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O p p o r t u n i s t i c m e m o r y a n d v i s u a l  s e a r c h 
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Departmen t  o f  Compute r  Scienc e 

The Universit y o f  Chicag o 

1100 Eas t  58t h Stree t 

Chicago ,  I L 6063 7 
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Abstrac t 

In earlier work, we proposed a memory model 
tha t  woul d facilitat e th e detectio n o f  opportuni -
tie s t o satisf y suspende d goals .  I n thi s oppor -
tunisti c m e m o r y model ,  suspende d goal s ar e in -
dexe d unde r  featur e set s tha t  ar e predictiv e o f 
th e presenc e o f  th e opportunity ,  an d whic h ar e 
likel y t o b e encountere d i n th e norma l  cours e o f 
futur e activity .  T h e functiona l  benefi t  o f  suc h 
encodin g depend s cruciall y o n th e particula r  vo -
cabular y o f  feature s used ,  th e cost s o f  thei r  de -
tection ,  an d th e overla p o f  feature s relevan t  t o 
th e pursui t  o f  differen t  goals .  I n thi s pape r 
we investigat e th e featur e vocabular y implie d b y 
recen t  wor k o n visua l  searc h [Treisman ,  1985 , 
Tsotsos ,  1990] ,  an d it s us e i n indexin g goal s sus -
pende d du e t o th e lac k o f  a  particula r  object . 

Opportunism 
I n dail y life ,  peopl e pursu e a  larg e numbe r  o f  differen t 
goals ,  an d displa y grea t  flexibility  i n shiftin g attentio n 
fro m on e goa l  t o another .  Thes e shift s i n focu s ar e 
ofte n i n respons e t o ne w informatio n tha t  coul d no t 
hav e bee n predicte d i n advance .  W e al l  capitaliz e o n 
chanc e encounter s wit h peopl e w e hav e bee n intendin g 
t o tal k to ,  bu y thing s becaus e w e happe n t o se e the m 
displaye d i n a  store ,  realiz e tha t  w e ca n perfor m on e 
erran d whil e "o n th e way "  t o perfor m another ,  an d s o 
on. 

Ther e i s  goo d reaso n t o believ e tha t  a  bette r  un -
derstandin g o f  thi s sor t  o f  opportunisti c behavio r  i s 
importan t  fo r  designin g artificia l  agent s a s well .  An y 
agen t  tha t  mus t  pursu e multipl e goal s i n a n unpre -
dictabl e worl d face s a  proble m o f  focu s — whic h goal s 
shoul d b e acte d o n now ? I f  ther e ar e to o m a n y goal s 
t o pla n fo r  completely ,  o r  i f  no t  al l  o f  the m ar e avail -
abl e whe n actio n mus t  begin ,  the n ther e mus t  b e som e 
heuristi c selectio n o f  a  subse t  o f  goal s tha t  shoul d b e 
activel y pursued .  O n th e othe r  hand ,  th e agen t  need s 
t o b e read y t o reconside r  thes e choice s i n th e fac e o f 
unanticipate d opportunities . 

Th e centra l  proble m fo r  account s o f  opportunisti c 
behavio r  i s ho w t o reconcil e th e backgroun d statu s o f 
a goa l  tha t  i s no t  unde r  activ e consideratio n wit h th e 
fac t  tha t  a n opportunit y t o satisf y i t  ca n b e recognize d 
at  all .  Recognitio n require s perceptua l  an d inferentia l 
work .  I f  recognizin g a n opportunit y t o satisf y a  back -
groun d goa l  assume s a s m u c h wor k a s activel y seekin g 
t o satisf y i t  does ,  the n th e functiona l  benefi t  o f  focus -
in g o n a  smal l  se t  o f  goal s i s lost . 

Opportunistic Memory 

I n earlie r  wor k [Hammond ,  1989b ,  H a m m o nd e t  ai , 
1988]  w e propose d a  memor y architectur e tha t  sup -
port s reminding s o f  backgroun d goal s a t  appropriat e 
times .  Th e ide a o f  opportunisti c m e m o r y relie s o n th e 
fac t  tha t  norma l  wor k towar d th e satisfactio n o f  a n ac -
tiv e goa l  demand s perceptua l  an d inferentia l  effort .  I n 
contras t  t o account s o f  opportunisti c behavio r  wher e 
foal s ar e imbue d wit h autonomou s processin g powe r 
Birnbau m an d Collins ,  1984] ,  th e opportunisti c m e m-

or y mode l  relie s o n encoding-tim e wor k t o appropri -
atel y inde x passiv e notation s i n th e sam e m e m o r y use d 
i n execution ,  s o tha t  suspende d goal s ca n b e cheapl y 
reawakene d i n th e cours e o f  execution .  Onc e "awak -
ened "  ,  a  suspende d goa l  ca n b e mor e thoroughl y con -
sidere d t o se e i f  i t  i s  plausibl e t o pursu e now .  T h e po -
tentia l  benefi t  i s tha t  give n prope r  encoding-tim e work , 
opportunit y recognitio n ca n exploi t  th e effor t  alread y 
bein g expende d o n goal s tha t  ar e currentl y active . 

I n brief ,  th e opportunisti c m e m o r y "algorithm "  i s a s 
follows : 

• Goals that cannot be immediately satisfied or inte-
grate d int o a  currentl y activ e pla n ar e considere d 
blocked ,  an d ar e suspende d [Schank ,  1982]. 

•  Suspende d goal s ar e associate d wit h feature s i n 
m e m o ry that ,  i f  encountere d i n th e world ,  woul d in -
dicat e tha t  th e goa l  m a y no w b e satisfiable . 

•  T h e sam e m e m o r y structure s ar e use d t o pars e th e 
worl d an d m a k e routin e execution-tim e decisions . 
W h en th e feature s tha t  a  suspende d goa l  ha s bee n 
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associate d wit h ar e activate d i n th e cours e o f  this , 
th e goa l  i s  brough t  bac k unde r  consideration . 

The objectiv e o f  thi s encodin g i s tha t  th e agen t  wil l 
hav e goal s "resubmitted "  t o attentio n b y mennor y a t 
exactl y thos e time s whe n the y ca n b e acte d on .  Thi s 
wil l  b e successfu l  t o th e exten t  tha t 

1.  th e agen t  ca n characteriz e th e way s i n whic h th e 
worl d woul d hav e t o chang e t o mak e th e goa l  satis -
fiable ,  an d 

2.  th e agen t  ca n associat e th e goa l  wit h a  se t  o f  easil y 
compute d operationa l  feature s tha t  strongl y predic t 
tha t  suc h a  chang e hci s take n place . 

We no w trea t  th e firs t  o f  thes e briefly ,  an d the n spen d 
th e remainde r  o f  th e pape r  o n th e second . 

Reasons for goal blockage 

The simples t  wa y tha t  a  goa l  ca n becom e blocke d i s i f  a 
standar d pla n associate d wit h i t  i s  presentl y unusabl e 
fo r  som e reason .  Th e possibilit y  o f  encounterin g suc h 
a situatio n i s a n inevitabl e consequenc e o f  a  case-base d 
plannin g framewor k [Hammond ,  1989a] ,  wher e th e at -
temp t  i s mad e t o reus e plan s i n situation s tha t  ma y 
not  b e exactl y th e one s fo r  whic h the y wer e designed . 

Among th e thing s whic h ca n bloc k th e us e o f  a  stan -
dar d pla n are : 

•  Lac k o f  time . 

Due t o othe r  pressin g goal s an d activities ,  ther e ma y 
not  b e tim e a t  th e moment  t o ru n th e standar d plan . 
For  example ,  th e goa l  t o ru n a n erran d t o purchas e 
somethin g ma y hav e t o b e suspende d whe n runnin g 
lat e fo r  a n appointment . 

•  Lac k o f  too l  o r  resource . 

The pla n depend s o n somethin g w e don' t  posses s a t 
th e moment .  Fo r  example ,  ou r  pla n t o drin k win e 
wit h ou r  picni c lunc h migh t  b e blocke d b y lac k o f  a 
corkscrew . 

•  Lac k o f  knowledge . 

I n thi s cas e ther e i s n o stat e i n th e worl d tha t  i s 
blockin g ou r  efforts ,  bu t  w e lac k th e knowledg e t o 
properl y exploi t  it .  Fo r  example ,  th e pla n t o ge t 
downtow n vi a th e infrequen t  commute r  trai n migh t 
be blocke d b y lac k o f  knowledg e o f  th e schedule . 

•  Lac k o f  proximity . 

Bein g i n a  particula r  locatio n i s a  commo n sor t  o f 
prerequisit e fo r  a  hos t  o f  mundan e tasks .  Remem-
berin g tha t  you r  plant s nee d waterin g doe s no t  hel p 
yo u whe n yo u ar e awa y fro m home . 

The feature s tha t  shoul d caus e a  goa l  t o becom e re -
activate d don' t  hav e t o b e limite d t o thos e produce d b y 
a characterizatio n o f  wha t  originall y blocke d it s satis -
factio n — i t  migh t  b e reasonabl e t o inde x a  goa l  unde r 
feature s tha t  indicat e unusua l  precondition s o f  a  stan -
dar d plan ,  o n th e theor y tha t  i t  i s  wort h checkin g th e 
othe r  precondition s a t  tha t  point .  Bu t  th e realizatio n 

tha t  a  blockin g conditio n i s n o longe r  tru e shoul d b e a 
stron g predicto r  tha t  th e goa l  i s no w satisfiable . 

Some o f  th e categorie s abov e ar e abstract ,  an d th e 
correspondin g opportunitie s ar e probabl y difficul t  t o 
recogniz e (fo r  exampl e "havin g time") .  Fro m her e o n 
we wil l  focu s o n opportunit y recognitio n tha t  corre -
spond s simpl y t o visuall y recognizin g a  particula r  ob -
ject . 

Functional requirements on 

indexin g feature s 

Clearl y eve n wit h a  goo d characterizatio n o f  wha t 
woul d constitut e a n opportunity ,  th e benefi t  o f  th e 
encodin g depend s strongl y o n th e particula r  vocabu -
lar y o f  feature s an d th e cost s o f  detectin g them .  I f  a 
suspende d goa l  i s  t o b e indexe d unde r  a  give n se t  o f 
features ,  the n 

1.  Th e featur e se t  shoul d b e chea p t o comput e relativ e 
t o th e cos t  o f  completel y verifyin g th e existenc e o f 
th e opportunity . 

2.  A s muc h a s possible ,  th e feature s shoul d b e one s tha t 
ar e likel y t o b e checke d anywa y i n pursuin g othe r 
course s o f  action .  (Thi s consideratio n trade s of f  wit h 
th e previou s one. ) 

3.  Th e rati o o f  fals e negative s (misse d opportunities ) 
t o fals e positive s (inappropriat e activation s o f  sus -
pende d goals )  shoul d b e i n lin e wit h th e urgenc y o f 
th e goa l  an d th e cos t  o f  verification . 

We no w discus s thes e requirement s i n th e contex t  o f 
recen t  experimenta l  result s o n visua l  search . 

Visual search 

I t  i s extremel y difficul t  t o desig n experiment s i n cogni -
tiv e an d perceptua l  psycholog y tha t  balanc e th e con -
flicting  demand s o f  experimenta l  contro l  an d relevanc e 
t o real-worl d activity .  Visua l  searc h i s a n attractiv e 
paradig m i n par t  because ,  althoug h peopl e rarel y fac e 
task s exactl y lik e th e experimenta l  task ,  i t  seem s plau -
sibl e tha t  th e facult y bein g teste d i s a  buildin g bloc k 
(an d possibl y a  bottleneck )  i n larger-scal e visua l  activ -
ity . 

I n visua l  searc h experiments ,  subject s ar e give n th e 
tas k o f  quickl y detectin g a  targe t  imag e ami d a  field  o f 
distractors ,  an d respons e tim e i s measured .  Treisman' s 
interpretatio n o f  suc h experiment s i s t o sugges t  tha t 
ther e i s a  smal l  se t  o f  attribute s o f  th e visua l  field  whic h 
ar e compute d preattentivel y an d i n paralle l  [Treisman , 
1985] .  Whe n th e searc h tas k involve s simpl y identi -
fyin g tha t  suc h a  "pop-out "  propert y i s present ,  re -
spons e time s ten d t o b e independen t  o f  th e numbe r  o f 
distractors .  Whe n identificatio n o f  th e targe t  require s 
verifyin g a  mor e comple x property ,  o r  a  conjunctio n o f 
pop-ou t  properties ,  respons e time s var y linearl y wit h 
th e numbe r  o f  distractors ,  suggestin g tha t  seria l  atten -
tio n i s require d i n th e verification .  A  smal l  numbe r 
of  propertie s po p out ,  amon g the m color ,  brightness , 
closure ,  curvatur e an d tilt . 
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Tsotso s [Tsotsos ,  1990]  ha s argue d fo r  th e intrinsi c 
difficult y o f  unbounde d visua l  search ,  wher e succes s de -
pend s o n satisfyin g a  functio n that ,  rathe r  tha n bein g 
a straightforwar d matc h t o a  target ,  m a y depen d o n 
arbitrar y interrelation s o f  portion s o f  th e tes t  image . 
Example s ar e task s suc h a s identifyin g th e "od d m a n 
out "  o f  a  field  o f  distractors ,  wher e th e propertie s tha t 
wil l  b e uniqu e ar e no t  identifie d i n advance .  Tsotso s 
prove s a n abstractio n o f  unbounde d visua l  searc h t o b e 
NP-hard ,  an d use s thi s resul t  t o motivat e a  particula r 
attentiona l  architecture . 

One implicatio n o f  thes e result s is ,  o f  course ,  tha t  i t 
i s  ver y unlikel y tha t  w e ca n instantl y identif y al l  th e 
object s i n a  comple x visua l  scene .  Ballar d [Ballard , 
1990 ]  suggest s tha t  i n general ,  th e proble m o f  simulta -
neousl y relatin g m a n y difi'eren t  model s t o m a n y visua l 
location s m a y b e to o hard ,  an d argue s fo r  th e sepa -
ratio n o f  locatio n an d identificatio n algorithms ,  wher e 
locatio n algorithm s attemp t  t o find  a  know n objec t  i n 
th e visua l  field,  an d identificatio n algorithm s d o ob -
jec t  recognitio n i n situation s wher e th e locatio n i s no t 
th e issue .  (I n thi s h e make s a  functiona l  argumen t  fo r 
a specializatio n tha t  i s  believe d t o exis t  i n biologica l 
system s [Maunsel l  an d Newsome ,  1987 ,  Mishkin ,  1982 , 
Mishki n e t  ai ,  1983]. )  W h e n incorporate d i n task -
dependen t  behaviors ,  locatio n an d identificatio n algo -
rithm s ca n us e method s tha t  ar e tailore d t o th e out -
standin g attribute s tha t  ar e likel y t o b e presen t  i n th e 
contex t  o f  th e task ,  furthe r  avoidin g visua l  reconstruc -
tio n i n it s  ful l  generality .  Se e e.g .  [Swain ,  1990 ]  fo r 
real-tim e algorithm s fo r  identificatio n o r  locatio n o f  ob -
ject s b y thei r  colors . 

Visual search and opportunism 

One wa y i n whic h visua l  searc h experiment s idealiz e 
real-worl d searc h i s that ,  regardles s o f  ho w th e objec t 
of  searc h i s specified ,  finding  th e objec t  i s  th e onl y goal . 
I t  seem s likel y tha t  i n h u m a n activity ,  whil e ther e m a y 
ofte n b e a  particula r  objec t  bein g sough t  o r  identified , 
ther e ar e a  numbe r  o f  othe r  thing s tha t  i t  i s  worthwhil e 
t o notic e i f  the y ar e seen .  Visua l  cue s tha t  indicat e 
opportunitie s t o satisf y suspende d goal s m a y b e a m o n g 
them . 

An example 

To motivat e th e res t  o f  th e discussion ,  w e wil l  tel l  a 
story : 

When I was in college, my black leather jacket 
was stolen .  Fo r  som e week s afte r  that ,  wheneve r 
I  sa w anyon e wearin g anythin g blac k an d shiny ,  i t 
"caugh t  m y eye" ,  an d I  checke d t o se e i f  i t  wa s 
my jacket .  Thi s happene d eve n though ,  t o m y 
knowledge ,  I  wasn' t  thinkin g abou t  th e jacke t  be -
forehand . 

Dependin g o n th e importanc e o f  th e goa l  o f  recov -
erin g th e jacket ,  thi s i s  a  functiona l  response .  Th e 
urgenc y an d th e chance s o f  seein g th e jacke t  a t  an y 

one tim e don' t  warran t  activel y searchin g fo r  i t  al l  th e 
time .  Still ,  i f  b y chanc e i t  i s  encountered ,  i t  migh t  b e 
wort h havin g a  wor d wit h th e curren t  wearer . 

Choosing visual indices 

H ow shoul d th e opportunit y represente d b y seein g th e 
jacke t  b e indexe d i n m e m o r y ? 

Our  ai m her e i s t o hav e a s m u c h a s possibl e o f  th e 
wor k neede d fo r  opportunit y recognitio n b e don e i n 
th e norma l  cours e o f  activity ,  wit h ou r  suspende d goa l 
remainin g a  passiv e annotation .  A t  th e ris k o f  drasti c 
oversimplification ,  w e ca n us e th e result s cite d abov e 
t o sketc h a  hierarch y o f  effor t  tha t  migh t  b e expende d 
i n recognizin g a n opportunit y associate d wit h a  par -
ticula r  object . 

1.  Recognitio n o f  a  particula r  pop-ou t  propert y i n th e 
visua l  scene .  Fo r  example ,  simpl y detectin g a n ob -
jec t  o f  a  certai n color .  Also ,  i t  m a y b e possibl e 
t o preattentivel y detec t  th e conjunctiv e presenc e o f 
mor e tha n on e pop-ou t  property ,  withou t  necessaril y 
verifyin g tha t  the y ar e i n th e sam e locatio n o r  du e 
t o th e sam e object . 

2.  Verificatio n o f  a  conjunc t  o f  pop-ou t  propertie s 
i n th e sam e location ,  o r  an y othe r  proces s tha t 
demands seria l  visua l  attention ,  whethe r  over t  o r 
covert . 

3.  Tru e objec t  recognition ,  i.e .  classifyin g a  see n objec t 
as a  jacke t  o r  a  for k o r  a  car . 

4.  Inferenc e base d o n objec t  recognition .  Her e w e mov e 
int o processin g tha t  m a y o r  m a y no t  b e completel y 
non-visual ,  bu t  tha t  ha s th e recognitio n o f  a  par -
ticula r  objec t  a s a  prerequisite .  Not e tha t  muc h 
of  th e wor k o f  actuall y evaluatin g a n opportunit y 
represente d b y seein g a n objec t  fall s  int o thi s cat -
egory ,  sinc e eve n i f  th e objec t  see n i s  exactl y wha t 
was bein g sough t  a t  encodin g time ,  circumstance s 
m ay hav e change d s o tha t  th e goa l  i s no t  satisfiabl e 
fo r  som e othe r  reason . 

T h e poin t  o f  thi s hierarch y i s  that ,  whil e th e pro -
cesse s occurrin g a t  a  give n leve l  m a y b e ver y comple x 
(an d poorl y understood) ,  i t  seem s reasonabl e t o as -
sume tha t  th e higher-numbere d level s ar e dependen t 
on th e lowe r  ones ,  an d wor k a t  al l  level s wil l  hav e t o 
be don e a t  som e poin t  t o detect ,  verify ,  an d evaluat e 
opportunitie s represente d b y seein g particula r  objects . 
I f  a  descriptio n tha t  fall s a t  on e o f  thes e level s i s  as -
sociate d wit h a  suspende d goal ,  w e assum e tha t  acti -
vatio n o f  thos e feature s wil l  b e enoug h t o activat e th e 
goal ,  whic h i n tur n wil l  lea d t o th e direc t  suggestio n 
of  th e res t  o f  th e wor k necessar y i n it s verification .  S o 
th e questio n i n determinin g indexin g feature s the n be -
comes:  wha t  i s th e lowes t  leve l  a t  whic h a  give n goa l 
shoul d b e indexed ? 

As w e sai d above ,  a  goo d recommendatio n fo r  a 
potentia l  inde x i s  tha t  i t  wil l  b e compute d anyway . 
Almos t  b y definition ,  pop-ou t  propertie s qualif y (al -
thoug h detectin g a  particula r  on e m a y wel l  requir e 
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some non-spatia l  attention ,  e.g .  t o a  particula r  featur e 
m a p ) .  Ther e ar e tw o reason s w h y pop-ou t  propertie s 
m ay no t  provid e goo d indice s i n particula r  cases .  Th e 
first  i s  simpl y tha t  m a n y o f  thes e propertie s ar e quit e 
low-leve l  an d eve n i n conjunctio n ar e no t  expressiv e 
enoug h t o characteriz e interestin g opportunities .  Th e 
most  promisin g one s see m t o b e motion ,  brightness , 
an d especiall y colo r  -  bu t  i f  th e relevan t  typ e o f  oppor -
tunit y i s seein g a  restaurant ,  the n the y d o no t  suffice . 
T h e secon d reaso n i s th e possibilit y  o f  a n unacceptabl y 
hig h rat e o f  fals e alarms . 

I n ou r  exampl e story ,  th e suspende d goa l  o f  recover -
in g th e jacke t  migh t  simpl y hav e bee n indexe d i n as -
sociatio n wit h th e colo r  black. ^  Wheneve r  tha t  colo r 
appeare d i n th e visua l  field,  th e goa l  woul d b e reac -
tivated ,  an d furthe r  verificatio n tha t  i n fac t  th e colo r 
was no t  du e t o th e missin g jacke t  woul d hav e t o b e 
performed ,  probabl y resultin g a t  leas t  i n redirectio n o f 
visua l  attention .  O n e wa y t o interpre t  th e stor y i s tha t 
i n fac t  th e goa l  wa s associate d wit h th e conjunctio n o f 
a colo r  an d a  texture ,  an d tha t  eve n tha t  requiremen t 
gav e a  sufficientl y hig h fals e alar m rat e tha t  i t  cause d 
th e experienc e t o b e memorable . 

Indexin g a n opportunit y a t  th e leve l  o f  ful l  objec t 
recognitio n m a y offe r  a  bette r  characterizatio n an d re -
sul t  i n fewe r  fals e alarms ,  bu t  i t  m a y als o the n restric t 
discover y t o thing s tha t  ar e full y  attende d t o an d iden -
tified .  Thi s m a y b e acceptabl e whe n th e cos t  o f  com -
pletel y missin g th e opportunit y i s low .  I t  m a y als o b e 
acceptabl e whe n enoug h i s know n abou t  th e structur e 
of  futur e activitie s an d task s t o predic t  tha t  th e give n 
objec t  wil l  b e attende d t o a t  som e poin t  [ H a m m o n d , 
1990] .  Fo r  example ,  i t  m a y b e reasonabl e t o inde x th e 
goa l  o f  respondin g t o a  particula r  lette r  los t  o n a  mess y 
des k b y actuall y seein g an d identifyin g th e letter ,  i f  yo u 
kno w tha t  yo u wil l  b e cleanin g th e des k a t  som e poin t 
i n th e future . 

No stron g theor y o f  ho w t o determin e th e appropri -
at e leve l  o f  indexin g i s offere d her e -  i n par t  i t  m a y jus t 
hav e t o b e a  proces s o f  addin g feature s t o conjunct s o r 
movin g u p th e hierarch y give n abov e i n respons e t o 
a hig h fals e alar m rate .  (Fo r  a  decision-theoreti c ap -
proac h t o tunin g opportunit y recognition ,  se e [Brand , 
1991]. )  T h e on e thin g tha t  seem s clea r  i s tha t  i f  th e 
featur e se t  unde r  whic h a  goa l  i s  indexe d need s t o b e 
refined ,  ther e i s a  functiona l  benefi t  t o startin g o n th e 
overl y inclusiv e side .  I t  i s  easie r  t o notic e inappropriat e 
reminding s tha n i t  i s  t o notic e th e lac k o f  appropriat e 
ones . 

Mor e realisti c theorie s o f  attentio n an d incrementa l 
objec t  recognitio n doubtles s allo w fo r  better-define d 
intermediat e "hooks "  o n whic h annotation s abou t  op -

*Her e w e mak e th e simplifyin g assumptio n tha t  th e 
propertie s ar e binary—o f  course ,  th e actua l  response s o f 
"detectors "  fo r  th e feature s ar e likel y t o b e complicate d 
and graded .  Th e poin t  her e i s tha t  th e goa l  i s  associate d 
wit h som e visua l  characterizatio n o f  th e objec t  tha t  ca n b e 
detecte d preattentively . 

portunitie s ca n b e hung .  Bu t  t o a  grea t  exten t  th e 
lower-leve l  visua l  vocabular y seem s likel y t o b e fixed, 
and choice s o f  appropriat e indexin g leve l  nee d t o b e 
m a de fro m th e option s provide d b y it ;  th e visua l 
syste m canno t  b e dynamicall y reconfigure d t o detec t 
leathe r  jacket s preattentively . 

Discussion 

R e l e v a n c e t o artificia l  s y s t e m s 

Al l  th e discussio n s o fa r  ha s bee n grounde d i n th e 
particula r  featur e vocabularie s resultin g fro m experi -
ment s o n h u m a n vision .  H o w d o thes e idea s transfe r 
t o constructin g system s tha t  m a y operat e unde r  differ -
ent  perceptua l  constraints ? 

Ther e see m t o b e stron g desig n advantage s t o givin g 
autonomou s agent s highl y optimize d periphera l  per -
ceptua l  systems ,  whic h comput e a  wid e (bu t  fixed)  va -
riet y o f  low-leve l  feature s al l  th e time ,  ver y efficiently . 
Mor e recently ,  ther e ha s bee n growin g interes t  i n th e 
visio n communit y i n task-directe d short-ter m contro l 
of  perception ,  whic h activel y direct s th e orientatio n 
of  th e perceptors ,  an d use s attentio n t o selec t  a  ver y 
smal l  task-relevan t  subse t  o f  th e provide d information . 
At  th e sam e time ,  ther e i s increase d interes t  i n th e 
planning-and-actio n communit y i n th e realitie s an d 
cost s o f  perceptio n 

At  it s mos t  abstract ,  ou r  argumen t  her e i s fo r  cre -
atin g indice s fo r  suspende d goal s o n th e fly,  wher e th e 
indice s ar e compose d o f  primitiv e perceptua l  feature s 
(whateve r  the y happe n t o be )  o r  feature s tha t  m a y 
be derive d du e t o attentio n t o othe r  goals .  Thes e in -
dexe d goal s becom e activate d whe n al l  thei r  feature s 
ar e seen ,  bu t  unti l  the n d o no t  compet e fo r  attentiona l 
resources . 

A closing story 

Ther e ar e type s o f  opportunisti c behavio r  whic h ar e 
not  covere d i n th e framewor k we'v e bee n discussing , 
on e o f  whic h i s exemplifie d b y th e followin g story : 

While on vacation at a lakeside cabin, the frisbee 
I  wa s throwin g becam e lodge d i n a  tree .  I  move d 
down t o th e nearb y shorelin e t o loo k fo r  a  smal l 
roc k o r  piec e o f  woo d I  coul d thro w a t  th e frisbe e 
t o dislodg e it .  A s I  looked ,  I  sa w a  lon g paddl e 
fro m a  paddle-board ,  whic h I  realize d I  coul d us e 
t o pok e th e frisbe e free . 

In effect, the opportunism here is in the recognition 
tha t  th e mean s t o pursu e a n alternat e pla n i s a t  hand . 
I n par t  thi s i s outsid e th e framewor k we'v e presente d 
becaus e ou r  focu s ha s bee n o n wha t  goal s shoul d b e 
attende d t o a t  all ,  rathe r  tha n o n suggestio n o f  plans . 
Th e typ e o f  recognitio n tha t  need s t o b e don e i s als o 
subtl y different ,  however .  Th e recognitio n depend s 
not  onl y o n objec t  identificatio n (a s a  paddle) ,  bu t  o n 
furthe r  inferenc e abou t  th e use s t o whic h th e objec t 
coul d b e pu t  (it s suitabilit y  a s a  reach-extender) ,  an d 
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as suc h fall s  int o th e highes t  categor y i n th e hierarch y 
we sketche d above . 

The onl y connectio n betwee n th e objec t  an d th e cur -
ren t  goa l  i s  throug h th e pla n tha t  i s eventuall y sug -
gested .  Fo r  som e suggestion s ho w o f  thi s integratio n 
of  top-dow n an d bottom-u p inferenc e migh t  b e imple -
mented ,  se e [Hammon d e t  ai ,  1990] . 
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