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Abstrac t 

Thi s pape r  describe s a  computationa l  architectur e 

whos e emergen t  propertie s yiel d a n explanator y theor y 

of  h u m a n structura l  disambiguatio n i n syntacti c pro -

cessing .  Linguisti c an d computationa l  factor s conspir e 

t o dictat e a  particula r  integratio n o f  symboli c an d con -

nectionis t  approaches ,  producin g a  principle d cognitiv e 

model  o f  th e processin g o f  structura l  ambiguities .  Th e 

model  i s  a  hybri d massivel y paralle l  architecture ,  us -

in g symboli c feature s an d constraint s t o encod e struc -

tura l  alternatives ,  an d numeri c spreadin g activatio n t o 

captur e structura l  preferences .  T h e mode l  provide s a 

unifyin g explanatio n o f  a  rang e o f  seria l  an d paralle l 

behavior s observe d i n th e processin g o f  structura l  alter -

natives .  Furthermore ,  th e inheren t  propertie s o f  activ e 

symboli c an d numeri c informatio n correspon d t o gen -

era l  cognitiv e mechanism s whic h subsum e a  numbe r  o f 

propose d structura l  preferenc e strategies . 

( G B )  captur e multipl e structura l  alternative s i n paral -

le l  i n a  linguisticall y motivate d way .  Numeri c spreadin g 

activatio n guide s th e choic e betwee n thes e structura l 

alternative s b y encodin g an d integratin g th e degre e o f 

featura l  compatibility ,  th e recenc y o f  activation ,  an d 

th e strengt h o f  lexica l  preferenc e fo r  eac h possibl e at -

tachment .  Th e preferenc e fo r  a  particula r  structura l  at -

tachmen t  i s thu s uniforml y determine d b y a n inheren t 

mechanis m o f  th e architecture . 

The remainder of this paper discusses the model and 

it s consequence s i n mor e detail .  Sectio n 2  describe s 

th e ke y psycholinguisti c issue s whic h mus t  b e addresse d 

by a n explanator y theor y o f  structura l  disambiguation . 

Sectio n 3  present s th e detail s o f  th e hybri d architectur e 

an d describe s th e propertie s fro m whic h it s structura l 

disambiguatio n behavio r  emerges .  I n Sectio n 4 ,  th e 

explanator y powe r  o f  th e mechanis m i s demonstrated . 

Sectio n 5  discusse s som e relate d wor k o n structura l  dis -

ambiguation ,  an d Sectio n 6  conclude s th e pape r  wit h a 

summary o f  th e contribution s o f  thi s research . 

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

It has been repeatedly demonstrated that people have 

littl e troubl e i n processin g structurall y ambiguou s sen -

tences ;  moreover ,  the y yiel d consisten t  structura l  pref -

erence s i n th e fac e o f  ambiguity .  Ye t  theorie s o f  h u m a n 

structura l  preference s hav e progresse d littl e beyon d th e 

stag e o f  unrelate d description s o f  eac h piec e o f  th e psy -

chologica l  data .  Th e researc h describe d her e aim s t o 

she d ligh t  o n th e cognitiv e principle s use d i n structura l 

disambiguatio n b y explorin g th e computationa l  mech -

anism s whic h underli e them .  T h e goa l  i s  no t  t o cre -

at e a  parse r  i n whic h h u m a n structura l  preference s ar e 

buil t  in ,  bu t  t o desig n a  parsin g architectur e whos e ba -

si c propertie s predic t  thos e preferences . 

A predictiv e theor y o f  structura l  disambiguatio n 

emerge s fro m th e active ,  distribute d natur e o f  th e com -

putationa l  mode l  describe d here .  Th e mode l  i s  a  hy -

bri d massivel y paralle l  architecture ,  combinin g sym -

boli c constrain t  satisfactio n an d numeri c spreadin g ac -

tivation .  Symboli c feature s an d constraint s base d o n 

Chomsky' s (1981 ,  1986 )  Government-Bindin g theor y 

2 T h e Psycholinguisti c D a t a 

A structural ambiguity gives rise to multiple attach-

ment  possibilitie s fo r  a  syntacti c phrase .  An y mode l  o f 

structura l  disambiguatio n mus t  addres s th e tw o issue s 
of  ho w t o proces s th e vali d structura l  alternative s fo r 

th e phrase ,  an d ho w t o captur e th e structura l  prefer -

enc e factor s whic h choos e betwee n them .  Thi s sectio n 

describe s som e o f  th e psycholinguisti c observation s re -

late d t o thes e issues . 

Serialism versus parallelism 

One of the first issues that must be addressed in build-

in g a  predictiv e mode l  o f  structura l  preference s i s th e 

degre e t o whic h structura l  alternative s ar e processe d 

i n parallel .  Thi s is ,  i n fact ,  a  majo r  ope n questio n i n 

psycholinguisti c research .  Clea r  evidenc e fo r  a  seria l 

mechanis m come s fro m experiment s whic h demonstrat e 

consisten t  stron g preference s fo r  on e resolutio n ove r  an -

othe r  o f  a  temporar y ambiguit y (Frazier ,  1978) .  Fo r 

example ,  i n th e sentenc e beginning : 
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(c) non-preferred resolution of the ambiguity. 

Figure 1: Attachment possibilities for women. 

Ann know s [n p women ]  ... , 

the attachment of the NP is temporarily ambiguous, as 

shown i n Figur e 1 .  Th e sentenc e m a y en d afte r  phot o o r 

continu e ". .  .succeed, "  eac h cas e resolvin g th e ambigu -

it y i n a  differen t  way .  Th e consisten t  preferenc e fo r  th e 

first  o f  thes e resolution s o f  th e N P attachmen t  indicate s 

tha t  th e parse r  choose s on e o f  th e possibl e structura l  al -

ternative s an d pursue s i t  serially . 

However, equally convincing evidence for a parallel 
architectur e emerge s fro m experiment s whic h revea l  th e 

availabilit y  o f  multipl e structure s i n on-lin e processin g 

of  thes e temporar y ambiguitie s (Gorrell ,  1987) .  Tha t  is , 

experiment s indicat e tha t  i n th e abov e example ,  bot h 

th e NP- to -V P an d th e NP-to- S attachmen t  possibili -
tie s ar e maintaine d i n parallel .  A  majo r  contributio n o f 

th e mode l  propose d her e i s tha t  i t  naturall y account s 

fo r  thes e apparentl y contradictor y results ,  whil e othe r 

model s hav e faile d t o d o so .  Exploitin g th e interestin g 

interactio n o f  seria l  an d paralle l  qualitie s i n fac t  lead s 

t o th e model' s abilit y  t o provid e a n architectura l  ex -
planatio n fo r  th e rang e o f  seria l  an d paralle l  behavior s 

atteste d i n a  numbe r  o f  psycholinguisti c experiments . 

Sectio n 3  describe s th e hybri d mode l  whic h turn s thi s 

tensio n betwee n seria l  an d paralle l  processin g t o it s ad -

vantage . 

yesterda y 

preferre d non-preferre d 

Figur e 2 :  Attachmen t  possibilitie s fo r  yesterday . 

Structura l  preferenc e account s 

Numerous principles have been proposed to account 

fo r  th e consisten t  structura l  preference s displaye d b y 

th e h u m a n parse r  i n th e fac e o f  syntacti c ambiguity. 

For  example ,  Minima l  Attachmen t  assert s tha t  whe n 

th e parse r  ha s a  choic e betwee n tw o o r  mor e way s o f 

attachin g th e curren t  phras e int o th e pars e tree ,  i t  wil l 

pic k th e on e whic h require s th e creatio n o f  th e fewes t 

number  o f  ne w node s (Frazier ,  1978) .  Th e preferenc e 

i n Figur e 1  fo r  th e N P t o attac h a s th e objec t  o f  th e 

ver b i s a  clea r  cas e o f  Minima l  Attachment :  th e parse r 

prefer s t o attac h th e N P directl y t o th e V P ,  rathe r  tha n 
creatin g th e S  nod e t o serv e a s it s attachmen t  site . 

Another principle. Late Closure, states that the 

parse r  wil l  prefe r  t o kee p a  constituen t  ope n (tha t  is , 

availabl e t o attac h into )  a s lon g a s possible ,  entailin g 
tha t  peopl e wil l  prefe r  t o attac h a  phras e int o th e mos t 

recen t  ope n constituen t  (Frazie r  &  Rayner ,  1982) .  Lat e 

Closur e account s fo r  th e preference s indicate d i n Fig -

ure s 2  an d 3 .  I n eac h case ,  th e non-preferre d attachmen t 

woul d requir e first  closin g off "  th e ope n subordinat e ver b 

phrase . 

Theories of lexical preferences claim that verbs have 

varyin g strength s o f  expectatio n fo r  thei r  possibl e ar -

guments .  Fo r  example ,  i n thes e sentence s take n fro m 
Ford ,  Bresnan ,  fe  Kapla n (1982) : 

Joe included [wpthe package [ppfor Susan]]. 

Jo e carrie d [wpthe  package ]  [ppfo r  Susan] . 

the PP attachment preferences indicated by the given 

bracketing s resul t  fro m a  diff'erenc e i n ho w strongl y th e 

verb s includ e an d carr y expec t  a  P P argument . 

These are just a few of the many such accounts of 
th e factor s involve d i n structura l  disambiguatio n (fo r 

example ,  Kimball ,  1973 ;  Frazie r  t  Fodor ,  1978 ;  Nicol , 

1988 ;  M c R o y &  Hirst ,  1989) .  Althoug h valuabl e a s 
concis e description s o f  a  wealt h o f  psycholinguisti c  phe -

nomena,  thes e account s d o no t  explai n wh y th e parse r 
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V 
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(a ) preferre d non-preferre d 

(b )  preferre d resolutio n o f  th e ambiguity . 

(c) non-preferred resolution of the ambiguity. 

Figure 3: Attachment possibilities for dogs. 

follow s thes e particula r  pattern s o f  structura l  prefer -

ence s an d no t  others .  O n close r  examination ,  man y 

of  thes e psycholinguisti c principle s ca n b e show n t o b e 

specifi c  statement s o f  th e result s o f  mor e genera l  cogni -

tiv e processes :  th e impetu s t o immediatel y structur e in -

comin g material ,  th e decreas e i n salienc e o f  a  structur e 

over  time ,  an d th e increas e i n salienc e give n highe r  fre -

quenc y o r  priming .  I n th e mode l  describe d here ,  thes e 

processe s ar e precisel y mirrore d i n it s  inheren t  qualitie s 

of  activ e distribute d computation ,  deca y o f  activation , 

frequency-encodin g weights ,  an d activatio n o f  expecta -

tions .  Th e propertie s o f  it s  activ e distribute d compu -

tatio n ar e i n tur n strongl y influence d b y th e model' s 

integratio n o f  seria l  an d paralle l  processing .  Sectio n 4 

present s i n detai l  ho w thes e emergen t  propertie s o f  th e 

architectur e predic t  th e observe d patter n o f  preferences . 

3 T h e H y b r i d Arch i tec tu r e 

The rise over the past decade of the connectionist 

approac h t o cognitiv e modelin g ha s generate d muc h 

debat e ove r  th e relativ e merit s o f  seria l  symboli c pro -

cessin g model s an d massivel y paralle l  architecture s re -

stricte d t o numeri c spreadin g activation .  Th e debat e 

has sparke d a n interes t  i n so-calle d "hybrid "  model s 

whic h attemp t  t o exploi t  th e desire d propertie s o f  eac h 

approach ,  whil e avoidin g thei r  respectiv e pitfalls .  A 

precis e formulatio n o f  th e component s o f  th e structura l 

disambiguatio n proces s ha s motivate d th e desig n o f  a 

hybri d mode l  i n th e researc h presente d here . 

Structural disambiguation involves two distinct pars-

in g processes :  identifyin g th e allowabl e attachment s fo r 

a phrase ,  an d choosin g betwee n them .  Th e first  proces s 

involve s th e linguisti c competenc e o f  th e parser ;  i t  use s 

grammatica l  knowledg e t o selec t  th e vali d structura l  al -

ternatives .  Th e secon d proces s i s a  matte r  o f  linguisti c 

performance ;  extragrammatica l  factor s ar e take n int o 

accoun t  i n determinin g th e structura l  preferences .  Th e 

motivatio n fo r  a  hybri d approac h t o a  computationa l  ex -

planatio n o f  structura l  disambiguatio n arise s fro m th e 

necessit y o f  capturin g withi n a  singl e mode l  th e prop -

ertie s relevan t  t o bot h o f  thes e processes .  Traditiona l 

seria l  symboli c processin g model s hav e bee n goo d a t 

encodin g discret e competenc e knowledge ,  whil e connec -

tionis t  model s ar e quit e successfu l  a t  integratin g th e 

multitud e o f  factor s affectin g performance . 

The question ,  o f  course ,  i s ho w t o combin e thes e di -

vergen t  approache s i n a  principle d way .  Thi s ca n b e 

achieve d mor e naturall y tha n migh t  b e expected .  Prop -

ertie s o f  competenc e an d performanc e themselve s eac h 

converg e o n som e typ e o f  massivel y paralle l  architec -

ture .  O n th e competenc e side ,  a  recen t  tren d i n linguis -

ti c  theor y ha s bee n awa y fro m unwieldy ,  construction -
specifi c  rule-base d system s towar d a  so-calle d "princi -

ple s an d parameters "  approach .  Government-Bindin g 

theor y (GB) ,  founde d o n thi s approach ,  i s  a  constraint -

base d theor y i n whic h th e validit y o f  syntacti c struc -

ture s i s determine d b y loca l  licensin g relation s amon g 

constituen t  phrases .  A n active ,  distribute d architec -

tur e lend s itsel f  wel l  t o th e formulatio n o f  grammati -

cal  knowledg e a s a  se t  o f  simultaneou s declarativ e con -

straint s whic h mus t  b e satisfie d locally . 

On th e performanc e sid e o f  th e issue ,  processin g 

structura l  attachment s require s som e interestin g inter -

actio n o f  serialis m an d parallelism ,  a s note d i n Sectio n 2 . 

Spreadin g activatio n throug h a  paralle l  networ k inher -

entl y combine s aspect s o f  seria l  an d paralle l  processing . 

Althoug h highl y paralle l  i n it s  simultaneou s communi -

catio n t o al l  neighborin g nodes ,  activatio n i s intrinsi -

call y seria l  i n it s sprea d throug h th e spac e o f  th e net -

work .  Furthermore ,  th e massiv e parallelis m o f  activa -

tio n mus t  b e harnesse d throug h som e kin d o f  focusin g 

mechanism ,  o r  it s sol e effec t  wil l  b e networ k saturation . 
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Thu s th e proble m domai n itsel f  strongl y support s a 

massivel y paralle l  architectur e combinin g symboli c con -

strain t  satisfactio n an d numeri c spreadin g activation . 

The design of a hybrid architecture must iuldress 

th e issu e o f  ho w t o integrat e th e seemingl y incompat -

ibl e propertie s o f  th e symboli c an d connectionis t  pro -

cessin g paradigms .  A s show n i n Tabl e 1 ,  traditiona l 

symboli c model s typicall y manipulat e symbol s serially , 

buildin g ne w structur e t o solv e a  problem .  Connection -

is t  models ,  o n th e othe r  hand ,  comput e numeri c activa -

tio n function s i n parallel ,  solvin g problem s b y activat -

in g th e appropriat e built-i n structures .  I n th e mode l 

describe d here ,  linguisti c an d computationa l  principle s 

hav e converge d o n a  profitabl e synthesi s o f  thes e ap -

proache s alon g eac h o f  th e thre e relevan t  dimensions . 

First consider the units of information. In the model, 

symboli c constrain t  satisfactio n naturall y encode s G B , 

whil e numeri c spreadin g activatio n act s a s a  unifor m 

mechanis m t o captur e divers e source s o f  structura l  pref -

erenc e information .  M a n y possibilitie s hav e previousl y 

been explore d fo r  effectivel y integratin g symboli c an d 

numeri c computatio n i n a  cognitiv e model :  Symboli c 

and numeri c computatio n m a y operat e a t  differen t  lev -

el s o f  abstractio n (Hendler ,  1987) ;  the y m a y operat e 

at  th e sam e leve l  o f  abstraction ,  bu t  independentl y 

(Walt z &  Pollack ,  1985) ;  an d activatio n m a y constrai n 

th e passin g o f  symboli c informatio n (Hendler ,  1986) . 

Th e mode l  her e incorporate s a  ne w approach ,  i n whic h 

symboli c feature s constrai n th e spreadin g o f  activation . 

Symboli c constrain t  satisfactio n directl y affect s th e nu -

meri c activatio n o f  a  node ,  an d determine s th e path s 

alon g whic h activatio n ca n sprea d beyon d th e node . 

Thi s i s accomplishe d b y usin g a n activatio n functio n 

whic h depend s i n par t  o n th e stat e o f  a  node ,  whic h i s a 
numeri c estimatio n o f  it s  degre e o f  constrain t  satisfac -

tion . 

Both linguistic and computational reasons motivate 

thi s technique .  Symboli c features ,  whic h represen t  lin -

guisti c competence ,  contro l  wha t  i s affecte d b y numeri c 

activation ,  whic h guide s performance .  Th e primac y o f 
symboli c informatio n ha s a  positiv e computationa l  ef -

fect ,  sinc e i t  restrain s th e unwante d spreadin g o f  acti -

vation .  Fo r  example ,  m a n y node s represen t  potentia l 

syntacti c attachment s whic h wil l  b e determine d t o no t 

satisf y th e necessar y grammatica l  constraints .  I f  activa -

tio n coul d sprea d acros s thes e ba d attachments ,  lendin g 

(a ) (b ) 

Symboli c Processin g 

symbol s 

serialis m 

dynami c structur e 

(creation ) 

Connectionis m 

numeri c activatio n 

parallelis m 

fixed  structur e 

(recognition ) 

[XP )  categor y _ 

Case 

thet a rol e 

(xp )  categor y j l 

Case Ob j 

thet a rol e ? ? 

Tabl e 1 :  Propertie s o f  Symboli c Processin g an d Con -

nectionis t  Models . 

t he m 

(a) X template and sample features. 

(b) template instantiated and initialized by them. 

Figure 4: The parser's generic syntactic phrases. 

othe r  node s fals e support ,  i t  woul d mak e th e determina -

tio n o f  structura l  preference s base d o n activatio n muc h 

mor e difficult .  Instead ,  a  negativ e state ,  indicatin g in -

vali d featur e values ,  force s a  node' s activatio n t o zer o 

eve n whe n i t  i s  receivin g externa l  stimuli . 

Second, the issue of dynamic versus fixed structure 

must  b e resolved .  Mos t  massivel y paralle l  parser s ar e 

base d o n a  fixed  networ k o f  node s (Cottrell ,  1985 ;  Sel -

m an &  Hirst ,  1985) ;  onl y th e mode l  o f  Walt z &  Pol -

lac k (1985 )  ha s m a d e us e o f  dynami c structur e creation . 

However ,  thei r  mode l  use s a  traditiona l  seria l  structure -
buildin g parse r  t o construc t  a  networ k correspondin g 

t o th e parse(s )  o f  th e input .  Th e mode l  her e strike s a 

compromis e betwee n a  totall y fixed  networ k structur e 

and th e abilit y  t o creat e a n arbitrar y networ k struc -

tur e o n th e fly.  Th e parse r  i s limite d t o a  singl e fixed 
phras e structur e template ,  bu t  i t  m a y instantiat e thi s 

templat e a t  wil l  an d connec t  th e instance s t o th e input . 

Thi s "generic "  syntacti c phras e i s the n passe d initializ -

in g feature s b y th e associate d input .  Figur e 4  show s th e 

templat e an d a  sampl e instantiation .  Al l  logica l  possi -

bilitie s o f  inter-phras e attachment s ar e represente d b y 

dynamicall y allocate d attachmen t  nodes ;  constrain t  sat -

isfactio n rule s ou t  thos e attachment s tha t  ar e invalid . 

Once more, this approach is motivated by both lin-

guisti c an d computationa l  factors .  T h e generi c phrasa l 

templat e i s inspire d b y th e lac k o f  genera l  phrais e struc -

tur e rule s i n G B .  X  theory ,  a  subsyste m o f  G B ,  con -
ceive s o f  al l  phrase s a s havin g th e sam e fixed  struc -

tura l  shape ,  wit h difference s i n grammatica l  behavio r 

entaile d b y feature s projecte d fro m th e input .  Fro m 

a computationa l  perspective ,  thi s vastl y simplifie s th e 

structure-buildin g componen t  b y restrictin g i t  t o uni -

for m instantiatio n o f  fixed  templates .  T h e approac h 
als o incorporate s a  lexically-drive n aspec t  whic h allow s 

th e mode l  t o respon d t o condition s i n th e inpu t  i n a 

straightforwar d way .  Fo r  example ,  a  ver b ca n easil y de -

termin e th e weight s o n it s connection s t o attachmen t 

nodes ,  dynamicall y takin g int o accoun t  th e frequenc y 
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Attachmen t  node s correspondin g t o 

th e expectation s o f  th e verb . 

k n o w s 

The verb sets the weights on the connections to nodes 

whic h represen t  potentia l  attachments . 

Figure 5: Weights capture lexical frequencies. 

of  it s  variou s arguments ,  a s show n i n Figur e 5 . 

Finally, the model incorporates elements of both se-

ria l  an d paralle l  computation .  I n othe r  massivel y par -

alle l  parsers ,  th e seria l  aspec t  o f  spreadin g activatio n i s 

th e onl y constrain t  o n th e parallelis m o f  th e computa -

tion .  Her e th e parallelis m i s furthe r  restricted ,  b y pro -

hibitin g top-dow n precomputatio n o f  phras e structure . 

An X  nod e m a y trigge r  multipl e attachmen t  alterna -

tives ,  bu t  i t  canno t  caus e instantiatio n o f  phras e struc -

tur e base d solel y o n a n expectation .  Fo r  example ,  i n 

Figur e 5  th e ver b m a y establis h attachmen t  node s cor -

respondin g t o it s N P and_ S expectations ,  bu t  i t  canno t 
licens e th e buildin g o f  a n X  phras e fo r  eithe r  o f  thes e al -

ternatives .  Althoug h quit e restricted ,  th e mode !  i s stil l 

highl y paralle l  i n tha t  alternativ e attachment s base d 

on expectation s an d o n phrase s buil t  b y bottom-u p ev -

idenc e exis t  i n paralle l  an d compet e fo r  activation . 

Again, both linguistic and computational concerns 

suppor t  thi s approach .  Accordin g t o G B ,  phras e struc -

tur e i s projecte d fro m a  lexica l  item ;  n o X  phras e ca n ex -

is t  withou t  bein g license d i n thi s way .  Interpretin g thi s 

principl e computationall y a s a  constrain t  o n structur e 

building ,  rathe r  tha n on e whic h check s alread y com -

pute d structure ,  increase s th e efficienc y o f  th e approach . 

Disallowin g precomputatio n i n th e mode l  no t  onl y lim -

it s th e numbe r  o f  node s tha t  ar e created ,  bu t  als o simpli -

fies  th e structur e building ,  constrain t  satisfaction ,  an d 

spreadin g activatio n algorithm s significantly . 

Not only do each of these decisions receive indepen-

den t  linguisti c an d computationa l  support ,  thes e issue s 

ar e i n fac t  a  se t  o f  interrelate d choices .  T h e motiva -

tio n fo r  integratin g symboli c an d numeri c computatio n 

was presente d above .  B y grantin g symboli c informa -

tio n a  primar y rol e i n th e processin g o f  th e network , 

th e opportunit y fo r  buildin g structur e arises .  Dynam -

icall y creatin g structur e i n tur n discourage s top-dow n 

precomputation .  Th e fac t  tha t  thes e ar e mutuall y con -

strainin g decision s yield s a  hybri d architectur e wit h a 

coheren t  cluste r  o f  properties .  T h e followin g sectio n 

demonstrate s tha t  th e combine d resul t  o f  thes e interde -

penden t  choice s i s a  principle d architectur e fro m whic h 

th e desire d structura l  disambiguatio n behavio r  emerges . 

4 Predictions of the Model 

Section 2 presented the two types of psycholinguistic 

observatio n whic h a  theor y o f  structura l  disambiguatio n 

shoul d explain :  th e conflictin g evidenc e concernin g th e 

degre e t o whic h structura l  alternative s ar e maintaine d 

i n parallel ,  an d th e patter n o f  structura l  preference s 

whic h peopl e exhibit .  Thi s sectio n describe s th e be -

havio r  o f  th e mode l  relevan t  t o thes e tw o issues .  First , 

th e critica l  propertie s whic h underli e th e model' s be -

havio r  wil l  b e presented .  Next ,  th e model' s restricte d 

parallelis m wil l  b e see n t o resolv e th e seemingl y con -

tradictor y evidenc e fo r  seria l  an d paralle l  processin g o f 

structura l  alternatives .  Finally ,  th e preferenc e behav -

io r  o f  th e mode l  o n som e illustrativ e case s o f  structura l 

ambiguit y wil l  b e discussed . 

The property of the model which yields a unified 

theor y o f  structura l  disambiguatio n i s th e proces s o f 

activ e communicatio n o f  symboli c an d numeri c infor -

matio n withi n th e parsin g network .  W h e n a  phras e 

i s created ,  th e parse r  establishe s node s fo r  th e poten -
tia l  attachment s o f  th e phras e int o th e pars e tree .  Th e 

phras e mus t  the n activel y communicat e feature s t o it s 

neighbor s i n orde r  t o determin e whic h attachment s ar e 

valid .  Thes e attachmen t  node s ar e th e structura l  al -

ternative s fo r  th e phrase ;  thei r  activatio n leve l  encode s 

thei r  relativ e preference .  The y receiv e numeri c acti -

vatio n fro m thei r  neighbor s acros s weighte d connec -

tions ;  thes e weight s encod e th e frequenc y wit h whic h 

on e phras e expect s t o attac h t o another .  Activatio n 

decay s ove r  tim e i f  i t  i s  no t  reinforced .  A  competitiv e 

activatio n metho d (Reggia ,  Marsland ,  &  Berndt ,  1988 ) 

provide s a  focusin g mechanis m t o sharpe n th e prefer -

enc e fo r  a n alternative . 

Integrating serial and parallel behavior 

Parallelism is restricted in the model by disallow-

in g top-dow n precomputation .  Thu s a  phras e whic h 

i s activel y seekin g a n attachmen t  ca n onl y communi -

cat e wit h othe r  structure s whic h hav e receive d evidenc e 

fro m th e input .  I n addition ,  a  competitiv e mechanis m 

require d t o contro l  spreadin g activatio n attempt s t o fo -

cu s activatio n o n a  singl e alternative .  Thes e tw o prop -

ertie s lea d t o observe d seria l  behavio r  i n th e parser ,  ac -

countin g fo r  th e result s o f  psycholinguisti c experiment s 

whic h suppor t  a  seria l  mechanism .  Fo r  example ,  th e 
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k n o w s w o m en 

Th e N P ma y attac h a s th e S  objec t  o f  kno w o r  a s th e N P 

objec t  o f  know .  Sinc e th e feature s o f  th e firs t  attach -

ment  expectatio n ar e incompatibl e wit h th e NP ,  onl y 

th e secon d attachmen t  nod e remain s active . 

Figure 6: Initial attachment possibilities for women. 

consisten t  preferenc e fo r  th e N P - t o - V P attachmen t  i n 

Figur e 1  i s simpl y du e t o th e fac t  tha t  i t  i s  th e onl y at -

tachmen t  initiall y  availabl e fo r  th e NP .  Th e parse r  ha s 

not  encountere d an y over t  evidenc e o f  a  sententia l  ob -

ject ,  s o th e N P ca n onl y mak e th e attachmen t  directl y 

t o th e V P ,  a s show n i n Figur e 6 .  I n case s wher e multipl e 
attachment s ar e available ,  a s wa s th e cas e i n Figur e 2 , 

th e competitiv e activatio n mechanis m wil l  focu s o n on e 

of  them ,  als o leadin g t o seemingl y seria l  behavior. '  I n 

eithe r  case ,  evidenc e tha t  th e initiall y  preferre d attach -

ment  i s incorrec t  lead s t o a  dela y i n processing ,  sinc e th e 

ne w structura l  alternativ e mus t  compet e fo r  activatio n 

wit h th e establishe d attachment .  Thi s seria l  behavio r 

mimic s tha t  o f  th e h u m a n parse r  demonstrate d i n th e 

analysi s o f  eye-movement s recorde d whil e peopl e rea d 

thes e type s o f  temporaril y  ambiguou s sentence s (Fra -

zie r  &  Rayner ,  1982) . 

This behavior is not inconsistent with a fundamen-

tall y paralle l  architecture ,  however .  Th e mode l  main -

tain s multipl e structura l  alternative s fo r  whic h evidenc e 

exists ,  an d project s activ e expectations .  Thes e expec -

tation s ar e particularl y relevan t  i n accountin g fo r  dat a 
showin g tha t  multipl e alternative s ar e i n som e for m 

availabl e t o th e parse r  eve n whe n evidenc e fro m th e 

inpu t  ha s no t  bee n encountered .  Gorrel l  (1987) ,  usin g 

a lexica l  decisio n tas k immediatel y followin g th e N P , 

showed tha t  th e non-preferre d structura l  alternativ e i n 

Figur e 1  (tha t  is ,  th e NP-to- S attachment )  coul d prim e 

a verb .  Gorrel l  too k thi s a s clea r  evidenc e o f  precompu -

tatio n o f  al l  possibl e structura l  alternatives .  However , 

th e activ e expectation s o f  th e mode l  her e ca n easil y ac -

coun t  fo r  th e observe d behavior .  Figur e 7  show s tha t 

sinc e th e ver b kno w activel y expect s eithe r  a n N P o r 
S argument ,  th e S  expectatio n prime s th e subsequent 

occurrenc e o f  a  ver b i n th e input. ^ 

'  Th e factor s involve d i n focusin g preference s wil l  b e discusse d 
below . 

^Th e ver b i n Englis h carrie s tens e feature s whic h trigge r  th e 
buildin g o f  a n S  node .  Mor e precisely ,  i t  i s  th e attachmen t  o f  thi s 

know s w o m en succee d 

Th e verb' s activ e attachmen t  node s encod e th e expec -

tatio n o f  a n N P o r  S  object .  Th e S  expectatio n prime s 

th e S  projecte d fro m th e tens e feature s o f  th e verb . 

Figure 7: Priming of a subsequent S. 

Thus ,  eve n wit h th e restrictio n o f  onl y maintainin g 

th e knowledg e o f  alternativ e possibilities ,  rathe r  tha n 

precomputin g thei r  structure ,  th e mode l  predict s th e 

result s o f  experiment s supportin g parallelis m i n situa -

tion s o f  structura l  ambiguity .  O n th e othe r  hand ,  th e 

restrictednes s o f  th e parallelis m account s fo r  th e seria l 

effect s displaye d i n experiment s testin g structura l  pref -

erences .  Thi s explanatio n o f  th e rang e o f  behavior s i n 
processin g structura l  ambiguitie s i s th e resul t  o f  th e in -

heren t  integratio n o f  aspect s o f  serialis m an d parallelis m 

i n th e model . 

Unifying structural preferences 

Fundamental properties of the model directly relate 

t o th e cognitiv e principle s responsibl e fo r  h u m a n struc -

tura l  preference s tha t  wer e note d i n Sectio n 2 .  T h e nee d 

fo r  a  phras e t o activel y determin e it s vali d attachment s 

predict s tha t  peopl e wil l  sho w a  preferenc e fo r  attach -

ment s whic h allo w immediat e structurin g o f  input .  T h e 

deca y o f  activatio n explain s recenc y effect s i n structura l 

preference ,  whic h correspon d t o a  decreas e i n salienc e 
of  olde r  attachmen t  sites .  Weight s increas e salienc e b y 

strengthenin g activatio n o f  mor e frequen t  alternatives . 
A nd finally,  activatio n o f  expectation s prime s certai n 

alternatives .  Thes e structura l  preferenc e mechanism s 

interac t  i n th e resolutio n o f  eac h instanc e o f  structura l 

ambiguity .  A  predictiv e mode l  o f  structura l  disam -

biguatio n thu s arise s fro m thes e natura l  properties . 

For example, the active attachment behavior of the 

model ,  i n conjunctio n wit h th e restricte d parallelis m 

discusse d above ,  provide s a  simpl e accoun t  o f  m a n y o f 

th e Minima l  Attachmen t  an d Lat e Closur e cases .  Fig -

S nod e t o th e V P whic h i s prime d b y th e S  expectation . 
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W h en 

Sue walk s dog s 

Onl y on e attachmen t  i s initiall y  availabl e fo r  th e NP : 

as th e N P objec t  o f  read .  (N o mai n claus e S  nod e ha s 

been projected. ) 

Figure 8: Initial attachment possibilities for dogs. 

ure s 6  an d 8  demonstrat e tha t  th e alternativ e attach -

ment s ar e jus t  no t  availabl e a t  th e tim e th e N P i s pro -

cessed .  Thu s Minima l  Attachment ,  represente d i n Fig -

ur e 6 ,  result s no t  fro m a n explici t  compariso n o f  th e 

complexit y o f  variou s choice s a s i n previou s model s (fo r 

example ,  Frazier ,  1987 ;  Gorrell ,  1987 ;  Clark ,  1988) ,  bu t 

fro m th e activ e natur e o f  th e model s syntacti c phrases . 

Furthermore ,  case s o f  Lat e Closur e a s i n Figure s 8  ar e 

accounte d fo r  b y th e sam e propertie s o f  th e model .  Tha t 

is ,  whe n th e N P begin s t o activel y see k a n attachment , 

th e parse r  ha s no t  ye t  projecte d a  mai n claus e S  node ,  s o 

th e embedde d V' P i s th e onl y possibl e attachmen t  site . 

Thi s give s a  unifor m explanatio n o f  a  rang e o f  struc -

tura l  preference s fo r  whic h tw o attachmen t  strategie s 

were previousl y though t  t o b e required . 

The other standard cases of Late Closure, which were 

exemplifie d i n Figur e 2 ,  ar e predicte d b y th e recenc y 

effect s whic h resul t  fro m th e deca y o f  activation .  Al -

thoug h bot h attachment s ar e available ,  th e highe r  at -

tachmen t  ha s les s activatio n becaus e tha t  ver b i s mor e 

distan t  i n th e inpu t  an d it s activatio n ha s decayed .  A s 

th e tw o verb s activel y compet e fo r  th e adverbia l  attach -

ment ,  th e mor e recen t  ver b ha s th e advantag e o f  mor e 

activatio n an d wil l  "win "  th e competition .  A  simila r 

effec t  arise s fro m lexica l  frequencies ,  whic h ar e encode d 

by th e weight s o n connection s t o possibl e argument s o f 

a verb ,  an d provid e mor e o r  les s advantag e t o poten -

tia l  attachments .  (Se e Figur e 5. )  Primin g i n th e for m 

of  a n expectatio n als o lead s t o th e activ e advantag e o f 

an attachment ,  a s discusse d abov e an d demonstrate d i n 

Figur e 7 . 

Thus we have a model which accounts for a wide 

rang e o f  structura l  preference s wit h th e singl e princi -

ple d mechanis m o f  activ e symboli c an d numeri c infor -

mation .  No t  onl y doe s th e mode l  predic t  th e variou s 

preferences ,  bu t  i t  doe s s o wit h a  spreadin g activatio n 

mechanis m whic h naturall y integrate s thei r  interactio n 

as well . 

5 Relate d Approache s 

Recent work of McRoy k Hirst (1989) similarly at-

tempt s t o unif y a  broa d rang e o f  syntacti c influence s 

on structura l  preferences .  However ,  th e timin g effect s 

the y see k ar e no t  a  natura l  resul t  o f  thei r  parsin g ar -

chitecture ;  i n fact ,  the y mus t  explicitl y  buil d i n th e in -

teractio n o f  preference s an d timing .  FXirthermore ,  thei r 

serial ,  race-base d parse r  i s unabl e t o accoun t  fo r  th e 

paralle l  aspect s o f  th e processin g o f  ambiguities ,  a s i s 

th e simila r  mode l  o f  Frazie r  &  Rayne r  (1982) .  Cottrell' s 

(1985 )  connectionis t  parse r  result s i n Minima l  Attach -

ment  behavio r  du e t o th e natur e o f  spreadin g activation , 

but  fall s  shor t  o f  accountin g fo r  th e relate d principl e o f 

Lat e Closur e wit h th e sam e mechanism .  I n th e paralle l 

model s o f  Gorrel l  (1987 )  an d Clar k (1988) ,  th e rankin g 

mechanism s propose d fo r  determinin g structura l  pref -

erence s ar e no t  a  fundamenta l  aspec t  o f  th e parsin g ar -

chitecture ,  an d eac h fail s  t o captur e recenc y an d lexica l 

preferenc e effects . 

6 C o n c l u s i o n s 

This paper has presented a hybrid massively paral-

le l  parsin g architectur e whic h integrate s symboli c an d 

numeri c processin g i n a  linguisticall y an d computation -

all y motivate d way .  Behavio r  mimickin g huma n pro -

cessin g o f  structura l  ambiguitie s emerge s fro m th e in -

heren t  propertie s o f  thi s architecture .  Th e seria l  aspect s 

of  spreadin g activatio n an d th e restrictio n o n top-dow n 

precomputatio n provid e a  natura l  explanatio n fo r  th e 

seemingl y irreconcilabl e rang e o f  seria l  an d paralle l  be -

havior s i n processin g structura l  alternatives .  Th e prop -

ert y o f  activ e symboli c an d numeri c informatio n lead s t o 

a principle d accoun t  o f  structura l  preferences ,  unifyin g 

wit h a  singl e mechanis m th e effect s o f  variou s previ -

ousl y propose d preferenc e strategies ,  suc h a s Minima l 

Attachmen t  an d Lat e Closure . 
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