ard  fu n ction  co m p o s it io n  ( fc > )  B ack w ard  fu n ction  co m p o sit io n  (fc < )

X /Y  Y /Z  ->  X /Z  Y \Z  X \Y  ->  X \Z

f  g  X x (f(g (x )) )  =  B fg  g  f  X x (f(g (x )))  = B fg

G iv e n  th ese  sem a n tic s , G  y ie ld s  eq u iv a len ce  c la sse s  o f  d eriva tion s, w h ere eq u iv a le n c e  is

d e f in e d  m o d u lo  (3-con version  o f  sem a n tic  term s.2 T h e tw o  so u rces  o f  sp u r iou s a m b ig u ity  

in G  are su m m arized  by the fo llo w in g  eq u iv a len ces  g en era lized  o v er  d irection a l variants o f  

the rules:

1 A lthough w e use the term sem antics here to describe the relevant issues o f derivational am biguity, it 

should be understood that w e dealing with a syntactic dom ain. O ne m ight think o f  our sem antics as 

defining the syntactic structures yielded  by derivations using these grammars.

2This definition o f eq u ivalence does not take quantifier scope differences into account. It is m ore in 

harm ony with the predictive norm alization techniques to assum e that scoping structure is not necessarily  

isom orphic to the derivation tree, a position also advocated by Steedm an (1987) and M oortgat (1988).
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(ap p ly  (co m p o se  X  Y ) Z) = (apply X  (apply Y  Z ))

(c o m p o se  X  (co m p o se  Y  Z )) = (co m p o se  (co m p o se  X  Y ) Z)

A n ex a m p le  illustrating the first o f  these eq u iva len ces fo llo w s :1

S S

f(fi (a ))  f (g (a ) )

...................................... fa>  .................................... fa>

S /N P  F V P

A .x ( f ( g ( x ) ) )  g ( a )

...........................fc>  ......................fa>

S /F V P  F V P /N P  N P  S /F V P  F V P /N P  N P

f  g  a f  g  a

A ssu m in g  the term inal string "John k ick s a p latypus", co m p le te  d erivation s w o u ld  

y ie ld  the eq u iv a le n t  d er iv a tio n a l term s ( (k ic k s  (a  p la ty p u s ) )J o h n ) .

T h e num bers o f  th ese eq u iv a len t derivations in crease "alm ost ex p o n en tia lly ” in  string  

len g th , w ith  the C atalan ser ies  (W ittenburg 1986).

3. P r e d ic t iv e  N o r m a l F o r m  (G ') A  p red ic tiv e  n orm al form  v ersio n  o f  G  rep la ces  ea ch  

c o m p o s it io n  rule w ith  tw o  p red ic tive  variants.2

F orw ard -p red ic tive  forw ard  fu n ction  co m p o sitio n  (fp fc > )

X /(Y /Z ) Y /W  ->  X /(W /Z )

f  g  X h (f(B g h )) = X h (f(X x (g (h (x )))))

B ack w a rd -p red ic tiv e  forw ard  fu n ction  co m p o sitio n  (b p fc> )

W /Z  X \(Y /Z ) ->  X \(Y /W )

g f  X h (f(B h g ))=  X h (f(X x (h (g (x )))))

B a ck w a rd -p red ic tiv e  back w ards fu n ction  co m p o sitio n  (b p fc< )

Y \W  X \(Y \Z ) ->  X \(W \Z )

g  f  X h (f(B g h )) =  X h (f(X x (g (h (x )))))

F orw ard -p red ic tive  b ack w ards fu n ction  co m p o sit io n  (fp fc< )

X /(Y \Z )  W \Z  ->  X /(Y \W )

f  g  X h (f(B h g ))=  X h (f(X x (h (g (x )))))

^FV P is used as a notational co n v en ien ce  for the category  S\N P . 

^These rules are derivable in the Lambek calculus (Lambek 1958).
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W e w ill n o w  co n s id er , first, the q u estion  o f  am b igu ity  in G'. S eco n d , w e w ill  take up the 

q u estio n  o f  w h eth er G and G' are e q u iv a le n t

4. A m b ig u ity  in  G ' Is there am b igu ity  in  G'? W e w ill co n sid er  first ca se s  that are 

a n a logou s to the d erivation s in G k n ow n  to g iv e  rise to spurious am b igu ity . O ur p ro o f is 

by in d u ction  on the h e igh t o f  a derivation  tree.

In G , sp uriou s am b igu ity  arises from  the u se  o f  co m p o sitio n . C on sid er  any m axim al 

subtree o f  fc>  in  a d er iva tion  in G , i.e .,

A /E

etc .

A /B  B /C  C /D  D /E

S in ce  it is  part o f  a d erivation  o f  S , it m ust fe e d  into an instance o f  fa at the top  (either as 

functor or as argum ent) — if  it fed  into fc , this tree w ou ld  not be a m ax im al fc  tree.

S o  su b d er iva tion s in  G  w ith  fc>  m u st be o f  o n e  o f  the fo llo w in g  form s:

C a se  2  (G ): F

C /D  D /E

In eith er ca se , there is o n e  and o n ly  o n e  d er iva tion  in G ’ for the sa m e ca teg o ry  seq u en ce .

C a se  1 (G '): . C a se  2 (G ’):

A  F

A /B  B /C  C /D  D /E  E  F /(A /E ) A /B  B /C  C /D  D /E

T h e ca se s  o f  fc <  are p arallel. A nd  s in ce  fc>  and fc<  cannot appear togeth er in a m axim al fc  

tree b eca u se  o f  d irection a lity  c la sh , all ca se s  are accou n ted  for.

C a se  1 (G ): A

A /B  B /C  C /D  D /E  E
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W e h ave  sh o w n  here that ca ses  o f  spurious am biguity  in G d o  not g iv e  rise to an a logou s  

sp u riou s am b igu ity  in G', but o f  cou rse  there m ay be n ew  sou rces o f  am bigu ity  in G' that 

w e h ave  not y e t  con sid ered .

C an there be any ca ses  o f  derivational am biguity in G'? That is, can there be derivation  

trees o f  the form

for (p o ss ib ly  c o m p le x )  ca teg o r ie s  A , B , C , X , Y , Z , w here m others are d er iv ed  from  

daughters u sin g  ju st the ru les o f  fa and pred ictive fu n ction  co m p o sitio n ?  A n exh au stive  list 

o f  a ll the com b in atory  p o ss ib ilit ie s  reveals ju st tw o  types:

T y p e  1: X  = Y /Y  and Z  = Y \Y

T h e central ca tegory  Y  can  co m b in e first by fa w ith  Y /Y  to its le ft or w ith  Y \Y  to its 

right, to y ie ld  Y  in either ca se . T h is Y  can then co m b in e w ith  the rem ain ing category  by fa  

to g iv e  Y  again:

Y  fa>  Y  fa<

/  Y  fa<  fa>  Y  \

7  /  \  /  \  \
Y /Y  Y  Y \Y  Y /Y  Y  Y \Y

B u t th is is a g en u in e  a m b igu ity , n ot a spurious on e , for the top m ost Y  can  b e a ssig n ed  

d ifferen t sem an tic  v a lu es  by the tw o  d erivation s. I f  [[Y A H ] = f, [[Y ]] = a, and [[Y \Y ]]  =  

g, the le ft  d erivation  y ie ld s  f(g (a ))  and the right on e  g (f(a )).

In the m ore gen eral ca se , w e  m igh t h ave m  in stan ces o f  Y /Y  to the le ft  o f  the Y  and n  

in sta n ces o f  Y \Y  to the r ig h t  In su ch  a situation  the num ber o f  syn tactica lly  and  

sem a n tica lly  d istin ct d erivation s w o u ld  be the (m-i-n)th C atalan num ber. A n d  s in ce  o n ly  

fa>  and fa <  are u sed , the sa m e am b igu ity , i f  it is  present, w ill  b e  fou n d  in both  G and in  

G ’.

T y p e  II: A  p red ic tive  com b in ation  rule is in v o lv ed  in the derivation . W e w ill illustrate  

w ith  ju st  o n e  ca se; the others are sim ilar, d ifferin g  on ly  the d irection s o f  the s la sh es  and the 

order o f  co n stitu en ts .

C o n sid er  the d erivation  tree

E fp fc>

/  \

D  fa>  \

/  \  \
A  B  C

in w h ich  each  m oth er n od e is d erived  from  its daughters by the in d icated  rule. S in c e  E  is

d er iv ed  by f p f o ,  D  m ust be o f  the form  XJ(Y /Z ) and C  o f  the form  Y /W ; h en ce  E is o f  the

form  X /(W /Z ). T h en  b eca u se  D  is d er ived  by fa> , it fo llo w s  that A  m ust be o f  the form

(X /(Y /Z )) /B . T hat is , the d erivation  tree is o f  the form
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X /(W /Z ) fp fc  
/  \

X /(Y /Z ) f a > \ .

(X /(Y /Z )) /B  B Y /W

for (p o ss ib ly  co m p le x )  ca teg o r ies  B , W , X , Y , Z.

G iv en  the rules o f  fa and p red ictive co m p o sitio n , there is a d istin ct derivation  tree 

y ie ld in g  X /(W /Z ) from  the ca tegory  seq u en ce  (X /(Y /Z )) /B , B , YAV; n am ely ,

X /(W /Z ) fa>

fpfc

(X /(Y /Z ))/B  B Y AV

N o w  b eca u se  (X /(Y /Z )) /B  b eco m es  X /(W /Z ) by fa> , it fo llo w s  that X /(Y /Z ) = X /(W /Z ), 

and s o  Y  = W . Further, B c o m b in es  w ith  Y AV (i.e .,  Y /Y )  to g iv e  B  again , so  B  is required  

to b e o f  the form  R /(Y /Y ), for so m e R . (N o te  that R /(Y /Y ) co u ld  a lso  co m b in e  w ith  Y /Y  

by fa > , but n o th in g  p reven ts fp fc>  from  ap p ly in g  here as w e ll .)  In su m m ary , G' a llo w s  

the fo llo w in g  sort o f  derivational am b igu ity  (and others sym m etrica l to it);

XJ(Y /Z ) fp fc>  X /(Y /Z ) fa>

/

X /(Y /Z )  fa>

/  \

(X /(Y /Z ))/(R /(Y /Y ))  R /(Y /Y ) Y /Y  (X /(Y /Z )) /R /(Y /Y ))  R /(Y /Y ) Y /Y

Is th is a spurious or a g en u in e  am b igu ity?  L ettin g  the three le a f  con stitu en ts have

sem a n tic  v a lu es  f, g , and h, r e sp e c tiv e ly , w e  ob ta in  > i[f(g )(B h i)]  fo r  the root n o d e  o f  the

le ft  tree and f[X i[g (B h i)]] for the root o f  the tree on  the r ig h t  (B h i d en o tes  the co m p o sitio n  

o f  fu n ctio n s  h and i.) T h ese  ex p ress io n s  are certa in ly  n o n -eq u iv a len t for aribitrary

fu n ctio n s  f, g , h. 1 A t any rate, w e  m ig h t ask  i f  this sort o f  am b igu ity  can  lead  to  an 

e x p lo s io n  o f  com b in atoria l p o ss ib ilit ie s  lik e  the o n e  w e  w ere  trying to rid o u rse lv es  o f  in  

the first p lace . T h e w orst ca se  w o u ld  be w h en  there is a seq u en ce  o f  n ca tegor ies  Y /Y  

ex ten d in g  rightw ard , thus:

(X /(Y /Z )) /(R /(Y /Y ))  R /(Y /Y )  Y /Y  Y / Y . . . Y /Y

N o w  R /(Y /Y ) can  co m b in e  w ith  Y /Y 's by fp fc , y ie ld in g  R /(Y /Y )  each  tim e, then co m b in e  

w ith  the large ca tegory  on  the le ft  by fa>  to g iv e  X /(Y /Z ), w h ich  can then co m b in e  w ith  any  

rem ain in g  Y /Y ’s by fp fc>  to g iv e  X /(Y /Z ) b ack  again . T h e lo n e  in stan ce o f  fa>  can  thus

JEven so, it appears that if  these functions are constrained by the form o f  the categories to which they are 

assigned (e .g ., h must be a function from  [[Y ]]-type things to [[Y ]]-type things, etc.), then the two 

expression  may be equivalent and the am biguity is a "spurious" one in the language o f  G'. At any rate, 

this point is m oot given  succeed ing com m ents that these derivations need to be ruled out for G' to be 

equivalent to G.
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o ccu r  at any p o in t in the derivation , and i f  there are n Y /Y ’s, there w ill be n+1 d istin ct 

d erivation  trees. T h u s, the num ber o f  derivation s grow s on ly  linearly  w ith  the num ber o f  

occu rren ces o f  Y /Y , not w ith  a C atalan grow th  rate.

5 . E q u iv a le n c e  o f  G  a n d  G ' In co n s id er in g  e q u iv a le n c e  o f  th ese  gram m ars, w e  first 

take up the q u estio n  o f  w hether L (G ) is a su bset o f  L (G ') fo llo w e d  by the q u estion  o f  

w h eth er  L (G ') is a su b set o f  L (G ).

5 .1 . P red ictiv e  co m p o sit io n  in c lu d es co m p o sitio n  P roof sketch: W e sh o w  by induction  on  

the depth  o f  derivation  trees that any derivation  in G has a d erivation  in G'.

A n y  d erivation  o f  ca tegory  S in G  m u st end  in fa>  (or fa< ). C on sid er  the ex ten s io n  by  

depth  o n e  o f  a derivation  tree headed  by f a x  W e  con sid er  4  (n ot a lw ays m utually  

e x c lu s iv e )  cases . (O thers in c lu d e the sym m etrica l < variants and th ose that are ex c lu d ed  by  

d irection a lity  c la sh es).

s s s s

(1) (2 ) ( 3 ) ( 4 )

C a se s  (1 )  and (3 ) are c o m m o n  to G  and G'. C o n sid er  ca se  (2 ). F rom  the d e fm itio n s  o f  

fa>  and fc > , the ca teg o r ie s  o f  the d erivation  m u st be as sh o w n  on  the le ft, w h ere Y  and Z  

are any ca teg o r ies .

G ’:

S /Y  Y /Z S /Y  Y /Z  Z

In G ' there is  a co rresp o n d in g  d eriva tion  from  the sa m e seq u en ce  o f  ca teg o r ies , as sh o w n  

on  th e r ig h t  T h ere  is  a lso  th is d er iv a tio n  in  G , but G', la ck in g  fc > , has o n ly  th is o n e  for  

this ca teg o ry  seq u en ce .

C o n sid e r  c a s e  (4 ).

G:

S /(X /Z )  X /Y  Y /Z

S /(Y /Z )  

fp fc>

S /(X /Z ) X /Y  Y /Z
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G' lack s fc > , but fp fc>  a llo w s  (just) o n e  d erivation  for this ca tegory  seq u en ce . T h e other  

ca ses  sym m etrica l to th ese  fo llo w  sim ilarly .

5 .2 . Doe's L fG ) su b su m e L fG ')? C on sid er  the fo llo w in g  d erivation  in G':

S

fa>

\
B /(C /D )

S /(B /(C /D )) B /(E /D ) E /C

T h ere is n o  corresp on d in g  d erivation  in G. (N eith er  fa>  nor fc>  is ap p licab le  to the g iv en  

ca teg o r ie s .)  T h u s, in  gen era l, L (G ) d o es  not in c lu d e  L (G ') and the gram m ars are not 

e q u iv a le n t

W h at can  be d on e about the n o n -eq u iv a len ce  o f  G' and G ?

1. R e s tr ic t  r u le  a p p lic a t io n  in  G ': O n e  m ay  stip u la te  that the resu lt  

category  o f  a p red ic tive  rule can n ot serve  as argum ent in  any other rule. (In  

fu n ction  ap p lica tion  X /Y  Y  =>  Z  w e take Y  to b e  the argum ent category . In 

p red ictive  rule X /(Y /Z ) Y /W  = >  X /(W /Z ) w e  take the Y /W  to be the a rg u m en t  

F or b ackw ards ru les, the argum ent ca tegory  is the le ftm o st term .) In th e d erivation  

ju st a b o v e , the p red ic tiv e  rule fp fc>  " feed s” fa>  as a rg u m en t I f  d er iv a tio n s in  G ’ 

are restricted  in th is w a y , L (G ') is p rovab ly  in c lu d ed  in  L (G ), and the gram m ars

are w ea k ly  e q u iv a le n t 1

M o reo v er , the sa m e restriction  b an ish es all ca ses  o f  T y p e  II am b igu ity  n o ted  in  

S ec . 4  a b o v e . O b serv e  that T y p e II am b igu ity  d ep en d s on  p red ic tiv e  ru les in  G ’ 

b ein g  ab le to " feed ” the argum ents o f  further in sta n ces o f  p red ic tiv e  ru les. T h u s,

G' b e c o m e s  free  o f  any sp uriou s a m b ig u ity .

T h is approach  m ig h t b e thought to  b e rem in iscen t o f  P areschi and S teed m a n  

(1 9 8 7 ) , w h ere  sp u r iou s am b igu ity  is  ad d ressed  through procedural m ea n s in  

parsing. Y e t our approach here actually  n eed  n ot constrain  the p arsin g  a lgorith m  at 

all. A  n o d e fo rm ed  by a p red ictive  rule can  b e  f la g g ed , sa y , by  a featu re, w h ile  

th o se  form ed  by fa  w o u ld  not be. A ll com b in atory  ru les co u ld  then h a v e  a feature  

on  their "argum ent" ca teg o r ies  that w o u ld  b lo ck  w h en  en cou n terin g  th is fla g . T h is  

rather m in im al am ou n t o f  additional b o o k k eep in g  co u ld  ea sily  be a cco m m o d a ted  in  

the p arsin g  stra tegy  o f  on e's ch o ice : to p -d o w n , b ottom -u p , le ft-r ig h t, breadth- 

first, or w h atever . T h u s, w hat at first m ig h t appear to be a con stra in t o n  p arsin g  

w o u ld  b e m ore accu rately  describ ed  as a m o d ifica tio n  to the gram m ar.

2. G r in  a n d  b e a r  it: R eca stin g  the gram m ar in " pred ictive n orm al form "  

e lim in a tes  a ll c a se s  o f  sp uriou s am b igu ity  o cca s io n ed  by seq u en ces  o f  fu n ction  

co m p o s it io n , a p ro b lem  w h ich  is k n o w n  to  crop  up very freq u en tly  in  actual

1 For lack o f  sp ace, w e do not include the fu ll proof here. It is parallel to the 

p roof in S ec. 5.1 sh o w in g  the in c lu sio n  o f  L (G ) in L (G ’). A ny d erivation  in this

n ew ly  restricted  G' is p rovab ly  rep lacab le by a d erivation  in G.
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ap p lica tion s and to ca u se  seriou s d e la y s in parsing tim es. O n the other hand  

b ecau se  o f  the co m p lex ity  and the rather sp ecific  form s o f  the categories w hich  
g iv e  rise to the spurious am b igu ities and the "spurious derivations" in the G ’ 

ex a m p les  a b o v e , it seem s reasonab le to su pp ose that such ca ses  are u n lik ely  to be 

en cou n tered  very often  in ordinary app lications. In any ev en t, as w e  noted  ab ove, 

the num ber o f  T y p e  II am b igu ou s derivations in G ’ grow s o n ly  linearly  and not in  ’ 

C atalan fash ion  w ith  in creasin g  string length  and w ou ld  not be exp ected  to lead  to 

in to lerab le parsing tim es. T h e slig h t p ro fligacy  o f  G ’ o ver  G m igh t, therefore, 

present n o  seriou s practical problem .

For th ose  still in c lin ed  to w orry, w e  o ffer  the fo llo w in g  reassuring fact: a p red ictive norm al 

form  gram m ar can m isb eh ave  on ly  i f  categories o f  su ffic ien t "com plexity"  can be derived  

from  the g iv en  set o f  ca teg o r ies  in the le x ico n , e .g ., a ca tegory  o f  the form  S /(X /(W /Z )) in 

the case  o f  n o n -eq u iv a len ce  ab ove and o f  the form  (X /(Y /Z ))/(R /(Y /Y )) in the instances o f  

T yp e II am b igu ity . B u t g iv en  such  a gram m ar and the lex ica l ca tegor ies  it is a d ecid ab le

q u estion  w hether any ca teg o r ies  o f  the undesired  co m p lex ity  can  arise during a d er iv a tio n .1 

(W e w ish  to thank Jim  B arnett for su g g estio n s  on h ow  to p rove th is.) T hus o n e  can tell . 

w h eth er  a particular G' is eq u iv a len t to G and is free from  sp uriou s a m b ig u ity .2

6. C o n c lu s io n  T h e m ain  resu lt o f  this paper is that w e  h ave sh o w n  that C ategoria l 

G ram m ars w ith  p red ictive  variants o f  fu n ction  co m p o sitio n  rules can sa tisfy  the 

requ irem ents for n orm alization , n am ely , that the "com piled" gram m ars p reserve  

eq u iv a len ce  and that they d o  so  w ith  the b en efit o f  elim in atin g  the parsing p rob lem  

o cca s io n ed  by spurious am b igu ity . W e h ave a lso  enum erated  d ecid a b ility  p roofs o f  

interest. O ur n ex t task  is to exp lore  the p red ictive  norm al form  strategy w ith  m ore  

e x p ress iv e , and m ore nearly adequate, C ategoria l sy stem s su ch  as th ose  that incorporate  

so m e  form  o f  g en era lized  co m p o sitio n  and con ju n ction , typ e-ra isin g , etc . W hat w e ex p ec t  

to find  is that i f  p red ictive norm alization  techn iques are ap p licab le at ail, the pred ictive  

gram m ars w ill have a relation sh ip  to their sou rce form s that parallels the on e  w e  have  

u n co v ered  here. In o th er w ord s, w e  ex p ec t the restriction  on  the use o f  p red ic tive  rules is 

in gen era l n ecessa ry  for p reserv in g  eq u iv a len ce  w hen  using p red ictive  com b in ators.

7. A c k n o w le d g e m e n ts  T h is  w ork  has b een  carried  out under the a u sp ices  o f  the In terface  

L an gu ages project in the H um an Interface Laboratory o f  the A d v a n ced  C om puter  

T ech n o lo g y  P rogram  at M C C .
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