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T h e Righ t  C o n c e p t  a t  th e Righ t  T i m e :  H o w Concep t s E m e r g e a s Relevan t 

i n R e s p o n s e t o Con tex t -Dependen t  Pressure s 

Melanie Mitchell and Douglas R. Hofstadter 
Cente r  fo r  Researc h o n Concept s an d Cognitio n 

Indian a Universit y 

Abstract 
A centra l  questio n abou t  cognitio n i s how ,  face d wit h a  situation ,  on e explore s possibl e way s o f 
understandin g an d respondin g l o i t  I n particular ,  ho w d o concept s initiall y  considere d irrelevant ,  o r  no t 
even considere d a t  all ,  becom e relevan t  i n respons e t o pressure s evoke d b y th e undersundin g proces s itsel P 
We describ e a  mode l  o f  concept s an d high-leve l  perceptio n i n whic h concept s consis t  o f  a  centra l  regio n 
surrounde d b y a  dynami c nondeterministi c "hal o o f  potentia l  associations ,  i n whic h relevanc e an d degre e 
of  associatio n chang e a s processin g proceeds .  A s th e representado n o f  a  situatio n i s built ,  associauon s aris e 
and ar e considere d i n a  probabilisti c  fashio n accordin g t o a  paralle l  terrace d scan ,  i n whic h man y route s 
towar d understandin g th e situatio n ar e teste d i n parallel ,  eac h a t  a  rat e an d t o a  dept h reflectin g ongoin g 
evaluation s o f  it s  promise .  We describ e a  compute r  progra m tha t  implement s thi s mode l  i n th e contex t  o f 
analogy-making ,  an d illustrate ,  usin g scree n dump s fro m a  run ,  ho w th e program' s abilit y  t o flexibly 
brin g i n appropriat e concept s fo r  a  give n situatio n emerge s fro m th e mechanism s w e ar e proposing . 

Suppose you invite your friend Greg to dinner, and he doesn't show up on time. What do you do? 
At  first,  simple ,  standar d explanation s an d action s com e t o mind :  h e wa s briefl y delayed ;  h e ra n 
int o traffic ;  h e ha d troubl e parking .  Bu t  a s hal f  a n hou r  passes ,  the n a n hour ,  the n two ,  th e 
explanation s an d action s yo u thin k o f  becom e mor e an d mor e ou t  o f  th e ordinary .  Th e followin g 
migh t  com e t o mind :  cal l  hi s offic e (n o answer) ;  cal l  hi s apartmen t  (n o answer) ;  chec k you r 
calenda r  t o mak e sur e th e dinne r  dat e i s tonigh t  (i t  is) ;  rac k you r  brain s tryin g t o remembe r  i f  h e 
warne d yo u h e migh t  b e lat e (n o suc h memory) ;  cal l  friend s o f  hi s t o se e i f  the y kno w wher e h e i s 
(the y don't) ;  cal l  hi s parent s i n Philadelphi a (haven' t  hear d fro m hi m i n weeks) ;  cal l  th e polic e 
(the y sugges t  checkin g th e hospital) ;  cal l  th e hospita l  (no t  there) ;  g o t o hi s apartmen t  (no t  there) ; 
ask hi s neighbor s i f  they'v e see n hi m latel y (las t  sa w hi m thi s morning) ;  driv e alon g route s h e 
woul d likel y hav e take n (he' s nowher e t o b e seen) ;  bu y a  megaphon e an d cal l  ou t  hi s nam e a s yo u 
driv e along ;  cal l  severa l  airline s t o se e i f  he' s o n a  plan e leavin g tow n tonight ;  tur n o n th e T V t o 
see i f  yo u ca n spo t  hi m sittin g i n th e audienc e o f  hi s favorit e talkshow ;  an d s o on .  Thoug h th e las t 
fe w ar e outlandish ,  mos t  o f  thes e thought s di d occu r  t o th e author s whe n the y wer e i n suc h a 
situation .  Th e poin t  is :  a s tim e goe s b y an d pressur e build s up ,  one' s thought s g o farthe r  an d farthe r 
out  o n a  limb .  O n e consider s thing s on e neve r  woul d hav e considere d initially ,  lettin g seemingl y 
unquestionabl e aspect s o f  th e situatio n "slip "  unde r  mountin g pressur e (e.g. ,  Di d I  drea m I  invite d 
him ? Di d w e hav e a  falling-ou t  1  forgo t  about ? Di d h e leav e tow n an d no t  tel l  me?) . 

Thi s exampl e illustrate s som e critica l  issue s i n cognition :  Face d wit h a  situation ,  ho w doe s on e 
explor e possibl e way s o f  understandin g it ,  explainin g it ,  o r  actin g i n respons e t o it ? H o w d o 
concept s initiall y  considere d irrelevant ,  o r  no t  eve n considere d a t  all ,  becom e relevan t  i n respons e t o 
pressure ? H o w doe s on e le t  g o o f  notion s tha t  looke d relevan t  bu t  tur n ou t  no t  t o b e o f  hel p afte r  all ? 

We ar e studyin g thes e issue s b y developin g a  mode l  o f  concept s an d high-leve l  perceptio n i n 
whic h a  concep t  consist s o f  a  centra l  regio n surrounde d b y a  dynamic ,  probabilisti c  "halo "  o f 
potentia l  association s (Hofstadter ,  1988) .  I n it s halo ,  "driving "  ha s suc h concept s a s "parking" , 
"gettin g stuc k i n traffic" ,  "havin g a n accident" ,  etc. ,  eac h wit h a  degre e o f  associatio n tha t  change s 
i n respons e t o contex t  ( a phenomeno n ofte n discusse d b y psychologists ,  e.g. ,  Tversky ,  1977 ;  Barsalou , 
1989) .  Th e hal o ha s n o fixed  boundary ;  i t  canno t  b e sai d absolutel y tha t  a  give n concep t  i s  o r  i s no t 
associate d wit h "driving" .  Instead ,  differen t  degree s o f  associatio n reflec t  probabilitie s tha t  onc e a 
concep t  i s see n a s relevant ,  variou s associate d concept s wil l  als o becom e relevant .  Th e dynami c 
natur e o f  relevanc e an d conceptua l  distanc e imbue s huma n concept s wit h flexibility  an d adaptability . 

Not  onl y ar e certai n concept s explicitl y  presen t  i n one' s menta l  representatio n o f  a  situatio n (yo u 
consciousl y believ e Gre g i s driving ;  ther e ar e als o implici t  association s wit h thos e concepts ,  mos t  o f 
whic h sta y wel l  belo w th e leve l  o f  awareness .  Give n Greg' s lateness ,  th e though t  tha t  he' s drivin g 
migh t  easil y evok e a n imag e o f  hi s havin g troubl e parkin g ( a stron g association) .  However ,  i t  i s 
les s likel y that ,  earl y on ,  yo u wil l  imagin e hi m i n a  ca r  accident .  Thi s weake r  associatio n i s 
potentiall y  there ,  bu t  wil l  no t  b e brough t  int o th e pictur e withou t  pressur e (h e i s quit e late ,  i t  i s  dar k 
outside ,  etc. )  Thi s illustrate s a  genera l  point :  far-ou t  idea s (o r  eve n idea s slightl y pas t  one' s defaults ) 
canno t  continuall y occu r  t o peopl e fo r  n o goo d reason ;  a  perso n t o w h o m thi s happen s i s classifie d a s 
craz y o r  crackpot .  Tim e an d cognitiv e resource s bein g limited ,  i t  i s  vita l  t o resis t  nonstandar d way s 
of  lookin g a t  situation s withou t  stron g pressur e t o d o so .  A s a n extrem e example ,  ha d th e 
Michelson-Morle y experimen t  com e ou t  th e othe r  wa y (i.e. ,  i t  ha d prove d ther e i s a n "ether" )  an d 
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had Einstei n stil l  propose d specia l  relativity ,  wi( h al l  it s  deepl y counterintuitiv e notions ,  i t  woul d 
hav e bee n see n a s jus t  a  fascinatin g crackpo t  theory ,  no t  a  grea t  scientifi c  advance .  No t  onl y i s 
pressur e neede d fo r  on e t o brin g i n previousl y uninvolve d concept s i n tryin g t o mak e sens e o f  a 
situation ,  bu t  th e concept s brough t  i n ar e relate d t o th e sourc e o f  th e pressure ;  the y ar e a  functio n o f 
th e pressure .  (Thes e idea s overla p wit h Kahnema n 8 c Miller' s 198 6 treatmen t  o f  counterfactuals. ) 

One ai m i n ou r  mode l  i s t o avoi d tw o opposit e strategies ,  bot h psychologicall y implausible ,  fo r 
searchin g throug h concept s t o b e use d i n understandin g a  give n situation :  (1 )  Al l  concept s ar e 
explicitl y  an d equall y availabl e fro m th e star t  (e.g. ,  yo u hav e a  preconstructe d lis t  o f  concept s relevan t 
t o "late-dinner-guest "  situation s — yo u ma y no t  nee d t o tr y the m al l  out ,  sinc e Numbe r  4  o n th e lis t 
migh t  fill  th e bill ,  bu t  the y ar e spelle d ou t  nonetheless .  A n equall y implausibl e varian t  o f  thi s 
woul d b e tha t  th e possibilitie s ar e no t  spelle d ou t  explicitly ,  bu t  i t  i s  eas y t o generat e th e nex t  on e o n 
th e lis t  i f  a  give n entr y fails) ;  an d (2 )  Certai n concept s ar e definitivel y exclude d fro m th e start ,  an d 
can neve r  b e brough t  i n a s relevant .  A  premis e o f  ou r  mode l  i s tha t  i n humans ,  th e presenc e o r 
absenc e o f  a  concep t  i n a  situatio n i s no t  black-and-white ;  rather ,  al l  one' s concept s shoul d hav e th e 
potentia l  t o becom e relevan t  i n an y situation ,  bu t  du e t o th e necessit y fo r  cognitiv e economy ,  the y can' t 
al l  b e mad e availabl e al l  th e tim e o r  t o th e sam e degree .  Peopl e resis t  eve n generatin g \es s standar d 
views ,  no t  t o mentio n explorin g them ;  th e les s standar d a  view ,  th e mor e i t  i s  resisted . 

I n ou r  model ,  ever y concep t  possesse d b y th e syste m ha s som e probabilit y  o f  becomin g relevan t  i n 
ever y context ,  bu t  differen t  concept s hav e vastl y differen t  probabilities ,  an d thes e var y wit h context . 
Ther e ar e man y possibl e explanation s (yo u coul d hav e writte n dow n th e wron g dat e o r  give n Gre g 
th e wron g address ;  you r  street' s nam e coul d eve n hav e bee n secretl y  changed) ,  s o i t  i s  importan t  no t 
t o absolutel y exclud e an y particula r  pathwa y ahea d o f  time .  Al l  mus t  b e potentiall y  open ,  bu t  ther e i s 
not  enoug h tim e t o explor e al l  equally ,  o r  eve n t o generat e all .  Allocatio n o f  cognitiv e resource s t o 
differen t  pathway s mus t  b e a  dynami c functio n o f  context-dependen t  pressures ,  becaus e thos e pressure s 
migh t  chang e a s exploratio n proceed s (whe n yo u tr y t o cal l  Greg ,  yo u find  you r  phon e i s ou t  o f 
orde r  an d n o on e ca n cal l  in ;  thi s wil l  ten d t o mak e th e "ca r  accident "  pathwa y les s plausible) .  Ou r 
model  propose s tha t  man y potentia l  pathway s ar e bein g teste d ou t  al l  th e time ,  bu t  a t  differen t 
speed s an d t o differen t  level s o f  depth :  du e t o context-dependen t  pressures ,  no t  al l  pathway s ar e 
teste d equally .  Som e ma y no t  b e considere d a t  all ,  bu t  that' s th e luc k o f  th e (biased )  draw ;  th e poin t 
i s  tha t  the y ar e potentiall y  ope n fo r  exploration .  W e ter m thi s non-egalitaria n styl e o f  exploratio n a 
paralle l  terrace d scan :  man y differen t  pathway s ar e explore d i n parallel ,  bu t  no t  equally ;  eac h pathwa y 
i s explore d a t  a  rat e an d t o a  dept h proportiona l  t o moment-to-momen t  estimate s o f  it s  promise . 

Our  mode l  thu s ha s tw o interrelate d aspects :  Th e first  i s  th e existenc e o f  a  probabilisti c  hal o o f 
potentia l  association s aroun d th e centra l  regio n o f  eac h concept .  Lik e a n electro n orbi t  i n a n atom ,  a 
concep t  i s blurr y an d distribute d i n "semanti c space" ,  wit h variou s probabilitie s tha t  i t  wil l  "be "  a t  a 
give n spot .  Fo r  concepts ,  a s fo r  electrons ,  th e probabilit y  distributio n change s i n a  context-dependen t 
way.  Th e seon d aspec t  i s th e notio n o f  a  paralle l  terrace d scan .  Thes e idea s ar e implemente d i n 
Copycat ,  a  compute r  mode l  o f  concept s an d high-leve l  perceptio n i n analogy-making . 

To isolat e man y issue s o f  genera l  psychologica l  import ,  w e us e a n idealize d microworl d i n 
whic h thes e issue s emerg e ver y clearly .  Ou r  methodolog y resemble s tha t  o f  physics ,  wher e 
problem s ar e idealize d i n orde r  t o isolat e wha t  i s interestin g abou t  the m an d t o allo w the m t o b e 
studie d mor e precisely .  I n thi s spirit .  Copyca t  operate s i n a  "frictionless "  worl d consistin g o f 
analog y problem s involvin g lette r  strings ;  despit e thei r  apparen t  simplicity ,  thes e problem s captur e 
many o f  th e broa d issue s w e ar e investigating .  Fou r  sampl e problem s i n Copycat' s microworl d are : 

1.  ab c = > abd ;  ij k  = > ? 

2.  ab c = > abd ;  iijjk k = > ? 

3.  ab c = > abd ;  kj i  = > ? 

4.  ab c = > abd ;  xy z = > ? 
Solvin g suc h problem s require s man y abilitie s necessar y fo r  high-leve l  perceptio n an d analogy -

makin g i n general :  mentall y buildin g a  coherentl y structure d whol e fro m initiall y  unconnecte d 
parts ;  describin g objects ,  relations ,  an d event s a t  a n "appropriate "  leve l  o f  abstraction ;  payin g 
attentio n t o relevan t  aspect s an d ignorin g irrelevan t  an d superficia l  aspect s o f  situations ;  decidin g 
whic h element s o f  a  situatio n t o chun k an d whic h t o vie w individually ;  decidin g whic h 
description s t o tak e literall y an d whic h t o le t  sli p whe n perceivin g correspondence s betwee n aspect s 
of  tw o situations ;  an d allowin g competitio n amon g variou s way s o f  interpretin g an d mappin g th e 
situations .  Discussion s o f  ho w problem s 1- 4 requir e thes e abilitie s an d ho w Copyca t  solve s 1- 4 ar e 
give n i n Hofstadte r  &  Mitchel l  (1988 )  an d Mitchel l  &  Hofstadte r  (1990) .  Ou r  goa l  i s  no t  t o stud y th e 
domain-specifi c  mechanism s peopl e us e i n solvin g letter-strin g analogies ,  bu t  t o develo p a  compute r 
model  o f  huma n flexibilit y  an d insigh t  i n general ;  w e us e thi s microworl d becaus e i t  cleanl y 
isolate s man y o f  th e abilitie s w e ar e investigating . 
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The centxa l  issu e o f  thi s pape r  — ho w dorman t  concept s "bubbl e up "  i n respons e t o pressur e an d 
become relevan t  — arise s somewha t  i n problem s 1-4 ,  bu t  i s  manifeste d mos t  clearl y i n thi s one : 

5.  ab c = > abd ;  mrrjy j  = > ? 
Thi s proble m ha s a  seemingl y reasonable ,  straightforwar d solution :  mrrkkk .  Mos t  peopl e giv e thi s 
answer ,  reasonin g tha t  sinc e abc' s rightmos t  lette r  wa s replace d b y it s successor ,  an d sinc e mrrjyj' s 
rightmos t  "letter "  i s  actuall y a  grou p o i  'j's ,  on e shoul d replac e al l  th e 'j' s  b y 'k's .  Anothe r  possibilit y 
i s  t o tak e "rightmos t  letter "  literally ,  thu s t o replac e onl y th e rightmos t  'j '  b y 'k' ,  givin g mrrjjk . 
However ,  neithe r  answe r  i s ver y satisfying ,  sinc e neithe r  take s int o accoun t  th e salien t  fac t  tha t  ab c 
i s a n alphabeticall y increasin g sequence .  Thi s interna l  "fabric "  o f  ab c i s a  ver y appealin g an d 
seemingl y explanator y aspec t  o f  th e string ,  s o yo u wan t  t o us e i t  i n makin g th e analogy ,  bu t  how ? N o 
suc h fabri c seem s t o weav e mrrjj j  together .  S o eithe r  (lik e mos t  people )  yo u settl e fo r  mrrkk k (o r 
possibl y mrrjjk) ,  o r  yo u loo k mor e deeply .  Bu t  wher e t o loo k whe n ther e ar e s o man y possibilities ? 

The interes t  o f  thi s proble m i s tha t  ther e happen s t o b e a n aspec t  o f  mrrjj j  lurkin g beneat h th e 
surfac e that ,  onc e recognized ,  yield s wha t  man y peopl e fee l  i s  a  mor e satisfyin g answer .  I f  yo u 
ignor e th e letter s i n mrrjj j  an d loo k instea d a t  grou p lengths ,  th e desire d succcssorshi p fabri c i s  found : 
th e length s o f  group s increas e a s "1-2-3" .  Onc e thi s hidde n connectio n betwee n ab c an d mrrjy j  i s 

discovered ,  th e rul e describin g ab c = > ab d ca n b e adapte d t o mrrjy j  a s "Replac e th e lengt h o f  th e 
rightmos t  grou p b y it s successor" ,  yieldin g "1-2-4 "  a t  th e abstrac t  level ,  or ,  mor e concretely ,  mrrjjyj . 
Thu s thi s proble m demonstrate s ho w a  previousl y irrelevant ,  unnotice d aspec t  o f  a  situatio n emerge s 
as relevan t  i n respons e t o pressure s (e.g. ,  th e unsatisfie d desir e fo r  a  c o m m o n fabric ,  amon g others) . 

H ow ca n th e notio n o f  grou p length ,  whic h i n mos t  problem s remain s essentiall y  dormant , 
come t o b e see n a s relevan t  b y Copycat ? Lengt h i s certainl y i n th e hal o o f  th e concep t  group ,  a s ar e 
concept s suc h a s letter-categor y (e.g. ,  'j '  fo r  th e grou p 'ijj') ,  string-positio n (e.g. ,  rightmost) ,  an d group -
fabri c (e.g. ,  samenes s betwee n letters) .  Som e ar e mor e closel y associate d wit h grou p tha n others ;  i n th e 
absenc e o f  pressure ,  th e notio n o f  lengt h tend s t o b e fairl y fa r  awa y i n conceptua l  space .  Thu s i n 
perceivin g a  grou p suc h a s 'rr' ,  on e i s virtuall y certai n t o notic e th e letter-categor y ('r') ,  bu t  no t  ver y 
likel y t o notice ,  o r  a t  leas t  attac h importanc e to ,  th e length .  However ,  sinc e lengt h i s i n group' s halo , 
ther e i s som e possibilit y  tha t  length s wil l  b e notice d an d use d i n tryin g t o mak e sens e o f  th e 
problem .  O n e migh t  consciousl y notic e a  group' s lengt h a t  som e point ,  bu t  i f  thi s doesn' t  tur n ou t  t o 
be useful ,  length' s relevanc e diminishe s afte r  a  while .  (Fo r  example ,  thi s migh t  happe n i n th e 

varian t  proble m ab c = > abd ,  mrrrrj j  = > ?. )  Thi s dynami c aspec t  o f  relevanc e i s ver y important :  eve n i f 
a ne w concep t  i s a t  som e poin t  brough t  i n a s relevant ,  i t  i s  counterproductiv e t o continu e spendin g 
much o f  one' s tim e explorin g avenue s involvin g tha t  concep t  i f  non e seem s promising . 

Sinc e Copyca t  i s nondeterministic ,  i t  follow s differen t  path s o n differen t  runs ;  thu s no t  onl y 
doe s i t  com e u p wit h a  variet y o f  answers ,  bu t  i t  ca n reac h eac h answe r  i n myria d ways .  Indeed , 
Copycat' s flexibilit y  depend s o n th e fac t  tha t  al l  pathway s involvin g an y o f  it s  concept s ar e potentiall y 
open ;  despit e this ,  th e progra m generall y manage s t o avoi d explorin g unpromisin g pathways , 
excep t  fleetingly .  Belo w i s a  char t  showin g th e result s o f  runnin g Copyca t  som e 65 0 time s o n 
proble m 5 .  It s answers ,  ordere d b y frequency ,  rang e fro m th e superficiall y  allurin g mrrkk k t o th e 
downrigh t  bizarr e mrrjk k (i n whic h th e tw o rightmos t  'j' s  wer e perceive d a s a  chunk) ,  nrrjj j  (i n 
whic h abc' s rightmos t  lette r  wa s equate d wit h mrrjjj' s  leftmos t  letter) ,  mrrjj j  (usin g th e rul e "Replac e 
al l  'c'sby*d's"),anddrrjjj . 

29 1 

mrrkk k 

Temp =  42 ' 

m r r y k 

5 2 ° 

Summary o f  65 0 run s o n th e proble m " a b c ^  abd ;  mrrjjj ^  ?  " .  Show n 

abov e eac h answe r  i s it s frequency ,  an d belo w it ,  th e averag e final 

temperatur e associate d unt h it .  Not e th e especiall y lo w temperatur e 

associate d unt h th e answe r  ''mrrjjj j  " ,  indicatin g tha t  th e progra m i s 

particularl y satisfie d wit h it .  Als o not e tha t  althoug h th e progra m ha s 

th e potentia l  t o produc e som e ver y peculia r  answers ,  route s tha t  lea d t o 

suc h answer s ar e ver y infrequentl y followed . 

mrrjil j  mrrjk k nnjy j  m n j j d mrrju j  m r r d d d drrjj j 

14°  49 °  40 °  56 °  65 °  54 °  56 ° 
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Althoug h ther e ar e onl y nin e distinc t  answrrs ,  <ac h ru n wa s uniqu e o n a  fine-grained  level . 
Under  eac h answe r  i s th e final  temperatur e average d ove r  al l  run s yieldin g tha t  answer .  Temperatur e 
i s explaine d later ;  fo r  th e tim e being ,  thin k o f  a  run' s final  temperatur e a s a  measur e o f  Copycat' s 
"happiness "  wit h th e answe r  produced ,  wit h hig h temperatur e correspondin g t o lo w happines s an d 
vic e versa .  Thu s Copyca t  i s  b y fa r  th e happies t  wit h mrrjjjj .  Not e th e lac k o f  correlatio n o f  frequenc y 
wit h final  temperatur e — meaning ,  roughly ,  tha t  obviousnes s an d eleganc e ar e independent . 

The frequencie s show n i n th e char t  ar e no t  mean t  t o b e strictl y compare d wit h th e frequencie s 
of  variou s answer s give n b y peopl e t o thi s problem ,  since ,  a s w e sai d earlier ,  th e progra m i s no t 
meant  t o mode l  th e domain-specifi c  mechanism s peopl e us e i n solvin g thes e letter-strin g problems . 
Rather ,  wha t  i s interestin g her e i s tha t  th e progra m doe s hav e th e potentia l  t o arriv e a t  ver y strang e 
answer s (suc h a s mrrjk k an d drrjij) ,  ye t  manage s t o stee r  clea r  o f  the m almos t  al l  th e time ;  mos t 
always ,  i t  get s answer s tha t  peopl e find  reasonabl e and ,  sometimes ,  eve n insightful . 

I n a  comple x worl d (eve n on e wit h th e limite d complexit y o f  Copycat' s microworld) ,  on e neve r 
knows i n advanc e wha t  concept s ma y tur n ou t  relevan t  i n a  give n situation .  I t  i s  thu s imperativ e no t 
onl y t o avoi d dogmaticall y open-minde d searc h strategies ,  whic h entertai n al l  possibilitie s equall y 
seriously ,  bu t  als o t o avoi d dogmaticall y closed-minde d searc h strategies ,  whic h i n a n ironcla d wa y 
rul e ou t  certai n possibilitie s a  priori .  Copyca t  opt s fo r  a  middl e way ,  whic h o f  cours e leave s ope n th e 
potentia l  fo r  disaste r  — an d indeed ,  disaste r  occur s onc e i n a  while .  Thi s i s th e pric e tha t  mus t  b e 
pai d fo r  flexibility .  People ,  too ,  occasionall y explor e an d eve n favo r  peculia r  routes .  Ou r  program , 
lik e us ,  ha s t o hav e th e potentia l  t o concoc t  far-ou t  solution s i n orde r  t o b e abl e t o discove r  subtl e an d 
elegan t  one s lik e mrrjjjj .  (I n fact ,  Copyca t  stil l  lack s importan t  mechanism s tha t  woul d allo w i t  t o 
pursu e ye t  strange r  pathways! )  T o rigidl y clos e of f  an y route s a  prior i  woul d necessaril y  remov e 
critica l  aspect s o f  Copycat' s flexibility .  O n th e othe r  hand ,  th e fac t  tha t  Copyca t  s o rarel y produce s 
weir d answer s demonstrate s tha t  it s  mechanism s manag e t o strik e a  prett y effectiv e balanc e 
betwee n open-mindednes s an d closed-mindedness ,  imbuin g i t  wit h bot h flexibility  an d robustness . 

We no w sketc h on e wa y Copyca t  arrive s a t  mrrjjy j  (mor e detail s give n below) .  Th e inpu t  consist s 
of  thre e "raw "  string s (here ,  abc ,  abd ,  mrrjjj )  wit h n o preattache d relation s o r  preforme d groups ;  i t 
i s  thu s lef t  entirel y t o th e progra m t o buil d u p perceptua l  structure s constitutin g it s understandin g o f 
th e proble m i n term s o f  concept s i t  deem s relevant .  O n mos t  runs ,  th e group s 'rr '  an d 'jyj '  ar e 
constructe d (th e progra m i s abl e t o perceiv e copy-group s — group s consistin g o f  repeate d copie s o f  a 
give n lette r  — quit e readily) .  Eac h group' s letter-categor y ('r '  an d 'j '  respectively )  i s  explicitl y  noted , 
sinc e letter-categor y i s relevan t  b y default .  Ther e i s som e probabilit y  fo r  length s t o b e notice d a t  th e 
tim e th e group s ar e made ,  bu t  i t  i s  low ,  sinc e lengt h i s no t  strongl y associate d wit h group .  Onc e 'rr ' 
and 'jyu '  ar e made ,  copy-grou p become s ver y relevant .  Thi s create s top-dow n pressur e fo r  th e syste m t o 
describ e othe r  object s — especiall y i n th e sam e strin g — a s copy-group s i f  possible .  Th e onl y wa y t o 
do thi s her e i s t o describ e th e 'm '  a s a  copy-grou p wit h jus t  on e letter .  Thi s i s strongl y resiste d b y a n 
opposin g pressure :  a  single-lette r  grou p i s a n intrinsicall y wea k an d far-fetche d construct .  However , 
th e existenc e o f  tw o othe r  copy-group s i n th e string ,  couple d wit h th e system' s "unhappiness "  a t  it s 
failur e t o incorporat e th e lon e 'm '  int o an y large ,  coheren t  structure ,  pushe s agains t  thi s resistance . 

Thes e opposin g pressure s fight;  th e outcom e i s decide d probabilistically .  I f  th e 'm '  i s  perceive d a s 
a single-lette r  group ,  it s lengt h wil l  ver y likel y b e notice d (single-lette r  group s ar e noteworth y 
precisel y becaus e o f  thei r  abnorma l  length) ,  makin g lengt h mor e relevan t  i n general ,  an d thu s 
increasin g th e probabilit y  o f  noticin g th e othe r  tw o groups '  lengths .  Moreover ,  length ,  onc e brough t 
int o th e picture ,  ha s a  goo d chanc e o f  stayin g relevant ,  sinc e description s base d o n i t  tur n ou t  t o b e 
useful .  (Not e tha t  ha d th e strin g bee n mrrrrjj ,  lengt h migh t  b e brough t  in ,  bu t  i t  woul d no t  tur n ou t 
useful ,  s o i t  woul d likel y fad e bac k int o obscurity. )  I n mrrjjj ,  onc e length s ar e noticed ,  th e successo r 
relation s amon g the m ar e quickl y constructe d b y relation-detector s continuall y seekin g ne w 
relations .  Ther e i s als o a n independen t  top-dow n pressur e t o se e successo r  relation s i n mrrjjj , 
comin g fro m th e already-see n successo r  relation s i n abc .  A s thi s satisfyin g ne w vie w o f  mrrjj j 
begin s t o emerge ,  th e importanc e o f  th e groups '  letter-categorie s fade s an d lengt h become s thei r  mos t 
salien t  aspect .  Thu s th e cru x o f  discoverin g thi s solutio n lie s i n th e triggerin g o f  th e concep t  length . 

I n summary ,  Copycat' s solutio n o f  ab c = > abd ,  mrrjj j  = ^  rnrrjjj j  require s th e interactio n of : 
•  concept s consistin g o f  a  centra l  regio n surrounde d b y a  hal o o f  potentia l  associations ; 
•  a  mechanis m fo r  probabilisticall y bringin g i n ne w association s relate d t o th e curren t  situation ; 
•  a  mechanis m b y whic h concepts '  activation s deca y ove r  time ,  unles s reinforced ; 
•  agent s tha t  continuall y see k ne w relations ,  groups ,  an d correspondences ; 
•  mechanism s fo r  applyin g lop-dow n pressure s fro m concept s alread y brough t  in ; 
•  mechanism s allowin g competitio n amon g pressures ; 
•  th e paralle l  terrace d scan ,  allowin g riva l  view s t o develo p a t  differen t  speeds . 
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We no w describ e an d illustrat e ho w thes e mechanism s ar e implemented .  (Fo r  mor e details , 
see Mitchel l  &  Hofstadter ,  1990. )  Copycat' s concept s resid e i n a  networ k o f  node s an d link s calle d 
th e Slipnet .  A  concept' s centra l  regio n i s a  node ,  an d it s associativ e hal o correspond s t o othe r  node s 
linke d t o th e centra l  node .  A  nod e (suc h a s copy-grou p o r  successor )  become s activate d whe n instance s 
of  i t  ar e perceive d (b y codelels ,  a s describe d below) ,  an d lose s activatio n unles s it s instance s remai n 
salient .  A  nod e spread s activatio n t o nearb y node s a s a  functio n o f  thei r  proximity .  Activatio n level s 
ar e no t  binary ,  bu t  ca n var y continuously .  Th e probabilit y  a  nod e wil l  b e brough t  i n o r  b e considere d 
furthe r  a t  an y give n tim e a s a  possibl e organizin g concep t  i s a  functio n o f  th e node' s curren t 
activatio n level .  Thu s ther e i s n o black-and-whit e answe r  t o th e questio n o f  whethe r  a  give n concep t 
i s "present "  a t  a  give n time ;  continuou s activatio n level s an d probabilitie s allo w differen t  concept s t o 
be presen t  t o differen t  degrees .  Al l  concept s hav e th e potentia l  t o b e brough t  i n an d used ;  whic h 
one s becom e relevan t  an d t o wha t  degre e depend s o n th e situatio n th e progra m i s facing ,  a s wil l  b e 
see n below . 

I n additio n t o th e Slipnet ,  wher e long-ter m concept s reside .  Copyca t  ha s a  workin g are a i n 
whic h perceptua l  structure s (e.g. ,  descriptions ,  relations ,  groups ,  an d correspondences )  ar e buil t 
hierarchicall y o n to p o f  th e "raw "  inpu t  (th e thre e letter-strings) .  Thi s buildin g proces s i s carrie d 
out  b y larg e number s o f  simpl e agent s calle d codelels .  A  codele t  i s  a  smal l  piec e o f  cod e tha t  carrie s 
out  som e small ,  loca l  tas k tha t  i s  par t  o f  th e proces s o f  buildin g a  structur e (e.g. ,  on e codele t  migh t 
notic e tha t  th e tw o 'r' s  i n mrrjj j  ar e th e sam e letter ;  anothe r  codele t  migh t  estimat e ho w wel l  tha t 
propose d relatio n fits  i n wit h already-existin g relations ;  anothe r  codele t  migh t  buil d th e relation) . 
Bottom-u p codelet s wor k towar d buildin g structure s base d o n whateve r  the y happe n t o find,  withou t 
bein g prompte d t o loo k fo r  instance s o f  specifi c  concepts ;  top-dow n codelet s loo k fo r  instance s o f 
particula r  activ e nodes ,  suc h a s successo r  o r  copy-group .  Th e probabilit y  a t  a  give n tim e tha t  a  nod e i n 
th e Slipne t  wil l  ad d a  top-dow n codele t  t o th e curren t  codele t  populatio n i s a  functio n o f  th e node' s 
activatio n level .  An y structur e i s buil t  b y a  serie s o f  codelet s runnin g i n turn ,  eac h decidin g 
probabilisticall y o n th e basi s o f  it s  estimatio n o f  som e aspec t  o f  th e structure' s strengt h whethe r  t o 
continue ,  b y generatin g on e o r  mor e follow-u p codelets ,  o r  t o abando n th e effor t  a t  tha t  point .  I f  th e 
decisio n i s mad e t o continue ,  th e runnin g codele t  assign s a n urgenc y valu e (base d o n it s estimat e o f 
th e structure' s promise )  t o eac h follow-u p codelet .  Thi s valu e help s t o determin e ho w lon g eac h 
follow-u p codele t  wil l  hav e t o wai t  befor e i t  ca n ru n an d continu e th e evaluatio n o f  tha t  particula r 
structure . 

Any ru n start s wit h a  standar d initia l  populatio n o f  bottom-u p codelet s wit h prese t  urgencies ;  a t 
eac h tim e step ,  on e codele t  i s  chose n t o ru n an d i s remove d fro m th e curren t  codele t  population .  Th e 
choic e i s probabilistic ,  base d o n relativ e urgencie s i n th e curren t  population .  A s th e ru n proceeds , 
ne w codelet s ar e adde d t o th e populatio n eithe r  a s follow-up s t o previously-ru n codelets ,  o r  a s top -
down scout s fo r  activ e nodes .  A  ne w codelet' s urgenc y i s assigne d b y it s creato r  a s a  functio n o f  th e 
estimate d promis e o f  th e tas k i t  i s  t o wor k on .  Thu s th e codele t  populatio n change s a s th e ru n 
proceeds ,  i n respons e t o th e system' s need s a s judge d b y previously-ru n codelet s an d b y activatio n 
pattern s i n th e Slipnet ,  whic h themselve s depen d o n wha t  structure s ar e built .  Ther e i s n o top-leve l 
executiv e directin g th e system' s activity ;  al l  processin g i s carrie d ou t  b y codelets . 

Th e fine-grained  breaku p o f  structure-buildin g processe s serve s tw o purposes :  (1 )  i t  allow s man y 
suc h processe s t o b e carrie d ou t  i n parallel ,  b y havin g thei r  component s interleaved ;  an d (2 )  i t 
allow s th e computationa l  resource s allocate d t o eac h suc h proces s t o b e dynamicall y regulate d b y 
moment-to-momen t  estimate s o f  th e promis e o f  th e pathwa y bein g followed .  A  proces s i s no t  a 
predetermine d macroscopi c ac t  tha t  i s  the n broke n u p int o convenien t  chunks ;  rather ,  an y sequenc e 
of  codelet s tha t  amount s t o a  coheren t  macroscopi c ac t  ca n a  posterior i  b e labele d a  proces s — thu s 
processe s ar e emergent .  Th e spee d o f  an y proces s emerge s dynamicall y fro m th e urgencie s o f  it s 
componen t  codelets .  Th e upsho t  i s a  paralle l  terrace d sca n — mor e promisin g view s ten d t o b e 
explore d faste r  tha n les s promisin g ones . 

A fina l  mechanism ,  temperature ,  bot h measure s th e degre e o f  perceptua l  disorganizatio n i n th e 
syste m (it s valu e a t  an y moment  i s a  functio n o f  th e amoun t  an d qualit y o f  structur e buil t  s o far) ,  an d 
control s th e degre e o f  randomnes s use d i n makin g decision s (e.g. ,  whic h codele t  shoul d ru n next , 
whic h structur e shoul d wi n a  competition ,  etc.) .  Highe r  temperature s reflec t  th e fac t  tha t  ther e i s 
littl e informatio n o n whic h t o bas e decisions ;  lowe r  temperature s reflec t  th e fac t  tha t  ther e i s 
greate r  certaint y abou t  th e basi s fo r  decisions .  Temperatur e i n Copyca t  i s describe d i n detai l  i n 
Mitchel l  Sc Hofstadte r  (1990) .  Al l  thes e mechanism s ar e illustrate d i n th e se t  o f  scree n dump s fro m 
a ru n o f  th e program ,  give n below . 
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1.  T h e proble m i s presented .  T e m p e r a t u r e ,  show n o n a 
"thermometer "  (left) ,  i s a t  it s m a x i m u m o f  10 0 (n o structure s ye t 
built) .  A t  th e bottom ,  som e Slipne t  node s ar e displaye d (link s 
not  shown) .  (Du e t o limite d space ,  man y node s ar e no t  shown , 
e.g. ,  thos e fo r  'a' ,  'b' ,  etc. )  A  blac k squar e represen u a  node' s 
curren t  activatio n leve l  (th e actua l  value ,  fro m 0  t o 100 ,  i s show n 
above) .  Node s her e displaye d includ e string-position s o f  object s 
{leftmost ,  midd le ,  a n d rightmost);  alphabetic-posilion s o f  letter s (first , 
filled  b y 'a' ,  a n d last ,  b y  ' z ' ) ;  direction s fo r  re la t ion s a n d s r o u p s 
[lef t  a n d right);  identit y a n d opposit e ( s o m e o f  t h e p o s s i b l e re la t ion s 
b e t w e e n c o n c e p t s ) ;  relation-categorie s f o r  re la t ion s b e t w e e n letter s 
and group s {same ,  predecessor ,  an d successor) ;  group-categorie s 
{predecessor-group ,  successor-group ,  an d copy-group) ;  object-categorie s 
{Utte r  zn d group) ;  an d i n ro w S ,  node s representin g thes e variou s 
categorie s o f  descriptions ,  includin g length .  Ever y lette r  ha s som e 
preattache d descriptions :  letter-categor y (e.g. ,  'm ' ) ,  object-categor y 
{letter ,  a s oppose d t o group )  an d string-positio n (leftmost ,  middle , 
rightnwst,  o r  non e — e.g. ,  th e fourt h lette r  i n mnji j  ha s n o string -
positio n description) .  Thes e node s star t  ou t  highl y activated . 

. . : m - : - > 

Nimfce r  o f  codelet s ru n s o far :  9 6 
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2.  T h e 5 0 codelet s s o fa r  ru n hav e begu n explorin g m a n y 
possibl e structures .  Dashe d line s an d arc s ar e structure s i n 
variou s stage s o f  consideration ;  soli d one s ar e structure s actuall y 
built ,  whic h ca n thu s influenc e temperature ,  an d th e buildin g o f 
othe r  structures .  Relation s an d correspondence s betwee n letter s 
ar e bein g considere d (th e 'a'-'j '  potentia l  mappin g i s base d o n 
th e wea k leftmost-rightmos t  Slipne t  link ;  bein g implausible ,  i t 
won' t  b e pursue d m u c h further) .  T h e abc/ab d correspondence s 
an d th e rightmos t  'j'-'j '  samenes s relatio n hav e bee n buil t  b y 
bottom-u p codelets ;  thi s activate d same ,  resultin g i n top-dow n 
pressur e (ne w codelets )  t o see k samenes s elsewhere .  S o m e node s 
hav e becom e lightl y activate d vi a spreadin g activatio n (e.g. ,  th e 
nod e first ,  fro m 'a '  [no t  shown]) .  Length' s activatio n come s fro m 
it s wea k associatio n wit h letter-categor y (letter s an d number s ar e 
increasin g sequence s an d thu s similar ;  number s ar e associate d 
wit h length) .  Temperatur e ha s falle n i n respons e t o structure s s o 
fa r  built .  Man y non-displaye d fleeting  exploration s ar e occurrin g 
(e.g. ,  "An y relatio n betwee n th e 'm '  an d it s neighbo r  'r'?") . Replac e letter-categor y o f  neos t  lette r  b y successo r 
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S.  T h e successorshi p fabri c o f  «b c ha s bee n seen ,  an d tw o 
mutuall y competin g group s base d o n i t  ar e bein g considered : 
'be '  an d 'abc' .  Th e latte r  i s m u c h stronge r  tha n th e former ,  thu s 
has a  muc h highe r  chance .  Exploratio n o f  th e diagona l  'a'-'j ' 
correspondenc e wa s aborted .  A  'c'-'j '  correspondenc e ha s bee n 
buil t  (jagge d vertica l  line) ;  it s  reaso n fo r  existenc e (bot h letter s 
ar e rightmost)  i s give n beneat h it .  A  'jjj '  grou p i s bein g strongl y 
considered .  Sinc e successo r  an d samenes s relation s hav e bee n built , 
thes e node s ar e highl y active ;  the y i n tur n hav e sprea d activatio n 
t o successor-grou p an d copy-group ,  whic h create s top-dow n pressur e 
t o loo k fo r  suc h groups .  Also ,  sinc e firs t  v/ m active ,  alphabetic -
positio n becam e highl y activ e ( a probabilisti c  event) ,  makin g 
alphabetic-positio n description s likel y t o b e considered . 

4.  Group s "abc '  an d 'jjj '  hav e bee n buil t  (relation s betwee n 
letter s ar e n o longe r  bein g displayed) .  A n 'rr '  grou p i s bein g 
considere d (th e grou p 'jj '  strongl y support s  it ,  s o it s constructio n 
i s accelerated) .  Meanwhile ,  a  rul e (a t  top )  ha s bee n constructe d 
t o describ e h o w ab c changed .  T h e curren t  versio n o f  Copyca t 
assume s th e exampl e chang e involve s replacin g exactl y on e 
letter ,  s o rule-buildin g codelet s fill  i n th e templat e "Tleplac e 
by " ,  choosin g probabilisticall y f ro m description s th e 
progra m ha s give n t o th e change d lette r  an d it s replacement , 
wit h a  defaul t  bia s towar d m o r e abstrac t  description s (e.g. , 
usuall y preferrin g "rightmos t  letter "  t o 'c') .  N o d e s firs t  an d 
alphabetic-positio n didn' t  tur n ou t  usefu l  an d thu s hav e faded . 
Also ,  lengt h receive d additiona l  activatio n fro m grou p bu t  i s stil l 
not  ver y activated ,  s o noticin g length s i s stil l  unlikely . 179 
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• 

rlghtwi t 
60 
• 

roccttto r 100 
• 

itrin g ppjiuo n 

5 

(in l 
.19 
• 

prfdecfj j 
H 

•  lph « po;ilio n 

N u ^ e 
1 

lis t 
100 
• 

100 
• 

ilirf̂ tio n 

r  o f  rodelet s ni n s o I 
36 
• 

un 
100 
• 

100 
• 

rf  li t  io n calfjor y 

50 
• 

nohl 
30 
• 

lattv r 100 
• 

grini p t«ltj..r y 

100 
• 

ideatit f 
SO 
• 

grou p 100 
• 

obiPf t Cdlrgor j 

T ?? S 

Dppoiit a 

5.  N o w ,  2 2 5 codelet s int o th e r u n ,  th e letter-to-/«H* r  'c'-'j ' 
co r respondenc e wa s defeate d b y a  stronge r  letter-to-grtm ^  'c'-'J ' 
cor respondence ,  t h o u g h th e fonme r  possibilit y  stil l  lurk s i n th e 
backg round .  M e a n w h i l e ,  a n 'rr '  g r o u p w a s buil t  w h o s e lengt h 
was notice d ( a probabilisti c  event )  a n d i s displaye d a t  th e to p o f 
th e group .  Lengt h i s n o w full y active . 

A n e w rule ,  "Replac e th e letter-categor y o f  th e r ightmos t 
lette r  b y 'D'" ,  appear s a t  th e to p o f  th e screen ;  al thoug h i t  i s 
weake r  tha n th e ol d rule ,  fight i  ar e decide d probabilistically ,  a n d 
i t  w o n .  H o w e v e r ,  it s  weaknes s cause d temperatur e t o g o up .  I f 
th e p r o g r a m w e r e t o sto p n o w (unlikely ,  a s temperatur e i s stil l 
fairl y  high ;  th e p r o g r a m decide s probabilisticall y w h e n t o stop , 
base d o n tempera ture) ,  th e rul e wou l d b e adapte d fo r  mnjj j  a s 
"Replac e th e letter-categor y o f  th e rightmos t  grou p b y 'D' "  (th e 
'c'-'J '  cor respondenc e establishe s tha t  th e rol e o f  lette r  i n ab c i s 
playe d b y grou p i n mrrflj) ,  yieldin g m r r d d d (an d Copyca t  doe s 
ge t  thi s answe r  o n occasion) . 

Rsplac *  Isitar-catsqor y o f  nioc i  Istia r  b y Buccvsso r 

k? 

a 
1 

m 
R;> 

r  r 

\ ^ 

j 

c 

A 
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l« l  >qrou p let->Ie t 
•ii<l->al d r»oi t  >n«os < 

41 
• 

liltaoi l 
100 
• 

tkm 100 
• 

Ifltf r 
t.uj.r j 

100 
• 

•idJl a 
41 
• 

prfdec«i t 
n 
• 

lengt h 

100 
• 

rlghtpoi t 
100 
• 

rucceito r 
100 
• 

l U ui g 
pout  io n 

2 

lin t 
39 
• 

predem i grou p 
2 

«lj>h « 
pOJltlO D 

NunhRr  o f  codrlet s ru n t o f 
1 

lai t 
100 
• 

imc f  no r grou p 
100 
• 

direc t  lo r 

39 
• 

lel l 
100 
• 

grou p 
100 
• 

r»l«lio n 
titegon ' 

100 
• 

righ t 
30 
• 

lotlo r 
100 
• 

" " S O T 

100 
• 

idoDtlt y 
100 
• 

grou p 
100 
• 

ob̂tc X 
categor y 

rtr:  -18 0 

oppotlt e 

6.  T h e previous ,  stronge r  rul e ha s b e e n restore d (agai n th e 
resul t  o f  a  fight  havin g a  probabilisti c  o u t c o m e ) ,  bu t  th e 'c'-'J ' 
cor respondenc e ha s bee n defeate d b y a  'c'-'j '  correspondence . 
T h e activatio n o f  lengt h ha s d e c a y e d a  g o o d deal ,  sinc e th e 
lengt h descriptio n give n t o 'rr '  hasn' t  bee n foun d t o b e useful . 
(Thi s i s graphicall y indicate d b y th e fac t  tha t  th e '2 '  i s  n o longe r 
i n boldface. )  T h e t e m p e r a t u r e i s stil t  fairl y  h igh ,  sinc e th e 
p r o g r a m i s hav in g a  h a r d t im e m a k i n g a  single ,  coheren t 
structur e ou t  o f  mnruj ,  a s i t  di d wit h abc .  T h a t  fact ,  c o m b i n e d 
wit h stron g t o p - d o w n pressur e f r o m th e t w o copy-group s i n 
mnjjj ,  m a k e s i t  s o m e w h a t  plausibl e fo r  th e syste m t o flir t  wit h 
th e ide a o f  a  single-lette r  g r o u p (dashe d rectangl e a roun d th e 
' m ' ) . 

Replac a lattar-categor y o f  rmot t  latte r  b y ruccesso r 

n 

31 
• 

left»l t 
100 
• 

100 
• 

le'»f r 
""9" 7 

100 
• 

.Hdl l 
100 
• 

100 
• 

l-rjt h 

50 
• 

rlB̂ t»0J t 
100 
• 

100 
• 

r'ruv g 
poii'io n 

10 
• 

77 
• 

predecei j 2 

tiph * 
pori'lo D 

Kun^e r  o f  c o 
1 

100 
• 

ruc;fiio r 100 
• 

lirfctlo r 

36 
• 

l.f l 
100 
• 

100 
• 

relsUo n 

delet s ru n b o 1 
100 
• 

riffh t 
30 
• 

l»ttt r 100 
• 

grou p 
c.lojor j 

73 
• 

idtntit r 
50 
• 

grou p 100 
• 

Oblft t 
c«tei,or 7 

ar  61 5 

oppodt e 

7.  A s a  resul t  o f  t h e s e p ressures ,  t h e a  prior i  e x t r e m e l y unl ike l y 
single-lette r  copy-grou p 'm '  ha s b e e n built ,  a n d it s lengt h o f  1 , 
bein g ver y noteworthy ,  ha s b e e n attache d a s a  description .  T h e 
relatio n be twee n th e 1  a n d th e 2  ha s b e e n built ;  al l  o f  thi s i s 
helpin g lengt h t o sta y active .  A  c o m p l e t e se t  o f  lette r  = » grou p 
cor respondence s ha s n o w b e e n m a d e ,  a n d a s a  resul t  o f  thes e 
p rom is in g n e w structures ,  th e t e m p e r a t u r e ha s falle n t o 36 , 
wh i c h i n retur n help s t o loc k i n thi s e m e r g i n g view . 

R«pLacs laiiar-caiagor y o f  mos t  lotte r  b y successo r 

3t 

.".*t->i"o-'::d^^.™ 7 " •  >'">'n > 
•.td->.l d n«„t->™o. t 

NuvAie r  o f  codelet s ru n s o far :  84 0 

predecet i 

|rlflhtaot t 
100 

Imccotto r 

100 

bredetei i 
groii p 

lette r  I  I  ('rin g I  »iph » I  (relatio n I  groiT i 
ĉ tfgor r  1  lengt h Ipoimo n 1  p o m io n [direc t  io n |  c« l  eg o r y |  cjUgot T [  talegor r 

righ t identlt j 
100 

oppoilt a 

8.  A s a  resul t  o f  length' s c o n t i n u e d activity ,  l e n g t h descript ion s 
h a v e b e e n a t t a c h e d t o t h e o t h e r  t w o g r o u p s i n t h e p r o b l e m (*jjy ' 
a n d 'abc') ,  a n d a  relatio n be twee n th e 2  a n d th e 3  (fo r  whic h 
ther e i s m u c h top-dow n pressur e c o m i n g f r o m bot h ab c an d th e 
e m e r g i n g vie w o f  m r r m )  i s bein g considered .  Letter-Categor y ha s 
decayed ,  indicatin g tha t  i t  hasn' t  latel y b e e n o f  us e i n buildin g 
structures . 
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R«pl«c » lattar-CAtagor y o f  rmo^ l  la tU r  b y auccaaao r 

'  J 

I 

l. t  > ^ o u ,  j , ^ _ let->le t 
•o.t->l»oi t  , i j . , ^ ^  r»oil->r»o. t 

60 6 0 

100 

Nunker  o f  codelet s ru n s o far :  95 5 

100 

a m nrtitits t 
lOO 

riahtwot t 
100 

,fucc<iio r 
initces s 

100 

littt r  itnji g Alpb A r«l«tio n qroo p objec t 
(*l*t»r r  1  lanat h Ipotttio a Ipotmo a |iHrectioo|c<tfgor Y I  cengor y I  ouaor r 

16 10 0 10 0 

righ t 

100 

100 

»"" » 
100 

9.  T h e 2- 5 relatio n w a s buil t  a n d a  successor -g rou p w a s buil t  o u t 
o f  th e g roup- leng th s i n mrrjj j  (larg e rectangl e s u r r o u n d i n g th e 
thre e copy -g roups ) .  A lso ,  a  c o r r e s p o n d e n c e ( d a s h e d vertica l  lin e 
t o th e right  o f  th e t w o strings )  i s b e i n g c o n s i d e r e d b e t w e e n a b c 
a n d mnj i j  i n thei r  entireties . 

Il*pl*c *  l«ttar-c«i»uar y o l 
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y-  - -  , r  - I 
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M j  J  J 

iilial«->iifa«l » 
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letca t  >Un4t h 
;  3-> 3 .  .  .  . 
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1 Raplac a laB̂ t h o f  rwos t  ̂rou p b y soccaais r 
NunAier  e f  eadalet s ru n l o far :  89 0 
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• 
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• 
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100 
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100 
• 
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• 
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Millio n 

1 

llrj t 
100 
• 

prtdacfi t 2 

DotiTio n 

1 

1411 
100 
• 

tuccetio r 100 
• 

dinctio n 

32 
• 

100 
• 
copy 
grou p 
100 
• 

relttio n 
c4teaor r 

40 
• 
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30 
• 

litte r 100 
• 

cetegor r 

100 
• 

Identit y 
50 
• 

grvo p 100 
• 
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ODDOIlt t 

10.  A  correspondenc e ha s bee n buil t  betwee n th e tw o string s a s 
wholes ,  an d it s concept-mapping s (e.g. ,  lelter-caUgor y = > length ) 
ar e liste d t o it s right .  Th e origina l  rul e ha s bee n translated ,  usin g 
thes e concept-mappings ;  th e translate d rul e appear s jus t  abov e 
th e Slipnet ,  an d th e answe r  mrrjyu j  a t  th e right .  Th e lo w 
temperatur e reflect s th e program' s satisfactio n wit h thi s answer . 

I n summary ,  Copyca t  i s a  m o d e l  o f  concept s an d perceptua l  m e c h a n i s m s flexible  e n o u g h t o dea l 
wit h a  rang e o f  p r o b l e m s i n it s m i c r o d o m a i n ,  reflectin g m a n y centra l  psychologica l  issues .  I t 
differ s f ro m othe r  c o m p u t e r  a p p r o a c h e s t o ana logy-mak in g i n tha t  i t  m o d e l s no t  onl y h o w 
situation s ar e m a p p e d ont o eac h other ,  bu t  als o th e m e c h a n i s m s b y wh ic h initiall y  uninterprete d 
situation s ar e mentall y structured .  M o d e l s suc h a s S M E (Falkenhaine r  e t  al. ,  1986) ,  a n d A C M E 
(Holyoa k &  Thagard ,  1989) ,  ar e concerne d wit h jus t  th e m a p p i n g process ;  al l  relation s a n d othe r 
perceptua l  structure s ar e precode d int o predicate-logi c representation s tha t  serv e a s input .  A  detaile d 
compariso n o f  Copyca t  wit h thes e mode l s i s give n i n Mitchel l  (1988) .  Copyca t  start s o n an y p rob le m 
fro m a  standar d initia l  state ;  however ,  i t  quickl y sense s uniqu e aspect s o f  th e prob lem ,  bringin g ou t 
certai n association s whil e downplayin g others ,  allowin g i t  (usually )  t o h o m e i n o n a  suitabl e se t  o f 
relevan t  concept s an d avenue s o f  approach .  Copyca t  achieves ,  throug h m e c h a n i s m s w e behev e ar e 
psychologicall y plausible ,  a  delicat e balanc e be twee n bein g to o o p e n - m i n d e d (explorin g ever y 
avenu e indiscriminately ,  thu s grossl y wastin g computat iona l  resources )  a n d bein g to o closed -
minde d (rigidl y cuttin g ou t  certai n avenue s a  priori ,  thu s preventin g m a n y creativ e pathway s f ro m 
eve r  bein g looke d at) .  Walk in g thi s fine  lin e imbue s Copyca t  wit h it s robustnes s a n d flexibility. 
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