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T a b l e t o p :  A n E m e r g e n t ,  Stochasti c M o d e l 

o f  A n a l o g y - M a k i n g 

Robert M. French and Douglas R. Hofstadter 

Cente r  fo r  Researc h o n Concept s an d Cognitio n 
Indian a Universit y 

510 Nort h Fes s 

Bloomington ,  Indian a 4740 8 
e-mail :  frcnch@cogsci.indiana.edu ,  dughof@cogsci.indiana.ed u 

Abstrac t 

This paper describes Tabletop, a computer 
proga m tha t  model s huma n analogy-makin g i n 
a micro-worl d consistin g o f  a  smal l  tabl e 
covere d wit h ordinar y tabl e objects .  We argu e 
fo r  th e necessity ,  eve n i n thi s simpl e domain ,  o f 
an architectur e tha t  build s it s ow n 
representation s b y mean s o f  a  continua l 
interactio n betwee n a n associativ e networ k o f 
fixe d concept s (th e Slipnet )  an d simpl e low-leve l 
perceptua l  agent s (codelets) ,  tha t  relie s o n loca l 
processin g an d (simulated )  parallelism ,  an d 
tha t  i s fundamentall y stochastic .  Severa l 
problem s solve d b y th e Tableto p progra m ar e 
use d t o illustrat e thes e principles . 

Introduction 
Tabletop ,  th e progra m describe d i n thi s paper ,  i s 

a compute r  mode l  o f  analogy-making .  Unlik e man y 
analog y programs ,  i t  doe s no t  attemp t  t o discove r 
analogie s betwee n politica l  situations ,  concept s i n 
science ,  o r  plot s i n literature .  Rather ,  i t  operate s i n a 
microdomain ,  th e Tableworld ,  consistin g o f  ordinar y 
tabl e object s o n a n ordinar y table .  Imagin e ther e ar e 
tw o people ,  Henr y an d Eliza ,  seate d a t  a  tabl e facin g 
eac h other .  The y pla y th e followin g game :  Henr y 
touche s som e objec t  o n th e tabl e an d say s t o Eliza , 
"D o this! "  Eliz a mus t  respon d b y doin g "th e sam e 
thing" .  I n othe r  words ,  sh e mus t  find  th e objec t  that , 
from  he r  vantag e point ,  seem s t o correspon d mos t 
closel y t o th e objec t  tha t  Henr y touched .  I n a  sense , 
thi s i s analogy-makin g a t  it s  mos t  prosaic .  An d yet , 
th e psychologica l  mechanism s tha t  underli e huma n 
analogy-makin g i n thi s microdomai n are ,  w e believe , 
of  th e sam e kin d an d complexit y a s i n an y real-worl d 
situation . 

Competing pressures 
A huma n Eliz a intuitivel y take s int o accoun t  a 

number  o f  factor s whe n determinin g he r  choice . 
Thes e factor s include :  th e position s o f  th e object s o n 
th e table ,  th e categor y t o whic h the y belong ,  thei r 
size ,  an d thei r  functiona l  associatio n wit h othe r 
object s (fo r  example ,  cup s an d saucer s ar e relate d i n 
away tha t  cup s an d plate s ar e not) .  Eac h o f  thes e 

factor s exert s som e pressur e o n he r  decision .  Som e 
pressures ,  suc h a s th e one s jus t  mentione d (excep t  fo r 
position) ,  ar e relativel y context-independen t  Othe r 
pressure s ar e evoke d b y th e situatio n itsel f  an d canno t 
reasonabl y b e anticipate d eithe r  b y a  huma n Eliz a o r 
by a  progra m simulatin g Eliza .  Rather ,  the y emerg e 
graduall y a s th e perso n o r  progra m develop s a 
representatio n o f  th e configuratio n o f  object s o n th e 
table . 

Conside r  th e thre e tabl e configuration s i n Figur e 
1.  I n th e simples t  situatio n (Figur e la) ,  th e tw o 
competin g pressure s ar e categor y membershi p an d 
positio n o n th e table .  I n thi s situation ,  th e chance s 
ar e goo d tha t  Eliz a woul d touc h th e cu p i n th e 
diagonall y opposit e come r  o f  th e table .  Bu t  whe n 
bot h th e touche d cu p an d th e glas s direcd y opposit e 
i t  ar e surrounde d b y severa l  objects ,  thi s change s th e 
pressure s (Figur e lb) .  Th e simila r  group s o f  object s 
aroun d th e touche d cu p an d th e glas s generat e 
contextua l  pressure s tha t  mak e i t  considerabl y mor e 
likel y tha t  Eliz a wil l  touc h th e glas s instea d o f  th e cup . 
Thi s probabilit y  i s  strongl y enhance d b y th e fac t  tha t  a 
glas s i s conceptuall y simila r  t o a  cup .  N o w wha t  i f  w e 
modifie d thes e pressure s further ,  b y replacin g th e 
glas s b y a  saucer ? Woul d thi s shif t  th e balanc e o f 
pressure s t o favo r  th e isolate d cup ? Probably ,  bu t  no t 
necessarily ;  thi s i s becaus e eve n thoug h cup s an d 
saucers ,  stricU y speaking ,  d o no t  belon g t o th e sam e 
category ,  the y ar e conceptuall y relate d a s "'object s tha t 
ar e use d together" ,  i n muc h th e sam e wa y tha t  knive s 
and fork s ar e normall y though t  o f  a s bein g use d 
together .  Finally ,  wha t  i f  th e sauce r  wer e replace d b y a 
sal t  shake r  (Figur e Ic) ? Thi s time  th e pressure s see m 
sufficienti y i n favo r  o f  th e isolate d cu p tha t  Eliz a 
woul d probabl y touc h i t 

Tableto p i s a n attemp t  t o mode l  th e wa y human s 
respon d t o thes e (an d other )  pressure s i n th e 
Tableworld .  W e hav e argue d i n detai l  elsewher e 
[Chalmers ,  French ,  &  Hofstadte r  1991 ]  tha t  a 
satisfactor y compute r  mode l  o f  analogy-makin g mus t 
be abl e t o buil d it s ow n representatio n o f  th e 
situatio n tha t  i t  i s  face d with .  W e hav e als o argue d 
agains t  th e possibilit y  o f  a  separat e "representatio n 
module "  tha t  woul d ac t  a s a  preprocesso r  t o a n 
"analogy-makin g module" .  I n accordanc e wit h thes e 
precepts ,  th e processe s o f  representation-buildin g 
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and correspondence-findin g ar e completel y 
integrate d i n Tabletop .  Thi s represent s a 
significan t  departur e from  curren t  analogy-makin g 
program s [e.g. ,  Burstei n &  Adelso n 1987 ;  Kedar -
Cabell i  1988 ;  Falkenhaine r  e t  al .  1989 ;  Thagar d e t 
al .  1991 ]  wit h th e exceptio n o f  Copyca t  [Mitchel l 
1990 ;  Hofstadte r  &  Mitchel l  1991] . 

We wil l  begi n ou r  descriptio n o f  Tableto p wit h 
a brie f  discussio n o f  it s  architecture .  W e the n 
explai n wh y w e believ e thi s typ e o f  architectur e t o 
be essentia l  t o model s o f  analogy-making .  W e 
conclud e wit h severa l  run s o f  th e progra m t o 
illustrat e ho w i t  develop s representation s o f 
situation s an d use s the m t o mak e analogies .  W e 
argu e tha t  preprogrammin g explici t  mechanism s t o 
handl e th e kind s o f  difficultie s pose d b y thes e 
situation s i s psychologicall y implausible .  Rather , 
implici t  pressure s shoul d emerg e tha t  accomplis h 
th e sam e thing s a s explici t  mechanisms .  Ou r 
architectur e allow s thi s t o happen . 

High-level perception and the architecture 

o f  Tableto p 
We defin e high-leve l  perceptio n a s tha t  stag e 

of  perceptua l  processin g wher e concept s begi n t o 
pla y a  significan t  role .  High-leve l  perceptio n 
range s fro m ou r  abilit y  t o recogniz e object s t o ou r 
capacit y t o gras p gras p relationship s amon g object s 
and,  ultimately ,  include s ou r  abilit y  t o understan d 
entir e comple x situations ,  suc h a s a  lov e affai r  o r  a 
war  [Hofstadte r  1985 ;  Chalmers ,  French ,  & 
Hofstadte r  1991] .  Tableto p simulate s thi s rang e o f 
high-leve l  perceptio n i n a  numbe r  o f  ways , 
includin g ho w i t  scan s th e tabl e lookin g fo r  object s 
and group s o f  objects ,  ho w i t  discover s rela -
tionship s amon g object s and ,  finally,  ho w i t 
graduall y build s u p a  coheren t  vie w o f  a  complet e 
situation . 

Thre e centra l  feature s o f  th e Tableto p 
architectur e provid e th e basi s fo r  it s  high-leve l 
perceptua l  abilities .  Befor e illustratin g severa l  run s 
of  th e progra m w e wil l  briefl y focu s ou r  discussio n 
on thes e features ,  whic h are : 

• continual interaction between the asso-
ciativ e concep t  networ k (th e 
Slipnet)an d man y low-leve l  perceptua l 
agent s (codelets )  whos e jo b i t  i s  t o ex -
amin e an d structur e th e Tableworld ; 

•  loca l  processin g an d (simulated )  paral -
lelism ; 

•  stochasti c mechanisms . 

There are other features — most significantly, 
computationa l  temperatur e mechanism s [Mitchel l 
&:  Hofstadte r  1989 ]  — tha t  distinguis h Tableto p 
from  othe r  model s o f  analogy-making .  However , 
i n thi s pape r  w e wil l  restric t  ourselve s t o a 
discussio n o f  th e thre e feature s above . 

Interaction between the Slipnet and codelets 
Tabletop ,  lik e Copyca t  [Hofstadte r  1984 ; 

Mitchel l  1990 ;  Hofstadte r  & :  Mitchel l  1991 ]  befor e 
it ,  ha s a n associativ e concep t  network ,  calle d th e 
Slipnet ,  an d a  Workspac e filled  wit h simpl e 
perceptua l  agents ,  calle d codelets ,  responsibl e fo r 
observin g th e Tableworl d an d buildin g th e 
structure s neede d t o understan d i t  Th e divisio n o f 
th e progra m int o thes e tw o aspect s reflect s th e 
traditiona l  philosophica l  distinctio n betwee n type s 
and tokens :  th e Slipne t  contain s Platoni c concepts , 
whil e th e Workspac e contain s instance s o f  thos e 
concepts ,  whic h codelet s observ e an d manipulate . 
Example s o f  codelet s includ e agent s tha t  loo k fo r 
group s o f  object s o n th e table ;  agent s tha t  loo k fo r 
neighbor s o l  a  particula r  object ;  agent s that ,  give n 
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a particula r  grou p o f  objects ,  loo k fo r  th e sam e 
typ e o f  grou p elsewher e o n th e table ;  an d s o on . 
Thes e perceptua l  agent s ar e low-leve l  observer s an d 
builder s i n th e sens e tha t  the y d o no t  hav e a  globa l 
vie w o f  th e tabl e a t  an y time . 

The Slipne t  an d th e Workspac e continuall y 
interac t  wit h on e another .  Th e Slipne t  i s 
reminiscen t  o f  a  typica l  spreading-activatio n 
concep t  networ k [Collin s 8 c Loftu s 1975 ]  wit h a 
number  o f  differences ,  possibl y th e mos t  significan t 
bein g tha t  th e distance s betwee n concept s i n th e 
Slipne t  var y accordin g t o pressure s evoke d b y th e 
situatio n (an d conveye d t o th e Slipne t  b y codelets) . 
I n a  reciproca l  manner ,  th e number s an d type s o f 
activ e perceptua l  agent s ar e governe d b y th e 
activation s o f  concept s i n th e Slipnet . 

Local processing and (simulated) parallelism 
At  n o tim e doe s an y codcle t  hav e a  globa l  vie w 

of  th e table .  A t  th e star t  o f  a  run ,  th e progra m 
knows onl y whic h objec t  wa s touche d b y Henr y an d 
wher e o n th e tabl e tha t  objec t  i s  located .  Th e 
initia l  codelet s tha t  ru n ma y b e though t  o f  a s scout s 
examinin g th e tabl e fo r  informatio n (e.g. ,  finding 
an objec t  i n a  particula r  location ,  discoverin g th e 
neighbo r  o f  a  particula r  object ,  etc. )  an d lookin g 
fo r  variou s structure s (e.g. ,  group s o f  objects )  tha t 
migh t  b e usefu l  t o it s  subsequen t  understandin g o f 
th e Tableworld .  Dependin g o n thei r  relatio n t o 
th e touche d object ,  certai n area s o f  th e tabl e ar e 
give n preferenc e an d wil l  generall y b e examine d 
firs t  Thi s ca n b e though t  o f  a s a  visua l  sca n o f  th e 
table ,  a  sca n wit h top>-dow n control ,  on e i n whic h 
th e salienc e o f  object s preferentiall y  determine s 
whic h object s wil l  b e attende d t o first,  and , 
significandy ,  on e i n whic h som e objects ,  o r  eve n 
group s o f  objects ,  migh t  sometime s b e altogethe r 
ignored . 

Consider ,  fo r  example ,  group-findin g scou t 
codelets .  Suppos e tha t  th e objec t  touche d i s i n th e 
left-han d corne r  o f  th e fa r  sid e o f  th e table :  the n 
thes e codelet s wil l  preferentiall y  (bu t  no t 
deterministically )  loo k i n th e corne r  o f  th e tabl e 
diagonall y opposit e th e touche d objec t  t o 
determin e i f  ther e ar e an y group s o f  object s there . 
Thi s bia s i s buil t  int o th e progra m deliberatel y i n 
orde r  t o imitat e typica l  huma n behavior . 

I t  i s  importan t  t o not e tha t  group-findin g 
codelets ,  lik e al l  codelets ,  neithe r  hav e a n overvie w 
of  th e tabl e tha t  woul d allo w the m t o immediatel y 
spo t  al l  o f  th e group s o f  objects ,  no r  d o the y 
conduc t  a  systemati c searc h fo r  groups ,  sa y fro m 
th e uppe r  lef t  t o th e lowe r  right-han d corne r  o f  th e 
table .  Instead ,  the y searc h th e tabl e 
probabilistically .  Codelet s ar e biase d t o loo k a t 
difieren t  part s o f  th e tabl e wit h differen t 
probabilities .  Factor s influencin g th e probabilit y  o f 
an are a bein g looke d a t  includ e th e presenc e o f 

object s know n t o b e conceptuall y simila r  t o th e 
touche d objec t  an d bein g diagonall y o r  directl y 
opposit e th e touche d object . 

One migh t  objec t  tha t  suc h a  probabilisti c 
searc h techniqu e migh t  allo w th e progra m t o 
overloo k som e structur e tha t  coul d b e usefu l  later . 
Thi s i s true ,  bu t  ther e i s a  trade-of f  — namely ,  i t 
allow s th e progra m t o focu s it s resource s o n 
avenue s tha t  see m mos t  promising .  Th e ultimat e 
reaso n fo r  thi s strateg y i s t o mak e th e progra m 
psychologicall y realistic ;  i n particular ,  it s 
mechanism s shoul d remai n vali d i n scaled-u p 
situations .  Tru e real-worl d situation s ar e generall y 
fa r  mor e comple x tha n thes e simpl e caricatura l 
situations ,  an d brute-forc e searc h technique s ar e 
entirel y inappropriate .  Ther e hav e t o b e stron g 
pressure s tha t  serv e t o focu s resource s o n 
promisin g avenues .  An y probabilisti c  searc h 
techniqu e i s a  risk-takin g strateg y an d a s such , 
sacrifice s guarantee d succes s fo r  greate r  efficiency . 

Activ e concept s i n th e Slipne t  dispatc h agent s 
t o loo k fo r  instance s o f  themselves .  Fo r  example ,  i f 
th e "group "  concep t  i s active ,  codelet s wil l  b e 
dispatche d tha t  searc h fo r  group s i n th e 
Tableworld .  I f  on e o f  thes e codelet s succeed s i n 
findin g a  group ,  thi s cause s mor e activatio n t o b e 
sent  t o th e concep t  "group "  i n th e Slipne L Thi s 
amount s t o a  signa l  t o th e syste m t o hun t  fo r  eve n 
mor e groups ;  thu s mor e codelet s ar e sen t  ou t  t o 
loo k fo r  groups .  However ,  a s th e rat e o f  group -
finding  fall s  (i.e. ,  th e rat e o f  chang e o f  activatio n o f 
"group "  decreases) ,  proportionatel y fewe r  codelet s 
ar e sen t  ou t  t o loo k fo r  groups .  Eventually ,  th e 
progra m conclude s tha t  ther e ar e probabl y n o 
more group s t o b e foun d o n th e table . 

Thi s proces s i s rathe r  lik e a  perso n wh o want s 
t o pic k al l  o f  th e apple s fro m a  tree .  Initially ,  i t  i s 
easy t o se e th e apples .  Sh e wil l  loo k first  i n th e 
most  salien t  place s o n th e tre e (e.g. ,  o n th e outer , 
leaf y branches) .  Th e sigh t  o f  apple s remainin g i n 
th e tre e wil l  encourag e he r  t o loo k fo r  more .  A s 
th e numbe r  o f  apple s i n th e tre e get s smaller ,  sh e 
wil l  star t  t o loo k i n les s likel y place s (e.g. ,  o n th e 
lowe r  branches ,  close r  t o th e mai n trunk) . 
Gradually ,  a s fewe r  an d fewe r  apple s remain ,  i t 
becomes harde r  t o determin e i f  ther e ar e an y lef t 
at  all .  Ultimately ,  ther e wil l  com e a  poin t  whe n sh e 
wil l  pee r  int o th e tre e severa l  time s an d decid e tha t 
she ha s gotte n al l  th e apples .  Bu t  di d sh e reall y ge t 
the m all ? Probably ,  bu t  no t  necessarily . 
Ultimately ,  though ,  th e energ y (t o sa y nothin g o f 
th e eye-strain )  involve d i n attemptin g t o find  an y 
additiona l  apple s become s prohibitive ,  an d sh e 
stop s looking . 

The group-findin g codelet s find  group s o n th e 
tabl e i n a  simila r  way .  I t  i s  tru e tha t  som e group s 
may b e missed ,  but ,  o n th e othe r  hand ,  th e 
progra m doe s no t  expen d needles s energ y coverin g 
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ever y las t  squar e centimete r  o f  th e tabi c l o mak e 
sur e tha t  ever y singl e grou p i s found ,  eve n ihos e 
tha t  hav e ver y littl e chanc e o f  f)layin g an y rol e i n a 
potentia l  analogy .  I n suc h a  loca l  approach ,  a s 
more group-findin g codelct s fai l  t o find  groups , 
fewe r  o f  thes e codelet s run ,  unti l  finally  non e ru n 
at  all .  Th e progra m ha s the n "decided "  — withou t 
any give n codele t  seein g th e whol e table ,  an y mor e 
tha n th e perso n coul d tak e i n th e entir e appl e tre e 
at  on e tim e — tha t  i t  ha s foun d al l  o f  th e group s o n 
tli e table ,  o r  a t  leas t  al l  group s wort h lookin g for . 

Thi s migh t  see m somewha t  strang e a t  first 
blush .  Wh y no t  allo w th e progra m t o searc h th e 
tabl e systematicall y t o mak e sur e tha t  i t  ha s gotte n al l 
instance s o f  group s o f  objects ? Th e answe r  i s tha t 
suc h a  brute-forc e techniqu e woul d lea d t o 
unacceptabl e an d psychologicall y unrealisti c 
performanc e i n scaled-u p situations .  Tabletop' s 
strateg y o f  havin g a  multitud e o f  smal l  processe s 
runnin g i n paralle l  provide s a n efficien t  focusin g 
mechanis m tha t  allow s th e program' s attentio n t o 
be probabilisticall y shifte d t o promisin g area s o f 
exploration . 

A fundamenta l  assumptio n behin d Tableto p i s 
tha t  high-leve l  cognitiv e processe s ar e th e 
emergen t  resul t  o f  myria d low-level ,  quasi -
independen t  processes .  I t  i s  ou r  belie f  tha t  i t  i s  th e 
interactio n o f  thes e low-leve l  processe s tha t  giv e 
cognitio n it s flexibility .  I t  i s  therefor e importan t  t o 
attempt ,  insofa r  a s possible ,  t o mode l  analogy -
makin g b y relyin g o n low-leve l  processe s t o 
graduall y buil d u p th e high-leve l  structure s 
necessar y t o solv e a n analog y problem . 

I n Figur e 2 ,  w e giv e som e example s o f 
Tableto p configuration s wher e a  particula r 
structur e — i n thi s case ,  a  diagona l 
correspondenc e — unexpectedl y block s a  ver y 
reasonabl e answer .  Ther e are ,  however ,  n o specia l 
"blockage-checkin g mechanisms "  buil t  int o 
Tableto p t o dea l  wit h suc h situations .  I t  woul d b e 
unreasonabl e t o hav e a  mechanis m tha t  invariabl y 
looke d fo r  blockage s o f  thi s type .  Thi s illustrate s a 
genera l  principl e abou t  Tableto p — namely ,  th e 
lac k o f  special-purpos e mechanisms .  Buildin g i n a 
raf t  o f  divers e special-purpos e mechanism s al l  o f 
whic h invariabl y ge t  "wheele d out "  fo r  ever y 
situatio n no t  onl y i s psychologicall y implausibl e bu t 
als o pose s sever e problem s o f  scaling-up .  Rathe r 
tha n routinel y invokin g special-purpos e 
mechanisms ,  Tableto p evoke s context-dependen t 
pressure s tha t  accomplis h th e sam e result s bu t 
withou t  brute-forc e techniques . 

Justificatio n fo r  stochasti c mechanism s 
O ne o f  th e mos t  surprisin g feature s o f  th e 

Tableto p architectur e i s that ,  a t  al l  levels ,  almos t  al l 
of  th e processe s ar e stochastic .  Hofstadte r  an d 
Mitchel l  hav e argue d fo r  th e necessit y o f  stochasti c 
mechanism s [Hofstadte r  &  Mitchel l  1991 ]  i n 

emergen t  architecture s modelin g cognitiv e 
processes .  Tw o significan t  advantage s o f  stochasti c 
mechanism s fo r  exploratio n an d structure-buildin g 
ar e th e following : 

• they allow, on average, promising 
avenue s t o b e explore d befor e les s 
promisin g ones ; 

•  the y also ,  o n occasion ,  allo w improbabl e 
path s t o b e explored ,  wherea s i n norma l 
heuristi c search ,  thes e path s migh t 
neve r  b e chose n a t  all . 

In the language of traditional artificial 
intelligence ,  th e stochasti c mechanism s i n Tableto p 
ar e reminiscen t  o f  probabilisti c  heuristi c search .  I n 
deterministi c heuristi c search ,  i f  th e progra m mus t 
chos e betwee n actio n A ,  whic h wil l  giv e a n 
estimate d resul t  o f  60 ,  an d actio n B ,  whic h wil l  giv e 
40,  th e progra m wil l  invariabl y selec t  actio n A .  I n 
probabilisti c  heuristi c search ,  b y contrast ,  A  woul d 
be selecte d 6 0 percen t  o f  th e time ,  B  4 0 percen t 

W hy i s thi s sensible ? Shouldn' t  th e progra m 
alway s explor e th e mos t  promisin g path s first?  Th e 
answer  is :  no ,  sometime s i t  shoul d no t  Tableto p 
problem s i n particular ,  an d analog y problem s i n 
general ,  hav e th e propert y tha t  ofte n severa l 
solution s o f  differen t  level s o f  qualit y exis t 
Pathway s tha t  don' t  loo k promisin g a t  th e outse t 
may concea l  ver y high-qualit y answers ,  an d 
conversely ,  pathway s tha t  loo k ver y promisin g a t  th e 
outse t  ma y lea d t o mediocr e answers .  A  strateg y 
tha t  alway s pursue d th e mos t  promisin g avenue s 
unti l  i t  foun d a  solutio n woul d therefor e mis s an y 
hidde n high-qualit y solution s (i f  the y existed) .  O n 
th e othe r  hand ,  i t  woul d no t  b e wis e t o totall y 
ignor e th e estimate d promis e o f  pathways . 
Standar d A I  strategie s woul d deterministicall y 
explor e a  vas t  numbe r  o f  possibl e pathways ,  leadin g 
t o many ,  i f  no t  all ,  answers ,  an d the n woul d selec t 
th e bes t  answer .  Thi s typ e o f  strateg y i s appealing ; 
however ,  onc e again ,  i t  pose s sever e scaling-u p 
problem s i n real-worl d situations .  Tabletop' s 
strateg y i s poise d betwee n thes e tw o deterministi c 
type s o f  strateg y — i t  wil l  sometime s choos e les s 
promisin g routes ,  bu t  th e les s promisin g th e route , 
th e les s ofte n i t  wil l  b e chosen .  Thi s probabilisti c 
techniqu e leave s al l  route s a t  leas t  theoreticall y 
ope n an d so ,  o n som e run s o f  th e program ,  th e 
hidde n gem s (i f  the y exist )  wil l  b e uncovered , 
althoug h o n mos t  run s th e mos t  obviou s solution s 
wil l  b e chosen .  Thi s non-deterministi c strate -
gyavoid s an y combinatoria l  explosio n whil e a t  th e 
same tim e avoidin g th e tra p o f  alway s followin g th e 
most  obviou s pathways .  Not e tha t  i n th e 
microdomai n w e coul d hav e opte d fo r  a  brute-forc e 
solution ;  however ,  sinc e ou r  researc h aim s fo r 
psychologica l  realism ,  w e eschewe d thi s technique . 
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T h r e e Tableto p prob lem s (not e th e tw o solution s t o th e secon d p rob lem ) 

T h r e e analog y p rob lem s illustratin g thes e 

m e c h a n i s m s 
I n th e secon d sectio n o f  thi s pape r  w e discusse d 

some o f  th e competin g pressure s i n th e Tableto p 
worl d tha t  ar e involve d i n decidir; ;  whic h tabl e 
object s an d relationship s amon g object s ar e 
examine d an d whic h structure s ar e buil t  i n orde r 
t o arriv e a t  a n answe r  t o th e TD o this! "  challenge . 
Thes e pressure s includ e objec t  category ;  whethe r 
or  no t  a n objec t  i s  i n a  group ;  wha t  th e neighbor s 
of  a n objec t  are ;  whethe r  o r  no t  th e objec t  i s  o n th e 
edg e o f  a  group ;  whethe r  ther e ar e othe r  simila r  o r 
identica l  object s elsewher e o n th e table ,  especiall y 
i f  the y ar e i n salien t  position s wit h respec t  t o th e 
touche d objec t  (i n particular ,  diagonall y o r  directl y 
opposit e it) ;  whethe r  a n objec t  o r  grou p o f  object s 
i s clos e t o a  particularl y salientobjec t  o r  grou p o f 
objects ;  an d s o on .  Thes e groupings ,  descriptions , 
and relation s ar e discovere d onl y afte r  th e progra m 
has begu n scannin g th e table .  Description s 
(neighbors ,  i n a  grou p o r  not ,  etc. )  ar e graduall y 

attache d t o th e variou s objects ,  group s o f  objects , 
and correspondences . 

I n orde r  fo r  th e progfra m t o giv e a n answer ,  i t 
need s t o hav e buil t  u p on e o r  mor e mapping s 
betwee n object s o r  group s o f  object s acros s th e 
tabl e (calle d correspondences) .  However ,  th e 
erectio n o f  suc h structure s i s no t  separate d i n tim e 
fro m th e build-u p o f  othe r  representation s 
(descriptions ,  groupings ,  etc.) ;  rather ,  i t  i s  par t  an d 
parce l  o f  a  singl e high-leve l  perceptua l  process ,  i n 
whic h correspondence s ca n becom e element s o f 
description s o f  object s and ,  conversely ,  description s 
become th e underpinnin g o f  ne w 
correspondences .  Thi s fusio n o f  representation -
buildin g wit h correspondence-buildin g mark s a 
fundamenta l  differenc e wit h man y othe r  curren t 
analogy-makin g programs . 

I n Figur e 2  w e illustrat e thre e separat e 
Tableto p problems .  I n al l  thre e problems , 
Tableto p i s capabl e o f  producin g mor e tha n on e 
distinc t  answer ,  bu t  i n th e first  an d thir d problems . 
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ther e i s on e answe r  tha t  swamp s th e other s i n 
frequency ,  s o i t  i s  almos t  a s i f  ther e i « jus t  oru -
answer .  However ,  i n th e secon d problem ,  ther e arc -
tw o distinc t  answer s bot h o f  whic h ar e produce d 
wit h fairl y  hig h frequency .  Thes e thre e problem s 
illustrat e ho w a n unanticipate d pressur e ca n 
emerg e tha t  wil l  significand y bia s th e program' s 
responses . 

I n th e first  problem ,  th e program ,  lik e people , 
wil l  usuall y touc h th e glas s opposit e th e cu p tha t 
Henr y touched .  Thi s i s quit e straightforward . 

I n th e secon d problem ,  a  singl e glas s i s adde d 
i n th e uppe r  right-han d come r  o f  th e table .  Eve n 
thoug h on e woul d no t  a  prior i  expec t  i t  t o affec t  th e 
descriptio n o f  an y o f  th e object s (e.g. ,  i t  i s no t  th e 
neighbo r  o f  an y object ;  i t  i s no t  par t  o f  a  grou p o f 
objects ;  i t  i s  no t  i n a  particularl y salien t  locatio n o n 
th e tabl e wit h respec t  t o th e touche d object ,  etc.) , 
it s  presenc e nonetheles s significantl y biase s th e 
choic e o f  th e secon d objec t  t o b e touched .  A s th e 
progra m runs ,  i t  sometime s build s a 
correspondenc e betwee n th e tw o glasse s (Figur e 2b , 
par t  it) .  W h e n i t  doe s so ,  th e ne w pressur e tha t  thi s 
create s wil l  ofte n b e enoug h t o caus e Eliz a t o touc h 
th e ver y cu p tha t  Henr y touched .  O f  course ,  ha d 
th e secon d glas s no t  bee n o n th e table ,  suc h a 
choic e woul d see m rathe r  strange . 

I n th e final  example ,  ther e ar e tw o glasse s i n 
th e lowe r  left-han d come r  an d tw o i n th e uppe r 
right-han d come r  o f  th e table .  Th e 
correspondenc e betwee n thes e tw o grow/J i  o f  glasse s 
i s ver y salien t  an d ver y strong ,  usuall y stron g 
enoug h t o caus e th e progra m t o touc h th e cu p tha t 
Henr y touched . 

Thirty-on e huma n subject s wer e give n thes e 
thre e problem s and ,  lik e th e program ,  i n th e 
secon d configuration ,  mor e subject s touche d th e 
cu p i n th e uppe r  left-han d corne r  tha n i n th e first 
configuratio n (40 % vs .  33%) ;  i n th e final 
configuration ,  twic e a s man y touche d th e touche d 
cu p (66 % vs .  3 3 % ) . 

Conclusion 
We hav e describe d a  microdomai n fo r 

compute r  analogy-makin g consistin g o f  ordinar y 
object s o n a n ordinar y table .  Thi s worl d ha s a 
decidedl y mor e "real-world "  fee l  t o i t  tha n th e onl y 
othe r  progra m o f  it s  kind .  Copyca t  [Hofstadte r  & 
Mitchel l  1991 ;  Mitchel l  1990] .  W e argu e tha t  i t  i s 
necessary ,  eve n i n thi s simpl e domain ,  t o us e a 
model  tha t  build s it s ow n representation s b y mean s 
of  a  continua l  interactio n betwee n a n associativ e 
networ k o f  fixed  concept s an d simpl e low-leve l 
perceptua l  agents ,  tha t  relie s o n loca l  processin g 
and (simulated )  parallelism ,  an d tha t  i s 
fundamentall y stochastic . 
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