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Prob in g th e E m e r g e n t  Behav io r  o f  Tabletop , 

a n Architectur e Unitin g High-leve l  Perceptio n wit h Ana logy-mak in g 

D o u g l a s R .  Hofstadte r  a n d Rober t  M .  Frenc h 
Cente r  fo r  Researc h o n Concept s an d Cognitio n •  Indicm a Universit y 

51 0 Nort h Fes s Stree t  •  Bloomington ,  Indian a 4740 8 

A b s t r a c t 

Tableto p i s a  compute r  mode l  o f  analogy-makin g tha t  ha s a 

nondeterministi c paralle l  architecture .  I t  i s  base d o n th e 

premis e tha t  analogy-makin g i s a  by-produc t  o f  high-leve l 
perception ,  an d i t  operate s i n a  restricte d versio n o f  a n 

everyda y domain :  tha t  o f  place-setting s o n a  table .  Th e 

domain' s simplicit y help s clarif y th e tigh t  lin k betwee n 

perceptio n an d analogy-making .  I n eac h problem ,  a  tabl e 
configuratio n i s given ;  th e user ,  hypotheticall y seate d a t  th e 

table ,  point s a t  som e object .  T h e progra m respond s b y 
doin g "th e sam e thing" ,  a s determine d fro m th e opposit e 
sid e o f  th e table .  Bein g nondeterministic ,  Tableto p act s 
differentl y whe n ru n repeatedl y o n an y problem .  Thu s t o 

understan d h o w divers e pressure s affec t  th e program ,  on e 

must  compil e statistic s o f  man y run s o n man y problems . 

Tableto p wa s teste d o n severa l  familie s o f  interrelate d 
problems ,  an d a  performanc e landscap e wa s buil t  up , 

representin g it s "likes "  an d "dislikes" .  Throug h qualitativ e 

comparison s o f  thi s landscap e wit h huma n preferences ,  on e 

ca n asses s th e psychologica l  realis m o f  Tabletop' s "uste" . 

Cognitive generality in a microdomain 

Tabletop ,  a  compute r  mode l  o f  analogy-making ,  i s base d o n 
th e premis e tha t  analogy-makin g an d perceptio n ar e 
inseparabl y intertwined .  Th e nondeterministi c an d paralle l 
progra m build s representation s o f  situation s an d make s 
analogie s i n a  familia r  bu t  restricte d domain :  place-setting s 
on a  table .  Thoug h simple ,  th e domai n bring s ou t  genera l 
issue s i n high-leve l  perceptio n an d analogy-making . 

Imagin e Henr y an d Eliz a facin g eac h othe r  acros s a  table . 

Henr y touche s a n objec t  an d says ,  "D o this! "  Eliz a mus t 

respon d b y touchin g som e object .  Th e progra m play s th e 
rol e o f  Eliza ,  wit h selectio n playin g th e rol e o f  touching . 

O ne obviou s possibilit y  woul d b e t o "touch "  literall y th e 

same object .  Thi s optio n i s alway s open ,  n o matte r  wha t  th e 

configuratio n an d n o matte r  wha t  Henr y touches .  Often , 
though ,  ther e ar e aspect s o f  th e situation—^pressures—tha t 

m a ke th e literal-samenes s optio n les s appealin g tha n 

touchin g som e othe r  object .  Th e possibilit y o f  an y numbe r 
of  pressure s coexisting ,  an d thei r  ofte n subtl e interactions , 
len d th e domai n considerabl e complexit y an d depth . 

Suppos e bot h individual s hav e coffeecup s befor e them . 

Most  peopl e woul d perceiv e th e cup s a s counterparts .  Thus , 
i f  Henr y touche s hi s  cup ,  i t  woul d see m mor e natura l  fo r 
Eliz a t o touc h he r  cu p tha n t o reac h acros s th e tabl e t o touc h 

his .  Bu t  n o w suppos e th e "counterparthood "  i s weakene d b y 

changin g Eliza' s cu p t o a  glas s (Fig .  6) .  Here ,  althoug h th e 

tw o object s remai n counterpart s i n term s o f  position ,  thei r 

categorie s n o longe r  matc h exactly . 

Howeve r ,  a s "cup "  an d "glass "  ar e closel y relate d 

categories ,  ther e remai n reasons—pressures—fo r  Eliz a t o 

see he r  glas s an d Henry' s cu p a s counterparts .  Chance s ar e 
goo d tha t  Eliz a wil l  ran k touchin g he r  glas s highe r  tha n 
touchin g hi s  cup .  O f  course ,  i f  th e categor y mismatc h i s 

furthe r  increased—giv e Eliz a a  fork ,  no t  a  glass—th e sens e 

of  counterparthoo d wil l  b e s o diminishe d tha t  Eliz a ma y 

rever t  t o th e literal-samenes s optio n (touchin g Henry' s  cup) . 

Othe r  pressure s tha t  migh t  influenc e Eliza' s choic e 
include :  th e arrangement ,  categor y memberships ,  an d 
orientation s o f  objects ,  etc .  Often ,  perceptua l  grouping s 
("chunks") ,  whos e plausibilit y  depend s o n th e physica l  an d 
conceptua l  proximit y o f  th e item s involved ,  pla y a  rol e i n 
determinin g wha t  item s Eliz a i s pron e t o se e a s counterparts . 

Obviously ,  no t  al l  possibl e grouping s ca n b e considere d 

by a  perso n o r  b y a  program—afte r  all ,  wit h jus t  a  doze n 
object s o n th e table ,  hundred s o f  potentia l  way s o f  groupin g 

the m exist ;  moreover ,  i f  smalle r  chunk s ar e allowe d t o b e 

m e m b e rs o f  large r  chunk s ( a ke y featur e o f  h u m a n 
perception ,  whic h routinel y build s u p suc h hierarchica l 

representations) ,  th e numbe r  i s eve n higher .  O f  course ,  no t 

onl y efficienc y bu t  cognitiv e plausibilit y  militate s strongl y 

agains t  a  compute r  mode l  i n whic h brute-forc e strategie s o f 
any sor t  pla y an y role .  Thu s a  crucia l  desig n philosoph y o f 
th e Tabletop  progra m i s tha t  i t  doe s no t  routinel y invok e al l 
possibl e pressure s i n eac h situation ;  rather ,  i t  let s a  limite d 
number  o f  context-dependen t  pressure s emerg e a s eac h 
situatio n i s perceptuall y processed . 

Parallel emergent perceptual processes 

The centra l  challeng e o f  th e Tableto p projec t  i s  t o mode l  th e 

simultaneou s existenc e an d interactio n o f  multipl e pressure s 

i n a  huma n min d perceivin g {i.e. ,  buildin g representation s 

of )  a  comple x situation .  W e stres s perceptio n rathe r  tha n 

analogy-making ,  sinc e ou r  philosoph y i s  tha t  analogies 

emerg e automaticall y a s a  by-produc t  o f  high-leve l 
perceptio n (se e [Chalmers ,  French ,  &  Hofstadte r  91]) .  Thi s 
ide a i s a t  th e cru x o f  Tabletop ;  w e conten d tha t  th e progra m 

shoul d b e judge d no t  onl y o n th e accurac y wit h whic h i t 
mimic s huma n performanc e i n it s narro w domain ,  bu t  als o 

on it s genera l  principles ,  intende d t o appl y t o an y domain , 
irrespectiv e o f  size .  (I n fact ,  Tabletop' s foraiinne r  Copyca t 

use s a  simila r  architectur e i n a  differen t  microdomain .  Se e 

[Mitchel l  90 ]  an d [Hofstadte r  &  Mitchel l  91]. ) 
I n Tabletop ,  "high-leve l  perception "  m e a n s th e 

concurren t  carrying-ou t  o f  th e followin g tasks : 

• initial labeling of objects in terms of basic categories; 
•  furthe r  labeling ,  o n highe r  level s o f  abstraction ,  o f 

already-labele d tabl e objects ; 
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•  hierarchica l  building-u p o f  group s (tentativ e perceptua l 
chunks )  o n th e basi s of : 
•  physica l  proximit y o f  componen t  item s {i.e. ,  tabl e 

object s o r  already-buil t  groups) ; 
•  conceptua l  proximit y o f  componen t  items ; 
•  structura l  similarit y o f  componen t  subgroups ; 

•  building-u p o f  correspondence s (link s betwee n tw o item s 
establishin g the m tentativel y a s eac h other' s counterparts ) 
on th e basi s of : 
•  correspondin g physica l  position s o f  th e tw o items ; 
•  conceptua l  proximit y o f  th e tw o items ; 
•  structura l  similarit y o f  th e item s (i f  the y ar e groups) ; 

•  assignmen t  o f  a  time-varyin g salienc e t o eac h perceive d 
ite m (object ,  group ,  o r  correspondence) ; 

•  assigimien t  o f  a  time-varyin g strengt h t o eac h perceive d 
correspondence ; 

•  competitio n amon g riva l  perceptua l  structures ,  givin g ris e 

t o a  prunin g o f  weake r  structures . 

All these tasks are carried out in parallel. A key idea of the 
architectur e i s tha t  eac h typ e o f  tas k i s implemente d a s a 

sequenc e o f  small ,  independen t  micro-actions .  Buildin g a 
group ,  fo r  instance ,  involve s a n escalatin g serie s o f 

"microtests "  tha t  chec k th e physica l  an d conceptua l 
distance s betwee n prospectiv e grou p members .  I f  an y suc h 
tes t  fails ,  th e potentia l  grou p i s aborted ;  i f  i t  succeeds ,  th e 

way i s clea r  fo r  furthe r  tests ;  i f  al l  requisit e hurdle s ar e 

cleared ,  th e grou p get s buil t  b y a  specifi c  micro-action . 
To carr y ou t  al l  thes e task s require s man y micro-actions , 

whic h ar e interleave d a t  random .  Fo r  instance ,  a  microtes t 
checkin g ou t  th e attractivenes s o f  a  potentia l  grou p o n 
Eliza' s sid e migh t  run ,  followe d a t  rando m b y a  micro-actio n 
tha t  propose s attachin g a n abstrac t  labe l  t o som e objec t  o n 
Henry' s side ,  followe d b y anothe r  microtes t  tha t  check s ou t 

some othe r  aspec t  o f  Eliza' s potentia l  group ,  followe d b y a 
micro-actio n tha t  test s s o m e aspec t  o f  a  propose d 
correspondenc e elsewhere ,  etc .  I n sum ,  man y differen t  sort s 

of  smal l  thing s happen ,  on e afte r  another ,  a t  differen t  place s 

on th e table .  Throug h suc h interleavin g o f  scattere d loca l 
micro-actions ,  large-scal e perceptua l  structure s graduall y 
emerg e i n paralle l  i n al l  area s o f  th e table .  Becaus e al l  thes e 

processe s hav e mutua l  influences ,  th e perceptua l  structure s 
tha t  the y buil d ten d t o for m conceptuall y coheren t  sets . 

Tabletop' s parallelis m thu s lie s a t  th e tas k rathe r  tha n th e 
micro-actio n level .  Th e degre e o f  effectiv e parallelis m i s 
determine d b y th e grai n o f  th e break-u p o f  task s int o micro -
actions .  Th e fine r  th e grain ,  th e mor e evenl y wil l  emerg e th e 
differen t  percepma l  structures .  A  totall y unbiase d selectio n 

of  micro-action s woul d resul t  i n al l  large-scal e task s gettin g 
canie d out ,  o n average ,  a t  th e sam e speed— a completel y 
"fair "  sharin g o f  attentio n ove r  th e table .  However ,  suc h 
perceptua l  fairnes s i s fa r  fro m Tabletop' s strategy ;  rather , 
Tableto p accelerate s avenue s o f  exploratio n tha t  offe r 
promis e whil e retardin g one s tha t  appea r  uninteresting .  Fo r 

instance ,  Tableto p i s no t  equall y likel y t o inspec t  al l 
object s o n th e table ;  a t  an y give n momen t ,  probabilitie s 
bia s it s choic e o f  wha t  t o loo k at .  Metaphorically  speaking , 
certai n object s an d area s o f  th e tabl e ar e perceptuall y "hot " 
whil e other s ar e "cool" ,  an d thes e biase s ar e dynamic :  the y 

chang e a s ne w perception s ar e made . 
Dynami c biasin g i s realize d b y assignin g eac h micro -

actio n a n urgency—effectivel y it s probabilit y  o f  bein g 

chosen .  Urgencie s ar e assigne d accordin g t o th e perceive d 

promis e o f  a  give n micro-action .  Fo r  instance ,  a  propose d 

micro-actio n involvin g a  salien t  objec t  woul d ge t  a  highe r 
urgenc y tha n on e involvin g a n objec t  o f  lo w salienc e (al l 

othe r  thing s bein g equal) .  M a n y factor s ar e take n int o 

accoun t  i n urgenc y assignment :  locatio n o n th e table ,  type s 

of  item s involved ,  strength s and/o r  salience s o f  object s o r 

correspondence s involved ,  etc .  Sinc e micro-action s havin g 
hig h urgencie s ten d t o b e chose n swiftly ,  sequence s o f 

logicall y relate d high-urgenc y micro-action s wil l  ten d t o b e 
accelerated ,  whil e sequence s o f  low-urgenc y micro-action s 
wil l  ten d t o b e slowe d down .  I n thi s way ,  differen t  perceptua l 
structure s emerg e naturall y a t  differen t  speeds ,  dependin g o n 

th e program' s bes t  a  prior i  estimat e o f  thei r  significance . 
Sinc e th e relativ e salience s o f  tabl e item s ar e critica l  i n 

determinin g wha t  make s a  regio n o f  th e tabl e "hot" ,  on e 
migh t  ask ,  "Wha t  make s a n ite m salient? "  M a n y factor s ar e 
involved ,  including :  locatio n relativ e t o th e touche d object ; 
conceptua l  proximit y t o th e touche d object ;  bein g a  grou p 

(a s oppose d t o a  mer e object) ;  siz e o f  group ;  physica l 
positio n i n a  group ;  prio r  perceptio n o f  othe r  object s i n th e 
same category ;  havin g a  counterpar t  o r  not ;  etc .  Obviously , 

some o f  thes e attribute s var y ove r  time ,  s o tha t  salience s 
als o change ,  whic h implie s tha t  variou s area s o f  th e tabl e 
b e c o m e stronge r  o r  weake r  probabilisti c  foc i  o f  th e 
program' s attention .  No t  onl y salience s o f  object s bu t  als o 
strength s o f  correspondence s pla y a  rol e i n determinin g a n 
area' s (probabilistic )  perceptua l  attractiveness ,  an d a  simila r 
lis t  o f  factor s i s take n int o accoun t  i n th e computatio n o f 
eac h correspondence' s (dynamicall y varying )  strength . 

A ny grou p ca n b e disbande d an d an y correspondenc e take n 
down.  Ofte n th e reaso n fo r  dismantlin g a  perceptua l  structur e 
i s th e discover y o f  anothe r  structur e o f  comparabl e o r  greate r 

strength .  Thu s Tabletop' s perceptua l  proces s i s a  rough-and -

tumbl e contes t  a m o n g conflictin g interpretation s (ofte n jus t 
fragmentary) ,  th e outcom e o f  which ,  i n th e end ,  i s hopefull y 
a stron g se t  o f  mutually-reinforcin g perceptua l  structures . 

Structur e valu e i s a  dynamicall y varyin g numbe r  tha t 
represent s th e tota l  strengt h o f  al l  currentl y existin g 
perceptua l  structures .  Thi s numbe r  ca n b e considere d a 
measur e o f  h o w wel l  th e progra m ha s s o fa r  don e i n "makin g 
sense "  o f  th e scen e befor e it ;  a t  th e en d o f  a  run ,  structur e 
valu e ca n serv e a s a  "qualit y measure "  o f  th e answe r  produce d 
by th e program .  A n importan t  pressur e o n Tableto p i s t o 
maximiz e structur e value ;  counterbalancin g this ,  however , 
i s  a  competin g pressure—tim e pressure—tha t  pushe s fo r  th e 
progra m t o finis h withi n a  reasonabl e amoun t  o f  time . 

As perceptua l  structure s e m e r g e aroun d th e table , 
mapping s als o emerge .  Indeed ,  a  mappin g i s jus t  on e typ e o f 
perceptua l  structure :  a  famil y o f  on e o r  m o r e mutuall y 
compatibl e (ofte n mutuall y reinforcing )  correspondences .  A 
mapping ,  needles s t o say ,  i s  a n analogy .  Th e basi c premis e 
of  Tabletop ,  then ,  i s tha t  analogy-makin g i s a  high-leve l 
by-produc t  o f  perception .  I n othe r  w o r d s ,  analogie s 
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Figur e 1 .  I n Figs .  1  throug h 5 ,  representin g th e Surroun d family .  H  touche s hi s cup .  Thoug h th e literal-samenes s answe r  (/.A ,  touchin g H' s 
cup )  I s alway s possible ,  th e mai n rivalr y i s t)etwee n E' s glas s an d cup .  T h e variant s explor e comt>ination s o f  pressure s b y surroundin g E' s 
glas s an d H' s cu p wit h variou s set s o f  objects .  Fig .  1 ,  th e t a s e case' ,  ha s n o surroundin g objects ;  here ,  jus t  tw o pressure s contribut e t o 
th e decision :  categor y membershi p an d physica l  position .  T h e forme r  favor s th e cu p (categor y identit y i s  bette r  tha n categor y proximt/] . 
W h at  abou t  th e latter ? Peopl e ar e mor e likel y t o see k a  corne r  object' s counterpar t  i n th e diagonall y opposit e corne r  tha n i n th e mirror -
imag e corner ,  s o suc h a  bia s w a s buil t  int o Tabletop .  Therefore ,  positio n pressur e als o favor s th e cup .  Overall ,  then ,  th e pressur e i n 
favo r  o f  E' s cu p i s ver y strong ;  indeed ,  Tableto p choose s he r  glas s onl y 5 % o f  th e time . 

•.u- r t  X  Mtl l 

Eli u touche s 
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Ak Mniclur e nlu e 
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107 

A« no .  o f  micn>«ctJon f 
M 
56 

Figur e 2 .  W h e n h u m a n s loo k a t  thi s setup ,  the y effortlessl y perceiv e tw o group s — on e containin g H' s cup ,  th e othe r  containin g E' s glass . 
(Of  cours e othe r  grouping s ar e possible ,  bu t  virtuall y neve r  c o m e to  mind. )  Tableto p i s similarl y inclined ;  i t  see s a  grou p consistin g o f  H' s 
cu p ai d tw o spoon s (th e spoo n pai r  i s  likel y to  b e see n a s a  subgroup) ,  an d a  grou p consistin g o f  E' s glas s an d tw o spoon s (als o likel y t o 
b e see n a s a  subgroup) .  No t  onl y d o thes e group s m a p ont o eac h othe r  a s wholes ,  bu t  thei r  subgroup s (i f  seen )  m a p strongl y ont o eac h 
other ,  thu s pushin g th e structur e valu e u p an d increasin g th e pressur e fo r  mappin g H' s cu p ont o E' s glass .  Indeed ,  Tableto p no w touche s 
th e glas s 4 5 % o f  th e time .  A s migh t  b e expected ,  th e averag e structur e valu e w h e n i t  doe s s o i s significantl y highe r  tha n whe n i t  touche s 
her  cup .  Thi s i s a  cas e wher e highes t  frequenc y an d bes t  structur e disagree . 

nmarj 

? ? * 

I  o < la m 

Eli u louchc i 
El 
E2 

A« unKlu n nlu e 
248 
146 

A« no .  o f  niicn>«ct i 
101 
94 

Figur e 3 .  T h e group s aroun d H' s cu p an d E' s glas s ar e ver y similar :  the y hav e th e s a m e numbe r  o f  object s an d thei r  subgroup s ar e 
identical .  H u m a n s se e th e mapping s a s ver y stron g an d se e E' s cu p a s a  loner ,  thu s fee l  muc h pressur e t o touc h he r  glass .  No t  onl y doe s 
th e progra m d o thi s fa r  mor e ofte n tha n touc h he r  cup ,  bu t  th e structur e valu e fo r  th e forme r  average s fa r  highe r  tha n fo r  th e latter . 

Th e stron g mapping s pus h s o har d fo r  touchin g E' s glas s tha t  on e migh t  wonde r  wha t  woul d eve r  induc e Tableto p t o pic k E' s cup .  T w o 
factor s ar e involved .  O n e is ,  Tableto p sometime s simpl y fail s  t o buik j  thos e mappings .  O n suc h runs ,  th e pressure s d o no t  s o greatl y 
favo r  he r  glass .  Mor e rarely ,  Tableto p m a y buil d th e mapping s bu t  simpl y choos e (stochastically )  t o ignor e the m an d touc h E' s cup . 
Thoug h thi s m a y s e e m irrational ,  peopl e ofte n ac t  similarly .  I n a  sun^ey ,  subject s wer e aske d t o dra w al l  relevan t  correspondence s i n thi s 
setup .  S o m e ,  afte r  drawin g a  lin e linkin g th e tw o spoon-groups ,  anothe r  linkin g th e fork-groups ,  an d a  thir d linkin g th e knives ,  ignore d al \ 
thes e line s an d chos e E' s cup .  I n thi s light ,  th e 'anomatous '  1 4 % o f  run s i n whic h Tableto p touche s th e lon e cu p see m justified . 
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Figur e 4 .  E' s glas s ha s bee n replace d b y a  plate ,  conceptuall y remot e fro m th e touche d objec t  Thi s shoul d shif t  th e pressure s bac k t o 
favorin g th e isolate d cup .  Indeed ,  Tableto p no w touche s E' s cu p 9 0 % o f  th e time ,  an d he r  plat e jus t  1 0 % .  Still ,  th e structur e valu e 
associate d wit h th e plate-answe r  remain s ove r  4 0 % highe r  tha n tha t  fo r  E' s cup . 
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Figur e 5 .  Distractor s h a v e b e e n a d d e d t o Fig .  3 ,  m o r e tha n doublin g th e n u m b e r  o f  potentia l  ob jec t -co r respondences .  Bu t  i f  Tabletop' s 
focusin g m e c h a n i s m s operat e well ,  thi s shoul d h a v e littl e effec t  o n th e a m o u n t  o f  processin g a n d th e distributio n o f  a n s w e r s .  Indeed , 
ther e i s littl e contras t  b e t w e e n thes e result s a n d Fig .  3 .  T h e a v e r a g e ru n lengt h i s a lmos t  exactl y th e s a m e a s i n Fig .  3 ,  w h i c h h a d n o 
distraction s a t  all .  T h u s Tab le to p essentiall y  ignore s object s i n unlikel y location s o n th e table ,  focusin g it s attentio n primaril y o n a  prior i 
preferre d regions .  ( H o w e v e r ,  w h e n n o object s ar e i n a  pr/or/preferre d regions ,  Tab le to p d o e s e x a m i n e a  pn'or/unlikel y regions. ) 

1 • < tott i 

A« fw .  o f  akr a 

Figur e 6 .  Figs .  6  throug h 1 0 represen t  th e B l o c k a g e family .  T h e c u p a n d glas s facin g e a c h othe r  ar e no t  identical ,  bu t  a l m o s t  s o :  th e 
Slipne t  n o d e s ' cup '  a n d 'glass '  a r e ver y close .  A l s o th e glas s i s i n a  favorabl e positio n wit h respec t  t o th e c u p .  T h e r e i s thu s m u c h 
pressur e t o c h o o s e th e g  ass ,  a n d Tab le to p a l w a y s d o e s s o here .  I n variants ,  th e pressure s fo r  touchin g H' s c u p a r e increase d b y 
creatin g co r respondence s tha t  'usurp '  E' s glass .  I n this ,  th e b a s e c a s e ,  ther e i s n o at temp t  a t  b tockage . 

t  t f  tota l 
r«»li H 

Figur e 7 .  A  glas s h a s b e e n a d d e d ;  bein g o n H' s side ,  i t  i s  m o s t  unlikel y t o b e touched .  Unlik e th e addition s i n th e S u r r o m d family ,  thi s 
additio n create s n o n e w group .  O n e m i g h t  thu s e x p e c t  tha t  thi s addition ,  lik e th e distraction s i n Fig .  5 ,  w o u l d h a v e littl e effec t  o n 
Tabletop' s a n s w e r s o r  resource s e x p e n d e d .  Bu t  anothe r  effec t  — th e distan t  g lasses '  idertticalit y — g m s rise  t o a  p ressur e t o buil d a 
co r respondenc e b e t w e e n them .  W h e n thi s i s  d o n e ,  th e g lasse s ar e s e e n a s par t  o f  a  single ,  albei t  w e a k ,  structure ,  w h k ; h exert s a 
blockag e effect .  ( C o r r e s p o n d e n c e s a n d g r o u p s ar e bot h perceptua l  c h u n k s a n d ar e simila r  i n m a n y w a y s ;  th e former ,  h o w e v e r ,  ten d t o 
b e w e a k e r  sinc e thei r  constituents ,  usuall y bein g fa r  apar t  o n th e table ,  a r e no t  tightl y b o u n d together. ) 

M a ny subject s ( 4 0 % [Frenc h 1992) )  s a w th e glasse s a s counterparts .  W h e n thi s h a p p e n s ,  sinc e E' s  glas s c a n n o t  b e th e counterpar t 
bot h o f  H' s glas s a n d o f  N s cup ,  jus t  o n e a n s w e r  remains :  th e literal-samenes s a n s w e r ,  H' s c u p .  Tab le to p occasionall y  ( 1 2 % o f  th e t ime ) 
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see s th e glasse s a s counterpart s an d touche s H' s cup .  Not e tha t  th e structur e valu e o f  thi s answe r  i s 3 0 % highe r  tha n fo r  E' s glass , 
thoug h th e latte r  i s  chose n fa r  m o r e often .  I n addition ,  run s o n whic h Tableto p choose s H' s cu p averag e roughl y 5 0 % longe r  tha n fo r  E' s 
glass .  O n c e again ,  thi s i s no t  surprising :  answer s involvin g deepe r  perceptio n shoul d tak e longe r  t o fin d tha n thos e wit h less . 

I  • )  U1< l 
r«in* t 

Cllt a 

Eli u louch n A v nnKlu n mlu c A « no .  o f  mimxcUon t 
ElorE ]  6 4 12 S 

BJ a s 17 9 
R g u n 8 .  T w o object s hav e bee n added ,  strongl y suggestin g groups .  Tableto p almos t  alway s build s th e grou p o n E' s side ,  sinc e th e tw o 
glasse s ar e no t  jus t  neighbor s bu t  identica l  objects .  T h e grou p o n H' s sid e ha s les s appeal ,  sinc e 'spoon '  an d 'glass '  ar e distan t  Slipne t 
nodes .  Still ,  o n m a n y runs ,  bot h group s ge t  buil L W h e n ,  i n addition ,  a  diagona l  correspondenc e betwee n the m i s built ,  despit e it s 
weakness ,  i t  'usurps '  bot h glasse s o n E' s skJe ,  forcin g Tableto p t o g o fo r  H' s cup . 
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Figur e 9 .  T h e grou p o n H' s sid e n o w ha s mor e appeal ,  a s 'cup '  an d 'glass *  ar e fa r  close r  i n th e Slipne t  tha n "spoon "  an d "glass" .  Ofte n 
th e tw o object s ar e see n a s physicall y a n d conceptuall y close .  Thi s m a k e s fo r  a  stronge r  group ,  whic h i n tur n m a k e s fo r  a  stronge r 
diagona l  correspondence ,  leadin g Tableto p t o choos e H' s cu p mor e tha n twic e a s ofte n a s i n R g .  8 . 

Somet ime s E' s grou p i s buil t  bu t  no t  nuippe d t o anythin g a s a  unit ;  i n suc h runs ,  th e touche d cu p tend s t o b e m a p p e d ont o on e o f  E' s 
glasses .  Ther e i s pressur e t o m a p he r  othe r  glas s ont o H' s glas s (diagonall y opposit e identica l  otiject s m a k e stron g counterparts) .  Bu t 
ther e i s als o counterpressure :  t o m a p E' s tw o glasses ,  whic h hav e bee n groupe d an d ar e thu s a  conceptua l  unit ,  ont o unrelate d object s 
woul d b e to  disrespec t  thei r  unity .  Ye t  Tableto p doe s thi s occasionally ,  i n whic h cas e th e structur e valu e suffer s markedly .  W h e n 
Tableto p g o e s fo r  H' s cup ,  th e structur e i s m u c h bette r  tha n w h e n i t  choose s o n e o f  E' s glasses .  Als o not e tha t  Tableto p take s 
significantl y k>nge r  t o bulk )  th e structur e tha t  give s ris e t o th e bette r  answer . 
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Figur e 10 .  A  turnin g poin t  i n th e Blockag e family :  Tableto p choose s H' s cu p ove r  hal f  th e time .  T h e reaso n i s simple .  Bot h glass-glas s 
group s ar e ver y strong ,  a s i s th e correspondenc e betwee n them—stron g enough ,  i t  turn s out ,  t o m a k e Tableto p ver y reluctan t  t o brea k 
i t  b y mappin g H' s cu p ont o eithe r  o f  E' s glasses .  Tableto p thu s pick s H' s cu p 7 8 % o f  th e time .  ( H u m a n sut)ject s chos e H' s cu p 6 6 % o f  th e 
tim e [Frenc h &  Hofstadte r  1991]. )  A s o n e migh t  expect ,  th e averag e structur e valu e fo r  thi s answe r  i s bette r  tha n w h e n Tableto p 
choose s on e o f  E' s glasses .  Als o a s usual ,  i t  tend s t o tak e Tableto p longe r  (b y abou t  4 0 % )  t o ge t  th e answe r  havin g bette r  structure . 
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represen t  th e highes t  (mos t  abstract )  leve l  o f  perception .  I t 
woul d thu s no t  b e exaggerate d t o describ e Tableto p a s a 
model  o f  high-leve l  vision .  O f  course ,  th e ra w inpu t  t o 

Tableto p mus t  b e though t  o f  a s bein g th e outpu t  o f  a  prio r 
modul e tha t  carrie s ou t  perceptua l  processin g a t  a  lowe r  (an d 

more modality-specific )  level .  Tableto p i s no t  a  mode l  o f  al l 
of  vision ,  bu t  o f  vision' s hig h end—th e en d tha t  interface s 

wit h concept s a t  variou s level s o f  abstraction . 

Many aspect s o f  Tabletop' s architectur e ca n barel y b e 

hinte d a t  herein .  ([Frenc h 92 ]  give s a  m u c h fulle r 

presentation. )  I n particular ,  conceptua l  proximit y i s 
implemente d i n th e Slipnet ,  a  networ k i n whic h eac h nod e 

represent s a  concep t  (strictly ,  th e cor e o f  a  concept) ,  an d 

link s t o othe r  node s establis h a  metri c definin g conceptua l 

distances .  Eac h nod e (conceptua l  core )  ha s a  dynamicall y 
varyin g "halo "  (th e ful l  concept)— a diffus e regio n centere d 
on i t  an d probabilisticall y includin g nearb y nodes .  Fo r 
instance ,  th e degre e t o whic h th e nod e "glass "  is ,  a t  an y 
moment,  include d i n th e hal o o f  "cup "  represent s th e curren t 

likelihoo d o f  thos e tw o concept s t o b e "equated "  (th e 
likelihoo d tha t  thei r  non-identit y wil l  b e "forgiven" )  i n th e 

act  o f  considerin g whethe r  a  particula r  cu p an d glas s deserv e 
bein g deeme d counterpart s (a t  leas t  tentatively) . 

Tabletop's overall ''personality'* 

[Frenc h &  Hofstadte r  91 ]  presente d Tabletop' s architectur e 
alon g wit h a  fe w run s o n thre e problems .  Thoug h o f  interest , 
thi s afforde d onl y a  limite d perspectiv e o n th e program' s 
behavior .  Becaus e o f  it s  stochasti c nature ,  Tableto p follow s 
differen t  pathway s o n differen t  runs ,  an d thu s ofte n come s u p 
wit h differen t  answer s o n differen t  runs .  Therefore ,  t o ge t  a 
fee l  fo r  th e program' s overal l  behavior ,  on e mus t  ru n i t  no t 
onl y o n man y differen t  problems ,  bu t  man y time s o n eac h 
give n problem .  Onl y thu s ca n on e gai n a  clea r  perspectiv e 

on ho w differen t  combination s o f  pressure s "pull "  th e 
program .  Sinc e th e hear t  o f  th e mode l  i s  it s  abilit y  t o handl e 
multipl e interactin g pressures ,  thi s i s a  ke y test . 

We hav e probe d Tabletop' s "personality "  b y runnin g i t 
many time s o n a  grea t  variet y o f  configurations .  Inevitably , 
onc e an y proble m wa s devised ,  severa l  clos e variant s woul d 
sprin g t o min d i n whic h th e altere d pressure s woul d alte r  th e 
appeal ,  t o humans ,  o f  variou s answers .  B y testin g Tableto p 
on suc h tightl y interrelated/ami7«« j  o f  problems ,  w e learne d 
ho w i t  respond s t o divers e combination s o f  pressures . 

I n th e figures  w e sampl e tw o families ,  eac h represente d b y 
five  problems .  I n eac h problem ,  th e Ubl e i s show n o n th e 
left ,  wit h th e objec t  Henr y touche d indicate d b y a n arro w 
wit h a n "H" .  Possibl e response s b y Eliz a ar e indicate d b y 
arrow s labele d "El" ,  "E2" ,  etc .  O n th e right,  a  ba r  grap h i s 
shown;  eac h ba r  represent s th e frequenc y o f  on e answer .  Al l 
problem s wer e ru n 5 0 times .  O n eac h run ,  a  monito r  recorde d 
th e answer ,  th e final  structur e value ,  an d th e run-lengt h (tota l 
number  o f  micro-actions) .  Be lo w th e grap h i s a  tabl e 
giving ,  fo r  eac h answer ,  th e averag e final  structur e valu e an d 
th e averag e run-lengt h fo r  al l  run s yieldin g tha t  answer . 

Of  particula r  interes t  ar e case s wher e th e highest-frequenc y 
answer  i s no t  th e answe r  havin g th e highes t  final  structur e 
value .  Suc h cases ,  rathe r  tha n reflectin g a  defec t  o f  th e 

architecture ,  reflec t  a n inevitabl e fac t  abou t  high-leve l 

perception :  dee p perception s ar e ofte n har d t o discover ;  i t  i s 
eas y t o b e distracte d b y route s havin g mor e surfac e appeal . 

Thu s Tableto p ofte n prefer s "shallow "  answers ,  provide d 

the y hav e a t  leas t  a  modicu m o f  plausibility ,  ove r  "deep " 

one s (wher e dept h i s measure d b y structur e value) .  I t  is , 
however ,  a  virtu e o f  Tabletop' s paralle l  stochasti c 

architectur e that ,  b y allowin g simultaneou s exploratio n a t 

differen t  rate s alon g riva l  route s showin g differen t  degree s 

of  promise ,  i t  i s  no t  alway s seduce d b y surfac e glitter ,  an d 

ca n o n occasio n com e u p wit h deepe r  visions . 
By explorin g severa l  familie s o f  " D o this! "  problems , 

eac h famil y havin g m a n y m e m b e r s ,  w e buil t  u p a 

"performanc e landscape "  o f  th e program— a surfac e i n th e 
abstrac t  multidimensiona l  spac e o f  al l  Tableto p problems , 

wher e eac h dimensio n roughl y correspond s t o a  give n 
pressure .  Th e "ridges "  i n thi s landscap e represen t  critica l 
combination s o f  pressure s wher e th e progra m switche s fro m 
one preferenc e t o anothe r  (e.g. .  Fig .  1 0 i n th e Blockag e 
family) .  Likewise ,  "peaks "  an d "valleys "  correspon d t o clea r 
and stabl e "likes "  an d "dislikes "  o n th e program' s part .  B y 

mak in g qualitativ e comparison s o f  th e location s o f 
Tabletop' s ridges ,  valleys ,  an d peak s wit h ou r  o w n persona l 

preferences ,  a s wel l  a s wit h statistic s summarizin g th e 
preference s o f  experimenta l  subjects ,  w e wer e abl e t o asses s 

th e psychologica l  realis m o f  Tabletop' s "taste" . 
(Experimenta l  result s ca n b e foun d i n [Frenc h 92]. ) 

Analogy-making as high-level perception 

F ro m ou r  poin t  o f  view ,  th e Tableto p progra m di d a 
crediubl e job ,  o n a  qualitativ e level ,  o f  simulatin g th e tast e 
of  a  typica l  huma n playin g th e rol e o f  Eliza .  (Reader s ca n 
loo k a t  th e ba r  graph s an d decid e fo r  themselve s whethe r 
the y agree. )  Despit e thi s success ,  w e reiterat e ou r 

contentio n tha t  th e progra m i s no t  t o b e judge d primaril y o n 
thi s basis ,  bu t  rathe r  o n it s overal l  architecture ,  i n whic h 
analogy-makin g fall s ou t  a s a  natura l  by-produc t  o f  high -
leve l  perception ,  a  cognitiv e activit y tha t  i s  realize d b y 
paralle l  processe s guide d b y dynamicall y evolvin g pressure s 
tha t  emerg e i n respons e t o th e situatio n bein g faced . 
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