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Demon Timeout s 

Limiting the Life Span of Spontaneous 
Computation s i n Cognitiv e tJodels * 

Steve n Smal l 

Department of Computer Science 
Universit y o f  Rocheste r 

Rcr'estcr ,  Ne w Yor k 1462 7 

Departemen t  d'Informatiqu e 
Unlversit e Pari s VII I  Vincenne s 

9320 0 Sain t  Deni s FR/OX E 

Introductio n 

The limitation s i n huma n short-ter m memory ,  o f 
whateve r  exten t  the y ar e determine d t o be ,  mus t  b e 
accounte d fo r  i n constructin g cognitiv e models .  Th e 
vie w o f  thi s memor y a s a  dat a (o r  knowledge )  stor e lead s 
t o model s wit h a  fixed-lengt h buffe r  o f  quickl y 
accessibl e short-ter m data ,  an d genera l  procedure s fo r 
replacin g item s i n tha t  buffe r  wit h othe r  item s (se e 
Marcu s [1979] ,  fo r  example) .  Anothe r  vantag e poin t  o n 
thi s questio n come s fro m viewin g th e thi s memor y i n 
terra s o f  th e activ e proble r  solvin g processe s o f  th e 
model .  Thi s perspectiv e suggest s buildin g model s wit h 
time-limite d processe s tha t  may no t  remai n activ e 
indefinitely .  Jus t  a s th e siz e o f  a n individua l 
constituen t  i n a  fixed-lengt h buffe r  may depen d o n th e 
natur e o f  tha t  item ,  s o th e tim e limi t  o f  a n activ e 
proces s (eve n th e unit s o f  tim e employed )  mus t  b e 
allowe d t o depen d o n th e natur e o f  it s  functioning . 
Every active process in a cognitive model must be 
associate d wit h anothe r  process ,  calle d a  timeou t 
process ,  whic h ca n forc e it s prematur e terminatio n (it s 
timeou t  o r  expiration )  o n specifi c  criteria .  Th e 
timeou t  specifie s ho w lon g th e proces s (th e paren t 
process )  may remai n active ,  i n term s o f  specifi c  tim e 
unit s o r  mode l  events ,  an d i n addition ,  wha t  action s t o 
tak e (o r  processe s t o initiate )  o n expiration .  Not e th e 
enormou s significanc e o f  thi s organization :  Th e 
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processin g o f  individua l  actor s i n a  mode l  ca n depen d o n 
eithe r  th e existenc e o r  th e non-existenc e o f  relex'an t 
Information .  I n term s o f  huma n problem-solving ,  thi s i s 
analogou s t o ou r  basin g som e decisio n o n th e explici t 
knowledg e tha t  w e d o no t  kno w something .  Ofte n th e 
knowledg e tha t  w e d o no t  kno w somethin g ca n b e c; s usefu l 
t o solvin g a  proble m a s an y othe r  sor t  o f  knowledge . 

Uor d Exper t  Parsin g 

Thi s kin d o f  approac h ha s bee n take n i n th s 
modellin g o f  huma n languag e comprehensio n b y th e I-.'or d 
exper t  Parse r  (l.'FP) .  UE P view s languag e comprehensio n 
as Interaction s amon g a  larg e numbe r  o f  huma n cognitiv e 
processes ,  includin g word-base d contex t  analysi s 
processe s calle d wor d experts ,  an d othe r  mech.inism s suc h 
as belie f  maintenance ,  genera l  proble m solving ,  an d s o 
forth .  Th e syste m model s thi s understandin g a s rsmor y 
interne t  inn s throug h th e message-passin g behavio r  o f  it s 
differen t  constituen t  processes .  Evaluatio n o f  th e 
syste m ough t  no t  t o b e mad e throug h it s output ;  rather . 
It s Importan t  aspect s ar e (a )  th e organisatio n an d 
representatio n o f  th e mode l  processes ,  (b )  th e orde r  o f 
executio n o f  dependen t  processe s an d th e concurrenc e o f 
others ,  an d (c )  th e message s exchange d anon g th e 
processes . 

An Importan t  aspec t  o f  UE P i s tha t  it s  processe s 
ar e no t  permitte d t o wai t  Indefinitel y fo r  informatio n 
the y nigh t  nee d t o perfor m thei r  functions .  I n 
understandin g th e meanin g o f  a  wor d i n som e sentence , 
fo r  example ,  ofte n a  reade r  require s som e knowledg e o f 
th e contex t  followin g it .  Ho w lon g woul d a  reade r  wai t 
fo r  a  piec e o f  disambiguatin g informatio n befor e 
choosin g on e o f  th e competin g Interpretation s o f  th e 
word ? Doe s thi s wai t  depen d o n genera l  syntacti c o r 
semanti c criteria ,  o r  o n th e particula r  word s involve d 
and thei r  idiosyncrati c coupling s wit h othe r  words ? An d 
a las t  question :  Ho w ca n a  mode l  o f  languag e 
understandin g (o r  o f  an y cognitiv e mechanism )  accoun t 
fo r  thi s limitatio n i n activ e short-ter m memor y 
processing ? 

As a  completel y procedura l  distribute d model ,  UE P 
doe s no t  contai n som e finit e fixe d lengt h buffe r  t o 
represen t  a  short-ter m memory ,  bu t  model s th e memor y 
limitatio n wit h processe s tha t  hav e a  strictl y limite d 
lif e span .  Th e huma n understande r  doe s no t  wai t 
indefinitel y fo r  informatio n tha t  coul d ai d his/he r 
understanding ,  an d th e mode l  canno t  either .  When a 
proces s i n UE P decide s t o awai t  som e piec e o f 
informatio n fro m anothe r  process ,  a  pattern-invoke d 
timeoo t  proces s i s initiate d t o monito r  th e duratio n o f 
th e v;ait .  I n th e idea l  case ,  th e desire d informatio n 
quickl y become s availabl e i n th e model ,  an d th e awaitin g 
proces s promptl y receive s it .  I f  th e informatio n doe s 
not  appea r  withi n a  certai n time ,  however ,  th e timeou t 
proces s mus t  command th e awaitin g proces s t o g o o n 
withou t  it . 

Timeout s 

The genera l  notio n behin d thes e timeout s i s a 
simpl e one .  Anytim e a  cognitiv e mode l  woul d ordinaril y 
creat e a  demon ,  o r  an y pattern-invoke d proces s ( a 
spontaneou s computatio n [Rieger ,  19771) ,  i t  shoul d 
instea d creat e a  pai r  o f  competin g demons ,  a  paren t 
demon an d a  timeou t  demon .  Th e timeou t  demo n shoul d b e 
guarantee d t o trigge r  withi n a  certai n fixe d amoun t  o f 
processin g b y th e mode l  a s a  whole .  I f  th e paren t 
trigger s first ,  th e timeou t  disappear s an d th e paren t 
proces s perform s it s pattern-invoke d operations .  I f  th e 
timeou t  trigger s first ,  ther e ar e tw o possibilities ; 
eithe r  (a )  bot h th e timeou t  an d th e paren t  disappea r 
immediately ,  o r  (b )  th e timeou t  disappear s immediatel y 
and -th e paren t  perform s certai n specia l  timeou t 
operation s an d the n disappears .  Th e timeou t  operation s 
ar e process-specifi c  an d onl y execut e i n th e cas e whe n 
thei r  associate d pattern-invoke d proces s (demon )  doe s 
not  trigge r  withi n it s allotte d lif e span . 

The resul t  o f  thi s arrangemen t  i s t o plac e a 
limitatio n o n th e duratio n o f  applicabilit y  o f  demon s i n 
th e model ,  preventin g the m fro m waitin g indefinitel y fo r 
desire d information .  I n thi s way ,  futil e wait s fo r 
informatio n tha t  wil l  neve r  arriv e ca n b e avoided ,  an d 
excessivel y lon g wait s - -  fa r  exceedin g huma n memor y 
limitation s - -  ca n b e disallowed .  Furthermore ,  b y 
appropriat e us e o f  timeou t  operations ,  processe s i n a 
cognitiv e mode l  ca n b e triggere d b y eithe r  th e 
invocatio n o r  th e non-invocatio n o f  som e patter n i n th e 
memory.  B y no t  knowin g somethin g withi n a  certai n tim e 
limi t  o f  mode l  events ,  an d b y knowin g abou t  thi s lack ,  a 
syste m ca n mak e valuabl e inferences . 

Timeou t  Cr i  teni a 

The question oi how long to spend looking for 
helpfu l  informatio n befor e goin g o n withou t  it ,  whethe r 
i n problem-solvin g o r  cognitiv e modelling ,  i s  clearl y 
not  a  ne w one .  Ho w fa r  ough t  on e t o searc h a  promisin g 
pat h i n a  ches s tree ,  o r  ho w man y association s i n a 
semanti c memor y ough t  t o b e examined ,  befor e availabl e 
knowledg e i s use d t o com e t o som e conclusion ,  eve n i f 
not  th e righ t  one ? Variou s answer s t o thi s proble m hav e 
been studied ,  althoug h fro m a  differen t  perspectiv e tha n 
th e on e suggeste d here .  Fro m ou r  vantag e point ,  ther e 
ar e tw o interrelate d questions :  (a )  What  object s o r 
event s migh t  b e use d t o trigge r  demo n timeou t  i n a 
particula r  cognitiv e model ? An d similarly ,  (b )  What 
sequenc e o f  event s i n th e mode l  ca n b e use d t o measur e 
th e duratio n o f  th e wai t  fo r  desire d Information ? 
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The progressio n o f  event s I n a  cognitiv e mode l 
depend s fundamentall y o n th e natur e o f  th e particula r 
activit y bein g modelled .  I n natura l  languag e 
understanding ,  a  perso n read s word s an d sequence s o f 
word s o f  variou s lengths ,  create s conceptua l 
conglomerates ,  follow s characte r  an d plo t  developmen t 
(i n readin g a  story )  o r  speake r  intention s (i n 
participatin g I n a  dialogue) ,  make s hypothese s an d ha s 
some hypothese s fulfille d an d other s rejected ,  an d s o 
forth .  Eac h o f  thes e facet s o f  languag e understandin g 
represent s a n even t  tha t  migh t  b e use d t o trigge r  demo n 
timeou t  i n a n understandin g model .  Furthermore ,  th e 
event s coul d b e counte d an d treate d a s unit s o f  tim e fo r 
measurin g duration s i n th e model . 

For  a  mode l  o f  governmen t  decision-makin g o r 
administrativ e behavior ,  perhap s th e numbe r  o f  memorand a 
reachin g a  particula r  departmen t  woul d b e a  goo d gaug e 
on th e progres s o f  th e problem-solvin g activity . 
Anothe r  measur e migh t  b e th e numbe r  o f  response s fro m 
department s participatin g I n a  decision,  o r  fro m 
sub-department s o f  a  modelle d one .  Recen t  histor y 
suggest s tha t  i n modellin g governmen t  processing ,  th e 
number  o f  advers e newspape r  article s o r  advers e 
decision s i n othe r  branche s o f  governmen t  coul d b e 
useful .  Problem-solvin g system s mus t  no t  wai t 
Indefinitel y fo r  dat a neede d t o mak e inferences ;  bette r 
make a  wron g Inferenc e tha n com e t o n o decisio n a t  all . 
The impatienc e o f  peopl e i n suc h decision-makin g 
situation s make s thi s al l  th e mor e importan t  i n 
cognitiv e modelling . 

Timeout s i n Uor d Expert  Parsin g 

The processe s I n th e Wor d Exper t  Parse r  limi t  thei r 
wai t  fo r  relevan t  informatio n b y employin g severa l  o f 
th e yardstick s mentione d above ;  i.e. ,  th e syste m 
maintain s count s o n certai n mode l  action s intende d t o 
correspon d t o relevan t  event s o f  natura l  languag e 
understanding .  A t  present ,  thes e includ e th e tota l 
number  o f  word s rea d b y th e system ,  th e numbe r  o f 
conceptua l  conglomerate s create d b y th e model ,  an d th e 
number  o f  sentenc e break s encountered .  Whil e thes e ar e 
fairl y  straightforwar d measures ,  ou r  curren t  researc h 
wil l  giv e UE P tw o ne w timeou t  criteria .  I n bot h cases , 
th e timeou t  processe s migh t  b e considere d 
meta-processes ,  a s thei r  action s ar e base d o n th e 
functionin g o f  othe r  processe s (rathe r  tha n o n thei r 
result s o r  o n message s fro m them) . 

The firs t  ne w waitin g criterio n cause s a  timeou t  o n 
th e terminatio n o f  som e mode l  process .  Thus ,  a  proces s 
Bigh t  wai t  fo r  som e informatio n jus t  a s lon g a s som e 
othe r  proces s wer e stil l  activ e (an d coul d provid e It , 
fo r  example) .  Th e moment  th e specifie d proces s 
terminated ,  th e demo n fo r  th e awaitin g proces s woul d 
expire ,  an d perhap s carr y ou t  it s specia l  timeou t 
action s befor e terminatin g Itself .  Thi s timeou t 
criterio n ha s bee n simpl e t o implement .  Th e othe r  ne w 
waitin g criterio n cause s th e timeou t  o f  som e demo n o n 
th e creatio n o f  a n Identica l  demo n (I.e. ,  on e awaitin g 
th e sam e information )  b y anothe r  process .  T o pu t  tha t 
anothe r  way ,  th e syste m may permi t  a  proces s t o wai t  fo r 
some datu m o r  even t  jus t  s o lon g a s n o othe r  proces s 
initiate s a  wai t  fo r  th e sam e datu m o r  event . 

proces s ca n b e force d t o mak e som e Inferenc e (e.g. ,  th e 
definit e nou n grou p ha s n o referent )  whe n th e overal l 
understandin g proces s require s It ,  bu t  no t  before . 
Ideally ,  o f  course ,  th e correc t  referen t  woul d b e foun d 
befor e then ,  an d non e o f  thi s woul d b e necessary . 
Timeou t  demon s exist ,  however ,  solel y fo r  thos e 
situation s whe n th e idea l  contex t  fo r  makin g correc t 
Inference s doe s no t  presen t  Itself .  The y ar e a  mean s 
fo r  decidin g whe n t o mak e a n Inferenc e withou t  al l  th e 
fact s bein g present . Summsry 

An Importan t  face t  o f  genera l  problem-solving ,  an d 
likewis e cognitiv e modelling ,  I s ho w lon g t o spen d 
lookin g fo r  helpfu l  Informatio n befor e goin g o n withou t 
it .  I n a  compute r  mode l  base d o n spontaneou s 
pattern-invoke d processe s (demons) ,  ther e mus t  b e a 
means fo r  limitin g th e duratio n (i n term s o f  som e 
measur e o f  mode l  convergence )  o f  thei r  applicability . 
Thi s pape r  suggest s timeou t  processe s a s a  mean s o f 
limitin g th e lif e spa n o f  pattern-Invoke d demon s I n a 
cognitiv e model .  Ever y proces s i n a  mode l  mus t  b e 
associate d wit h a  timeou t  process ,  whic h monitor s 
variou s specifi c  mode l  event s an d prevent s th e proces s 
fro m remainin g activ e indefinitely .  I f  th e proces s doe s 
not  finis h it s activit y befor e bein g stoppe d b y it s 
timeout ,  i t  may nonetheles s perfor m certai n timeou t 
action s befor e disappearing .  Thes e action s ca n mak e us e 
of  th e (possibl y valuable )  informatio n tha t  th e trigge r 
patter n fo r  th e proces s neve r  arrived .  Timeout s thu s 
enabl e processe s t o us e knowledg e abou t  no t  havin g 
certai n knowledg e t o hel p mak e importan t  inference s i n 
cognitiv e models . 
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Thi s particula r  strateg y aid s i n modellin g a 
phenomenon tha t  occur s frequentl y I n natura l  languag e 
comprehension .  Th e proble m o f  anaphori c referenc e 
illustrate s th e Issue .  When a  compute r  mode l  suc h a s 
UEP begin s readin g a  definit e nou n group ,  i t  ough t 
Immediatel y t o Initiat e a  referenc e proces s t o searc h 
fo r  th e referen t  o f  tha t  group .  Ho w lon g shoul d thi s 
referenc e proces s b e permitte d t o searc h befor e usin g 
availabl e informatio n t o conclud e it s processing ? On e 
answer  migh t  b e tha t  whe n th e understandin g o f  furthe r 
discours e require d knowledg e o f  th e referent ,  th e 
proces s shoul d com e t o som e decision s immediately .  Th e 
timeou t  action s o f  a  referenc e proces s migh t  provid e 
some defaul t  substitut e fo r  th e desire d referent ,  fo r 
example ,  whil e a t  th e sam e tim e initiatin g som e ne w 
proces s t o procee d alon g a  differen t  pat h base d o n th e 
(known )  situatio n a t  hand . 

The timeou t  o f  a  proces s allow s i t  t o com e t o som e 
conclusio n withou t  waitin g indefinitel y fo r  dat a tha t 
wil l  insur e th e correc t  decision .  I n thi s example ,  th e 
timeou t  o f  th e referenc e proces s take s plac e whe n th e 
understandin g o f  subsequen t  tex t  require s informatio n 
abou t  th e searched-fo r  item .  I n thi s way ,  th e referenc e 
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