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Non-deterministi c Prepositiona l  Ph ras e A t t a c h m e n t 

Jean-FSore Corriveau 
Schoo l  o f  Compute r  Science ,  Carleto n Universit y 

Colone l  B y Drive ,  Ottawa ,  C A N A D A 
K 1 S 5 B6 

email :  jeanpier@scs.carleton.c a 

A b s t r a c t 

Existing models of sentence comprehension typically 
adop t  a  deterministi c approac h tha t  decide s o n th e 
correc t  pars e o f  a  sentence .  I n essence ,  thes e model s 
consis t  o f  algorithm s tha t  staticall y captur e a  prior i 
rule s fo r  disambiguatio n an d seldo m tak e int o accoun t 
th e contex t  o f  interpretation .  Also ,  thei r  deterministi c 
natur e eliminate s th e possibilit y o f  recognizin g a 
genuin e ambiguity .  W e argu e tha t  th e ver y essenc e o f 
th e quantitativ e mode l  o f  memor y w e hav e developed , 
tha t  is ,  it s time-constraine d nature ,  allow s fo r  a  non -
deterministi c contextua l  approac h t o structura l 
disambiguation .  I n thi s paper ,  w e focu s specificall y 
on th e proble m o f  P P (Prepositiona l  Phrase ) 
Attachment .  M o r e precisely ,  w e conten d tha t  a 
solutio n t o thi s proble m depend s o n th e us e o f  bot h a 
massivel y paralle l  time-constraine d architectur e an d a 
quantitatively-define d context . 

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

The problem of structural disambiguation stems from 
th e fac t  tha t  a  sentenc e m a y hav e severa l  parses . 
Ther e ar e severa l  facet s t o thi s problem .  Hirs t  (1987 , 
chapte r  6) ,  fo r  example ,  partition s th e possibl e 
structura l  difficultie s o f  a  sentenc e i n tw o ma i n 
categories :  1 )  analyti c ambiguitie s an d 2 )  attachment . 
Analyti c ambiguitie s regrou p severa l  distinc t  kind s o f 
decision s pertainin g t o th e rol e o f  a  syntacti c uni t  i n a 
sentenc e (e.g. ,  relativ e claus e o r  complement ,  presen t 
participl e o r  adjective ,  etc. )  (Ibid. ,  p .  149) .  Th e secon d 
categor y pertain s t o th e attachmen t  o f  a  syntacti c uni t 
(e.g. ,  a  P P (Prepositiona l  Phrase) ,  a  relativ e clause , 
an adverb )  t o anothe r  syntacti c uni t  o f  a  sentence ,  a s 
illustrate d i n th e followin g example s (Ibid ,  p .  135) : 

PP attachment: to noun or verb? 
1)  Ros s insiste d o n phonin g th e m a n wit h th e limp . 

2)  Ros s insiste d o n washin g th e do g wit h pe t 

shampoo . 

^  Suppor t  fro m th e Natura l  Science s an d Engineerin g 
Couci l  o f  Canad a i s gratefull y acknowledged . 

Relativ e claus e attachment :  t o whic h 
n o u n ? 
3)  th e doo r  nea r  th e stair s tha t  ha d th e ' 'Member s 

Only "  sign . 

Structural ambiguity is not limited to these two 
categorie s an d include s othe r  har d problem s suc h a s 
gap findin g (Ibid. ,  subsectio n 6.2.2) .  Furthermore , 
structura l  ambiguitie s ca n involv e categoria l 
ambiguitie s an d ca n lea d t o a  g a r d e n - p a t h 
phenomenon ,  a s i n th e followin g exampl e wher e 
determinin g th e en d o f  th e N P (Nou n Phrase )  i s 
problemati c (Ibid. ,  p .  149) : 

The prim e numbe r  few . 
I t  i s  ofte n assume d tha t  a  sentenc e tha t  present s a 
structura l  ambiguit y generall y ha s a  preferre d parse . 
However ,  Schuber t  (1986 )  remark s tha t  a  discussio n 
of  preference s ofte n degrade s t o a  battl e o f  'partisa n 
informants' ,  w h o ofte n d o no t  eve n agre e o n whethe r 
a sentenc e i s 'confusing '  o r  not .  I n othe r  words ,  a s 
wit h man y othe r  facet s o f  linguisti c comprehension , 
ther e i s n o well-accepte d theor y fo r  structura l 
disambiguation .  Fo r  example ,  a t  th e en d o f  hi s 
analysi s o f  th e topic .  Hirs t  (1987 ,  sectio n 6.3 ) 
ronarks : 

Ther e i s a t  presen t  n o agreemen t  o n an y 
genera l  principle s tha t  ca n b e use d fo r 
disambiguation .  I t  seem s clear , 
however ,  tha t  knowledg e fro m severa l 
differen t  source s i s used . 

Existin g model s o f  linguisti c comprehensio n i n 
general ,  an d o f  structura l  disambiguatio n i n particular , 
typicall y attemp t  t o specif y th e rule s fo r  correctl y 
interpretin g a  sentence ,  tha t  is ,  fo r  obtainin g it s 
singl e determinat e pars e an d meaning .  Suc h a n 
approac h seem s problemati c fro m a  hermeneuti c 
standpoin t  an d w e argu e elsewher e (Corriveau ,  1991a , 
ch.2 )  fo r  a  reader-base d approac h t o interpretation .  I n 
thi s paper ,  w e wan t  t o emphasiz e tha t  a  strictl y 
deterministi c approac h t o structura l  disambiguatio n 
present s tw o problem s i n tha t  1 )  i t  rule s ou t  th e 
possibilit y  o f  recognizin g a  genuin e ambiguit y an d 2 ) 
i t  disadvantage s a  strategi c vie w o f  comprehensio n 
(se e va n Dij k an d Kintsch ,  1983) ,  tha t  is ,  a  mode l  i n 
whic h differen t  heuristic s (e.g. ,  fo r  disambiguation ) 
m ay b e use d a t  differen t  point s i n tim e durin g 
interpretation . 

359 

mailto:jeanpier@scs.carleton.ca


Fro m a  computationa l  viewpoint ,  w e remar k that , 
generally ,  model s fo r  structura l  disambiguatio n ar c 
qualitativ e i n tha t  the y specif y comple x rules ,  dat a 
structure s an d algorithm s tha t  involv e conceptua l 
entities .  Thi s lead s t o th e sor t  o f  circula r  definitio n 
Minsk y (1986 ,  p .  18 )  warn s u s against :  cognitio n 
must  b e explaine d i n term s o f  non-conceptua l  entitie s 
and processes .  Selman' s (1985 )  connectionis t  mode l 
fo r  disambiguatio n constitute s a n attemp t  a t  suc h a 
quantitativ e explanation .  I n th e sam e vein ,  w e hav e 
develope d elsewher e (Corriveau ,  1991a )  a  purel y 
mechanica l  mode l  o f  memor y an d hav e suggeste d tha t 
qualitativ e model s fo r  linguisti c comprehensio n 
shoul d b e 'grounded '  i n suc h a  purel y quantitativ e 
architecture ,  tha t  is ,  i n a n architectur e tha t  treat s al l 
conceptua l  knowledg e a s data .  Th e fundamenta l  an d 
most  pervasiv e hypothesi s o f  ou r  wor k i s  that , 
generally ,  linguisti c comprehensio n i s a  time -
constraine d process-- a race .  Therefore ,  i n ou r  work , 
quantitativ e time ,  tha t  is ,  processin g tim e (hencefort h 
simpl y time )  a s i t  pertain s t o memor y managemen t 
and memor y processe s play s a  centra l  rol e bot h a s a n 
organizationa l  an d a n operationa l  principle . 

I n thi s paper ,  w e argu e tha t  th e ver y essenc e 
of  ou r  quantitativ e mode l  o f  memory ,  tha t  is ,  it s 
time-constraine d nature ,  allow s fo r  a  n o n -
deterministi c contextua l  approac h t o structura l 
disambiguation .  D u e t o spac e limitations ,  w e wil l 
conside r  th e specifi c  proble m o f  P P attachment .  W e 
conten d tha t  a  solutio n t o thi s problem ,  an d t o 
structura l  ambiguit y i n general ,  partl y depend s o n th e 
us e o f  bot h a  massivel y paralle l  time-constraine d 
architectur e an d a  quantitatively-define d context .  W e 
develo p thi s thesi s i n th e res t  o f  thi s paper .  W e wil l 
start ,  i n th e nex t  section ,  wit h a  brie f  overvie w o f 
existin g computationa l  model s o f  structura l 
disambigiiation .  W e wil l  the n summarize ,  i n sectio n 
3,  th e relevan t  characteristic s o f  ou r  mode l  o f  time -
constraine d memory .  Finally ,  i n sectio n 4 ,  w e wil l 
explai n h o w thi s mode l  o f  memor y addresse s th e 
problo n o f  P P attachment . 

2.  Existin g Approache s T o P P 
Attachmen t 

It is not our intent to present here an exhaustive study 
of  existin g wor k i n structura l  disambiguatio n no r  i n 
PP Attachment .  W e refe r  th e reade r  t o Hirs t  (1987 ) 
fo r  a  detaile d discussion .  Mos t  o f  th e studie s o n 
attadimen t  decision s originat e i n th e principle s o f 
Righ t  Associatio n an d o f  Min ima l  Attachment , 
whic h ar e purel y syntacti c (McRoy ,  1988 ,  p.6) : 

Th e principl e o f  Righ t  Associatio n state s 
tha t  optimally ,  termina l  symbol s wil l  b e 
attache d t o th e lowes t  non-termina l  nod e tha t 
i s o n th e right-most  branc h o f  th e curren t 
structure ;  tha t  is ,  the y wil l  b e groupe d wit h 

th e termina l  symbol s immediatel y t o thei r 
left... .  Minima l  Attachment.. .  require s tha t 
optimall y a  termina l  symbo l  i s  t o b e 
attache d int o a  pars e tre e wit h th e fewes t 
[>ossibl e numbe r  o f  ne w non-termina l  node s 
linkin g i t  wit h th e node s alread y i n th e tree . 

The principle of Lexical Preference, which, in 
essence ,  state s tha t  lexica l  verb s an d othe r  lexica l 
item s ma y prefe r  on e patter n o f  complementatio n t o 
another ,  als o play s a n importan t  rol e i n recen t 
discussion s o n attachmen t  priorities .  Agains t  th e 
syntacti c trend ,  Wilk s (1975 ,  e t  al .  1985 )  argue s fo r  a 
mor e semanti c versio n o f  lexica l  preferences ,  i n 
whic h preference s correspon d t o selectiona l 
restrictions .  Bot h Hirs t  (1987 )  an d Schuber t  (1986 ) 
offe r  model s tha t  synthesiz e al l  thes e factors .  Fo r 
thi s reason ,  w e wil l  briefl y overvie w onl y thes e tw o 
modds. 

Hirs t  suggest s th e us e o f  a  Semanti c Enquir y 
Desk (SED) ,  whic h i s  consulte d b y hi s  parse r  fo r 
assistanc e wit h prepositiona l  phras e attachmen t  an d 
gap finding  i n relativ e clauses .  Th e S E D requires : 

1)  A n annotatio n o n eac h ver b sens e a s t o 
whic h o f  it s  case s ar e 'expected ' 
(COMPULSORY,  PREFERRED,  o r  UNPRE-
FERRED). 
2)  A  metho d fo r  decidin g o n th e relativ e 
plausibilit y  o f  P P attachment . 
3)  A  metho d fo r  determinin g th e 
presupposition s tha t  woul d b e engendere d b y a 
particula r  P P attachment ,  an d fo r  testin g whether 
the y ar e satisfie d o r  not . 
4)  A  metho d fo r  resolvin g th e issu e whe n th e 
strategie s giv e contradictor y recommendations . 

Hirst acknowledges that deciding whether something 
i s plausibl e i s extremel y difficult .  T w o strategie s ar e 
take n t o hel p somewhat .  First ,  slo t  restrictio n 
predicate s ca n b e tested ,  failur e indicatin g almos t 
certai n implausibility .  Second ,  a  knowledg e bas e ca n 
be querie d t o tes t  i f  i t  contain s a n instanc e o f  a  give n 
object ,  o r  a n instanc e o f  somethin g similar .  I f  i t  does , 
the n th e objec t  i s  judge d t o b e plausible .  A  simila r 
strateg y i s  use d fo r  determinin g presuppositions . 
Finally ,  fo r  contradictor y recommendations .  Hirs t 
develop s severa l  a d ho c algorithm s tha t  ignor e 
inferaices ,  context ,  an d pragmatics . 

Schubert' s  approac h t o P P attachmen t  i s a 
lo t  mor e sketchy ,  involve s numericall y weighte d 
preferences ,  an d als o allow s fo r  trade-off s amon g 
syntacti c an d semanti c preferences .  Th e mode l  relie s 
on th e followin g si x principle s (1986 ,  pp.601-602) : 

•  A  grade d distanc e effect :  Immediat e 
constituent s o f  a  phras e prefe r  t o b e clos e t o th e hea d 
lexem e o f  th e phrase .  Th e effec t  i s  mediate d b y a n 
'expectatio n potential '  tha t  decrease s wit h distanc e 
fro m th e hea d lexem e an d increase s wit h constituen t 
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size ;  a s a  result ,  large r  constituent s admi t  large r 
displacement s fro m th e hea d lexeme . 

•  A  rul e o f  habituatio n effect :  Ther e 
i s a n inhibitor y potentia l  o r  'cost '  associate d wit h 
eac h phras e structur e rul e (includin g lexica l  rules) . 
leadin g t o a  preferenc e fo r  low-cos t  rule s ove r  liigh -
cos t  rules . 

•  Inhibitio n b y errors :  'Mil d errors '  suc h 
as concor d error s contribut e inhibitor y potential s t o 
th e phrase s i n whic h the y occur . 

•  Salienc e i n context :  Th e potentia l  o f 
a wor d sens e o r  phras e i s hig h t o th e exten t  tha t  th e 
denotatio n o f  tha t  wor d sens e o r  phras e i s salien t  i n 
th e curren t  context . 

•  Familiarit y o f  logical-for m 
pattern :  Th e potentia l  o f  a  phras e i s hig h t o th e 
exten t  tha t  it s logica l  translatio n instantiate s a 
familia r  patter n o f  fimction-argumen t  combination . 

•  Conformit y wit h scripts/frames : 
The potentia l  o f  a  phras e i s hig h t o th e exten t  tha t  i t 
describe s a  familia r  kin d o f  objec t  o r  situatio n (suc h 
as migh t  b e specifie d i n a  scrip t  o r  frame) . 

The firs t  tw o principle s ar e take n t o captur e 
syntacti c preferences ,  an d th e others ,  semanti c an d 
pragmati c effects .  I n particular ,  th e fourt h principl e 
"i s intende d t o allo w fo r  semanti c primin g b y 
spreadin g activation" . 

Closes t  t o ou r  work ,  M c R o y (1988 ) 
propose s a  psychologicall y plausibl e mode l  o f 
parsin g tha t  provide s a  goo d accoun t  o f  memor y 
constraints ,  sentenc e complexity ,  structura l 
preferences ,  an d verb-fram e preferences .  Th e mode l 
employ s a  principle d theor y o f  grammar ,  concurrentl y 
processe s synta x an d semantics ,  an d use s estimate d 
timin g informatio n t o resolv e conflictin g preferences . 
Also ,  M c R o y agree s wit h u s i n viewin g 
comprehensio n a s a  rac e process .  However ,  i n he r 
work ,  th e rol e o f  tim e i s limite d t o attachmen t 
hypothesizer s use d t o choos e betwee n conflictin g 
preferences . 

The fundamenta l  featur e o f  al l  o f  thes e 
conceptua l  approache s i s that ,  contrar y t o neurona l 
models ,  the y us e symboli c dat a structure s an d 
algorithm s t o buil d a  representatio n o f  th e input .  I n 
contras t  wit h th e relativ e representationa l  an d 
processin g arbitrarines s o f  thes e models ,  th e 
connectionis t  paradig m (Feldman ,  1984 )  proceed s 
fro m th e computationa l  constraint s impose d b y 
neurona l  modeling .  I n th e las t  fe w years ,  considerabl e 
effor t  ha s bee n expende d i n orde r  t o develo p natura l 
languag e processin g system s buil t  o n th e massivel y 
paralle l  architecture s an d distribute d processin g tha t 
characteriz e connectionism .  Th e resultin g model s ar e 
typicall y single-sentenc e parser s tha t  produc e a  patter n 
of  activatio n correspondin g t o a  pars e tree ,  a s i n 
Selman' s (1985 )  work . 

3.  A  Quant i tat iv e Arch i tec tu r e F o r 

D i s a m b i g u a t i o n 

We root the quantitative cognitive architecture we 
propos e i n th e basi c metapho r  o f  huma n memory .  W e 
develo p a t  lengt h elsewher e (Corriveau ,  1991a )  a 
stricd y quantitativ e mode l  o f  huma n memor y 'o n to p 
of  which '  a  conceptua l  analyze r  fo r  linguisti c 
comprehensio n ca n b e built .  O f  th e multitud e o f 
possibl e factor s tha t  constrai n comprehension ,  ou r 
architectur e emphasize s th e rol e an d importanc e o f 
quantitativ e time .  Th e fundamenta l  an d mos t 
pervasiv e hypothesi s o f  ou r  wor k i s that ,  i n mos t 
situations ,  comprehensio n i s a  time-constraine d 
process- a race .  W e summariz e belo w th e aspect s o f 
our  mode l  tha t  pertai n t o structura l  disambiguation . 

Time-constraine d memor y i s partitione d int o 
tw o tempora l  segments :  a  shor t  ter m memor y ( S T M ) 
and a  long-ter m memor y (LTM) .  S T M i s assume d t o 
hav e a  limite d capacit y an d it s element s ar e take n t o 
be,  b y definition ,  mor e readil y accessibl e tha n thos e 
of  L T M .  Element s o f  th e S T M hav e a  certai n 'energy ' 
(o r  activation )  leve l  tha t  exponentiall y  decay s wiU i 
time .  Onc e th e energ y leve l  o f  a  member  o f  S T M 
fall s belo w a  certai n threshold ,  i t  i s eithe r  'moved '  t o 
L T M o r  forgotten .  Conversely ,  element s o f  L T M 
deca y a t  a  ver y slo w rat e ove r  day s o r  years~ a proces s 
tha t  i s irrelevan t  fro m a  computationa l  perspective . 
The cognitiv e structure s constructe d b y th e proces s o f 
comprehensio n i n time-constraine d memor y ar e calle d 
cluster s an d 'move '  betwee n thes e partition s o f 
memory.  A  cluste r  eventuall y decay s ou t  o f  S T M 
int o L T M ,  i f  i t  i s  no t  entirel y forgotten .  Also ,  th e 
'weakest '  cluster s i n S T M (wit h respec t  t o thei r 
activatio n level )  ar e th e one s mos t  likel y t o b e 
'moved '  t o L T M durin g m e m o r y management . 
Accessin g a  cluste r  i s  a  time-constraine d process ,  tha t 
is ,  a  proces s tha t  mus t  complet e it s executio n befor e 
a certai n deadline .  An d a  cluste r  i s  sai d t o b e reachabl e 
i f  an d onl y i f  i t  ca n b e accesse d befor e thi s deadline . 

L T M i s take n t o hol d al l  user-specifie d 
qualitativ e dat a {i.e. ,  rules ,  schemas ,  etc. )  i n th e for m 
of  a  networ k o f  knowledg e unit s  (KUs) ,  whic h ca n b e 
though t  o f  a s stati c (a s oppose d t o constructed ) 
clusters .  Th e perspectiv e w e tak e i s tha t  o f  th e 
fundamenta l  hypothesi s o f  neurona l  modelin g 
(Feldman ,  1984 )  an d w e adop t  th e consequen t 
conceptualizatio n o f  memor y a s a  massivel y paralle l 
networ k o f  simpl e computin g unit s exchangin g 
numeri c signals .  Memor y processe s (suc h a s retrieval , 
forwar d an d backwar d chaining ,  se e Corriveau ,  1991c ) 
ar e constructe d 'o n top '  o f  thi s network ,  an d ar e take n 
t o underli e th e processe s involve d i n cognitiv e task s 
suc h a s linguisti c comprehension .  Th e knowledg e 
imit s i n L T M a t  th e beginnin g o f  a n interpretatio n 
for m th e knowledg e bas e t o b e use d t o construc t  ne w 
cluster s durin g comprehension .  Th e constructe d 
cluster s ar e organize d i n memor y wit h respec t  t o thei r 
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reachabilit y  an d constitute ,  a t  th e en d o r  a n 
interpretation ,  th e outpu t  o f  th e model .  Cluster s ar e 
assemble d fro m KUs ,  a s wel l  a s fro m othe r  clusters . 

I n essence ,  a  K U act s a s a n asynchronou s feature ^ 
detecto r  an d cluste r  builder .  A  featur e i s a  qualitativ e 
entit y an d it s activatio n depend s o n th e satisfactio n a 
loca l  constrain t  o f  on e o r  mor e KUs .  Eac h wor d o f 
th e tex t  bein g processe d activate s som e KUs ,  whic h 
i n tur n sen d numeri c signal s t o othe r  KUs .  Becaus e o f 
th e time-constraine d natur e o f  memory ,  a  KU ,  onc e 
triggere d b y a  signal ,  i s  give n a  smal l  amoun t  o f  tim e 
t o accumulat e enoug h energ y (fro m th e receptio n o f 
othe r  signals )  t o satisf y on e o f  it s  constraint s an d 
become activate d (o r  equivalently ,  detected) .  Thi s i s 
what  w e cal l  a  detectio n race .  Onc e a  K U satisfie s on e 
of  it s  constraints ,  i t  ca n creat e an d modif y cluster s i n 
STM.  I n effect ,  th e K U update s th e content s o f  S T M 
t o reflec t  th e activatio n o f  som e feature(s) .  Thus ,  ou r 
model  combine s a  connectionist-lik e architectur e wit h 
th e abilit y  t o buil d (rathe r  tha n merel y recognize )  a n 
interpretation . 

I n general ,  neurona l  model s ar e relaxatio n 
model s (Selman ,  1985) :  onc e input s hav e bee n 
entere d i n th e network ,  th e computatio n terminate s 
when th e networ k reache s a n equilibriu m tha t  i s 
mathematicall y defined :  a  solutio n emerge s fro m a 
constrain t  satisfactio n proces s rathe r  tha n fro m a 
searc h throug h a  spac e o f  solutions .  I n contrast , 
conceptua l  ̂ proache s rel y o n dat a structures ,  rules , 
heiuistics ,  an d algorithm s tha t  mus t  cove r  ever y 
possibl e input ,  an d thus ,  i n effect ,  defin e a  prior i  th e 
completenes s o f  th e understandin g algorith m an d th e 
'correctness '  o f  th e solutio n obtained .  Th e ide a o f 
linguisti c comprehensio n a s a  time-constraine d 
proces s eliminate s th e nee d t o choos e betwee n 
relaxatio n mechanism s an d arbitrar y rule s t o sto p th e 
understandin g process .  Instead ,  tim e become s th e 
essentia l  stoppin g criterio n fo r  al l  memor y processe s 
And thus ,  th e latte r  ar e non-deterministi c i n tha t  the y 
do no t  necessaril y  lea d t o a  solution . 

I n ou r  model ,  non-determinis m i s achieve d 
by specifyin g KU s a s mutuall y exclusiv e candidates . 
When candidate s ar e simultaneousl y triggere d b y th e 
activatio n o f  anothe r  K U {e.g. ,  fro m readin g a 
pdysemou s word) ,  w e hav e a  candidac y race ,  withi n a 
shor t  amoun t  o f  tim e eithe r  a  winne r  mus t  b e chose n 
or  som e resolutio n strateg y mus t  b e applied .  Le t  u s 
elaborate .  Withi n th e quantitativ e framewor k o f  time -
constraine d memory ,  w e d o no t  loo k fo r  qualitativ e 
rule s t o choos e betwee n candidates ,  no r  d o w e assum e 
tha t  a  singl e candidat e mus t  b e th e winner .  I n fact , 
ther e coul d b e severa l  'winning '  candidates ,  a  situatio n 
requirin g th e applicatio n o f  a  resolutio n strategy .  Thi s 
strateg y coul d decid e t o deactivat e al l  candidate s 
(leavin g th e inpu t  trul y ambiguous) ,  o r  i t  coul d 

invok e (/.e. ,  activate )  a  qualitativ e rul e {i.e. ,  anoth ( 
K U)  which ,  i n turn ,  woul d choos e th e winn e 
Severa l  qualitativ e resolutio n strategie s hav e be e 
suggeste d {e.g. .  Grange r  an d Holbrook ,  1983) .  An d 
has bee n stresse d {Ibid. )  tha t  no t  onl y differen t  reade i 
may us e differen t  strategies ,  bu t  also ,  tha t  a  read * 
may us e differen t  strategie s fo r  differen t  task s a n 
even fo r  a  sam e subtas k a t  differen t  point s i n ti m 
{e.g. ,  becaus e o f  a  differen t  context) .  Fro m 
quantitativ e viewpoint ,  upo n it s activation ,  a  K ' 
wit h mutuall y exclusiv e candidate s send s a  signa l  t 
al l  o f  th e latter .  W e assum e tha t  K U s communica l 
asynchronousl y an d tha t  th e exchang e o f  a  sign ; 
betwee n tw o KU s consume s time .  Furthermore ,  w 
introduc e th e intuitiv e notio n oifamiliarit y t o defi n 
an a  prior i  stati c orde r  o f  retrieva l  fo r  KU s i n LT M 
More specifically ,  eac h K U ha s a  user-specifi e 
retrievabilit y  coefficient .  I f  a  K U send s a  signa l  t 
tw o others ,  wit h th e sam e communicatio n dela y f c 
both ,  the n th e mos t  familia r  o f  th e tw o receivers ,  th i 
is ,  th e on e wit h th e lowes t  retrievabilit y  coefficie n 
wil l  receiv e th e signa l  befor e th e othe r  one .  Also ,  t w 
"hig h priority '  signals ,  namel y 'force d activation '  a n 
'force d inhibition' ,  ar e assume d t o hav e a  priori t 
greatl y superio r  t o th e othe r  signal s use d b y t h 

system ,  tha t  is ,  t o 'instantaneously'- '  reac h the i 
destinatio n (regardles s o f  th e retrievabilit y  o f  th i 
destination) .  A  candidac y rac e last s a  shor t  amotm t  c 
tim e an d withi n thi s time-span ,  i f  onl y on e winne r  i 
activated ,  i t  inhibit s (usin g a  force d inhibitio n signa l 
al l  othe r  candidates .  A s soo n a s tw o (o r  mor e 
winner s ar e detecte d durin g a  candidac y race ,  a  K l 
responsibl e fo r  a  resolutio n strateg y i s activated .  Th i 
K U,  w e repeat ,  ca n eithe r  inhibi t  al l  th e specifie r 
candidate s o r  implemen t  a  qualitativ e resolutio i 
strategy . 

Finally ,  withou t  goin g i n details ,  w e remar l 
that ,  upo n it s activation ,  a  K U ma y sen d a j 
expectatio n signa l  t o anothe r  KU .  I n thi s case ,  t h 
receive r  bypasse s it s norma l  constrain t  satisfactio i 
proces s an d become s detecte d a s soo n a s i t  receiv e 
anothe r  relevan t  signal . 

4.  Quantitativ e Aspect s O f  P P 

At tachmen t 

As mentioned earlier, the problem of structurs 
ambiguit y include s severa l  distinc t  facet s o f  linguist i 
comprehension .  I n thi s psqjer ,  w e restric t  ourselve s t 
th e specifi c  tas k o f  P P attachment .  However ,  a 
explaine d i n (Corriveau ,  1991a) ,  th e mechanism s w^ 
presen t  belo w appea r  t o b e relevan t  t o othe r  aspect s c 

2 A  featur e i s a  conceptua l  entit y associate d wit h on e o r 
more KUs . 

^  'Instantaneous '  communication ,  tha t  i s 
communicatio n tha t  require s zer o time ,  i s on l 
asymptoticall y possibl e an d thu s actuall y require s 
minimu m tim e quantu m i n ou r  model . 
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structura l  disambiguation .  Furthermore ,  a s a  whole , 
structura l  disambigtiatio n involve s bot h quantitativ e 
and qualitativ e issue s (Hirst ,  1987) .  Withi n th e 
framewori c o f  time-constraine d memory ,  w e wil l  onl y 
addres s her e th e quantitativ e aspect s o f  F P attacluncni . 
Also ,  i n agreemen t  wit h Wilk s e l  al .  (1985) ,  w c 
abando n th e ide a tha t  ther e i s necessaril y  a  universa l 
preferre d pars e fo r  a  structurall y ambiguou s sentence . 
Instead ,  w e d o believ e i t  i s  desirabl e t o hav e a n 
approac h tha t  i s non-deterministic ,  tha t  is ,  tha t  make s 
i t  possibl e fo r  a  sentenc e t o b e lef t  unresolve d becaus e 
a genuin e ambiguit y i s perceived .  Fo r  example . 
omside r  th e sentoice : 

Ross sa w th e m a n wit h th e telescope . 
i n whic h th e prepositio n 'with '  coul d equall y b e 
attache d t o 'saw '  an d t o 'man' . 

Followin g th e strateg y w e sugges t  fo r 
lexica l  disambiguatio n (Corriveau ,  1993) ,  th e basi c 
ide a o f  ou r  proposa l  i s t o trea t  th e prepositio n o f  a  P P 
as a n ambiguou s word .  Fo r  example ,  i n th e abov e 
sentence ,  th e wor d 'with '  woul d b e considere d 
ambiguou s {e.g. ,  withlnstrument ,  withAttribute , 
withManner ,  etc.) .  T h e possibl e meaning s o f  a 
prepositio n pre p ar e specifie d a s mutuall y exclusiv e 
candidate s i n a  correspondin g K U Kprep .  U p o n it s 

activation ,  Kpre p send s a  signa l  t o al l  it s  potentia l 

meanings .  Eac h o f  thes e meaning s correspond s t o a 
separat e attachmen t  decision .  U p o n receptio n o f  thi s 
signal ,  eac h candidat e attempt s t o becom e activated , 
independentl y o f  th e others .  I n othe r  words ,  ther e i s 
no a  prior i  discriminatio n agains t  an y o f  th e possibl e 
attachment s o f  th e ambiguou s preposition .  I n th e 
abov e example ,  al l  interpretation s o f  'with '  are ,  i n 
theory ,  equall y possible .  However ,  severa l  factor s 
limi t  whic h attachment ,  i f  any ,  i s  chosen .  First , 
becaus e communicatio n i s take n t o b e asynchronou s 
and consider s th e familiarit y o f  th e targe t  receive r  (se e 
sectio n 3) ,  th e signa l  sen t  b y Kpfg p m a y no t  reac h al l 

candidat e meaning s a t  th e sam e time .  Therefore ,  no t 
al l  candidacie s necessaril y  star t  a t  th e sam e time . 
Thus ,  i t  i s  possibl e tha t  a  candidac y rac e terminate s 
befor e som e o f  th e candidacie s hav e eve n started .  I n 
othe r  words ,  familiarity ,  a  notio n w e defin e 
quantitativel y an d tha t  control s acces s t o th e 
candidates ,  implement s a  firs t  for m o f  preference . 
Second ,  expectation s (whic h w e tak e t o subsum e th e 
phenomeno n o f  semanti c priming ,  a s explaine d i n 
Corriveau ,  1991a )  als o quantitativel y achiev e a  for m 
of  preference .  Mor e spedfically ,  i n di e cas e wher e on e 
of  th e possibl e interpretation s o f  th e amb iguou s 
prepositio n i s alread y bein g expecte d (fro m processin g 
th e previou s word s o f  th e inpu t  text) ,  th e signa l 
receive d fro m th e prepositio n wil l  immediatel y caus e 
thi s candidat e t o becom e detecte d (possibl y causin g 
th e inhibitin g o f  othe r  candidates) .  Suc h expectation s 
may b e syntacti c i n namr e {e.g. ,  a  particula r  ver b 
admittin g onl y a  fe w specifi c  preposition s coul d 
prim e these )  o r  m a y b e contextual .  Le t  u s elaborate . 

Th e notio n o f  contextualize d cognitiv e task s i s wel l 
accepte d i n psycholog y bu t  ha s bee n typicall y 
downplaye d i n computationa l  models .  W e tak e al l 
cognitiv e task s t o occu r  wit h respec t  t o a  quantitativ e 
context ,  tha t  is ,  wit h respec t  t o a  se t  o f  reachabl e 
feature s a t  a  give n poin t  i n time .  Becaus e reachabilit y 
constantl y varie s a s tim e elapses ,  s o doe s context . 
Disambiguatio n i s take n t o consis t  i n a  se t  o f 
concunen t  time-constraine d candidac y races .  Durin g 
thes e races ,  onl y reachabl e m e m o r y entitie s {i.e. ,  i n 
context )  ar e considere d fo r  constrain t  satisfaction . 
Thus ,  th e contex t  wil l  directl y affec t  whethe r  a 
candidac y succeed s o r  fails .  Also ,  becaus e a  candidac y 
rac e m a y spa n th e processin g o f  a  fe w word s (o r  eve n 
clauses )  afte r  th e inpu t  o f  th e ambiguou s preposition , 
i t  i s no t  limite d t o considerin g th e contex t  existin g a t 
it s  start ,  bu t  i n fac t  ca n tak e int o accoun t  th e contex t 
as i t  i s  modifie d ove r  th e time-spa n o f  thi s race .  I n 
othe r  words ,  bod i  th e evidenc e existin g a t  th e star t  o f 
a candidac y rac e an d th e informatio n establishe d fro m 
subsequen t  word s ca n affec t  disambiguation ,  a  highl y 
desirabl e strategy .  Furthermore ,  th e time-constraine d 
natur e o f  th e detectio n race s implement s d e fact o a 
decisio n poin t  fo r  th e attachment .  M o r e specifically , 
unles s a  genuin e ambiguit y i s detecte d (se e sectio n 3) , 
th e chose n attachmen t  wil l  b e th e on e associate d t o 
th e first  candidat e tha t  'wins' .  A n d i f  al l  race s expir e 
withou t  success ,  o r  i f  severa l  race s succeed ,  the n th e 
inpu t  wil l  b e lef t  a s ambiguous .  Thus ,  th e decisio n 
poin t  fo r  attachmen t  i s no t  specifie d i n s o m e 
qualitativ e algorith m bu t  instea d determine d 
quantitativel y b y th e time-spa n o f  th e detectio n races : 
disambiguatio n mus t  occu r  withi n th e tim e interva l 
define d b y th e time-span s o f  th e differen t  candidac y 
races . 

T o illustrat e thi s discussion ,  le t  u s conside r 
th e processin g o f  th e abov e example ,  whic h w e 
conside r  trul y ambiguous .  T h e prepositio n 'with ' 
trigger s th e candidate s withlnstrument ,  withAttribute , 
withManner ,  amon g other s meanings .  I f  th e w o r d 
'saw '  ha s le d t o th e expectatio n o f  withlnstrument , 
the n immediatel y th e latte r  i s  activate d an d m a y 
inhibi t  othe r  contenders .  Also ,  upo n activation , 
withlnstrumen t  modifie s th e content s o f  S T M s o tha t 
th e P P i t  govern s become s a  subcluste r  o f  th e cluste r 
associate d wit h th e ver b phrase .  This ,  i n effect , 
achieve s th e desire d attachment .  Fo r  simplicity ,  le t  u s 
assume n o suc h preference .  I n essence ,  eac h candidat e 
implement s a  selectiona l  restriction .  Fo r  example , 
barrin g expectations ,  withlnstrumen t  ca n onl y 
become activate d i f  i t  receive s a  signa l  fro m a n 
instrument .  Le t  u s assum e tha t  th e wor d 'telescope ' 
lead s t o th e satisfactio n o f  th e selectiona l  restrictio n 
of  bot h withlnstrumen t  an d withAttribute ,  an d thu s t o 
th e activatio n o f  thes e K U s .  Suc h multipl e 
activations ,  i n fact ,  lea d t o th e applicatio n o f  a 
resolutio n strateg y (se e sectio n 3 )  tha t  wil l  eithe r 

363 



deactivat e th e winner s an d leav e th e inpu t  ambiguous , 
or  wil l  attemp t  a  qualitativ e heuristic .  Contex t  als o 
influence s attachment .  Fo r  example ,  i f  th e phras e 'th e 
m an wit h th e telescope '  refer s t o a  previousl y 
processe d m a n stil l  i n context ,  the n th e referenc e 
resolutio n proces s o f  ou r  mode l  (se e Corriveau , 
1991b )  wil l  solv e thi s referenc e an d short-circui t  th e 
candidacie s o f  th e meaning s o f  with .  I n othe r  words . 
contextua l  referenc e resolutio n ca n solv e attachment . 

T o conclude ,  w e observ e tha t  th e mode l  w e 
propos e fo r  P P attachmen t  share s som e significan t 
similaritie s wit h Schubert' s  models .  Thes e 
similaritie s ar e discusse d i n detai l  elsewher e 
(Corriveau ,  1991a) .  Summarizing ,  w e remar k tha t 
time-constraine d memor y acconomodate s Schubert' s 
principles ,  wit h th e exceptio n o f  th e principl e o f  th e 
familiarit y o f  th e logical-for m pattern ,  a  clearl y 
qualitativ e consideration .  I n essence ,  thes e principle s 
ca n b e rephrase d i n term s o f  time ,  races ,  expectations , 
and context .  Hirst' s  wor k i s definitel y mor e 
qualitativ e (rea d algorithmic )  an d thu s mor e distan t 
fro m ou r  research .  However ,  w e notic e tha t  hi s 
^proac h t o relativ e plausibilit y  an d presupposition s 
rehe s o n a  referenc e resolutio n mechanis m aki n t o th e 
strateg y w e propos e fo r  th e interpretatio n o f  definit e 
reference s (Corriveau ,  1991b) .  But ,  ultimately ,  w e 
fee l  especiall y clos e t o Small' s  (1980 )  wor d exper t 
parsin g philosoph y i n tha t  w e d o no t  loo k fo r 
principle s o f  disambiguation .  Instead ,  eac h 
prepositio n trigger s a n exper t  (i n th e for m o f  a 
candidate )  fo r  eac h o f  it s  possibl e interpretation s an d 
eac h nou n an d ver b ha s th e abilit y  t o specify ,  i n it s 
o wn expert(s) ,  it s  particula r  preference s fo r 
attachment ,  b y mean s o f  expectations . 

5 .  C o n c l u s i o n 

The problem of structural disambiguation is crucial 
fo r  linguisti c comprehension .  Withi n th e non -
deterministi c framewor k o f  th e quantitativ e mode l  o f 
memory w e hav e proposed ,  disambiguatio n result s i n 
par t  fro m th e existenc e i n memor y o f  a  context ,  a s 
wel l  a s fro m th e fac t  tha t  featur e detectio n race s ar e 
concurren t  time-constraine d processes .  Furthermore , 
our  mode l  depart s fro m traditiona l  approache s i t  tha t 
i t  allow s fo r  th e recognitio n o f  trul y ambiguou s 
input . 
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