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Departmen t  o f  ('oinpute r  Scienc e 

Universit y o f  Toront o 

Toronto ,  Ontari o M 5 S 1A 4 ('anad a 

suzanneî cs .  toronto.ed u 

Abstrac t 

This paper presents CAPERS, a hybrid spreading ac-
tivation/marke r  pjissin g architectur e fo r  parsing ,  whos e 
self-processin g networ k directl y represent s a  pars e tree . 
C A P E RS establishe s syntacti c dependencie s throug h th e 
purel y loca l  communicatio n o f  simpl e syntacti c feature s 
withi n th e network .  Th e structura l  constraint s o n tw o 
node s i n a  long-distanc e syntacti c relatio n ar e broke n 
down int o locsi l  components ,  eac h o f  whic h ca n b e ver -
ifie d entirel y betwee n pair s o f  adjacen t  node s alon g th e 
featur e passin g pat h betwee n th e tw o dependen t  nodes . 
Thi s metho d o f  establishin g long-distanc e syntacti c rela -
tions ,  i n conjunctio n wit h th e competitiv e dynamic s o f 
th e network ,  account s fo r  psycholinguisti c experimenta l 
dat a o n filler/gap  constructions . 

1 Introduction 

C-'onnectionist approaches to natural language pars-

in g clai m t o offe r  a  cognitivel y plausibl e architec -

tur e fo r  modelin g h u m a n sentenc e processing .  How -

ever ,  whil e linguisti c theor y ha s take n a  paradig -

mati c lea p fro m rule-base d system s t o constraint -

bjise d systems ,  connectionis t  parser s hav e tradition -

all y encode d rule-baise d linguisti c formalism s [ C O T 

89,  F A N 85 ,  Sfc H 85] .  Thi s approac h i s  especiall y 

surprisin g give n th e naturalnes s o f  th e massivel y par -

alle l  framewor k fo r  encodin g simpl e feature s an d lo -

call y applie d constraints .  I n C A P E R S,  a  hybri d 

spreadin g activation/marke r  passin g architectur e fo r 

parsing ,  th e linguisti c knowledg e o f  Government -

Bindin g theor y ( G B )  [ C H O 81 ,  RI Z 90 ]  i s directl y en -

code d a s a  se t  o f  simultaneou s loca l  constraints .  Fun -

damenta l  propertie s o f  C A P E R S hav e bee n show n 

t o explai n h u m a n behavio r  i n th e processin g o f  syn -

tacti c ambiguitie s [ST E 93a ,  93b ,  90] .  Thi s pape r 

present s C A P E R S'  approac h t o a  natura l  languag e 

proble m tha t  ha s receive d littl e attentio n withi n 

th e connectionis t  paradigm—th e processin g o f  long -

distanc e dependencies . 

Long-distanc e dependencie s aris e whe n on e posi -

tio n i n a  sentenc e depend s o n anothe r  tha t  m a y b e 

an indefinit e distan t  away .  Fo r  example ,  on e typ e 

of  long-distanc e dependenc y occur s i n filler/gap  con -

structions ,  i n whic h a  WH-phras e (th e filler )  m a y b e 

an arbitrar y distanc e fro m it s  underlyin g syntacti c 

positio n (th e gap) .  Conside r  th e followin g sentences : 

W ho di d M a y a kis s [gap] ? 

W ho di d Sar a sa y tha t  M a y a kisse d [gap] ? 

T h e WH-phras e W h o assume s it s rol e i n th e sentenc e 

base d o n it s underlyin g positio n a s th e objec t  o f  kis s 

(indicate d b y [gap]) ;  a n unbounde d amoun t  o f  lexi -

cal  inpu t  m a y interven e betwee n W h o an d thi s posi -

tion .  Long-distanc e dependencie s pos e a  proble m fo r 

rule-base d connectionis t  parser s becaus e o f  th e pro -

liferatio n o f  rule s neede d t o encod e al l  o f  th e gram -

matica l  structura l  relation s tha t  arise .  B y contrast , 

restriction s o n dependenc y relation s i n C A P E R S ar e 

capture d b y a  fe w simpl e declarativ e constraint s tha t 

appl y acros s a  rang e o f  syntacti c constructions . 

C A P E RS establishe s syntacti c dependencie s 

throug h a  nove l  schem e o f  restricte d marke r  pass -

ing ,  i n whic h grammatica l  constraint s restric t  th e 

communicatio n o f  feature s betwee n nodes .  T h e suc -

ces s o f  th e approac h relie s o n th e insigh t  tha t  th e 

structura l  constraint s o n an y relatio n betwee n tw o 

node s i n a  pars e tre e ca n b e broke n dow n int o lo -

cal  components .  Th e se t  o f  loca l  restriction s ca n 

the n b e verifie d entirel y betwee n pair s o f  directl y 

neighborin g node s alon g th e pat h i n th e tre e be -

twee n th e tw o dependen t  nodes .  Th e restricte d fea -

tur e passin g mechanis m handle s a  rang e o f  syntacti c 

relation s fro m G B ,  includin g movement ,  agreement , 

Case marking ,  an d thet a rol e eissignment .  Th e inte -
gratio n o f  simpl e symboli c feature s int o a  connection -

is t  framework ,  alon g wit h appropriat e restriction s o n 

th e featura l  communication ,  allow s C A P E R S t o cap -

tur e eve n long-distanc e syntacti c relation s i n a  lin -

guisticall y an d psychologicall y motivate d way . 
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Becaus e o f  th e amoun t  o f  relevan t  psycholinguisti c 

data ,  th e discussio n her e focuse s solel y o n W H con -

structions .  Thes e exannple s demonstrat e CHAFERS' 

abilit y  t o establis h long-distanc e dependencie s i n a 

self-processin g networ k parser .  Furthermore ,  C A -

P E RS i s show n t o accoun t  fo r  a  rang e o f  huma n 

behavior s i n parsin g filler/ga p constructions .  Rule -

base d approache s tha t  hav e modele d som e o f  thes e 

behavior s hav e relie d o n construction-specifi c  rule s 

t o handl e th e differen t  long-distanc e structura l  re -

lation s [ C k L 91 ,  J O N 87 ,  J U R 91] .  B y contrast , 

C A P E RS account s fo r  th e dat a wit h a  unifor m pro -

cessin g mechanism ,  whos e behavio r  fall s  ou t  fro m in -

dependentl y motivate d propertie s o f  th e model . 

Th e pape r  i s organize d a s follows .  Sectio n 2  briefl y 

present s th e C A P E R S approac h t o parsing .  Sec -

tio n 3  describe s th e restricte d symboli c featur e pass -

in g mechanism ,  an d Sectio n 4  explain s ho w thi s i s 

use d t o associat e a  filler  an d it s gap .  Sectio n 5 

present s C A P E R S'  accoun t  o f  th e psycholinguisti c 

data .  Sectio n 6  conclude s wit h a  statemen t  o f  th e 

contributio n o f  C A P E R S a s a  cognitiv e mode l  o f  hu -

m an filler/gap  processing . 

2 An Overview of CAPERS 

Since only a brief description of the model is possible, 

thi s sectio n give s a  high-leve l  vie w o f  parsin g i n C A -

P E R S,  focusin g o n th e propertie s tha t  distinguis h i t 

fro m traditiona l  connectionis t  approaches .  C A P E R S 

i s a  hybri d connectionis t  mode l  tha t  integrate s sim -

pl e symboli c processin g wit h numeri c spreadin g acti -

vation ,  withi n a  self-processin g networ k tha t  directl y 

represent s a  pars e tree .  Symboli c feature s determin e 

th e grammaticalit y o f  potentia l  attachments ,  whil e 

numeri c activatio n play s th e crucia l  rol e o f  weigh -

in g th e relativ e strength s o f  th e vali d alternatives . 
C A P E RS dynamicall y create s th e networ k o f  alter -
nativ e attachment s b y allocatin g processin g node s i n 

respons e t o th e input . 

W h en a n inpu t  toke n i s read ,  th e parse r  activate s 

tw o type s o f  nodes :  phrasa l  nodes ,  o r  p-nodes ,  t o 

represen t  th e curren t  inpu t  phrase ,  an d attachmen t 

nodes ,  o r  a-nodes ,  t o represen t  th e potentia l  attach -

ment s o f  th e ne w phraise .  Eac h a-nod e connect s t o 

exactl y tw o p-nodes ,  a n X P an d a n X  o r  X' ,  tha t 

ar e potentia l  sister s i n th e pars e tree ;  compar e th e 

networ k o f  Figur e 1(a )  wit h th e tre e tha t  i t  repre -

sent s i n Figur e 1(b) .  Sinc e multipl e attachment s fo r 

a p-nod e m a y b e grammatical ,  a  competitiv e outpu t 

functio n [ R E G 87 ]  weigh s th e evidenc e fo r  a n attach -

ment ,  an d proportionatel y allocate s activatio n fro m 

th e p-nod e t o it s a-nodes .  T h e competitio n mecha -

nis m necessitate s restriction s o n th e networ k struc -

ture :  N e w a-node s ca n onl y represen t  a n attachmen t 

w 
Cm 1  til t 

t 

o p-node - i-nod e Q  inactiv e a-nDci & 

Maya 

Figur e 1 :  (a )  Networ k fo r  "May a kisse d Kiva, "  afte r  allo -
catin g th e X  phras e fo r  Kiva .  (b )  Pars e tre e represente d 
by th e networ k i n (a) . 

betwee n th e curren t  phras e an d th e righ t  edg e o f  th e 

developin g pars e tree ,  a s i n Figur e 1(a). ' 

Once th e curren t  phras e i s connecte d t o th e ex -

istin g network ,  eac h processin g nod e iterativel y up -

date s an d output s it s symboli c feature s an d numeri c 

activation ,  unti l  th e networ k settle s int o a  stabl e 
stat e representin g th e attachmen t  decision s fo r  th e 

curren t  phrase. ^  T h e self-processin g loo p ensure s 

tha t  eac h p-nod e activate s a  numbe r  o f  a-node s con -

sisten t  wit h it s grammatica l  properties .  Fo r  example , 

a p-nod e tha t  take s on e obligator y complemen t  (suc h 

as th e V  i n Figur e 1(a) )  mus t  activat e exactl y on e 

a-node ,  whil e a  p-nod e tha t  take s a n optiona l  speci -

fier  m a y activat e zer o o r  on e a-node .  W h e n th e net -

wor k stabilizes ,  th e se t  o f  activ e a-node s represent s 

th e curren t  pars e tre e attachments ,  an d th e inactiv e 

a-node s ar e deleted .  A t  thi s point ,  th e nex t  inpu t  to -

ke n i s rea d an d th e proces s i s repeated .  A t  th e en d 

of  a  successfu l  parse ,  th e grammatica l  constraint s o n 

eac h nod e ar e satisfied ,  an d th e phrase s an d thei r 

attachment s for m a  connecte d networ k representin g 

th e final  pars e tree . 

*  Maintainin g th e require d networ k structur e entail s  th e us e 
of  a  parsin g stac k [ST E 93a,b] .  Th e stac k i s no t  a  globa l 
contro l  mechanism ;  i t  i s i n fac t  a  singl e p-node . 

2 C A P E RS stabilize d i n ove r  9 8 % o f  nearl y 140 0 attachmen t 
simulations ,  requirin g 10-7 0 iteration s i n eac h ceise . 
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T o pars e a  filler/gap  construction ,  C - A P E R S need s 

t o represen t  th e ga p tha t  occur s i n th e underlyin g 

syntacti c positio n o f  th e filler,  (ia p node s ar e imple -

mente d a s a  subtyp e o f  XF '  node ,  mirrorin g th e lin -

guisti c intuitio n tha t  the y ar e a  syntacti c placeholde r 

fo r  a  displace d phrase .  Sinc e gap s d o no t  overtl y oc -

cur  i n th e input ,  thei r  allocatio n i s determine d b y th e 

networ k stabilit y  requirements ;  thes e constraint s en-

tai l  tha t  a  p-nod e tha t  ha s a n obligator y attachmen t 

must  a t  al l  time s activat e a n a-node .  Thi s require s X 

an d X '  node s tha t  licens e a n attachmen t  t o immedi -

atel y posi t  a n attachmen t  t o a  gap ,  withou t  delayin g 

t o se e i f  ther e i s a n over t  phras e t o attac h t o (se e 

Figur e 1(a)) .  G a p s i n O A P E RS ar e thu s necessaril y 

create d whe n th e phras e the y attac h t o i s allocated . 

Thi s explain s th e findings  o f  [FR A 87 ,  S T O 86 ]  tha t 

th e h u m a n parse r  hypothesize s a  ga p befor e seein g i f 

ther e i s a n over t  phras e i n tha t  position . 

A ga p i s  dependen t  o n it s  a-node .  I f  th e a-nod e 

doe s no t  becom e highl y activ e an d i s  thu s deleted , 

the n th e ga p nod e i s  disconnecte d fro m th e pars e 

tree .  I f  th e a-nod e doe s becom e highl y active ,  then , 

i n orde r  t o receiv e additiona l  activation ,  th e ga p 

must  b e associate d wit h a  filler  throug h C A P E R S' 

symboli c featur e passin g process . 

3 Symbolic Feature Passing 

Symbolic features are implemented as attributes 

wit h atomi c values ;  an y G B constraint s o n th e fea -

ture s o f  a  nod e ar e encode d a s simpl e equalit y test s 

on th e value s o f  it s attributes .  Th e challeng e fo r  CA -

P E RS i s verifyin g th e structura l  configuratio n tha t 

must  hol d betwee n tw o node s i n a  give n syntacti c 

relation—fo r  example ,  fo r  subject-ver b agreemen t  o r 

fo r  associatin g a  filler  wit h a  gap .  A  self-processin g 

networ k ha s n o globa l  perspectiv e o n it s o w n struc -

ture ;  eve n non-loca l  parsin g decision s mus t  b e m a d e 

solel y o n th e basi s o f  loca l  communication .  Further -

more ,  C A P E R S'  limite d symboli c capabilitie s ar e un -

abl e t o buil d i n globa l  informatio n b y creatin g fea -

tur e structure s tha t  coul d encod e th e histor y o f  a 

featur e passin g path . 

A solutio n fo r  achievin g loca l  verificatio n o f  struc -

tura l  constraint s i n C A P E R S exploit s tw o facts : 

(1)  A  syntacti c relatio n betwee n tw o node s involve s 

feature s tha t  mus t  b e assigne d o r  share d betwee n 

them ;  an d (2)  Feature s pcisse d betwee n node s mus t 

trave l  throug h th e network ,  whic h i s a  direc t  repre -

sentatio n o f  th e pars e tre e structure .  Thus ,  C A P E R S 

ca n enforc e eve n non-loca l  structura l  constraint s o n 

a syntacti c relatio n b y constrainin g eac h segmen t  o f 

a featur e passin g pat h accordin g t o th e grammatica l 

restriction s tha t  appl y t o th e particula r  featur e be -

in g communicated .  Th e featur e passin g restriction s 

of  C A P E R S wer e derive d directl y fro m th e linguisti c 

theory ,  b y analyzin g CJB s structura l  constraint s int o 

locall y applicabl e primitive s [ST E 93a] .  Symboli c 

feature s ar e define d withi n a  grammatica l  hierarchy , 

i n whic h th e feature s inheri t  th e appropriat e loca l 

communicatio n constraints .  Eac h nod e i n th e pars -

in g networ k call s th e sam e featur e passin g routine , 

whic h applie s a  feature' s communicatio n restriction s 

t o determin e whethe r  th e nod e ca n pas s tha t  fea -

tur e t o eac h o f  it s neighbors .  Thi s unifor m featur e 

passin g mechanis m ensure s bot h loca l  an d non-loca l 

structura l  constraint s o n syntacti c relations . 

G B constraint s o n filler/gap  construction s stat e 

tha t  a  filler  an d it s ga p mus t  b e comdexe d unde r 

a certai n structura l  configuration .  Coindexatio n i s 

a grammatica l  proces s b y whic h tw o linguisti c en -

titie s ar e associate d t o indicat e tha t  the y refe r  t o 

th e sam e objec t  i n th e world .  T h e structura l  con -

strain t  o n coindexin g a  ga p wit h a  filler  ha s thre e 

components .  First ,  th e filler  mus t  occu r  i n a  par -

ticula r  tre e position—attache d t o th e lef t  o f  a n X ' 

node .  Second ,  ther e ca n b e n o barriers—node s wit h 

particula r  features—betwee n th e filler  an d th e gap . 

Th e thir d restrictio n i s th e genera l  conditio n o f  Mini -

malit y [RI Z 90] ,  whic h state s tha t  a  nod e X  ca n onl y 

hav e a  certai n relatio n t o anothe r  nod e Y  i f  ther e 

i s n o close r  nod e Z  tha t  ca n hav e tha t  relatio n t o 

Y.  Tha t  is ,  th e filler  mus t  b e th e nod e a t  a  mini -

mal  distanc e fro m th e ga p tha t  satisfie s th e first  tw o 

syntacti c constraint s o n th e coindexatio n relation . 

Each o f  thes e condition s m a p s directl y t o a  sim -

pl e featur e passin g constrain t  withi n C A P E R S.  First , 

th e tre e structur e positio n o f  th e filler  i s  a  simpl e 

chec k o n th e feature s o f  a  potentia l  destinatio n node . 

Second ,  a  nod e wit h certai n specifie d feature s act s 

as a  barrie r  b y no t  bein g abl e t o pas s feature s be -

yon d itself .  Finally ,  Minimalit y i s  implemente d b y 

not  lettin g a  nod e t o whic h a  featur e ca n validl y ap -

pl y pas s tha t  featur e o n t o it s neighbors .  Thus ,  th e 

featur e passin g mechanis m o f  C A P E R S i s a  simpl e 

an d elegan t  computationa l  mode l  o f  GB' s declarativ e 

constraint s o n filler/gap  coindexation. ^ 

4 The Coindexing Mechanism 

Analogous to the use of a-nodes to explicitly repre-

sen t  pars e tre e attachments ,  C A P E R S use s coindex -

in g nodes ,  o r  c-nodes ,  t o overtl y represen t  coindexa -

tio n relations .  Eac h c-nod e connect s t o tw o p-nodes . 

•'Thes e condition s represen t  th e anteceden t  governmen t 
constrain t  on  ga p construction s [RI Z 90] ;  th e othe r  constrain t 
propose d b y Rizzi ,  hea d government ,  i s  implemente d i n CA -
PERS wit h tmalogou s featur e passin g constraints . 
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c-nod e 

Figur e 2 :  W h e n kis s i s allocated ,  a  ga p i s automaticall y 
create d i n objec t  position .  T h e ga p send s feature s t o 
Who,  triggerin g creatio n o f  th e c-node . 

a ga p an d it s filler .  Sinc e multipl e c-node s m a y b e es -

tablishe d fo r  a  give n p-node ,  a  c-nod e m u s t  compet e 

fo r  numeri c activatio n f ro m it s tw o p-nodes .  T h e 

similarit y o f  c-node s t o a-node s allow s t h e m t o b e 

implemente d a s a  subtyp e o f  a-node . 

C-node s ar e allocate d w h e n coindexin g feature s 

ar e successfull y passe d throug h th e tre e f ro m a  ga p 

t o a  potentia l  filler .  Conside r  th e sentenc e " W h o di d 

M a ya kiss. "  Afte r  C A P E R S ha s attache d th e V P fo r 

kiss ,  th e networ k ha s th e structur e s h o w n i n Figur e 2 . 
T h e ga p i n objec t  positio n (th e siste r  t o th e V )  mus t 

be coindexe d wit h a  filler ;  i t  thu s send s a  featur e 

throug h th e tre e tha t  wil l  trigge r  th e establishmen t 

of  a  c-node .  Sinc e eac h segmen t  o f  th e featur e pass -

in g pat h betwee n th e ga p an d W h o complie s wit h th e 
grammatica l  restriction s describe d above ,  th e featur e 

wil l  arriv e successfull y a t  W h o . ^  W h e n W A o receive s 

th e featur e f ro m th e gap ,  i t  allocate s a  c-node ,  send s 

th e c-node' s addres s t o th e gap ,  set s u p it s o w n lin k 

t o th e c-node ,  an d begin s t o activat e i t  competitively . 

W h en th e ga p receive s th e c-node' s address ,  i t  to o 

set s u p a  lin k t o th e c-nod e an d begin s t o activat e 

it .  Sinc e ther e ar e n o compet in g c-nodes ,  th e c-nod e 

become s highl y active ,  representin g a  coindexatio n 

of  th e filler  an d gap . 

T h e s a m e mechan i s m tha t  establishe s thi s within -

claus e coindexatio n relatio n handle s longe r  distanc e 
filler/gap  pair s a s well .  Conside r  th e sentenc e " W h o 

di d Sar a sa y tha t  M a y a kissed, "  i n whic h th e filler 

an d ga p occu r  i n differen t  clauses .  Recal l  tha t  Mini -

malit y prevent s coindexin g feature s fro m continuin g 

pas t  a  vali d recipien t  node .  Figur e 3  show s h o w th e 

Who 

c-nod e 

c-nod e 

*  Th e feature s d o no t  violat e Miiuuialit y b y petssin g beyon d 
Maya;  eve n thoug h i t  i s a  siste r  t o ai i  X' ,  i t  i s  i n ai i  argumen t 
position .  Onl y a  non-aTgumen t  nod e (e.g. ,  th e siste r  t o a  C ) 
can receiv e thes e coindexin g features . 

Figur e 3 :  Feature s fro m ga p g ^  canno t  pas s beyon d ga p 
gi ,  du e t o Minimality .  Bu t  sinc e g j  ha s sen t  coindexin g 
feature s t o Who_,  M^o-g,-g 2 for m a  coindexin g chai n 
linkin g th e fille r  t o it s underlyin g position . 

Minimalit y constrain t  force s C A P E R S t o us e ga p g ^ 

(which ,  lik e al l  othe r  gaps ,  i s  automaticall y postu -

lated )  t o achiev e a  long-distanc e coindexatio n rela -

tio n betwee n th e filler  an d ga p gg -

5 Psycholinguistic Accounts 

Gramniaticality Effects 

Th e grammatica l  natur e o f  th e coindexatio n mech -

anis m conform s wit h psycholinguisti c data .  Fo r  ex -
ample ,  [ST O 86 ]  foun d tha t  syntacti c constraint s ar e 

use d t o immediatel y rul e ou t  a  ga p i n a n ungrammat -

ica l  position .  Althoug h C A P E RS posit s gap s auto -

maticall y i n al l  positions ,  regardles s o f  thei r  struc -

tura l  relatio n t o a  filler,  i t  i s  unabl e t o establis h a n 

ungrammatica l  coindexatio n relation .  Th e lac k o f 

coindexin g wil l  thu s rul e ou t  a  ga p tha t  i s i n a n un -

grammatica l  relatio n t o th e availabl e filler.  C A P E RS 

als o explain s th e result s o f  experiment s i n whic h al l 

and onl y grammatica l  fillers  ar e reactivate d b y se -

manti c primin g a t  th e positio n o f  a  ga p [NI C 88] . 

I n C A P E R S,  al l  an d onl y grammatica l  fillers  receiv e 

feature s fro m a  gap ,  an d eac h suc h filler  establishe s 

a c-nod e tha t  compete s fo r  activation .  Th e competi -

tiv e mechanis m o f  C A P E RS require s tha t  a  p-node' s 

inpu t  functio n necessaril y  relie s o n th e activatio n 
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leve l  o f  an y nod e i t  competitivel y activates .  A  po -

tentia l  fille r  i s  thu s reactivate d a s a n automati c sid e 

effec t  o f  th e filler' s  competitiv e activatio n o f  a  c-node . 

R e c e n c y 

Becaus e coindexin g feature s mus t  trave l  throug h th e 

pars e tree ,  C A P E R S predict s tha t  eve n amon g gram -

matica l  coindexations ,  competition s amon g c-node s 

m ay b e affecte d b y th e structur e o f  th e tree .  Distanc e 

i s on e aspec t  o f  tre e structur e tha t  ha s bee n show n t o 

affec t  decision s o n filler/gap  relations .  [FC R 83 ]  ar -

gue tha t  a  ga p prefer s t o b e associate d wit h th e mos t 

recen t  filler ;  [ FR A 87 ,  S T O 86 ]  presen t  evidenc e fo r 

th e complementar y effec t  o f  a  fille r  preferrin g t o b e 

associate d wit h th e earlies t  possibl e gap .  Bot h o f 

thes e finding s fal l  ou t  fro m th e competitiv e coindex -

atio n mechanis m o f  C A P E R S.  Suppos e a  ga p send s 

coindexin g feature s t o multipl e fillers ,  triggerin g mul -

tipl e c-node s tha t  compete .  Sinc e th e feature s trave l 

up throug h th e tre e fro m th e gap ,  the y lan d o n th e 

most  recen t  potentia l  fille r  first ,  ensurin g tha t  th e 

c-nod e t o tha t  fille r  ha s a  hea d star t  i n th e c-nod e 

competition .  Barrin g othe r  effect s o n activatio n lev -

els ,  th e c-nod e fro m th e ga p t o th e mos t  recen t  fille r 

wil l  thu s wi n th e competition .  Similarly ,  i f  multipl e 

gap s sen d feature s t o th e sam e filler ,  th e c-nod e fro m 

th e closes t  ga p t o th e fille r  wil l  wi n it s competition . 

Fille d G a p Effec t 

T h e conclusio n i n [ST O 86 ]  tha t  th e h u m a n parse r 

postulate s gap s a s earl y 8i s possibl e i s base d o n evi -

denc e o f  increase d readin g time s fo r  a n over t  objec t 

i n th e plac e o f  a  potentia l  ga p (th e fille d ga p effect) . 

She compare d sentence s suc h a s th e following : 

My brothe r  wante d t o know.. . 

(1 )  i f  Rut h wil l  brin g u s h o m e t o M o m a t  lunch . 

(2 )  w h o Rut h wil l  brin g u s h o m e t o [gap ]  a t  lunch . 

(3 )  w h o Rut h wil l  brin g [gap ]  h o m e t o M o m a t  lunch . 

T h e readin g tim e fo r  u s i s significantl y longe r  i n (2 ) 

tha n i n (1) ,  indicatin g tha t  th e parse r  i s havin g t o 

revis e a n initia l  hypothesi s o f  a  ga p a t  th e post-verba l 

location .  However ,  i n comparin g (1 )  t o (3) ,  ther e 

i s n o correspondin g slow-dow n a t  th e wor d M o m. 

Evidently ,  th e fac t  tha t  i n (3 )  th e fille r  i s  coindexe d 

wit h th e post-verba l  ga p prevent s a  ga p hypothesi s 

afte r  t o fro m interferin g wit h th e over t  N P M o m. 

C A P E RS explain s eac h o f  thes e results .  I n al l 

thre e sentences ,  a  post-verba l  ga p i s allocate d alon g 

wit h th e V  nod e fo r  bring ,  bu t  onl y i n (2 )  o r  (3 )  doe s 

thi s ga p establis h a  coindexin g relatio n wit h a  filler . 

W h en th e over t  N P u s occur s next ,  a s i n (1 )  o r  (2) , 

it s  a-nod e t o th e ver b compete s wit h th e ga p attach -

ment .  I n sentenc e (1) ,  th e ga p i s ver y weak ,  an d th e 

a-nod e t o th e over t  N P win s immediately .  However , 

i n sentenc e (2) ,  th e coindexatio n o f  th e ga p greatl y 

increase s it s activation ,  an d s o it s a-nod e compete s 

mor e vigorousl y wit h th e a-nod e t o th e over t  NP . 

Th e increase d competitio n increase s th e numbe r  o f 

iteration s require d fo r  th e over t  N P attachmen t  t o 

win ,  correspondin g t o a  longe r  readin g tim e fo r  us . 

I n contrast ,  th e N P M o m i n (3 )  doe s no t  sho w a n 

increas e i n readin g time ,  eve n thoug h i t  als o imme -

diatel y follow s a  ga p hypothesi s i n a  sentenc e wit h a 

filler.  Th e differenc e i s tha t  i n (3) ,  th e onl y availabl e 

filler  ha s alread y bee n coindexe d wit h th e post-verba l 

gap .  T h e ga p afte r  t o establishe s a  c-nod e t o th e 

filler,  bu t  i t  lose s it s competitio n wit h th e c-nod e t o 

th e earlie r  gap .  Thus ,  th e ga p attachmen t  t o t o i s n o 

stronge r  i n (3 )  tha n i n (1) ,  an d ther e i s n o increas e 

i n tim e neede d t o attac h th e N P Motii . 

Somewhat  surprisingly ,  [ST O 86 ]  foun d tha t  ther e 

i s n o increais e i n readin g tim e fo r  a n over t  subjec t 

afte r  a  filler;  th e readin g tim e fo r  Rut h i s th e sam e 

i n sentence s (1 )  throug h (3) .  T o explai n bot h th e 

increase d readin g tim e fo r  a n over t  objec t  an d th e 

lac k o f  a n increas e fo r  a n over t  subject ,  [ST O 86 ] 

conclude s tha t  subjec t  an d objec t  position s followin g 

a WH-phras e mus t  b e handle d b y distinc t  parsin g 

routines .  B y contrast ,  i n C A P E R S,  th e difference s i n 

th e processin g o f  gap s i n subjec t  an d objec t  positio n 

follo w directl y fro m th e us e o f  a  unifor m mechanis m 

on differen t  position s i n th e tree .  I n G B ,  th e subjec t 

of  a  sentenc e attache s t o th e lef t  o f  th e sententia l 

phras e (Infl) .  Thu s i n C A P E R S,  a  subjec t  ga p i s 

allocate d whe n th e Inf l  phras e i s allocated ,  whic h 

occur s a t  th e tens e feature s o f  th e verb .  I f  ther e i s a n 

over t  subject ,  th e Inf l  phras e an d it s ga p hypothesi s 

ar e allocate d afte r  it .  Th e over t  subjec t  wil l  wi n th e 

a-nod e competitio n wit h th e ga p befor e th e ga p ha s 

th e chanc e t o establis h a  coindexin g relatio n wit h 

th e filler.  C A P E R S thu s predict s n o differenc e i n 

th e processin g o f  Rut h i n an y o f  th e abov e sentences . 

V e r b F r a m e Preference s 

C A P E R S'  competitiv e attachmen t  an d coindexatio n 

mechanism s als o accoun t  fo r  th e affec t  o f  ver b pref -

erence s o n th e eais e o f  processin g variou s filler-gap 

constructions .  [TS C 85 ]  compare d sentence s wit h al l 

combination s o f  transitiv e an d intransitiv e preferenc e 

verbs ,  an d earl y (immediatel y post-verbal )  an d lat e 

gaps .  I n sentence s wit h transitiv e preferenc e verbs , 

lat e gap s ar e harde r  fo r  th e h u m a n parse r  tha n earl y 

gaps ;  i n sentence s wit h intransitiv e preferenc e verbs , 

earl y gap s ar e harde r  tha n lat e gaps .  [ C k T 88 ]  ob -

serv e tha t  th e differenc e i n difficult y fo r  th e earl y 

and lat e ga p intransitiv e case s i s greate r  tha n tha t 

fo r  th e transitiv e cases .  I n thei r  words ,  "th e penalt y 

fo r  missin g a n earl y ga p [th e intransitiv e cases ]  wa s 

large r  tha n th e penalt y fo r  havin g t o reassig n a  pre -

viousl y assigne d filler  [th e transitiv e cases]. "  I n C A -
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P E R S,  strength s o f  lexica l  expectation s determin e 

th e weight s o n connection s t o a-nodes ,  whic h affec t 

th e a m o u n t  o f  activatio n tha t  a-node s receive ;  a n in -

transitiv e preferenc e ver b wil l  giv e a  lowe r  weM^h t  t o 

an objec t  at tachmen t  tha n wil l  a  transitiv e prefer -

enc e verb .  T h e ensuin g effect s o n ga p attachment s 

explai n th e conclusion s o f  [ T S C 85 ,  C-'fc T 88] . 

Conside r  th e processin g o f  a n intransitiv e prefer -

enc e ver b afte r  a  filler  tha t  ha s no t  ye t  bee n coin -

dexed .  T h e ver b assign s a  lo w weigh t  t o it s  a-nod e 

t o a  ga p (sinc e i t  signifie s a  transitiv e us e o f  th e verb) , 

an d th e ga p a-nod e doe s no t  receiv e enoug h activa -

tio n t o b e include d i n th e parse .  I f  ther e i s a  late r 

ga p i n th e sentenc e tha t  ca n b e coindexe d wit h th e 

filler,  the n parsin g proceed s normally .  However ,  i f 

th e sentenc e ha s n o othe r  grammat ica l  ga p possibil -

it y  (a s i n th e earl y ga p cases) ,  the n th e sentenc e end s 

wit h th e filler  violatin g it s constraints ,  sinc e i t  doe s 

not  activat e a  c-node .  Recover y f ro m missin g th e 

earl y ga p i s no t  straightforward ;  i n fact ,  i t  require s 

addin g a  specia l  strateg y t o C A P E R S t o find  a  lega l 

positio n i n whic h t o re-allocat e a  ga p unde r  thes e 

circumstances .  T h u s ,  wit h thes e verbs ,  a n earl y ga p 

sentenc e i s m u c h harde r  tha n a  lat e ga p sentence . 

I n contrjist ,  a  transitiv e preferenc e ver b assign s a 

hig h weigh t  t o it s (optional )  ga p attachment ,  ensur -

in g tha t  th e a-nod e win s an d th e ga p establishe s a 

c-nod e t o th e filler.  A n earl y ga p sentenc e i n whic h 

thi s coindexatio n relatio n i s  correc t  i s  easil y parsed . 

However ,  a  lat e ga p sentenc e cause s difficulty .  A 

late r  obligator y ga p wil l  sen d feature s t o th e singl e 

availabl e filler,  whic h establishe s a  secon d c-nod e t o 

th e n e w gap .  T h e secon d c-node ,  althoug h compet -

in g agains t  a n earlier ,  establishe d one ,  i s stronge r  be -

caus e th e late r  ga p i s obligator y whil e th e earlie r  on e 
i s optional .  T h e n e w c-nod e thu s win s th e c o m p e -

tition ,  changin g th e coindexatio n o f  th e singl e avail -
abl e filler  f ro m th e earlier ,  optiona l  ga p t o th e later , 

obligator y gap .  T h e c-nod e competitio n an d revise d 
coindexatio n m a k e thes e lat e ga p sentence s harde r 
tha n th e earl y ga p ones .  However ,  th e increas e i n 

diflScult y i s  les s tha n tha t  arisin g i n th e intransitiv e 

preferenc e cases ,  sinc e her e th e norma l  competitiv e 

mechanism s accomplis h th e necessar y revision . 

6 Conclusions 

Since psycholinguistically observed behavior follows 

fro m independentl y motivate d propertie s o f  th e 
model ,  C A P E R S provide s a n explanator y theor y o f 

human filler/gap  processing .  Th e grammaticall y re -

stricte d featur e passin g mechanis m successfull y lo -

calize s th e establishmen t  o f  long-distanc e dependen -

cie s withi n a  self-processin g network .  Th e mecha -

nis m i s justifie d independentl y b y th e nee d t o han -

dle other non-local syntactic relations, such as agree-

ment and Case. Because the feature passing mecha-

nism relies on a direct representation of general con-

straints, rather than on construction-specific rules, 

small featural adjustments allow the uniform pro-

cessing of a range of syntactic relations. The nu-

meric behavior of nodes in the network is also kept 

uniform, since the coindexing nodes that are needed 

for filler/gap association are a subtype of attachment 

node. In fact, the coindexation process that under-

lies the account of the observed human behavior is 

exactly analogous to the parser's basic competitive 

attachment process. These mechanisms form the ba-
si s o f  a  genera l  parsin g architectur e whos e proper -

ties account for human behavior in the processing of 

other syntactic constructions as well [STE 93a,b]. 
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