
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
A Parallel Model For Adult Sentence Processing

Permalink
https://escholarship.org/uc/item/01c6195q

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 10(0)

Authors
Clacrk, Robin
Gibson, Edward

Publication Date
1988
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/01c6195q
https://escholarship.org
http://www.cdlib.org/


A P A R A L L E L M O D EL F O R A D U L T S E N T E N CE P R O C E S S I N Ĝ  

ROBIN CLARK AND EDWARD GIBSON 

CARNEGIE MELLON UNIVERSIT Y 

1. INTRODUCTION 

Seria l  deterministi c model s o f  huma n sentenc e processin g (e.g .  Frazier ,  1978 ;  Frazie r  &  Fodor , 

1978 ;  Marcus ,  1980 ;  Berwick ,  1985 )  hav e ha d a  grea t  intuitiv e appeal ,  especiall y whe n contraste d 

wit h unlimite d paralle l  processing .  A  seria l  deterministi c parser ,  fo r  example ,  provide s a  straight -

forwar d accoun t  o f  wh y peopl e ofte n fai l  t o perceiv e ambiguit y an d wh y the y repor t  a  strongl y 

favoure d interpretatio n fo r  ambiguou s sentences .  Seria l  deterministi c processing ,  furthermore ,  give s 

a ver y plausibl e accoun t  o f  ho w peopl e ar e misle d int o a  garden-pat h pars e fo r  certai n strings : 

(1 )  Th e hors e race d pas t  th e bar n fell . 

By virtu e o f  returnin g al l  possibl e grammatica l  parse s fo r  a n inpu t  sentence ,  a n unlimite d 

paralle l  parser ,  b y itself ,  give s u s n o reaso n t o prefe r  on e pars e ove r  another ,  and ,  prim a facie ,  suc h a 

model  fail s  t o accoun t  fo r  th e preferre d reading s o f  ambiguou s input .  Becaus e o f  it s computationa l 

power ,  a  paralle l  parse r  canno t  b e misled ,  sinc e th e non-preferre d analysi s o f  garden-pat h inpu t 

ca n b e carrie d alon g b y th e parallelism .  Hence ,  a  full y  paralle l  parse r  provide s n o obviou s accoun t 

of  garden-pat h phenomena . 

Paralle l  model s o f  processing ,  o n th e othe r  hand ,  ca n provid e a  simpl e accoun t  o f  relativ e 

processin g load. ^  W h e n th e parse r  encounter s ambiguou s input ,  th e numbe r  o f  hypothese s enter -

taine d b y th e parse r  wi U increas e an d mor e computationa l  resource s (memor y an d tim e measure d 

i n numbe r  o f  operations )  wil l  b e used .  Sinc e a  deterministi c mode l  i s committe d t o a  singl e hypoth -

esi s a t  al l  time s (Marcus ,  1980 ;  Berwick ,  1985) ,  th e computationa l  resource s use d b y th e parse r 

shoul d remai n virtuall y constant .  A  deterministi c  model ,  therefore ,  ha s n o obviou s wa y o f  modelin g 

variation s o f  processin g loa d wit h respec t  t o ambiguou s inpu t  (Gorrell ,  1986) . 

Constraine d paralle l  processin g ma y provid e a n accoun t  o f  garden-pat h effect s an d preferre d 

reading s fo r  ambiguou s input ,  o n th e on e hand ,  an d variation s i n th e relativ e complexit y o f  pro -

cessing ,  o n th e other .  A s lon g a s a  paralle l  mode l  i s limite d s o tha t  i t  obtain s garden-pat h an d 

othe r  classi c psycholinguisti c effect s generall y associate d wit h seria l  models ,  i t  i s  a  vali d model . 

Unti l  recently ,  however ,  seria l  model s hav e bee n generall y preferre d t o paralle l  ones ,  sinc e i t  wa s 

not  obviou s ho w t o constrai n th e powe r  o f  a  fuU y paralle l  model . 

I t  ha s bee n observe d i n a  numbe r  o f  studie s tha t  wor d recognitio n i s paralle l  (Swinney ,  1979 ; 

Tanenhaus ,  Leima n &  Seidenberg ,  1979 ;  Seidenberg ,  Waters ,  Sander s & :  Langer ,  1984) .  Sinc e syn -

tacti c processin g make s us e o f  th e result s obtaine d fro m wor d recognition ,  a  deterministi c syntacti c 

processo r  m a y selec t  onl y on e lexica l  ite m fro m thi s list .  I t  i s  unclea r  ho w t o constrai n th e lexica l 

decisio n tas k impose d o n th e parse r  withou t  recours e t o device s suc h a s look-ahea d o r  multipl e 

passe s ove r  th e inpu t  strin g (cf. ,  th e "attentio n shifts "  o f  Marcus ,  1980) .  Evidenc e indicate s tha t 

lexica l  selectio n i s no t  sensitiv e t o pragmati c knowledg e (Swinney ,  1979) .  Followin g Fodo r  (1983) , 

\̂V e woul d lik e t o than k Ric k Kazma n fo r  hi s comment s o n a n earlie r  draf t  o f  thi s paper . 
^On variation s i n relativ e complexit y o f  processing ,  se e Fodor ,  Garret t  L  Bever ,  1968 ;  Holme s fc  Forster ,  1972 ; 

Hakes,  1972 ;  Rayner ,  Carlso n &  Frazier ,  1983 ;  Frazie r  k .  Rayner ,  1987 ;  Shapiro ,  Zuri f  &  Grimshaw ,  1987 ,  amon g 
others . 
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we assume that syntactic processing is "informationally encapsulated"; that is, the syntactic pro-

cesso r  doe s no t  mak e appea l  t o extra-linguisti c pragmati c knowledge .  Furthermore ,  w e assum e tha t 

syntacti c processin g i s automati c i n tha t  i t  i s  fas t  an d no t  subjec t  t o consciou s manipulation .  A 

paralle l  syntacti c processo r  offer s grea t  uniformit y betwee n lexica l  recognitio n an d sentenc e process -

ing .  Paralle l  syntacti c processin g m a y als o illuminat e th e difficul t  tas k o f  selectin g th e syntacticall y 

appropriat e readin g o f  ambiguou s lexica l  item s withou t  appea l  t o problemati c construct s lik e look -

ahea d an d multipl e passe s b y th e parser .  Recently ,  psycholinguist s hav e reconsidere d parallelis m i n 

th e contex t  o f  sentenc e processin g (Kurtzman ,  1985 ;  GorreU ,  1986 ;  Carlso n k  Tanenhaus ,  1986) , 

althoug h fe w explici t  paralle l  model s hav e bee n formulated .  W e wil l  describ e a  paralle l  algorith m 

fo r  sentenc e processin g whic h i s compatibl e wit h recen t  researc h i n psycholinguistic s i n tha t  i t  pro -

duce s well-know n effects ;  furthermore ,  sinc e th e mode l  i s explicitl y  formalized ,  it s prediction s ar e 

readil y subjec t  t o empirica l  disconfirmation . 

I n thi s pape r  w e presen t  Constraine d Paralle l  Parse r  (CPP) ,  a  parse r  base d o n th e principle s 

of  Government-Bindin g Theor y (Chomsky ,  1981 ;  Chomsky ,  1986) ;  crucially ,  C P P ha s n o separat e 

grammar  rul e modul e containin g language-particula r  rules .  Unlik e man y psycholinguisti c models , 

C PP ha s bee n implemented ;  i t  exist s a s a  C o m m o n L I S P program .  I n th e C P P model ,  distinc t  tre e 

structure s correspon d t o differen t  argumen t  structure s o f  a  give n lexica l  entry .  W h e n a  wor d i s 

input ,  thes e representation s ar e buil t  an d place d i n th e buffer ,  a  on e cel l  dat a structur e tha t  hold s 

a paralle l  lis t  o f  thes e representations .  Hence ,  th e complexit y o f  th e pars e wil l  b e contingen t  o n 

th e numbe r  o f  argumen t  structure s associate d wit h a  lexica l  ite m (cf. ,  Shapiro ,  Zuri f  &  Grimshaw , 

1987) .  C P P contain s a  secon d dat a structure ,  th e stack ,  tha t  i s  o f  th e sam e structur e a s th e 

buffer ,  bu t  ma y b e mor e tha n on e cel l  deep .  Th e parse r  build s tree s i n paralle l  base d o n possibl e 

attachment s mad e betwee n th e buffe r  an d th e to p o f  th e stack .  I n addition ,  th e attachment s ar e 

limite d b y constraint s o n th e algorith m an d constraint s o n th e resultin g representations .  Bot h 

type s o f  constraint s ca n b e show n t o caus e garden-pat h effect s (se e Clark ,  1987 ;  Gibson ,  1987) . 

2. LEXICAL ENTRIES FOR CPP 

A lexica l  entr y accesse d b y C P P consist s i n par t  o f  a  theta-grid .  A  theta-gri d i s a n unordere d 

lis t  o f  thet a structures .  Eac h thet a structur e consist s o f  a  themati c rol e an d associate d subcate -

gorizatio n information .  On e thet a structur e i n a  theta-gri d ma y b e marke d a s indirec t  t o indicat e 

tha t  i t  mus t  b e assigne d t o th e subjec t  o f  th e phrase .  Fo r  example ,  th e wor d shou t  migh t  hav e th e 

followin g theta-grid: ^ 

((Subca t  =  NOUN,  Thematic-Rol e =  AGENT,  INDIRECT ) 

(Subca t  =  PREP,  Thematic-Rol e =  GOAL) 

(Subca t  =  COMP,  Thematic-Rol e =  PROPOSITION) ) 

W h en th e wor d shou t  " *  i s  encountere d i n a n inpu t  phrase ,  th e themati c rol e agen t  wil l  b e 

assigne d t o it s subject ,  a s lon g a s thi s subjec t  is~ a nou n phrase .  Th e direc t  themati c role s goa l 

and propositio n wil l  b e assigne d t o prepositiona l  an d complementize r  phrase s respectively ,  a s lon g 

as eac h i s present .  Sinc e th e orde r  o f  thet a structure s i n a  theta-gri d i s no t  relevan t  t o it s us e i n 

parsing ,  th e abov e theta-gri d fo r  shou t  wil l  b e sufficien t  t o pars e bot h sentence s (2 )  an d (3) . 

Î n a  mor e complet e theory ,  a  syntacti c categor y woul d b e determine d fro m th e themati c role . 
*I n th e curren t  system ,  morphologica l  variatio n i s onl y covere d b y explici t  listin g o f  lexica l  entries .  A  morphologica l 

analysi s componen t  i s propose d t o exten d th e curren t  system . 

271 



CLARK A N D GIBSO N 

(2) The man shouts to the woman that Ernie sees the rock. 

(3 )  Th e ma n shout s tha t  Erni e see s th e roc k t o th e woman. 

3. THE CPP ALGORITHM 

The C P P mode l  assume s X  Theor y a s presen t  i n Chomsk y (1986) .  Eac h tre e structur e mus t 

hav e a  hea d an d eac h hea d mus t  hav e a  maxima l  projection .  Thes e principle s interac t  wit h othe r 

principle s buil t  int o th e parser ,  {e.g. ,  th e ̂ -Criterion ,  th e Extende d Projectio n Principle ,  Cas e 

Theory )  t o determin e th e position s o f  arguments ,  specifier s an d modifier s wit h respec t  t o th e hea d 

of  a  give n structure .  A s a  result ,  a  specifie r  m a y onl y appea r  a s a  siste r  t o th e one-ba r  projectio n 

be lo w a  m a x i m a l  projection ,  an d th e hea d m u s t  appea r  belo w th e one-ba r  projectio n alon g wit h it s 

a rguments .  Fo r  examp le ,  th e structur e fo r  categorie s i n Englis h i s  s h o w n o n th e lef t  below ,  wit h a 

modifie r  a t tachmen t  o n th e lef t  below . 

Specifie r Specifie r 

Argument s X '  Modifie r 

X Argument s 

T h e Constraine d Paralle l  Parse r  i s a  head-drive n parse r  tha t  build s structur e b y m a k i n g at -

tachment s be twee n th e buflfe r  an d th e to p o f  th e stack .  Fo r  eac h lexica l  entry ,  a  m a x i m a l  projectio n 

of  tha t  entr y i s  place d i n th e buffer .  T h e buffe r  i s a  on e cel l  dat a structur e tha t  contain s a  se t  o f 

tre e structures ,  eac h o f  whic h represent s th e s a m e segmen t  o f  th e inpu t  string .  T h e dat a structur e 

stac k consist s o f  a  stac k o f  buffe r  cells . 

Sinc e C P P ha s n o separat e g r a m m a r  rul e m o d u l e containin g language-specifi c  rules ,  a n at -

tachmen t  be twee n a  structur e i n th e buffe r  an d a  structur e o n th e stac k i s  possibl e base d th e 

configuratio n o f  th e give n parser .  Thi s parse r  contain s constant s tha t  ar e independen t  o f  th e lan -

guag e bein g parse d alon g wit h parameter s tha t  depen d o n th e languag e bein g parsed .  Fo r  example , 

th e fac t  tha t  determiners ,  i f  the y exis t  a s a n independen t  categor y i n a  give n language ,  ar e attache d 

i n th e specifie r  positio n o f  N P follow s f ro m Universa l  G r a m m a r .  W h e t h e r  thi s at tachmen t  take s 

plac e f ro m stac k t o buffe r  o r  f ro m buffe r  t o stac k varie s accordin g t o th e typ e o f  at tachmen t  an d lan -

guag e bein g considered ,  however .  I n English ,  specifie r  at tachmen t  take s plac e f ro m stac k t o buffer , 

indicatin g that ,  i n English ,  specifier s occu r  befor e th e head .  A s a  result ,  a  paramete r  wou l d b e se t 

i n a  parse r  fo r  Englis h tha t  indicate s specifie r  at tachmen t  occur s f ro m stac k t o buffer .  A r g u m e n t s , 

o n th e othe r  h a n d ,  ar e attache d f ro m buffe r  t o stac k i n English ,  sinc e Englis h i s  head-firs t  wit h 

respec t  t o arguments .  A s wit h th e cas e o f  Specifiers ,  thi s orde r  i s th e resul t  o f  settin g a  paramete r 

wh ic h dictate s th e directio n o f  th e at tachmen t  o f  comp lemen t s wit h respec t  t o th e head . 

T h e forma l  C P P algorith m i s  give n below ,  wit h parameter s fo r  at tachmen t  se t  t o pars e 

English . 

1.  (Initializations )  Se t  th e S T A C K t o N I L .  Se t  th e B U F F E R t o N I L . 

2.  (End in g Condit ion )  I f  th e inpu t  strin g i s finished  an d th e B U F F E R i s e m p t y the n retur n th e 

content s o f  th e S T A C K an d stop . 

3.  I f  th e B U F F E R i s e m p t y the n creat e a  m a x i m a l  projectio n fo r  eac h lexica l  entr y correspond -

in g t o th e nex t  wo r d i n th e inpu t  string ,  an d pu t  thi s lis t  o f  m a x i m a l  projection s int o th e 

BUFFER. 
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4. Make all possible attachments between the STACK and the BUFFER, subject to the at-

tachmen t  constraints .  Pu t  th e attache d structure s i n th e B U F F E R.  I f  n o attachment s ar e 

possible ,  the n pu t  th e content s o f  th e B U F F E R o n to p o f  th e S T A C K . 

5.  G o t o 2 . 

Possibl e A t tachment s (parameterize d fo r  English) : 

•  Argumen t  Attachment :  ( B U F F E R t o S T A C K )  I f  a  structur e B  i n th e B U F F E R i s compatibl e 

wit h th e lexica l  requirement s o f  a  structur e A ,  o n to p o f  th e S T A C K ,  the n attac h B  t o A  a s 

an argument . 

•  Specifie r  Attachment :  ( S T A C K t o B U F F E R )  I f  a  structur e A ,  o n to p o f  th e S T A C K ,  i s 

compatibl e a s a  specifie r  o f  a  structur e B ,  i n th e B U F F E R,  the n attac h A  t o B  a s a  specifier . 

•  Pre-Hea d Adjunc t  Attachment :  ( S T A C K t o B U F F E R )  I f  a  structur e A ,  o n to p o f  th e S T A C K , 

i s compatibl e a s a  modifie r  o f  a  structur e B ,  i n th e B U F F E R,  the n attac h A  t o B  a s a  modifier . 

•  Post-Hea d Adjunc t  Attachment :  ( B U F F E R t o S T A C K )  I f  a  structur e B  i n th e B U F F E R i s 

compatibl e a s a  modifie r  o f  a  structur e A ,  o n to p o f  th e S T A C K ,  the n attac h B  t o A  a s a n 

modifier . 

A t tachmen t  Constraints : 

•  Exclusiv e A t tachmen t  Constraint :  I f  a n attachmen t  i s possibl e betwee n tw o structure s 

(on e o n th e stack ,  on e i n th e buffer) ,  the n i t  i s  made .  Al l  node s i n paralle l  tha t  d o no t  tak e 

par t  i n attachment ,  eithe r  o n th e stac k o r  i n th e buffer ,  ar e pruned . 

•  Cas e Filte r  an d ^-Criterion^ :  Afte r  attachment s betwee n stac k an d buffe r  ar e completed , 

i f  a  structur e A  directl y receive s a  necessax y propert y {e.g. ,  a  themati c role ,  abstrac t  Cas e fo r 

a lexica l  nou n phrase) ,  the n prun e al l  representation s i n whic h structur e A  appear s bu t  doe s 

not  directl y receiv e tha t  property .  Fo r  example ,  i f  a  certai n lexica l  nou n phras e NP i  receive s 

Case i n on e representation ,  the n al l  representation s ar e prune d i n whic h NP i  doe s no t  receiv e 

Case. 

•  Lexica l  Requ i remen t  Constraint :  I f  a n attachmen t  i s possibl e tha t  satisfie s th e lexica l 

requirement s o f  som e head ,  the n mak e tha t  attachmen t  an d al l  other s tha t  als o satisf y lexica l 

requirements .  I f  n o suc h attaxrhmen t  i s possible ,  the n mak e an y othe r  possibl e attachment s 

satisfyin g othe r  constraints . 

Th e Exclusiv e Attachmen t  Constrain t  ( E A C )  guarantee s tha t  eac h o f  th e paralle l  structure s 

i n a  buffe r  cel l  represent s th e sam e segmen t  o f  th e inpu t  string .  Thi s uniformit y permit s th e us e 

of  simpl e dat a structures .  Th e E A C i s extende d int o th e Principle s o f  Government-Bindin g theor y 

t o giv e th e C P P version s o f  th e Cas e Filte r  an d -̂Criterion .  Th e Lexica l  Requiremen t  Constrain t 

(LRC )  i s a  parsin g extensio n o f  th e Projectio n Principle^ .  A s a  resul t  o f  thes e constraints ,  garden -

pat h an d othe r  psycholinguisti c effect s occur . 

Th e C P P implementatio n i s o n a  seria l  machine ,  s o th e parallelis m mus t  b e mimicked .  Th e 

parse r  stil l  run s quit e fast ,  averagin g abou t  one-tent h o f  a  secon d pe r  wor d o n a  Hewlet t  Packar d 

9000/35 0 wit h 8  megabyte s o f  R A M .  Thi s spee d ca n b e partiall y  attribute d t o th e empiricall y 

observe d fac t  tha t  mos t  parallehs m die s ver y quickl y usin g th e C P P algorithm . 

*Th e Cas e Filte r  state s tha t  a  lexica l  nou n phras e mus t  receiv e abstrac t  Case .  Th e ̂ -Criterio n state s tha t  al l 
argument s mus t  receiv e exactl y on e themati c rol e an d tha t  al l  themati c role s mus t  b e assigned . 

*Th e Projectio n Principl e state s tha t  al l  lexica l  requirement s mus t  b e satisfied . 
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4. GARDEN-PATH EFFECTS AND CPP 

To illustrat e th e algorith m i n action ,  conside r  th e garden-pat h sentence ,  sentenc e (4) : 

(4 )  Th e maoi  walke d t o th e statio n at e th e cake . 

Thi s i s a  garden-pat h sentenc e becaus e walke d t o th e statio n i s misanalyze d a s matri x leve l 

ver b phrase :  t o obtai n a  grammatica l  sentence ,  walke d t o th e statio n mus t  b e analyze d a s a  reduce d 

relativ e claus e modifyin g th e nou n phras e th e man . 

The pars e begin s wit h th e placemen t  o f  a  maxima l  projectio n fo r  th e determine r  th e i n th e 

buffer .  Sinc e ther e i s nothin g o n th e stack ,  n o attachment s ca n b e made ,  an d th e determine r  phras e 

simpl y move s t o th e stack .  Th e secon d word ,  man ,  i s the n rea d fro m th e inpu t  string .  Sinc e ma n 

has bot h nou n Jin d ver b entrie s i n th e lexicon ,  a  maxima l  projectio n fo r  eac h readin g enter s th e 

buffer ,  a s show n below : 

BUFFER:  (  In h [y v L n ^o n ]] ] 

[ y C v Cv ma n ]] ]  ) 

STACK:  ( (  \.Det » Coet '  iOe t  /̂i C ]] ]  ) ) 

We not e that ,  a t  thi s point ,  th e relativ e processin g loa d ha s increase d du e t o th e ambiguit y 

of  man .  N o w tha t  bot h th e stac k an d buffe r  ar e non-empty ,  attachment s m a y b e tried .  Argumen t 

attachmen t  fails ,  sinc e th e structur e o n to p o f  th e stack ,  th e determine r  phras e representin g the ,  ha s 

no lexica l  requirements .  Sinc e a  determine r  canno t  modif y o r  b e modifie d b y eithe r  a  nou n o r  ver b 

phrase ,  bot h pre -  an d post-hea d modifie r  attachment s fail .  Specifie r  attachmen t  fail s  betwee n th e 

determine r  an d th e verb ,  bu t  succeed s betwee n th e determine r  an d th e noun ,  sinc e a  determine r  i s 

a possibl e specifie r  fo r  a  nou n phrase.' ^  Th e nou n phras e resultin g fro m attachmen t  i s the n place d 

i n th e buffer .  Sinc e th e ver b phras e readin g o f  m a n di d no t  tak e plac e i n th e attachment ,  i t  i s 

prune d fro m th e pars e b y th e Exclusiv e Attachmen t  Constraint .  A t  thi s point ,  th e complexit y o f 

th e pars e decreases ,  sinc e on e representatio n ha s bee n eliminated .  Th e content s o f  th e buffe r  ar e 

the n move d ont o th e stac k an d maxima l  projection s fo r  th e nex t  inpu t  word ,  walked ,  ar e place d i n 

th e buffer .  Thes e projection s consis t  o f  a  ver b phras e representin g th e passiv e participl e walked ,  a s 

wel l  a s a n Inf l  phras e representin g th e tense d ver b walked. ^ 

BUFFER:  (  [/„/// /  walke d ] 

Iv "  walke d ] 

STACK:  ( (  Ctv "  th e m a n ]  ) ) 

Argumen t  attachmen t  fails ,  sinc e th e nou n phras e th e m a n ha s n o lexica l  requirements .  Spec -

ifie r  attachmen t  succeed s betwee n th e Inf l  phras e an d th e nou n phrase ,  a s wel l  a s betwee n th e ver b 

phras e an d th e nou n phrase .  Modifie r  attachmen t  als o succeed s betwee n th e nou n phras e i n th e 

buffe r  an d th e ver b phras e o n th e stack .  Sinc e nominativ e Cas e i s assigne d t o th e N P specifie r  o f 

th e Inf l  phras e attachment ,  th e Cas e Filte r  i s  activated .  N o Cas e i s  assigne d t o th e N P th e m a n 

i n th e smal l  claus e ver b phras e readin g o r  i n th e nou n phras e wit h modifie r  reading ,  s o thes e tw o 

''Thi s i s presumabl y a  theore m o f  Universa l  Grammar .  Tha t  is ,  a  determine r  may b e attache d a s th e Specifie r 
of  a  nou n phrase .  Thus ,  provide d tha t  a  languag e ha s determiners ,  the y wil l  b e attache d a s [Spec ,  N] .  We assume , 
furthermore ,  tha t  U G allow s onl y thi s rol e fo r  determiners ;  the y canno t  b e modifier s o f  V P fo r  example . 

*Th e categor y /«/ ? contain s inflectio n information .  A n Inf l  phras e i s automaticall y buil t  fo r  an y tense d verb ,  sinc e 
tens e reside s i n Inf l  i n th e G B framework . 
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representations are pruned. As a result, the reduced relative clause reading of the phrase walked 

t o th e statio n i s ignored ,  whic h eventuall y lead s t o th e garden-pat h effect .  Maxima l  projection s fo r 

th e wor d t o no w ente r  th e buffer :  a  prepositiona l  phras e an d Inf l  phrase .  Bot h attac h a s modifier s 

t o th e matri x ver b phrase .  Th e determine r  th e the n enter s th e buffer .  N o attachment s ax e possibl e 

at  thi s point ,  s o th e content s o f  th e buffe r  ar e pushe d ont o th e stack .  A  maxima l  projectio n fo r 

th e nou n statio n i s the n place d i n th e buffe r  an d th e determine r  o n to p o f  th e stac k attache s t o it . 

The stat e o f  th e pars e a t  thi s poin t  i s a s follows : 

BUFFER:  (  [/„//- /  U "  th e m a n ]  [/„// /  Iv "  I v I v walke d ip » t o ]]]]] ] 

t/n// "  In "  ih e m a n ]  [/„// -  [y/ /  [ v i v  walke d icomp "  ilnfl "  t o ]]]]]] ] 

STACK:  ( (  [;v "  ih e statio n " ]  ) ) 

Onl y argumen t  attachmen t  succeed s fo r  th e prepositiona l  readin g o f  to ,  whil e n o attachmen t 

i s possibl e fo r  th e Inf l  readin g o f  to .  Th e Exclusiv e Attachmen t  Constrain t  therefor e prune s th e 

structur e containin g th e embedde d Inf l  reading . 

The tense d Inf l  phras e at e no w enter s th e buffer .  N o attachment s ar e possibl e betwee n 

th e tw o Inf l  phrase s an d th e Extende d Projectio n Principle ^  i s  violated .  Th e garden-pat h effec t 

foUow s naturall y fro m genera l  constraint s o n th e parallelis m displaye d b y th e parser .  Thes e sam e 

constraint s ar e partiall y  responsibl e fo r  th e observe d spee d o f  th e parser . 

5. CONCLUSIONS 

We hav e describe d a  paralle l  parsin g mode l  that ,  lik e seria l  deterministi c models ,  obtain s 

garden-pat h effects .  Th e desig n o f  th e parse r  follow s fro m curren t  wor k i n syntacti c theory .  Th e 

representation s posite d b y th e parse r  mus t  obe y certai n constraint s (th e Cas e Filter ,  ̂ -Criterion , 

etc.) .  Furthermore ,  i n keepin g wit h th e spiri t  o f  recen t  wor k i n Government-Bindin g theor y (Stowell , 

1981 ;  Chomsky ,  1985) ,  th e parse r  make s n o us e o f  language-particula r  gramma r  rules .  Th e absenc e 

of  language-particula r  rules ,  i n conjunctio n wit h constraint s o n parallelis m ar e responsibl e fo r  muc h 

of  th e spee d o f  th e parser .  Give n th e parser' s abilit y  t o replicat e phenomen a lik e garden-pat h effects , 

we fee l  tha t  researc h alon g thes e line s ca n d o muc h t o illuminat e th e relationshi p betwee n knowledg e 

and it s use .  Finally ,  w e not e tha t  th e Constraine d Paralle l  Parse r  i s a  genuinel y paralle l  parser . 

Unlimite d paralle l  parser s canno t  obtai n garden-pat h effects ,  becaus e o f  thei r  inabilit y t o err .  Th e 

C PP model ,  sinc e i t  i s  severel y constrained ,  doe s no t  suffe r  thi s defect .  Hence ,  psycholinguisti c 

theory ,  whil e correc t  i n abandonin g unconstraine d parallelism ,  stand s t o profi t  fro m th e stud y 

of  constraine d paralle l  algorithms .  Finally ,  th e C P P algorith m provide s a  non-trivia l  alternativ e 

t o standar d method s o f  parsin g tha t  mak e us e o f  charts ,  network s o r  case-frames ;  th e algorith m 

has th e potentia l  o f  yieldin g a n interestin g forma l  basi s fo r  th e empirica l  stud y o f  adul t  sentenc e 

processing . 
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