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A P A R S E R W I T H SOM^H-I I IN G F O R E V E R Y O N E* 2.  Maodlin ^  Ungramraalica l  Sentence s 

Eugen e Charnia k 
Uepl .  o f  Compute r  Science .  Brow n Universit y 

ABSTRACT 

We present d syntactic parsrr. Poragram. which tries 
t o occomrnodal e thre e goal s Firs t  i t  wil l  parse ,  i n n 
natura l  way ,  urgraminatica l  sentence s Secondly ,  i t 
aspire s t o 'captur e th e relevan t  generalizations'" ,  a s i n 
transfornaliona l  grammar ,  an d thu s it s rule s ar e i n 
virtua l  one-to-on e correspondenc e wit h typica l 
transformationa l  rule s Fir.ally .  i t  promise s t o b e rea -
sonabl y ericirrt .  especiall y give r  certai n limite d 
paralle l  processin g capabilitie s 

1. Introduction 
Syntacti c parsin g i n Artificia l  Intelligenc e (AI )  ha s 

alway s ha d it s shar e o f  controversie s Man y i n A i  hav e 
see n i n thi s wor k " m u c h waste d e(Tort"[4 )  an d suggeste d 
tha t  "th e heavil y hierarchica l  synta x analyse s o f 
yesteryea r  ma y no t  b e necessary "  [6] ,  A t  th e sam e 
time ,  syntacti c parser s hav e bee n attacke d b y thos e i n 
linguistic s a s "devoi d o f  an y principle s whic h coul d serv e 
as eve n a  basi s fo r  a  seriou s scientifi c  theor y o f  h u m a n 
linguisti c behavior "  [2 ]  And .  whil e psychologist s hav e 
bee n kinder ,  an y psychologis t  mus t  b e uncomfortabl e 
wit h theorie s which ,  i f  take n literally ,  woul d predic t  tha t 
peopl e canno t  understan d ungrammatica l  sentence s — a 
predictio n whic h ar e false . 

I n thi s pape r  w e wil l  propos e a  parser ,  name d 
"Paragram" .  whic h goe s som e wa y t o answerin g thi s cri -
ticis m I n particula r 
1)  Th e parse r  i s "semi-grammatiear '  i n th e sens e tha t 

i t  take s a  standar d 'correct "  g r a m m a r  o f  Englis h 
and applie s i t  s o lon g a s i t  can .  bu t  wil l  accep t  sen -
tence s whic h d o no t  fit  th e g rammar ,  whil e notin g i n 
whic h way s th e sentence s ar c devian t  Thu s i t  wil l 
pars e (1 )  whil e stil l  usin g grammatica l  rule s fo r 
subject/vor b agreemen t  t o distinguis h (2 )  fro m (3) . 

(1) 'The boys is dying ' 
(2 )  Th e fis h i s dyin g 
(3 )  Th e fish  arc -  dyin g 

2) The rules of the parser are intended to capture the 
relevan t  generalization s abou t  languag e i n m u c h th e 
some wa y a s a  goo d transformationa l  g r a m m a r 
I'aragram' s rule s ar e nearl y i n one-to-on e 
correspondenc e wit h thos e propose d i n som e 
version s o f  transformationa l  g r a m m a r  '  Despit e th e 
fac t  tha t  augmente d transitio n networ k (ATN ) 
parser s ar e base d upo n transformationa l  grammar . 
when examine d closel y typica l  AT N grammar s [7 ] 
see m t o b o fa r  fro m th e abov e idea l 

3)  Th e parse r  i s  reasonabl y efficient .  ( 0 3 
seconds/wor d fo r  a  grou p o f  tes t  sentences )  an d 
woul d b e ver y efficien t  i f  implemente d o n a  machin e 
Wit h limite d parallelism ,  s o tha t  th e rule s o f  th e 
g rammar  al l  tes t  th e inpu t  i n parallel ,  bu t  onl y on e 
IS actuall y applie d (estimate d .0 4 seconds/word ) 
lifTicienc y aspect s wil l  no t  b e discusse d furthe r  i n 
thi s pape r 

2.1 .  Why We Nee d a  Delerministi c Parse r 
Paragra m i s base d upo n Marcus' s parse r  "Parsi -

fal"[3 ]  We wil l  explai n Parsifa l  shortly ,  bu t  first  le t  u s 
explai n wh y w e chos e i t  a s a  startin g poin t 

Probabl y th e bes t  know n parse r  i n A I  toda y i s 
Woods'  AT N parse r  [7 ]  Howeve r  i t  woul d no t  b e possibl e 
t o bas e a  Paragra m typ e parse r  upo n th e AT N parsin g 
model .  T o se e wh y thi s i s  so .  w e nee d onl y conside r  tha t 
when Paragra m finds  a n ungrammatica l  situation ,  i t 
must  simpl y recogniz e i t  a s .̂ uch .  an d continu e a s bes t  i t 
ca n ATS' s simpl y d o no t  wor k thi s wa y Whe n a n AT N 
finds  a n ungrammatica l  situatio n i t  lake s i t  a s evidenc e 
tha t  i t  m a d e a n incorrec t  decisio n earlie r  i n th e sen -
tence ,  an d henc e back s u p t o find  th e correc t  pat h So . 
conside r 

(4 )  Jac k sol d th e bal l 
(5 )  Jac k sol d Su e th e ball . 

Suppos e tha t  a n AT N parse r  initiall y  decide s t o pars e 
"Sue "  i n (5 )  a s a  direc t  object ,  jus t  lik e "th e ball "  i n (4 ) 
When i t  get s t o th e secon d nou n phras e i n (5) ,  "th e ball " 
i t  ha s n o wa y t o handl e it .  an d henc e i t  back s u p an d 
trie s makin g "Sue "  int o a  dativ e whic h ha s bee n move d 
befor e th e direc t  objec t  Bu t  suppos e w e ha d th e 
ungrammatica l  sentence . 

Mack sol d Su e ball . 
Her e th e AT N woul d bac k u p a s well ,  bu t  t o n o avail ,  sinc e 
ther e i s n o wa y t o ge t  a  grammatica l  sentenc e ou t  o 
thiŝ " 

I n a  deterministi c parse r  (on e whic h doe s no t  bacl ' 
up )  th e parse r  m a y assum e tha t  i t  ha s parse d cverylhin f 
correctl y u p t o th e poin t  whor e i t  run s int o troubl e 
Thus Parsifa l  know s wher e th e troubl e lie s I t  i s  thi s pr o 
pert y whic h make s i t  a n idea l  startin g poin t  fo i 
Paragra m 
2.2 .  Parsifa l 

Parsifa l  ha s tw o basi c dat a structures ,  a  stac k an d a 
bufTe r  Th e stac k contain s th e sentenc e constituent s o n 
whic h i t  I S stil l  workin g I f  a  constituen t  i s  complete . 
the n i t  mus t  resid e i n on e o f  tw o place s first ,  i t  m a y sim -
pl y han g of f  som e large r  constituen t  S o a t  th e en d o f  a 
sentenc e ther e i s onl y on e ite m o n th e slack ,  th e lop -
mosl  s  node ,  an d everythin g els e hang s of f  it .  Second . 
Parsifa l  m a y hav e a  complet e constituent ,  bu t  no t  kno w 
ye l  wher e i l  shoul d g o Suc h constituent s ar e pu t  i n th e 
buffe r  whic h i s a  storag e are a o f  limite d size .  A n obviou s 
exampl e woul d b e a n individua l  wor d (whic h i s clearl y 
complete) .  A  les s obviou s exampl e woul d b e a  nou n 
phras e which ,  whil e complete ,  migh t  b e attache d a t  an y 
one o f  severa l  place s i n th e tre e 

Rule s i n Parsifa l  ar e o f  th e typica l  situation/actio n 
typ e T o decid e i f  i t  i s  applicable ,  a  rul e wil l  mos t  ofte n 
loo k t o se e wha t  i s i n th e bufTer .  although ,  wit h som e lim -
itations ,  rule s m a y als o loo k a t  th e stac k Tw o position s 
m th e slac k ar e special ,  th e botto m o f  th e slack ,  whic h 
I S name d c ,  an d th e lowes t  sentenc e nod e i n I  h e stack , 
whic h i s name d s  T o lak e a  simpl e example ,  i n Parsifa l 
th e rul e fo r  recognizin g passiv e construction s i s thi s 

(rul e passivc-au x :Th. e rul p t x n a m e d ptn^sivp-mi x 
[ = be )  [ = en |  •  :l l  lonk x a t  fin; !  tw o hujfi'n ; 
Attac h Is l  L o c  ./ (  pv.l a th e "be "  o n th e bntlitm. -

a? passive. )  .rnns l  nod e o f  th e stock . 

Thi « I S fi n '-x'-endc d abstrac t  o f  8  muc h !on/̂ c r  pnuc r  b y t̂ c  Sfim e 
nnme.  nviulnbl c fro m th e nutho r  My 'hank- ^  l o Cr.icrn c H,rst ,  wli o com -
mente d o n th e orjRfi.i l  pape r  Thi s res<fj-c h wd s sĵ jpo'-le d i n pa""' ,  a y 
th e Oflic c o f  Nav n ficsrarc n jndc r  conlrnc t  N000M-7ft-C-0')93 .  an d i n 
par t  b y th e N'otionu i  Sc.enc e Founda'.;.jr i  unde r  contrac :  S"'-HOin6fl O 
U.nlcss we exp!.<'illy ndicMle lo ' ne contrary, this and a!) othc 
example s m thi s pape r  ca n b e handle d b y l'a-»i/'-a-i '  When a n exampl e 
t s iinc-ammatical .  ''.•ira*»'-a m wi "  rc<of'-iiz c 11 .t s su(h ,  bu l  p-oduc e a 
reasonabl e dee p s i  •  jc',j-< '  '  anywa y j'-thenor e . '  w.i '  i.-id.'-it o wha t 
i n tn e vcnienc e a d d no t  i;!« e 

^Ve w.l l  b e usiri R a  vcsio n o f  transfo-'nationa l  R-n-rmii r  whic h w a 
current ,  i n th e lat e sxt.rs .  'h e p r n nr. \  -caio n 'o' -  '-'it s  tho^r e , s  i t 
familiarity .  I t  siiojl d no t  b e assume d '-la l  Paragra m mjs .  necessari i 
use n  groi n ma r  u '  thi s typ e 

"* F jrl.fK-mor e ;h c tim e i t  take s a n AT N t o decid e tha t  th e sentenc -
IS ong-anmatica l  sho.il d g o u p roup,hl y exponentiall y wit h th e n u m b e 
of  word s "o r  som e reason ,  thos e wh o tou t  ATN s a s a  mode l  o f  h u m a 
pc-fo-mGnr c d o no t  dra w muc h attentio n t o thi s 'prediction ' 
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The tw o square-bracke t  grouping s indicat e wha t  th e rul e 
require s i n th e firs t  an d secon d bufle r  I n particular ,  th e 
"  =  "  indicate s tha t  wha t  appear s i n th e correspondin g 
buffe r  mus t  hav e th e featur e spcciflcd ,  suc h a s bein g a 
for m o f  th e ver b "be "  Everythin g followin g th e "-» "  i s 
th e actio n portio n o f  th e rul e Thes e action s ar e 
specifie d i n a  languag e calle d "Pidgin" ,  whic h i s quit e 
restricte d bu t  formulate d t o loo k lik e Englis h 

Suppos e w e wer e applyin g thi s rul e i n th e cours e o f 
processin g th e sentenc e 

Jac k wa s take n t o th e hous e 
At  th e poin t  wher e passive-au x i s applicable ,  th e slat e o f 
th e parse r  woul d b e a s follow s 

STACK BUFFERS 

Jac k 

was ta.ker j j£ _ 

Her e th e n p "Jack "  ha s bee n m a d e a  constituen t  o f  th e 
to p leve l  sentence ,  bu t  i t  i s  hangin g of T t o th e sid e t o 
indicat e tha t  i t  i s  n o longe r  o n th e stack ,  sinc e i t  i s  a 
complete d constituen t  I n th e cours e o f  testing ,  Parsifa l 
wil l  se e tha t  "was "  i s a  for m o f  th e ver b "t o be" ,  whil e 
"taken "  i s a n "en "  for m o f  th e ver b "t o take "  an d thu s 
th e buffer s matc h th e rul e test .  A t  thi s poin t  th e actio n 
woul d b e executed ,  whic h i s t o pu t  th e "was "  o n th e au x 
whic h i s currentl y th e nod e Parsifa l  i s  workin g o n Thi s 
wil l  hav e th e sid e effec t  o f  removin g th e "was "  fro m th e 
buffer ,  a t  whic h poin t  th e word s furthe r  alon g i n th e sen -
tenc e wil l  mov e i n t o replac e thos e whic h hav e bee n 
remove d fro m th e buffe r 

However ,  no t  al l  rule s o f  th e g r a m m a r  wil l  actuall y 
be teste d a t  an y give n poin t  Indee d mos t  o f  th e rule s 
woul d b e completel y irrelevant ;  whil e parsin g th e auxi -
liarie s o f  a  ver b w e woul d hardl y expec t  t o fin d direc t 
object s T o preven t  Parsifa l  fro m eve n looking ,  eac h o f 
it s  rule s I S foun d i n on e o r  mor e "packets "  an d onl y th e 
rule s whic h ar e i n "active "  packet s wil l  b e trie d Th e 
activ e packet s ar e thos e whic h ar e attache d t o th e bot -
to m nod e o f  th e stack ,  c  Shoul d thi s nod e b e removed , 
th e packet s o n th e nex t  highe r  nod e wil l  b e active .  Th e 
ide a i s tha t  i f  Parsifa l  i s  workin g o n a  nou n phrase ,  the n 
nou n phras e rule s wil l  b e active .  Onc e Parsifa l  i s  don e 
wit h it .  i t  wil l  b e remove d fro m th e stack ,  an d th e rule s 
on th e nex t  highe r  uncomplete d constituent ,  sa y a  ver b 
phrase ,  wil l  becom e activ e onc e mor e Whic h packet s 
ar e attache d t o a  give n nod e i s explicitl y  controlle d b y 
th e g r a m m a r  rule s themselves . 

Ther e ar e complication s t o thi s scheme ,  bu t  thi s 
shoul d du e t o giv e th e reade r  a  basi c ide a o f  ho w Parsifa l 
work s 
2.3. Parsing Ungrammatical Sentences 

Naturally ,  Parsifa l  a s currentl y constructe d wil l  onl y 
pars e grammatica l  sentence s Shoul d i t  b e give n a n 
ungrammatica l  sentence ,  i t  wil l  eventuall y com e t o a 
poin t  wher e n o rul e applies ,  an d i t  wil l  simpl y giv e u p 

Paragra m differ s fro m Parsifa l  i n numerou s ways , 
but  allowin g fo r  ungrammatica l  inpu t  require s onl y a 
comparativel y mino r  modificatio n Wherea s Parsifa l 
rule s ar e trie d sequentiall y  unti l  on e works ,  activ e 
Paragra m rule s ar e t o b e though t  o f  a s bein g teste d i n 
parallel .  Naturally ,  o n curren t  computers ,  the y ar e 
reall y bein g trie d sequentially ,  bu t  i t  i s  usefu l  t o thin k o f 
the m a s workin g i n paralle l  Furthermore ,  unlik e Parsi -
fal ,  th e resul t  o f  a  tes t  i n Paragra m i s no t  a  yes/n o deci -
sio n Rathe r  i t  i s  a  numerica l  "goodnes s rating "  whuch , 
th e highe r  th e number ,  th e belte r  th e fit  betwee n th e 
rul e an d th e buffer/stac k Paragra m the n take s th e rul e 
wit h th e highes t  numbe r  an d run s it ,  allowin g i t  t o 
chang e th e stac k an d buffer s I t  the n repeat s th e pro -
ces s 

The goodnes s ratin g o f  a  rul e i s th e su m o f  th e 
value s returne d b y th e rule' s atomi c tests .  Eac h atomi c 
tes t  wil l  ad d t o th e scor e i f  i t  succeeds ,  an d subtrac t  i f 
not .  N o significanc e shoul d b e attache d t o th e actua l 
number s Th e basi c ide a i s tha t  th e mor e test s succeed -
ing ,  th e highe r  th e score ,  an d failur e i s punishe d 
severely . 

Now th e crucia l  poin t  i n al l  o f  thi s i s tha t  fo r  a n 
ungrammatica l  sentence ,  th e variou s rating s tha t  w e wil l 
get  a t  th e poin t  o f  ungrammaticalit y wil l  al l  b e quit e low , 
sinc e non e o f  th e rule s o f  g ramma r  wil l  exactl y matc h 
th e input .  Nevertheless ,  on e rul e mus t  stil l  hav e th e 
highes t  score ,  an d henc e wil l  apply ,  eve n thoug h i l  doe s 
not  reall y approv e o f  th e sentenc e a s given. *  So .  fo r 
example , 

•Th e boy s i s dying . 
wil l  b e give n a  lo w ratin g whe n Paragra m start s t o pars e 
th e auxiliar y "is" ,  a t  whic h poin t  th e bes t  rul e wil l  be : 

(rul e subjecl-verb-agreemen t  i n parse-au x 
[ = verb ]  [test :  Th e n p o f  s  agree s wit h 1st. ]  - • 
Creat e a n aux .  Activat e build-aux. ) 

When applie d t o th e abov e ungrammatica l  sentenc e thi s 
rul e wil l  hav e a  poo r  goodness-of-ft t  ratin g sinc e ther e i s 
a matc h wit h verb ,  bu t  th e subject/ver b agreemen t  fail s 
Nevertheless ,  thi s i s th e bes t  valu e a t  tha t  point ,  s o th e 
rul e I S use d anyway ,  an d Paragra m start s parsin g th e 
auxiliar y verb ,  a s intuitivel y i t  should .  Not e howeve r  tha t 
wit h sentence s lik e 

The fish  i s dying . 
The fish  ar e dying , 

th e abov e rul e wil l  succee d i n eac h case ,  an d i n th e pro -
ces s specif y tha t  th e wor d "fish "  i s t o b e understoo d a s 
singula r  an d plura l  respectively .  S o m e othe r  ungram -
matica l  sentence s handle d b y Paragra m ar e 

•Bil l  sol d Su e boo k 
•Jac k want s g o t o th e store . 

Ther e ar e however ,  man y ungrammatical .  ye t  under -
standable ,  construct s whic h Paragra m canno t  currentl y 
handl e Fo r  example ,  extr a constituent s giv e i t  a  prob -
lem .  S o mor e wor k need s t o b e don e 
3. Parsing the Relevant Generalizations 

The secon d goa l  se t  ou t  fo r  Paragra m i s tha t  i t  cap -
lur e appropriat e generalization s abou t  languag e i n m u c h 
th e sam e wa y a s a  goo d transformationa l  g ramma r  Thi s 
has prove d a n elusiv e goa l  i n parsin g program s Th e 
most  wel l  know n o f  A l  parsers .  Woods' s AT N parser ,  ha s 
bee n base d upo n transformationa l  grammar ,  an d 
Bresna n [l ]  point s ou t  tha t  on e coul d us e th e AT N frame -
wor k t o provid e th e lin k neede d betwee n he r  "realistic " 
g rammar  o f  Englis h an d a n actua l  performanc e mode l  o f 
parsin g Nevertheless ,  whil e ATN s ar e inspire d b y 
transformationa l  grammar ,  th e singl e extende d AT N 
g rammar  1  hav e see n ofte n require d severa l  special-cas e 
rule s t o handl e wha t  i s a  singl e rul e i n transformationa l 
g rammar  Whil e w e wil l  no t  pursu e thi s poin t  i n an y 
detail ,  le t  u s tak e a  singl e example ,  take n fro m th e AT N 
g rammar  fo r  Englis h give n i n [7 ] 

The rul e o f  there-insertio n i n transformationa l 
g rammar  relate s sentence s lik e these : 

Ther e wer e barnacle s o n th e shi p 
Y/er e ther e barnacle s o n th e ship ? 
The shi p o n whic h ther e wer e barnacle s san k 
The shi p ther e wor e barnacle s o n san k * 

The statemen t  o f  th e rul e i s somethin g lik e this : 

*Ther e i s sti U th e possibilit y  o f  ties .  Howeve r  i n practic e thi s ha s 
not  com e up ,  an d i t  ca n b e arpue d tha t  barin g problem s wit h th e basi c 
ide a o f  detcrmjnisti c parsing ,  tie s shoul d simpl y no t  occur . 

Ŝtylisticall y t}ii s  ain' t  s o hot ,  bu t  presumabl y i t  i s  grammatical . 
At  an y rate ,  th e AT N gramma r  ha s a  rul e t o handl e it . 
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np(-der )  exisl-^er b - •  Ther e exist-ver b n p . 
Th\ s rul e handle s al l  case s o f  unstresse d " there "  (a s 
oppose d t o th e " there "  i n "Ther e i s Jack" )  However . 
Woods' s AT N ha s tou r  separat e rule s fo r  l-hercHnscrlio n 
on e fo r  handlin g eac h o f  th e abov e case s So .  despit e th e 
inspiratio n o f  transformationa l  g r a m m a r ,  thi s A l \  grafn -
m ar  ha s no t  don e a s wel l  a s on e woul d lik e i n th e 
eleganc e o f  th e rule s i t  embod ie s ° 

Now i n m a n y respects .  Parsifa l  doe s belte r  I n par -
ticular ,  i t  need s onl y on e rul e o f  Ihere-insorlio n Bu t 
thi s i s no t  t o sa y tha i  al l  o f  Parsifal' s  rule s ar e thi s 
elegan t  Indued ,  o f  th n b 7 o r  s o niie s ujh.ic h I  have . 
looke d a t  i n dept h f ro m th e detaile d g r a m m a r  a t  th e en d 
of  MoTC-iis '  boo k '3\ .  onl y tivenl y n r  x n correspon d t o 
trarusformaltona l  rule s Of  th e res t  the y m a y b e 
categorize d int o Ihre o groups ,  dependin g o n th e particu -
la r  deficiencie s whic h require d the m t o appea r  m th e 
grammar 

MiRcellancou s problem s Si x o f  th e rule s ar e 
neede d becaus e o f  variou s peculiaritie s o f  th e g r a m m a r 
and th e parse r  Whil e som e o f  thes e ar c interestin g i n 
thei r  ow n right ,  (particularl y two .  whic h dea l  wit h th e 
rul e o f  raising ,  a  controversia l  rul e i n Linguistics )  w e 
shal l  sa y n o mor e abou t  the m her e 

Phras e Structur e Rule s Th e majoril y  o f  th e 3 1 
othe r  rules .  2 1 i n all .  ar e ther e becaus e Parsifa l  mu'̂ l 
hav e explici t  rule s i n it s  g r a m m a r  fo r  th n placemen t  o f 
phras e structur e ronslilucnt s Thus ,  a  rul e lik e 

s *  n p v p 
IS implemente d b y fou r  separat e rule s i n th e g r a m m a r 
one fo r  creatin g a n s  whe n needed ,  on e fo r  attachin g th e 
np a t  th e righ t  spot ,  anothe r  fo r  th e vp .  an d finally  on e 
whic h say s t o slo p parsin g th e s  No t  onl y woul d i t  woul d 
be preferabl e t o hav e a  singl e rule ,  bu t  th e packe t 
mechanis m i n Parsifa l  i s  reall y a  phras e structur e 
mechanis m i n disguise ,  thu s thes e twent y on e rule s ar e 
redundant ,  a t  leas t  i n principl e 

Paragra m solve s thi s proble m b y explicitl y  usin g 
phras e structur e rule s t o handl e packe t  switching ,  a s 
wel l  a s replac e m a n y o f  th e aforementione d rule s How -
ever ,  i t  ha s no t  prove d possibl e a s o f  ye t  t o replac e th e 
rule s whic h creat e ne w constituent s o f  th e appropriat e 
typ e Thi s i s becaus e suc h rule s typicall y diffe r  widel y 
fro m on e anothe r  i n wha t  the y ar e lookin g fo r  i n th e 
buffe r  t o clu e the m i n tha t  th e ne w constituen t  i s 
neede d Thes e creatio n rule s ar e currentl y th e onl y 
rule s whic h ar e no l  i n one-to-on e correspondenc e wit h 
typica l  transformation.i l  rule s 

irh-movomcn l  Next ,  th e te n remainin g rule s ar e 
involve d i n th e implementatio n o f  th e wh -movcmcn L 
rule ,  a s use d i n 

Who di d Jac k giv e th e bal l  to' ' 
Some o f  thes e rule s ar e neede d becaus e Parsifa l  ha s tw o 
set s o f  verb-phras e rule s Ther e i s a  norma l  set .  whic h 
handle s mos t  ver b phrases ,  bu t  a s soo n a s w e mus t  worr y 
abou t  gaps ,  w o hav e a  completel y differen t  se t  Thi s 
secon d se t  diffe r  fro m th e first  i n tw o way s First . 
becaus e the y mus t  worr y abou t  gaps ,  thi s secon d se t 
continuall y check s th e semantic s t o insur e tha t  i t  ha s 
not  gon e astra y I n fact ,  ther e ar e case s wher e i t  i s  onl y 
semantic s tha t  ca n tel l  th e parse r  wha t  t o d o Fo r  exam -
pl e 

What  di d Ro b giv e th e gir P 
Who di d Bo b giv e th e book'' ' 

Second ,  thi s secon d se t  contai n man y rules ,  eac h lookin g 
fo r  a  differen t  configuratio n o f  thing s i n th e buffe r  which . 
i n turn ,  wil l  sugges t  wher e t o local e th e "gap "  lef t 
behin d b y wh -movcmen l 

**I L I S inipormnt .  howcvnr .  t o kee p i n min d I'l p dj-s i  nclio n 'i<>'.wce n 
Iimilntion s i n th e prt.''Re [  nn d limilQ'.ion ^  i n I'l c  piirLi t  ulfl '  p^o-m^nr .  I t 
IS possibl e tha t  a  mor e e  eve r  RramTia r  wrne r  niiKh t  hav e ov o dc d thi s 
proble m Indee d Woods fin s cl a 're d Tpersona l  eominunication )  tha t 
Parisra i  I S siriipl y on e kj'i d o '  AT N 7 h s  nui y  ̂ e so .  bu t  onl y m • .  'l e unin -
leresLin p sens e Ihi u bot h ar e on e kni d o '  Tjrin p maehin e I n partjculnr . 
th e o'i: y  way s I  ca n .se e o f  s:riiulatinf t  Pa-si' n wit h u n A^ N woul d eom -
plctel y ,/;:ior e ai !  o f  th e bui.i-. n fen ;  iirc s tha i  'iMlt e A "  Ns wfia ;  :  le y a.'-e . 
Al  an y rate ,  i f  i '  - s tru e tha t  Parsifa '  i s on e kin d o f  A  N  *.'le n u  mj s 
sjre! v b e Ih e cas e thn' .  .in y ;Tprovcmen' .  i n !*ars,fill' s  gramma r  ove r  a 
particula r  AT N fi'-omipar  mus t  onl y indicat e deCie'encie s m ''l e AT N 
Rrammnr. 
'rhere are two exceptions, due to proble-n^ -i ojr h.-nd. -ir of 
daUvc-movcmen t 

Pa rag ra m doe s withou t  al l  o f  thi s b y m a k i n g tw o 
change s i n th e parsin g m e c h a n i s m Th e first  i s a  techni -
ca l  chang e i n th e wa y th e parse r  decide s t o postulat e 
tha t  rt  w h migh t  hav e bee n m o v e d fro m a  particula r  loca -
tio n Th e second ,  an d perhap s m o r e interestin g change . 
I S t o avoi d needin g tw o set s o f  verb-phras e rule s (wit h 
an d withou t  call s t o semantics )  Paragra m a lway s 
check s t o se e i f  a  constituen t  i s semanticall y reasonabl e 
befor e i t  wil l  ad d i t  t o th e syntacti c tre e Not e tha t  th e 
use r  nee d no t  explicitl y  specif y tha t  a  cal l  t o semantic s 
I S require d her e Rathe r  Parag ra m automaticall y add s 
suc h call s t o th e testin g sectio n o f  an y rul e whic h add s a 
constituen t  t o th e tre e ' 

4. Conclusion 
Whil e w e hav e give n n o reaso n t o tak e Pa rag ra m 

seriousl y a s a  mode l  o f  h u m a n cognition ,  i f  w e wer e t o d o 
so w e woul d wan t  answer s t o tw o importan t  question s 
Firs t  an d foremost ,  ho w doe s synta x fits  int o th e overal l 
parsin g process' '  Pa rag ra m essentiall y  take s th e conser -
vativ e vie w tha t  synta x i s th e initia l  m e c h a n i s m whic h 
take s th e wor d strin g an d produce s a s it s outpu t  s o m e 
"deeper "  representatio n tha t  ha s propertie s tha t  m a k e 
i t  usefu l  fo r  th e furthe r  pragmati c processin g I t  differ s 
slightl y fro m thi s howeve r  i n tha t  i t  require s tha t  seman -
tic ? b e performe d o n a  constituen t  befor e i t  ca n b e 
attache d t o th e tree . 

Once w e hav e decide d t o adop t  a  mode l  i n whic h 
syntacti c analysi s i s done ,  an d don e a s a  separat e pro -
fess ,  w e mus t  the n answe r  th e secon d majo r  questio n 
what  i s  th e relatio n o f  th e syntacti c parsin g proces s t o 
standar d " c o m p e t e n c e "  model s o f  syntax' '  Again , 
Pa rag ra m take s th e ol d fashio n vie w tha t  thi s relation -
shi p I S reasonabl y direc t  Pa rag ra m argue s tha t  i t  m a y 
be possibl e t o hav e a  one-to-on e correspondenc e 
betwee n parsin g rule s an d rule s o f  g r a m m a r  i n a  parse r 
whic h I S computationall y efficien t 

Thes e view s were ,  o f  course ,  ver y c o m m o n i n th e 
sixties .  The y ar e les s c o m m o n now .  i n par t  becaus e o f 
variou s psychologica l  result s suc h a s thos e o f  Slobi n |5 ) 
I t  I S no t  m y inten t  t o tr y t o refut e th e interpretatio n 
place d upo n thes e results .  Rathe r  I  hop e tha t  th e 
existenc e o f  Parser s lik e Parag ra m ca n reope n th e 
debat e o n thes e crucia l  subject s 
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