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Abstrac t 

In this paper, I demonstrate how com-
ple x case s o f  definit e referenc e resolutio n 
can b e processe d withi n th e independently -
motivate d framewor k o f  time-constraine d 
memory,  and ,  mos t  importantly ,  withou t  hav -
in g t o resor t  t o th e comple x mechanism s as -
sumed b y Haddoc k (1987) .  Th e ke y ide a o f 
th e solutio n i s t o initiat e a  referen t  searc h fo r 
th e comple x definit e N P forme d b y th e attach -
ment  o f  a  prepositiona l  phras e t o a  definit e 
nou n phrase . 

Haddock's Problem 

Introductio n 

The goa l  o f  thi s pape r  i s t o solv e a  proble m i n 
th e interpretatio n o f  definit e referenc e tha t  wa s 
first  pu t  fort h b y Haddoc k (1987) .  Th e linguisti c 
f ramewor k provide d b y time-constraine d m e m o r y 

(Corriveau ,  1991 )  offer s a n approac h tha t  avoid s 
th e complexit y an d drawback s o f  th e mechanism s 
tha t  Haddoc k assume d t o b e necessar y fo r  solvin g 
thi s problem . 

The proble m i s this :  Suppos e w e hav e a  contex t 
i n whic h ther e ar e thre e rabbits ,  Rl ,  R2 ,  an d R3 , 
tw o hats ,  H I  an d H2 ,  an d on e box ,  Bl .  On e o f 
th e rabbits ,  R2 ,  i s  i n on e o f  th e hat s an d anothe r 
one i s i n th e box ,  zi s illustrate d i n figure  1 .  Rabbi t 
R2 ca n b e referre d t o b y mean s o f  th e followin g 
comple x NP : 

0. 1 th e rabbi t  i n th e ha t 

W h at  i s interestin g abou t  thi s expressio n i s tha t 

eve n thoug h a s a  whol e i t  i s  perfectl y natural ,  th e 

N P th e ha t  use s th e definit e determine r  the ,  de -

spit e th e fac t  tha t  ther e ar e no t  on e bu t  tw o h  at s 

i n context .  Compositiona l  account s o f  N P seman -

tic s woul d judg e (1.1 )  t o b e infelicitous .  H a d d o c k 

use s thi s fac t  t o argu e fo r  a n incrementa J approac h 

Figur e 1 :  Th e contex t  fo r  Haddock' s exampl e 

that "evaluates a semantic representation—after 

eac h word ,  say "  an d wi U neve r  c o nside r  th e empt y 

ha t  a s a  "viabl e candidat e fo r  th e inne r  N P "  (1987 , 

p.661) . 

W h en th e wor d rabbi t  i s  reached ,  a  heare r  ca n collec t 
togethe r  i n hi s min d th e se t  o f  rabbit s i n th e context . 
Afte r  th e preposition ,  thi s  se t  i s  refine d t o contai n onl y 
rabbit s whic h ar e i n somethin g and ,  mos t  importantly , 
th e heare r  ca n star t  thinkin g abou t  anothe r  se t  o f  ob -
jects ,  thos e whic h hav e rabbit s i n them .  T  her e i s onl y 
one ha t  i n thi s ne w se t  an d s o b y th e tim e th e inne r 
NP i s processe d a  definit e determine r  sound s natural . 
(ibid. ) 

I n mor e explici t  computationa l  terms ,  Haddoc k sug -
gest s that ,  give n th e predicate s an d variable s corre -
spondin g t o th e inpu t  discourse ,  th e al g orith m first 
determines ,  fo r  eac h variable ,  al l  entitie s i n th e dis -
cours e tha t  satisf y th e predicates ,  an d second ,  collect s 
thes e int o candidat e set s fo r  eac h variable .  Fro m th e 
fragmen t  th e rabbi t  m ,  w e ge t  th e predicate s rabbit{el ) 
and :'n(el,e2) . 

Give n th e contex t  o f  (1.1) ,  th e algorith m wil l  la -
bel  th e variabl e e l  wit h th e se t  {R2 ,  7?3 }  an d e 2 wit h 
{ H \ , B \ ) .  Haddoc k emphasize s tha t  th e advantag e o f 
thi s schem e 

reside s i n tha t  satisfyin g th e constraint s o f  th e tw o 
predicate s determin e a  ca n didat e se t  fo r  e 2 a s wel l  a s 
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el .  Becaus e th e phras e i s evaluate d strictl y word-by- w 
ord ,  i n left-to-righ t  order ,  thi s schem e i s als o supporte d 

by psycholinguisti c evide n c e (Steedman ,  1987) . 
Haddoc k assume s tha t  i t  i s synta x tha t  control s th e 

assemblin g o f  semanti c repr e sentations ,  an d thus ,  i n 
orde r  t o provid e incrementa l  semantics ,  adopt s th e 
framewor k o f  Combinator y Categoria l  Grammar  (Ade s 
and Steedman ,  1982) .  M y inten t  i n thi s pape r  i s t o 
presen t  a n alternativ e approac h t o th e interpretatio n 
of  (1.1) ,  on e tha t  doe s no t  requir e al l  th e comp l  exities , 
suc h a s type-raise d ca.tegones ,  o f  Combinator y Catego -
ria l  Grammar . 

Difficulties with Haddock's Solution 

Unfortunately ,  Haddock' s approac h exhibit s draw -
backs .  First ,  becaus e hi s approac h i s syntax-driven ,  i t 
depend s heavil y o n th e unambig u ou s attachmen t  o f  i n 
t o th e rabbit .  Bu t  i t  i s  commonl y accepte d tha t  struc -
tura l  disambiguatio n require s mor e tha n synta x an d 
ofte n involve s semantic s an d inferenc e (Hirst ,  1987) . 
Thus ,  becaus e late r  i n ferences ,  fo r  example ,  ma y in -
fluence  th e attachmen t  o f  th e PP ,  i t  seem s incorrec t  t o 
have th e semanti c processin g o f  th e prepositio n imme -
diatel y restric t  th e se t  o f  rabbit s t o thos e tha t  ar e i n 
someth i  ng .  Furthermore ,  i t  ma y no t  eve n b e th e cas e 
tha t  th e prepositio n head s a  locativ e p  reposition .  I n 
othe r  words ,  furthe r  inpu t  tex t  migh t  b e require d fo r 
correc t  attachment . 

Second ,  a  solutio n base d o n th e attritio n o f  arbitrar y 
larg e set s i s no t  cognit i  vel y appealing .  If ,  fo r  example , 
ther e wer e a  multitud e o f  rabbit s  i n variou s objects ,  th e 
real -  tim e processin g constrain t  o f  huma n comprehen -
sio n woul d no t  allo w th e use r  t o mentall y assembl e th e 
set  o f  al l  rabbit s no r  th e se t  o f  al l  containin g objects . 
Instead ,  th e attentiona l  m echanism s o f  th e compre -
hender' s memor y woul d i n practic e restric t  th e se t  o f 
possibl e ref e rents . 

Third ,  th e comprehende r  doe s no t  necessaril y  star t 
thinkin g abou t  object s tha t  h  av e rabbit s i n the m af -
te r  processin g in .  No t  onl y coul d thi s approac h lea d t o 
a large ,  unmanageabl e se t  o f  rabbi t  containers ,  bu t  i t 
als o seem s t o depen d o n th e inferenc e strateg y o f  th e 
comprehende r  (Grange r  an d Holb r  ook ,  1983) .  Had -
dock' s approac h correspond s t o th e particula r  cas e i n 
whic h a  comprehender ,  o  n  processin g th e prepositio n 
in ,  set s u p a n expectatio n abou t  it s attachmen t  t o th e 
NP th e rabbi t  and ,  consequently ,  come s t o expec t  tha t 
what  follow s th e prepositio n mus t  refe r  t o on e o f  th e 
object s tha t  contai n a  rabbit .  Thi s i s jus t  on e o f  sev -
era l  possibl e referenc e resolutio n strategies .  Anothe r 
tacti c ma y b e t o wai t  fo r  furthe r  inpu t  an d fo r  correc t 
attachment ,  an d onl y the n loo k fo r  a  referen t  fo r  th e 
resultin g comple x NP .  I n othe r  words , 

anothe r  vali d resolutio n strateg y i s t o wai t  fo r  th e 
comple x N P th e rabbi t  i n th e ha t  t o b e constructe d 
befor e lookin g fo r  a  referent .  Th e precis e referenc e 
resolutio n s  chem e ca n var y acros s comprehenders ,  an d 
even ,  fo r  a  singl e comprehender ,  ca n chang e d  ependin g 

on his/he r  stat e o f  mind . 
Finally ,  thoug h I  wil l  no t  elaborat e o n thi s topic ,  I 

hav e seriou s concern s abo u t  an y linguisti c approac h 
tha t  assume s a  mor e o r  les s direc t  correspondenc e be -
twee n w o rd s an d simpl e predicate s (se e Corriveau , 
1991 ,  chapte r  2) . 

The Proposal 

The approac h I  sugges t  circumvent s th e identifie d 
drawback s o f  Haddock's .  I n essence ,  I  assum e tha t 
each definit e N P i s give n a  shor t  amoun t  o f  tim e t o 
find  a  referent .  Findin g a  referen t  i s take n t o consis t 
i n searchin g th e cognit i  v e structure s tha t  hav e bee n 
buil t  fro m th e processin g o f  previou s inpu t  fo r  a n en t 
it y tha t  'matches '  th e definit e NP .  Th e se t  o f  possibl e 
referent s i s dynamicall y dependen t  o n th e amoun t  o f 
tim e allocate d t o th e search ,  a s wel l  a s th e traversa l  or -
der  o f  CO gnitiv e structure s i n memory .  If ,  a t  th e en d o f 
th e time-constraine d search ,  a  singl e referen t  i s found , 
th e definit e N P i s resolved .  I f  n o referen t  i s  found ,  the n 
th e definit e N P i s lef t  unresolved .  And ,  mos t  import a 
ntly ,  i f  eve r  a  secon d possibl e referen t  i s foun d durin g 
th e search ,  th e searc h i s immediatel y abandone d an d 
th e definit e N P i s take n t o b e ambiguous . 

So,  assumin g al l  possibl e referent s ar e i n context ,  th e 
processin g fo r  (11 )  wo u I d b e th e following : 

•  Th e N P th e rabbi t  i s assemble d an d th e searc h fo r  a 
referen t  i s ini t  iated .  Thi s searc h finds  a  first  possi -
bl e referent ,  the n a  secon d one ,  a t  whic h poin t  i t  i s 
abandoned . 

•  Th e prepositio n i n i s input ,  an d initiate s a  pro -
cess tha t  wil l  even t  uall y attac h th e N P i t  governs , 
namel y th e hat ,  t o th e N P th e rabbit .  Suc h a n at -
tach m en t  woul d b e prevente d i n sentence s suc h a s 
Put  th e rabbi t  i n th e hat . 

•  Th e word s th e an d ha t  ar e inpu t  an d assemble d int o 
an NP .  Th e searc h fo r  a  referen t  fo r  thi s N P i s ini -
tiated .  Thi s searc h fail s becaus e ther e ar e tw o hat s 
i n context ,  tha t  is ,  tw o possibl e referents . 

•  Eventuall y th e P P i n th e ha t  i s attache d t o th e N P 
th e rabbit .  Thi s form s a  ne w definit e N P fo r  whic h 
a ne w searc h fo r  a  referen t  i s initiated .  Thi s sear c 
h reache s R2 ,  whic h i s considere d a  possibl e referen t 
becaus e i t  i s a  rabbi t  i n a  hat .  Becaus e n o othe r  pos -
sibl e referen t  i s foun d befor e th e en d o f  th e search , 
i t  succeed s an d th e comple x N P th e rabbi t  i n th e ha t 
i s resolved . 

Overview of Time-Constrained Memory 

Let  m e no w expres s thi s solutio n i n mor e explici t  com -
putationa l  terms . 

The solutio n I  propos e fo r  th e interpretatio n o f  (1.1 ) 
i s roote d i n th e notio n o f  a  strictl y quantitativ e time -
constraine d memory .  I n Corrivea u (1991) ,  I  motivat e 
and develo p a  linguisti c framewor k specifie d i n term s 
of  a  computationa l  mode l  o f  memor y that ,  althoug h 
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followin g a  simple ,  knowledge-independen t  algorithm , 
i s abl e t o accoun t  fo r  m a n y problem s o f  understand -
in g writte n language .  Here ,  I  ca n provid e onl y a  brie f 
review . 

Of  th e multitud e o f  possibl e factor s tha t  constrai n 
linguisti c comprehension ,  I  focu s primaril y i n thi s 
wor k o n th e rol e an d importanc e o f  quantitativ e time , 
i.e. ,  tim e a s i t  pertain s t o m e m o r y managemen t  an d 
m e m o ry processe s suc h a s retrieval s (se e Corriveau , 
1987) .  Mor e specifically ,  th e fundamenta l  an d mos t 
pervasiv e hypothesi s o f  thi s wor k i s that ,  generally ,  lin -
guisti c comprehensio n i s a  time-constraine d process— a 
race . 

I  abando n th e notio n o f  a  correc t  interpretatio n o f 

a tex t  and ,  rather ,  adop t  a  reader-base d approac h t o 
tex t  understanding ,  on e i n whic h 'meanin g '  i s  con -
stitute d b y th e interactio n betwee n tex t  an d reade r 
(Holub ,  1984) .  T h e reade r  i s no t  see n a s a n idealize d 
competen t  entity ,  bu t  rathe r  a s a n individua l  (wit h 
al l  th e idiosyncrasie s implie d b y thi s term )  tha t  come s 
t o a  persona l  interpretatio n o f  a  tex t  wit h respec t  t o 
a privat e idiolect .  Therefore ,  th e concep t  o f  linguis -
ti c  competenc e (whic h i s  inaccessibl e b y definition )  i s 
abandoned .  I  focu s onl y o n actua l  performance ,  whic h 
i s take n t o b e idiosyncratic . 

Thus ,  thi s approac h shift s th e focu s fro m rule s an d 
algorithm s t o th e underlyin g cognitiv e architectur e 
whic h i s  take n t o b e strictl y quatitative :  "Wit h th e 
abandonmen t  o f  algorithmi c control ,  th e brai n ca n b e 
hypothesize d t o follo w a  strictl y quantitativ e 'trivia l 
algorithm '  tha t  fixes  onl y th e genera l  for m o f  opera -
tions ;  al l  qualitativ e informatio n {e.g. ,  rules ,  concepts , 
etc. )  i s  treate d a s data. " 

I  choos e t o roo t  th e cognitiv e architectur e tha t  I  pro -
pos e i n th e basi c metapho r  o f  h u m a n memory .  Th e sys -
te m i s partitione d int o stati c an d dynami c component s 
of  memory .  Stati c m e m o r y consist s o f  a  larg e networ k 
of  simpl e computin g unit s tha t  operat e i n paralle l  an d 
exchang e simpl e signals .  Thes e unit s ar e calle d knowl -
edge untt s (KUs )  an d hav e th e abilit y t o modif y th e 
curren t  context ,  whic h i s  simpl y take n t o b e th e se t 
of  cluster s i n dynami c memory .  Mor e specifically ,  a 
K U ha s it s  expansio n procedur e execut e upo n i t  be -
comin g activated .  Expansio n procedure s consis t  o f  or -
dere d sequence s o f  primitiv e cluste r  operations ,  whic h 
ar e built-i n instruction s o f  th e mode l  an d ar e indepen -
den t  o f  an y linguisti c consideration .  Thes e operation s 
provid e th e basi c functionalit y require d fo r  generi c 
dat a structures :  access ,  addition ,  deletion ,  compari -
son ,  traversal ,  etc .  A m o n g thes e operations ,  on e tha t 
i s particularl y relevan t  t o a  solutio n t o th e proble m 
of  definit e reference :  findlnclusiveReference.  Thi s op -
eratio n i s  intende d fo r  genera l  matching .  I t  take s a s 
an argumen t  a  cluster ,  an d searche s dynami c m e m o r y 
fo r  anothe r  cluste r  whos e se t  o f  feature s include s al l 
thos e o f  th e argument .  T h e operatio n i s  give n a  lim -
ite d amoun t  o f  tim e fo r  it s search ,  an d i t  fail s  eithe r  i f 
multipl e referent s ca n b e foun d durin g it s time-spa n o r 

i f  n o referen t  a t  al l  ca n b e foun d withi n th e time-span . 
A straightforwar d approac h t o referenc e resolutio n ca n 
be develope d i n a  singl e K U usin g thi s instruction . 

A cluste r  i s define d a s a  non-empt y se t  o f  knowledg e 
units ,  eac h 

governin g a  (possibl y empty )  se t  o f  clusters .  I n 
othe r  words ,  a  cluste r  i s a  hierarchica l  structur e whos e 
'leaves '  ar e knowledg e units .  Cluster s ar e genera l 
enoug h t o allo w th e constructio n o f  almos t  an y kin d 
of  representatio n {e.g. ,  pars e trees ,  scripts ,  etc. )  tha t 
migh t  b e hypothesize d fo r  comprehension . 

A m o ng th e si x  kind s o f  signal s tha t  K U s ca n ex -
change ,  th e expectatio n signa l  allow s th e specificatio n 
of  exactl y th e sor t  o f  expectatio n tha t  Haddoc k as -
sumes o f  th e heare r  w h o start s thinkin g abou t  object s 
tha t  contai n rabbits . 

Withi n th e framewor k o f  m y basi c metaphor : 

•  Al l  m e m o r y processe s ar e take n t o b e strictl y quanti -
tative ,  i.e. ,  mechanica l  an d deprive d o f  an y linguisti c 
and semanti c knowledge . 

•  Al l  'knowledge' ,  tha t  is ,  al l  qualitativ e information , 
i s assume d t o specifie d separatel y an d ac t  a s dat a 
fo r  th e underlyin g system . 

•  T h e processe s o f  linguisti c comprehensio n mus t  b e 
define d onl y i n term s o f  m e m o r y processes . 

A prototyp e o f  time-constraine d m e m o r y ha s bee n im -
plemente d an d a  knowledg e bas e o f  mor e tha n 30 0 
knowledg e unit s ha s bee n specifie d t o addres s th e prob -
lem s o f  syntax ,  referenc e resolution ,  word-sens e an d 
structura l  disambiguation ,  an d bridgin g inference s re -
quire d fo r  writte n tex t  comprehension . 

Examples 

I  no w sho w a  numbe r  o f  workin g example s o f  definit e 
referenc e resolutio n i n thi s system . 

• 0.2 Rl ts a rabbit. R2 ts a rabbit. The rabbit eats. 

Multipl e referent s ar e found ,  an d thu s ther e i s n o 
resolution . 

•  0. 3 R l  i s  a  rabbi t  i n a  hat .  Th e rabbi t  i n th e ha t 
eats . 

I n th e secon d sentence ,  th e P P i s attache d t o th e N P 
th e rabbi t  an d the n a  uniqu e referen t  i s found . 

•  0. 4 R l  i s a  rabbit .  R 2 i s i n a  box .  R l  i s i n a  hat . 
R2 i s a  rabbit .  Th e rabbi t  i n th e bo x eats . 

I n th e las t  sentence ,  th e disambiguatio n o f  th e rabbi t 
fail s  becaus e o f  m u Itipl e referents .  The n a  uniqu e 
referen t  i s foun d fo r  th e rabbi t  i n th e box . 

•  0. 5 Th e youn g rabbi t  eats .  Th e rabbi t  sleeps . 

A uniqu e referen t  i s found ,  althoug h th e secon d N P 
i s no t  identica l  t o th e first  . 

•  0. 6 Pu t  th e rabbi t  m th e hat . 

Simpl e V P - P P attachmen t  occurs ,  whic h blocks ,  i n 
thi s case ,  th e N P - P P attacheme n t . 
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•  0. 7 R l  i s  a  rabbi t  t n a  hat .  Pu t  th e rabbi t  i n th e 
hat . 

I n th e secon d sentence ,  a  referenc e i s foun d fo r  th e 
rabbi t  an d th e P P i s attache d t o th e verb ,  no t  t o th e 
rabbit . 

•  0. 8 R l  i s  a  rabbit .  R 2 i s a  rabbit .  Pu t  th e rabbi t 
i n th e box . 

I n th e thir d sentence ,  n o referen t  i s foun d fo r  th e 
rabbit ,  an d ther e i s o  nl y simpl e VP-P P attachment . 

•  0. 9 R l  i s  a  rabbi t  i n a  hat .  R 2 i s a  rabbit .  Pu t  th e 
rabbi t  i n th e ha t  i n th e box . 

The thir d sentenc e i s interprete d as :  Pu t  i n th e bo x 
th e rabbi t  tha t  i s  i n th e hat . 

•  0.1 0 Pu t  th e rabbit . 

A syntacti c conflic t  i s detected ,  whic h prevent s an y 
attemp t  a t  referenc e resol u tion . 

Conclusion 

I n thi s paper ,  I  hav e demonstrate d tha t  comple x case s 
of  definit e referenc e resolutio n ca n b e processe d i n 
a straightforwar d wa y withi n th e independentl y mo -
tivate d framewor k o f  time-constraine d memory ,  and , 
most  importantly ,  withou t  havin g t o resor t  t o th e com -
ple x mechanism s assume d b y Haddoc k (1987) .  More -
over ,  th e propose d strateg y hinge s o n a  strictl y quan -
titativ e memor y operation ,  whic h i s t o sa y i t  i s  no t  a 
special-purpos e linguisti c rule .  Th e ke y ide a o f  th e so -
lutio n i s t o initiat e a  referen t  searc h fo r  th e comple x 
definit e N P forme d b y th e attachmen t  o f  a  P P t o a 
definit e NP .  Thi s solutio n i s ver y efficien t  becaus e i t 
immediatel y abandon s a  searc h an d leave s a  definit e 
NP unresolve d i f  mor e tha n on e possibl e referen t  ca n 
be found . 
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