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Abstrac t 

I n thi s pape r  w e presen t  a  theor y o f  ho w 
machine s ca n lear n fro m attentio n focusin g 
failures .  Ou r  metho d require s tha t  learnin g 

mechanism s hav e availabl e a  detaile d mode l 

of  decision-makin g mechanism s the y ar e t o 
modify ;  i t  i s  therefor e centra l  t o thi s researc h 

t o develo p an d presen t  suc h a  model .  Th e 

portion s o f  ou r  developin g mode l  presente d 

belo w concer n thos e part s o f  a  decision-makin g 

apparatu s tha t  shoul d b e approximatel y th e 

same & o m on e agen t  t o another .  Thoug h 

learnin g mechanism s woul d hav e t o b e sensitiv e 

t o bot h th e idiosyncrati c an d agent-invarian t 

element s o f  aj i  cidaptabl e decisio n architecture , 

we hav e concentrate d o n th e invarian t  elements , 

whic h provid e th e mos t  genera l  constraint s o n 

learning . 

Introduction 

A n agen t  i n a  comple x environmen t  ca n generall y 

affor d t o conside r  onl y a  tin y fractio n o f  th e infor -

matio n tha t  i s availabl e t o i t  befor e decidin g o n a n 

action ;  therefore ,  suc h a n agen t  mus t  hav e som e 
mechanis m fo r  focusin g it s  attentio n o n th e infor -

matio n mos t  likel y t o prov e useful .  Th e mechanism s 

of  attentio n focusin g ar e thu s a  critica l  par t  o f  th e 

agent' s cognitiv e apparatus ,  an d seriou s failure s m a y 

resul t  whe n attentio n i s  focuse d improperly .  Fo r 

example ,  a  drive r  m a y fai l  t o reac t  t o a  sto p sig n 

eve n thoug h th e sig n i s  withi n hi s  visua l  field ,  h e 

imderstand s th e meanin g o f  th e sig n an d h e wishe s 

i n genera l  t o sto p a t  sto p signs .  I n othe r  words , 

althoug h th e high-leve l  mechanism s fo r  reactin g t o 

stop-sign s wer e i n pleu:e ,  an d th e ra w dat a necessar y 

t o recogniz e thi s particula r  sto p sig n wer e available , 

th e driver' s attention-focusin g mechanism s faile d t o 

recogniz e tha t  thi s dat a shoul d b e processe d further . 

Thi s i s th e proble m o f  attentio n focusing . 

Attentio n focusin g failure s typicall y aris e becaus e 

of  unanticipate d interaction s betwee n cognitiv e 

tasks ,  eac h o f  whic h i s  placin g demand s o n a n 

agent' s attentiona l  resources .  Fo r  instance ,  a  drive r 

migh t  mis s a  sto p sig n becaus e h e i s distracte d b y a 

commotio n o n th e sidewalk .  Th e tas k o f  determinin g 

what  i s  happenin g a t  th e sid e o f  th e roa d draw s 

of f  som e o f  th e perceptua l  an d cognitiv e resource s 

tha t  woul d normall y b e committe d t o drivin g th e 

car ,  thu s causin g th e failure .  I n orde r  t o preven t  a 

recurrenc e o f  thi s typ e o f  failure ,  th e agen t  mus t 

determin e ho w th e competin g task s cause d i t  t o 

m a ke th e mistake ,  an d modif y it s attention-focusin g 

mechanism s s o tha t  the y ca n successfull y dea l  wit h 

simila r  tas k conflict s i n th e future . 

I n thi s pape r  w e presen t  a  theor y o f  ho w machine s 

ca n lear n fro m attentio n focusin g failures . 

Learning from Failure 

Our  approac h i s  base d o n th e paradig m o f  failure -

drive n learning ,  i n whic h th e agen t  relie s o n th e 
observe d failur e o f  specific ,  monitore d expectation s 

t o signa l  a n opportunit y t o lear n [Sussman ,  1975 , 

Schank ,  1982 ,  H a m m o n d,  1989 ,  Birnbau m e t  ai , 

1990] .  I n particular ,  whe n a n agen t  expect s a  pla n t o 

achiev e it s goal ,  an d thi s expectatio n i s violated ,  on e 

respons e i s t o attemp t  t o determin e wha t  aspec t  o f 

th e agent' s decisio n makin g machiner y wa s respon -

sibl e fo r  th e fault y plan ,  an d ho w tha t  aspec t  ca n b e 

modifie d t o avoi d th e recurrenc e o f  suc h failures. ^ 

W h en a  pla n unexpectedl y fails ,  th e firs t  ste p i n 

learnin g i s t o faul t  a  modifiabl e componen t  o f  th e 

agent' s decision-makin g machinery .  On e approac h 

t o identifyin g th e fault y componen t  i s  model-base d 

reasonin g [Davi s e t  a/. ,  1982] .  Jus t  a s i n model-base d 

system s whos e tas k i s t o identif y th e underlyin g 

fault s i n device s lik e electroni c circuits ,  th e agen t 

wil l  us e a  mode l  o f  itsel f  t o facilitat e th e reasonin g 

proces s tha t  lead s t o a  diagnosi s o f  th e caus e o f 

failure . 

Th e abilit y  t o diagnos e plannin g failure s i n genera l 

depend s criticall y o n havin g a  decision-makin g mod -

el  tha t  i s ric h enoug h t o accoun t  fo r  a  wid e variet y o f 

'W e hav e previousl y presente d [Collin s e t  o/. ,  199l ] 
a mode l  o f  th e learnin g proces s involvin g thre e stage s 
-  reconstructio n (o f  th e causa l  histor y o f  th e failure) , 
diagnosi s an d repair . 
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'fear ' 

Figur e 1 :  Par t  o f  a  componen t  networ k 

possible  errors. The construction of such self-models 

i s thu s a  vita l  par t  o f  an y attemp t  t o construc t  agent -

model s capabl e o f  failure-drive n learning .  Previou s 

attempt s t o construc t  suc h model s hav e fo r  th e 

most  par t  depende d o n a  numbe r  o f  highl y domain -

specifi c  assumption s [Collin s e f  o/. ,  1992] .  Her e w e 

describ e eispect s o f  wha t  i s intende d t o b e a  genera l 

model  o f  attention-focusin g an d decision-makin g i n 
an intelligen t  agent ,  an d sho w i n detai l  h o w thi s 

model  ca n b e applie d t o handl e a  comple x example . 

Component Architecture 

A model of decision-making that is to be used to 
suppor t  learnin g mus t  represen t  th e decision-makin g 

syste m i n enoug h detai l  t o enabl e precise ^  charac -

terization s o f  a  failure ;  thi s make s i t  possibl e t o 

implicat e a  relativel y smal l  portio n o f  th e decision -

makin g mechanism ,  whic h i n tur n make s th e tas k 
of  considerin g h o w tha t  portio n migh t  b e change d 
manageable . 

I n ou r  model ,  decision-makin g i s  carrie d ou t  b y 

a networ k o f  semi-autonomou s components ,  eac h 
responsibl e fo r  executin g som e specialize d subteisk . 

For  instance ,  a  componen t  responsibl e fo r  detectin g 

a specifi c  wor d wheneve r  i t  i s  uttere d nea r  th e 

agen t  migh t  b e connecte d t o component s tha t  detec t 

individua l  phoneti c elements ,  eac h presen t  i n on e 

or  mor e pronunciation s o f  th e wor d (se e figure  1) . 
Th e informatio n flow  betwee n thes e component s 

i s bidirectional .  Th e word-detecto r  receive s infor -

matio n usefu l  fo r  inferrin g whethe r  th e wor d ha s 

been uttered ,  an d als o provide s expectation s t o 

phoneme detector s whic h m a y b e use d t o simplif y 
th e processin g o f  senso r  data .  W e wil l  conside r  suc h 

a componen t  i n greate r  detail . 

'Th e maximu m usefu l  specificit y depend s o n wha t 
repai r  strategie s ar e available .  I n repairin g a  fault y 
circuit ,  i t  i s  usefu l  t o kno w whic h componen t  need s t o 
be replaced ,  bu t  probabl y no t  usefu l  t o kno w ho w th e 
componen t  i s  broken .  I n repairin g a  fault y decision -
maker ,  i t  i s  usefu l  t o kno w enoug h abou t  a  failur e t o 
selec t  a  repai r  strateg y t o appl y [Owens ,  1990 ,  Free d e t 
al ,  1992] . 
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Figur e 2 :  Generi c Componen t  Structur e 

Internal Structure of Components As dia-
g r a m m ed i n figure  2 ,  th e component s o f  ou r  mode l 
incorporat e thre e set s o f  rules :  outpu t  rules ,  bia s 

rule s an d selectio n rules .  Outpu t  rule s enabl e a 

componen t  t o mak e th e specialize d inference s tha t 

defin e it s function .  W h e n i t  i s determine d tha t  eac h 

conditio n o f  a n outpu t  rul e i s  satisfie d a  specifie d 

valu e i s  place d o n th e component' s outpu t  buffer , 
makin g i t  availabl e fo r  us e b y outpu t  rule s o f  othe r 

components .  Conversely ,  i f  a  conditio n become s 

unsatisfie d an d th e associate d valu e i s  alread y o n 

th e outpu t  buffer ,  the n th e valu e i s  removed .  Fo r 

example ,  conside r  ho w a  componen t  whos e functio n 

i s t o identif y interval s o f  soun d senso r  dat a corre -

spondin g t o th e spoke n wor d 'fear '  shoul d behav e 

as th e agen t  hear s th e well-know n phrase ,  " W e hav e 

nothin g t o fea r  bu t  fea r  itself. " 

Severa l  outpu t  rule s fro m a  'fear '  detectin g com -

ponen t  ar e show n i n figure  3 .  Eac h specifie s tha t 

when certai n sound s (phonemes )  registe r  a t  specifie d 
(relative )  interval s i n th e agent' s aura l  senso r  data , 

a valu e correspondin g t o a  pronunciatio n o f  th e 
wor d 'fear '  shoul d b e place d o n th e outpu t  buffer . 

Th e word-detecto r  ca n tes t  whethe r  a  phonem e ha s 

registere d i n it s sensor s b y matchin g th e appropriat e 
rul e conditio n agains t  th e content s o f  a  phoneme -

detector' s outpu t  buffer. ^ 

Eac h output-rul e conditio n i n ou r  exampl e rule s i s 
aissociate d wit h a  pai r  o f  variabl e soun d parameter s 

^Becaus e ou r  purpos e i s  mainl y t o enabl e (an d 
present )  a  plannin g architectur e whic h ma y b e easil y 
adapte d t o dea l  wit h attentio n focusin g problems ,  ou r 
treatmen t  o f  thi s exampl e take s a  substantiall y  idealize d 
of  vie w o f  speec h analysis ,  dealin g wit h onl y a  fe w o f 
th e man y legitimat e complications .  T o th e exten t  pos -
sible ,  w e hav e mad e ou r  mode l  consisten t  wit h curren t 
phonologica l  researc h [Blumstein ,  198l] . 
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J(a.b ) 

I F f(e,f )  A  i(g,h )  A  r(a,b )  A  h = a A  f = g 

T H E N add-iO'Output-buffer{m\dvreai\]S,t,h ) 

IF f(e,f) A i(g,h) A I(c,d) A h=c A f=g 

T H E N a<f(i-io-output-6u^er(bo8ton,e,d ) 

IF f(e,f) A i(g,h) Ah (ij) A h>i A h<j A f=g 

T H E N add-io-outpiii-buffer{ao\ith\JS,e,h ) 

Figure 3: 'fear'-detector output rules 

representin g th e star t  an d en d o f  th e dat a interva l 

t o b e teste d fo r  th e sound .  Orderin g constraint s 

supplie d wit h th e rul e ca n b e use d t o limi t  th e 

a m o u nt  o f  senso r  dat a analysi s neede d t o locat e 

a p h o n e m e .  Fo r  instance ,  i f  a n expectatio n tha t 

th e w o r d 'fear '  wil l  occu r  ha s bee n derive d f ro m 

midsentenc e recognitio n o f  th e phrcis e i n whic h i t 

appears ,  an y informatio n abou t  th e locatio n (i n 

th e senso r  data )  o f  th e firs t  p h o n e m e /f /  ca n b e 

use d t o constrai n searc h fo r  th e secon d p h o n e m e 

/i/ .  O f  course ,  th e c o m p o n e n t  whic h perform s th e 

search ,  th e /i/-detector ,  m u s t  s o m e h o w lear n o f 

thi s constrain t  f ro m th e 'fear'-detector .  W e enabl e 

thi s i n th e followin g way :  ever y t im e a  paramete r 

of  a n output-rul e conditio n become s specified ,  tha t 

specificatio n i s place d o n th e th e expectatio n buffe r 

t o b e use d a s bia s b y othe r  components . 

T o b e usefu l  i n conservin g computationa l 

resources ,  expectation s generate d b y othe r  c o m p o -

nent s m u s t  b e translate d int o usefu l  constraint s o n 

variables .  Thi s translatio n proces s i s performe d 

b y th e component ' s bia s rule s whic h encod e depen -

dencie s betwee n value s likel y t o b e foun d i n th e 

expectatio n buffer s o f  specifie d componen t s a n d 

paramete r  value s o f  outpu t  rules .  O n c e generated , 

bici s o n on e paramete r  (suc h a s th e time-locatio n o f 

a n /f/ )  shoul d b e propogate d t o othe r  parameter s 

(suc h a s th e time-locatio n o f  a n / i / ) .  Constrain t 

propogatio n i s facilitate d b y representin g outpu t 

rule s i n a  compile d for m suc h a s th e rul e networ k 

depicte d i n figure  4 .  T h e outpu t  rule s ar e thu s treat -

ed a s a  se t  o f  test s t o b e ru n o n th e outpu t  buffer s 

of  othe r  components ;  w h e n a  certai n se t  o f  test s 

(correspondin g t o th e conjunct s o f  a n uncompi le d 

rule )  ar e passed ,  a  giv e outpu t  valu e threshold s an d 
i s place d o n th e component ' s outpu t  buffer .  Test s i n 

th e networ k m a y b e ru n i n an y order . 

T h e abilit y  o f  a n agen t  t o m a k e efficien t  us e 

of  it s  attentiona l  resource s depend s i n par t  o n 

whethe r  individua l  componen t s m a k e effectiv e us e 

of  thei r  shar e o f  computat iona l  resources .  O n e w a y 

I  (c.d )  • 

f(e,f). 
i  (g.h ) 

f- g 

h=tt)-('° ' 

h=c 

(midwcsdlS.e.b ) 

J— (boston,c.d) 

»(i.j) - h<i '  j — (soulhU.S,e,j ) 

Figur e 4 :  Compi le d O u t p u t  Rule s 

to manage resource use is for components to be 

discriminatin g abou t  whic h test s i n th e outpu t  rul e 

networ k t o ru n an d whic h bia s rule s t o execute ; 

thos e test s an d rule s tha t  ar e leas t  likel y t o hel p th e 

c o m p o n e n t  carr y ou t  it s functio n wil l  b e give n lowe r 

priorit y ar e thu s leeis t  acces s t o th e component s 

resources .  Selectio n rule s determin e whic h test s an d 

rule s t o run .  I n ou r  example ,  a  'fear'-detector' s 

selectio n rules ,  havin g determine d th e dialec t  o f  a 

speaker ,  wil l  improv e tha t  c o m p o n e n t  efficienc y b y 

givin g first  priorit y t o test s associate d wit h th e pro -

nunciatio n i n tha t  dialec t  an d leas t  priorit y t o test s 

associate d exclusivel y wit h othe r  pronunciations . 

Selectio n rule s m u s t  tak e accoun t  o f  a  n u m b e r  o f 

factors ,  including : 

•  Whethe r  t o ru n mor e test s o r  generat e mor e bias . 

•  Whethe r  th e informatio n produce d b y a  previousl y 
ru n tes t  o r  bia s rul e i s likel y t o hav e becom e obsolete ; 
selectio n rule s mus t  weig h th e nee d t o produc e mor e 
informatio n agadns t  th e nee d t o reevaluat e th e old . 

•  T h e numbe r  o f  output s tha t  m a y b e rule d i n o r  ou t 
by runnin g a  test ;  preferenc e shoul d b e give n t o th e 
most  discriminatin g tests . 

t  Leverag e o n potentia l  productivit y supplie d b y cur -
ren t  tes t  result s an d bias ;  preferenc e shoul d b e give n 
t o test s mos t  likel y t o caus e som e outpu t  t o threshold . 

•  T h e expecte d cos t  o f  runnin g a  tes t  o r  bia s rul e vs . 
th e cos t  o f  othe r  test s an d bia s rules . 

Selection rules determine how the component uses 

it s resource s b y producin g a  se t  o f  permission s 

tha t  enabl e specifie d outpu t  test s an d bia s rule s t o 

execut e usin g a  supplie d se t  o f  variable  constraints. ^ 

As thes e rule s m o r e effectivel y tak e int o accoun t  th e 

abov e liste d factors ,  th e attentiona l  performanc e o f 

th e componen t ,  a n d thu s o f  th e agen t  a s a  whole , 

improves . 

*  Alternately ,  permission s m a y suppl y bias-derive d 
truth-value s t o b e use d i n plac e o f  runnin g a  test .  Thi s 
allow s component s t o compensat e fo r  nois y o r  missin g 
dat a an d t o trad e of f  som e accurac y fo r  speed/efficiency . 
E.g .  whe n expectin g th e wor d 'fear, '  th e relevan t 
detecto r  m a y choos e t o tes t  fo r  onl y th e firs t  an d las t 
phoneme,  simply  assumin g th e presenc e o f  th e middl e 
one . 
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C o m p o n e n t  failure s I n carryin g ou t  it s respon -

sibilities ,  eac h componen t  depend s o n a  numbe r 

of  othe r  component s t o provid e vali d information . 

W h en a  componen t  provide s fault y information ,  tha t 

failur e m a y propogat e an d caus e a  plannin g failur e 

fo r  th e agen t  a s a  whole .  O n e wa y t o preven t 

recurrenc e o f  a  plannin g failur e i s t o fi x  th e sourc e 

of  th e problem ;  thi s require s a n analysi s o f  th e 

way i n whic h a  particula r  componen t  failed .  A s 

liste d below ,  component s ca n fai l  i n a  numbe r  o f 

ways ;  suc h failure s m a y resul t  i n plannin g error s 

correspondin g t o a n attention-focusin g failure . 

•  Outpu t  rule s don' t  licens e a  vali d outpu t  o r  d o licens e 
an invali d on e — i n thi s czise ,  th e agen t  i s no t 
knowledgabl e enoug h t o perfor m som e proces s n o mat -
te r  ho w resource s ar e allocated .  Attention-focusin g 
failure s occu r  whe n a n invali d outpu t  result s i n a n 
unproductiv e diversio n o f  computationa l  resource s i n 
a clien t  component . 

•  Bia s rule s don' t  Ucens e som e usefu l  constrain t  (o r 
truth-valu e eissumption) ,  makin g i t  impractica l  o r 
unproductiv e t o ru n a  critica l  test . 

•  Bia s rule s licens e a n unwarrante d constrain t  o r  valu e 
assumption ,  causin g a  critica l  tes t  no t  t o b e ru n (ove r 
certai n paramete r  values) . 

•  Selectio n rule s fai l  t o ru n a  critica l  tes t  i n tim e 
— availabl e constraint s woul d hav e enable d a  usefu l 
output . 

•  Selectio n rule s fai l  t o reru n a  tes t  i n tim e t o retrac t 
an obsolet e output .  Th e outpu t  i s use d t o licens e a n 
invali d inferenc e (outpu t  o r  expectation )  i n anothe r 
component . 

•  Selectio n rule s fai l  t o ru n a  bia s rul e i n tim e t o mak e 
a critica l  tes t  cost-effectiv e 

•  Insufficien t  resource s ar e availabl e t o th e componen t 
t o generat e a  critice d outpu t  usin g an y goo d selectio n 
strategy . 

•  A  componen t  interact s pathologicall y wit h a  down -
lin e componen t  — e.g .  b y flooding  i t  wit h correc t  bu t 
irrelevan t  informatio n [Free d e t  al. ,  1992 ] 

Each of these kinds of failure may be associated 

wit h on e o r  mor e genera l  strategie s fo r  modifyin g 

th e componen t  s o a s t o preven t  it s  recurrence. ^  Fo r 
instance ,  a  failur e o f  bia s rule s t o licens e a  usefu l 

constrain t  ca n b e deal t  wit h b y usin g explanation -

base d learnin g [DeJon g an d Mooney ,  1986 ]  t o creat e 

a ne w bia s rule .  [Krulwich ,  199l ]  describe s suc h a 

proces s i n detail . 

An Exampl e 

Afte r  ridin g th e Toky o subway s fo r  severa l  weeks , 

one o f  u s becam e inure d t o th e novelt y an d decide d 

t o rea d a  nove l  whil e waitin g fo r  hi s stop .  Despit e 

regula r  publi c addres s (PA )  announcement s contain -

in g th e n a m e o f  th e nex t  station ,  th e ride r  misse d hi s 

stop . 

H ow migh t  th e ride r  explai n hi s failure ? A  variet y 

of  c o m m o n sens e explanation s see m plausible .  Fo r 

instance : 

Stor y 1 :  I  neve r  hear d m y statio n announced .  I t  prob -
abl y wa s announced ,  bu t  i t  didn' t  ge t  m y attention . 

Stor y 2 :  I  remembe r  hearin g m y statio n announced , 
but  someho w thi s didn' t  strik e m e a s important .  I 
must  hav e bee n to o absorbe d i n m y book . 

Stor y 3 :  I  wasn' t  sur e whethe r  I  hear d m y station ,  s o 
I  decide d t o chec k th e station-sig n onc e i t  becam e 
visibl e ou t  th e window .  I  the n becam e absorbe d i n 
my boo k an d forgo t  t o d o this . 

I n eac h failur e story ,  th e ride r  faile d t o ge t  of f 

th e trai n becaus e som e easil y obtaine d informatio n 

was no t  take n int o account .  Suc h failures ,  whic h 

ca n b e describe d a s failure s t o "pa y attention, "  ca n 

eac h b e trace d t o a n underlyin g failur e i n th e mode l 

of  sound-interpretatio n mechanism s o f  th e agent' s 

decision-makin g apparatus .  W e wil l  no w conside r 

severa l  o f  th e component s i n thi s mode l  an d th e 

account s the y provid e fo r  thes e storie s o f  failure . 

Interpreting Perceptual Information 

Our  mode l  o f  perceptua l  interpretatio n assume s 

a hierarch y o f  detector s tha t  proces s th e dat a i n 
stages .  Fo r  example ,  a  vocalization-detector ,  i n 

our  mode l  o f  aura l  interpretation ,  m a y provid e 

informatio n t o a  b-detector ,  whic h m a y i n tur n 

infor m a  detecto r  responsibl e fo r  identifyin g th e 

soun d sequenc e b a whe n i t  occurs .  Thi s detector , 

alon g wit h severa l  others ,  wil l  infor m a  componen t 
responsibl e fo r  detectin g th e soun d o f  th e statio n 

calle d 'Takadanobaba'. ^  Thi s proces s i s graphicall y 

depicte d i n figur e 5 . 

T h e agent' s aura l  interpretatio n machiner y mus t 

be constructe d s o tha t  contextua l  knowledg e ca n b e 
brough t  t o bea r  o n th e interpretatio n task .  Fo r 

example ,  th e fac t  tha t  th e agen t  i s tryin g t o hea r 

a n a m e spoke n b y a  Japanes e perso n an d broadcas t 

ove r  a n interco m shoul d produc e som e expectation s 

'Failur e categorie s hav e bee n use d a s indice s t o repai r 
strategie s i n othe r  domain s includin g strategi c planiun g 
CoUins ,  1989 ]  an d devic e repai r  [Goel ,  199l] ;  se e als o 
Owens,  1990 ] 

*Suc h a  mode l  appear s t o b e consisten t  wit h phono -
logics J researc h indicatin g tha t  human s emplo y special -
ize d detector s i n interpretin g huma n speech .  See ,  e.g. , 
{Eima ^  an d Corbit ,  1973] ,  whic h present s evidenc e fo r 
vocalizatio n detector s tha t  allo w listener s t o discriminat e 
vocalize d phoneme s suc h a s /b /  fro m non-vocalize d 
phonemes suc h a s /p/ . 
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Figur e 5 :  Aura l  interpretatio n component s 

about how the announcement will sound, which 

shoul d i n tur n b e employe d t o bia s component s 

of  th e interpretatio n process .  Sinc e th e listenin g 

agen t  expect s t o hea r  Japanese ,  th e a-detecto r  migh t 

confor m it s analysi s t o expectation s abou t  Japanes e 

vowel  sounds ,  e.g .  tha t  unlik e Englis h vowe l  sound s 

thes e persis t  fo r  a n approximatel y equa l  duration. ^ 

For  suc h fact s t o influenc e th e behavio r  o f  th e a -

detector ,  the y mus t  b e translate d int o meaningfu l 

advic e abou t  h o w t o bes t  proces s senso r  data ,  fo r 

example ,  "onl y loo k fo r  /a /  sound s havin g duration s 

withi n [som e specifi c  rang e o f  times]. "  A s previousl y 

discussed ,  thi s translatio n teis k i s th e responsibilit y 

of  th e detector' s bia s rules. ® 

We wil l  chciracteriz e th e bia s o n a  detecto r  a s 

th e expectatio n tha t  targe t  stimul i  wil l  fal l  withi n 

a certai n rang e o n a  certai n dimension ,  fo r  exampl e 

tha t  th e duratio n o f  a  Japanes e /a /  wil l  fal l  withi n 

a certai n range .  I n eifect ,  th e bia s determine s th e 

rang e ove r  whic h th e detecto r  mus t  search ,  meanin g 

tha t  th e narrowe r  th e rang e o f  th e bias ,  th e les s 

costl y i t  wil l  b e t o ru n th e detector .  O n th e othe r 

hand ,  th e narrowe r  th e rang e o f  th e bias ,  th e mor e 

likel y th e detecto r  i s t o mis s example s o f  th e stimul i 

^Japanes e i s a  syllable-time d language . 
'Hig h leve l  expectation s concernin g (e.g. )  whic h 

languag e a n agen t  shoul d liste n fo r  ma y b e derive d fro m 
schemas ,  o r  script s [Schan k an d Abelson ,  1975] ,  tha t  th e 
agen t  i s tracking .  E.g .  A  scrip t  describin g a  typica l  ride 
on a  Japanes e trai n wUl  includ e a  scen e i n whic h a  P A 
announcement ,  spoke n i n Japanese ,  convey s th e nam e 
of  th e nex t  statio n a t  whic h th e tred n wi U stop .  Se e 
[Hammond e t  al. ,  1990 ]  fo r  a  discussio n o f  ho w schema s 
may b e use d a s a  sourc e o f  expectation s i n a  hierarchica l 
agen t  architecture . 

i t  i s  mean t  t o detect .  Ther e i s thu s a  tradeof f 

betwee n th e expens e o f  runnin g a  detecto r  an d it s 

hi t  rate . 

I f  a n instanc e o f  th e detector' s targe t  concep t  fall s 

outsid e o f  th e rang e o f  it s bias ,  th e detecto r  wil l  mis s 

tha t  instance .  Thi s failur e m a y lea d t o th e failur e 

of  a  higher-leve l  detecto r  tha t  use s thi s detecto r  a s 

input .  Fo r  example ,  i f  th e detecto r  fo r  th e /a / 

soun d fail s t o trigge r  durin g th e announcemen t  o f 

th e Takanobab a station ,  thi s m a y caus e a  failur e t o 

detec t  th e wor d 'Takadanobaba' ,  whic h m a y i n tur n 

caus e a  failur e t o detec t  th e fac t  tha t  th e agen t  i s 

at  Takadanobab a station .  I n thi s way ,  th e failur e 

of  an y particula r  detecto r  m a y propagat e arbitraril y 

fa r  u p th e network .  Th e syste m thu s ha s a n 

obviou s motivatio n t o bia s it s detector s a s bro£tdl y a s 

possible .  However ,  thi s i s balance d b y th e fac t  tha t 

th e broade r  th e bias ,  th e mor e resource s consume d 

by th e detector .  Fo r  example ,  i n attemptin g t o 

detec t  th e wor d 'Takadanobaba' ,  th e agen t  migh t 

bia s it s phonem e detector s s o broadl y tha t  i t  i s  i n 

effec t  carefull y attendin g t o ever y vocalizatio n tha t 

i s m a d e durin g it s trai n rid e (an d perhap s othe r 

sound s a s well) .  Whil e thi s wil l  mak e i t  ver y likel y 

tha t  th e agen t  wil l  detec t  th e n a m e o f  it s station , 

i t  wil l  als o dra w s o heavil y o n th e agent' s cognitiv e 

resource s tha t  i t  wil l  b e ver y difficul t  fo r  th e agen t 

t o perfor m othe r  task s suc h a s readin g a  book . 

Let  u s conside r  th e storie s o f  ou r  exampl e i n 

ligh t  o f  thi s discussion .  Afte r  th e agen t  enter s th e 

trai n an d find s a  seat ,  i t  i s  expecte d tha t  a  statio n 

announcemen t  i n Japanes e wil l  b e heard .  Biasin g 

mechanism s identif y thes e factor s a s relevant ,  the n 

translat e the m int o detector-specifi c  advic e o n wha t 

t o loo k fo r  i n th e wa y o f  (e.g. )  m i n i m u m phonem e 

duration ,  dynami c rang e an d m a x i m u m pitc h fluctu-

ation .  Th e detector s ar e the n give n a  certai n shar e o f 

th e cognitiv e resource s o f  th e agent ,  whic h i s severel y 

limited ,  becaus e th e agen t  i s attemptin g a t  th e sam e 

tim e t o rea d a  book .  Th e combine d effect s o f  th e 

inaccurac y o f  th e origina l  bia s an d narrowin g o f  tha t 

bia s du e t o resourc e limitation s cause s th e relevan t 

detector s t o mis s th e critica l  statio n announcemen t 

an d ultimatel y cause s th e failur e o f  th e plan . 

Th e agent' s interpretatio n o f  th e failur e wil l 

depen d o n wher e failure s occurre d i n th e componen t 

network .  Fo r  example ,  suppos e tha t  th e agent' s 

failur e t o exi t  th e trai n wa s cause d b y th e lac k o f  a 

bia s rul e i n th e a-detecto r  tha t  woul d hav e enable d 

th e detecto r  t o translat e th e expectatio n tha t  th e 

P A announcemen t  woul d b e spoke n i n Japanes e int o 

suitabl e constraint s o n it s searc h o f  senso r  data .  Th e 

lac k o f  constrain t  leave s th e detecto r  unabl e t o cop e 

wit h th e diminishe d resource s i t  ha s availabl e du e t o 
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th e agent' s readin g task ,  causin g i t  t o fai l  t o detec t 

an instanc e o f  it s targe t  concep t  and ,  thus ,  unabl e t o 

provid e knowledg e o f  thi s occurrenc e t o th e higher -

leve l  ba-detector .  Thi s cause s th e ba-detccto r  t o 

fail ,  whic h i n tur n cause s othe r  failure s including , 

ultimately ,  a  failur e t o recogniz e tha t  th e agen t 

has reache d it s destinatio n an d shoul d therefor e 

exi t  th e train .  I n thi s instance ,  sinc e th e initia l 

componen t  failur e prevente d th e 'Takadanobaba' -

detecto r  f ro m carryin g ou t  it s responsibilities ,  th e 

agen t  experience s th e failur e a s describe d i n stor y 1 : 

/  didn' t  hea r  m y desUnaiio n announced .  U  probabl y 

was announce d bu t  i t  didn' t  ge t  m y attention .  I f 

instead ,  th e intia l  failur e occurre d i n betwee n detect -

in g th e soun d o f  th e statio n n a m e an d detectin g 

th e imminen t  nee d t o exi t  th e trai n (th e schem a 

transition) ,  th e agen t  woul d hav e experience d th e 

failur e a s describe d i n stor y 2 :  /  rem,embe r  hearin g 

my statio n announced ,  bu t  s o m e h o w thi s didn' t  strik e 

me a s im.portant .  I  m,us t  hav e bee n to o absorbe d i n 

my book. ^ 

T h e agen t  ca n respon d t o it s failur e t o exi t  th e 

trai n a t  th e righ t  t im e b y tryin g t o lear n h o w no t 

t o repea t  it s mistake .  I n th e cas e o f  th e failin g a -
detector ,  thi s m e a n s learnin g a  n e w bia s rul e whirl i 

relate s a n expectatio n tha t  Japanes e wil l  b e spoke n 

t o a n appropriat e se t  o f  constraint s o n it s outpu t  rul e 

tests .  T h e learnin g proces s proceed s i n severa l  steps . 

First ,  diagnosti c mechan i sm s compar e th e actua l 
behavio r  o f  componen t s t o thei r  ideal ,  intende d 

behavio r  a s describe d i n th e model .  W h e n a  c o m p o -

nen t  i s foun d whic h m a y b e considere d th e sourc e 

of  th e proble m (se e [B i rnbau m e t  iL ,  1990 ]  an d 

[Owens ,  1990]) ,  a  repai r  strateg y i s indexe d base d 

o n th e w a y i n whic h th e c o m p o n e n t  faile d [Free d 
et  al. ,  1992] .  Finally ,  explanation-base d learnin g 

mechanism s employin g a  m o d e l  o f  th e c o m p o n e n t 

the y ar e t o modi f y ar e invoke d t o imp lemen t  th e 

indexe d repai r  strateg y [Krulwich ,  199l] . 
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Gre g Siegl e fo r  m a n y usefu l  discussions .  Thi s wa s 
supporte d i n par t  b y th e Offic e o f  Nava l  Researc h unde r 
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imminen t  scen e transitio n whic h involve s component s o f 
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model . 
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