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Conceptua l  Slippag e an d Analogy-Making : 
A Repor t  o n th e Copyca t  Projec t 

Douglas R. Hofstadter and Melanie Mitchell 
Departmen t  o f  Psycholog y an d Departmen t  o f  Compute r  Scienc e 

Universit y o f  Michiga n 

In our research we are investigating the mechanisms underlying human analogy-making. We 
ar e developin g a  theor y o f  thes e mechanisms ,  whic h center s o n th e interactio n o f  perceptio n wit h 
th e associative ,  overlapping ,  an d context-sensitiv e huma n conceptua l  system ,  an d o n ho w thi s 
interactio n give s ris e t o "conceptua l  slippage "  (th e flexibl e translatio n o f  idea s fro m on e framewor k 
t o another) ,  whic h i s require d fo r  creativ e analogy-making .  T o tes t  thi s theory ,  w e ar e buildin g a 
compute r  mode l  calle d "Copycat" ,  whic h i s abl e t o mak e analogie s i n a  microdomain .  Althoug h th e 
microdomai n appear s smal l  an d simple ,  i t  i s  surprisingl y rich ;  extremel y subti e analogie s requirin g 
grea t  flexibilit y  an d creativit y ca n b e mad e i n it ,  an d w e believ e i t  i s  a n excellen t  testbe d fo r 
compute r  model s o f  analogy-making .  Thi s pape r  describe s th e curren t  stat e o f  ou r  research ,  an d 
shows i n detai l  (usin g a  serie s o f  scree n printout s fro m tw o run s o f  th e program )  ho w Copycat' s 
perceptua l  mechanism s interac t  wit h it s conceptua l  syste m an d allo w i t  t o describ e situation s an d 
make analogies .  Previou s wor k o n th e Copyca t  projec t  ha s bee n reporte d b y Hofstadte r  (1984b , 
1985) ,  Hofstadter ,  Mitchell ,  &  Frenc h (1987) ,  Hofstadte r  &  Mitchel l  (1988) ,  an d Mitchel l  (1988) . 

Copycat's microworld consists of the 26 letters of the alphabet and associated concepts; in it we 
construc t  analog y problem s involvin g letter-strings .  A  simpl e proble m is :  I f  ab c change s t o abd , 
what  i s th e analogou s chang e t o pqrs ? Mos t  peopl e answe r  pqrt ,  usin g th e rul e "Replac e th e 
rightmos t  lette r  b y it s successor" .  However ,  i f  th e targe t  strin g wer e ppqqrrs s rathe r  tha n pqrs , 
tha t  rul e woul d yiel d ppqqrrst ,  whic h almos t  al l  peopl e se e a s to o rigid .  Th e rul e thu s ha s t o b e 
"translated "  t o th e ne w situation .  Bu t  a  differen t  translatio n i s neede d fo r  targe t  ssrrqqpp ,  an d stil l 
othe r  translation s fo r  target s mrrjj j  (i n whic h numerica l  successorshi p play s th e rol e o f  alphabeti c 
successorship) ,  aabab c (extendin g th e notio n o f  successorshi p i f  th e strin g i s parse d a-ab-abc) , 
ace (doubl e successorship) ,  an d xy z ( Z ha s n o successor) .  A  vas t  numbe r  o f  interestin g problem s 
can b e constructe d i n thi s domai n (se e Hofstadter ,  Mitchell ,  &  Frenc h (1987 )  an d Hofstadte r  & 
Mitchel l  (1988 )  fo r  collection s o f  suc h problems ,  an d se e Hofstadte r  (1985 )  an d Mitchel l  (1988 ) 
fo r  discussion s o f  ho w thes e problem s relat e t o "real-world "  analogy-making) . 

We will explain the workings of the current version of the Copycat program by presenting two 
serie s o f  annotate d scree n printout s fro m actua l  run s o n tw o problems .  First ,  w e discus s som e o f 
th e idea s behin d th e model .  Th e first  ide a i s nondeterminism .  whic h permeate s th e working s o f 
Copycat .  Th e progra m accomplishe s it s goal s b y executin g a  ver y larg e numbe r  o f  smal l  piece s o f 
code ,  calle d "codelets" ,  chose n probabilisticall y fro m a  constand y changin g pool .  Thu s no t  onl y 
does eac h ru n diffe r  fro m ever y othe r  run ,  bu t  als o man y differen t  answer s ca n b e reache d fo r  a 
give n problem .  Thu s t o sho w jus t  on e ru n fo r  a  give n proble m (a s w e hav e done )  i s somewha t 
misleading .  W e hav e chose n tw o fairl y typica l  run s fo r  th e tw o problems ,  bu t  reader s shoul d bea r 
i n min d tha t  othe r  answer s ar e ofte n produced ,  an d man y othe r  route s t o th e show n answer s exist . 

Copycat's nondeterministic nature is based on the idea that analogy-making, like perception, is 
highl y an d asynchronousl y parallel .  I n perceptio n an d i n Copycat ,  man y processe s tak e plac e 
concurrently .  I n Copycat ,  eac h proces s consist s o f  man y smal l  codelets ,  an d codelet s o f  differen t 
processe s ar e interleave d probabilistically .  Eac h proces s ha s a  dynamicall y evaluate d importance , 
so tha t  favore d processe s ca n ru n faster .  Thi s i s accomplishe d b y givin g eac h codele t  a n "urgency " 
~ a  numbe r  tha t  determine s it s probabilit y  o f  bein g chose n fro m th e poo l  o f  codelet s waitin g t o run . 

The second idea is the building-up of a coherent view. It is up to the program to build up an 
understandin g o f  eac h letter-strin g o n it s own ,  an d als o o f  ho w string s ar e related .  Thi s i s ver y 
simila r  t o a  perceptua l  process .  A t  th e outset ,  eac h codele t  picke d ha s a  smal l  regio n o f  a  strin g a s 
it s focus ,  an d i t  look s fo r  an y loca l  structur e o f  interes t  there .  I f  so ,  i t  suggest s tha t  tha t  structur e 
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be officially recognized by another codelet. As many such codelets run, they gradually "annotate" 
individua l  letter s an d letter-strings ,  convertin g the m fro m ra w dat a int o coherentl y understoo d 
structures .  Thi s proces s i s ver y simila r  t o th e operatio n o f  th e Hearsa y I I  speech-understandin g 
progra m (Erma n e t  al. ,  1980) ,  whic h too k a  ra w speec h wavefor m an d allowe d man y processe s t o 
buil d higher-leve l  hypothese s abou t  it ,  upo n whic h ye t  higher-leve l  hypothese s coul d b e built ,  a t 
th e to p leve l  o f  whic h emerge d a  totall y semanti c understandin g o f  th e utterance .  Th e ai m o f 
Copyca t  i s  similar :  t o conver t  a  ra w letter-strin g int o a  totall y understoo d situation . 

Moreover, not only must Copycat knit together each separate string, it must also construct a 
coheren t  networ k o f  correspondence s betwee n th e thre e give n strings .  Thes e correspondence s 
expres s Copycat' s vie w o f  ho w certai n part s o f  on e structur e ma p ont o part s o f  another ,  withou t 
ther e necessaril y  bein g an y one-to-on e mappin g involvin g al l  th e parts .  Th e build-u p o f  loca l 
structur e insid e a  give n strin g tend s t o preced e th e build-u p o f  correspondence s betwee n strings , 
but  thi s i s no t  a n ironcla d order ;  th e nondeterminis m allow s thes e type s o f  processe s t o tak e plac e 
concurrently .  A t  th e outset ,  intra-strin g processe s ar e give n highe r  urgencies ,  bu t  a s coheren t 
view s o f  individua l  string s graduall y ge t  buil t  up ,  th e urgencie s o f  inter-strin g processe s ris e an d s o 
thos e processe s becom e predominant .  Thu s activit y graduall y shift s fro m a  loca l  t o a  globa l  scale . 

The third idea is that of conceptual distance and slippage. In any analogy worth the name, there 
ar e "conceptua l  slippages" :  menta l  correspondence s mad e betwee n thmg s tha t  ar e no t  identical .  I n 
Copycat ,  th e plausibilit y  o f  an y suc h correspondenc e i s determine d b y referrin g t o a  networ k o f 
concept s calle d th e "Slipnet" ,  on e o f  whos e mai n function s i s t o defin e a  "distance "  betwee n an y 
chose n pai r  o f  concepts .  Th e smalle r  th e distanc e betwee n th e tw o concepts ,  th e mor e plausibl e i s a 
mappin g i n whic h the y ar e considere d counterpart s (i.e. ,  i n whic h th e on e "slips "  int o th e other) . 
Of  course ,  th e smalles t  possibl e distanc e i s zer o — whe n a  concep t  i s mappe d ont o itself .  Bu t  a n 
analog y i n whic h al l  conceptua l  distance s ar e zer o woul d b e a  tota l  identity .  Thu s non-trivia l 
slippag e i s a n essentia l  ingredien t  o f  interestin g analogy-making .  A s it s nam e woul d imply ,  th e 
Slipne t  i s di e measur e o f  al l  slippages . 

The Slipnet is a dynamically changing network, in which conceptual distances change as a 
functio n o f  processin g (thu s a s a  functio n o f  context) .  Ther e i s a  defaul t  settin g o f  th e Slipnet ,  i n 
whic h concept s hav e "neutral "  distances ,  bu t  a s certai n slippage s tak e place ,  the y modif y th e 
distance s betwee n similarly-relate d concepts .  Fo r  example ,  i f  a  slippag e betwee n tw o concept s 
considere d t o b e "opposites "  i s  incorporate d int o a n analogy ,  tha t  shorten s th e distance s betwee n a U 
pair s o f  "opposites "  i n th e Slipnet ,  whic h tend s t o increas e th e likelihoo d o f  simila r  slippages . 
Each concep t  ha s a  time-varyin g activatio n level :  a  functio n o f  th e importanc e o f  th e rol e th e 
concep t  ha s bee n perceive d a s playing .  Whe n a  concep t  i s activated ,  it s  us e i n formin g description s 
i s encouraged .  Fo r  example ,  i f  a  grou p o f  an y sor t  ha s bee n perceived ,  codelet s attemptin g t o 
creat e othe r  group s o f  tha t  sor t  wil l  hencefort h ten d b e mor e successful .  Anothe r  crucia l  functio n 
of  activatio n i s tha t  o f  determinin g th e salienc e o f  al l  th e object s i n th e situation s a t  hand .  Eac h 
objec t  (letter ,  grou p o f  letters ,  entir e string )  ha s a  numbe r  o f  descriptions ,  eac h o f  whic h consist s o f 
names o f  certai n concept s i n th e Slipnet .  T o eac h descriptio n i s attache d a  time-varying  numbe r  tha t 
reflect s ho w activ e thos e concept s ar e a t  th e moment ,  an d th e object' s salienc e i s a  simpl e functio n 
of  thos e number s fo r  al l  it s  descriptions .  Thu s a n initiall y  unremarkabl e objec t  ca n becom e 
strikingl y salien t  i f  on e o r  mor e o f  it s  description s involv e highl y activate d concepts .  Th e reaso n 
thi s matter s i s tha t  codelet s ar e highl y biase d toward s actin g upo n salien t  objects .  Thu s ther e i s a n 
interestin g reciproca l  influenc e o f  th e Slipne t  an d th e perceptua l  processin g o f  strings :  th e Slipne t 
determine s wha t  object s ar e mos t  "interesting "  a s foc i  o f  processing ,  an d th e result s o f  processin g 
determin e th e leve l  o f  activatio n o f  Slipne t  concepts ,  whic h feed s bac k int o th e processing .  Finally , 
activatio n spread s fro m a  concep t  t o neighborin g concept s i n th e Slipnet ,  s o tha t  eve n i f  a  concep t  i s 
not  directl y involve d i n th e situations ,  it s  conceptua l  closenes s t o concept s tha t  ar e directl y involve d 
may caus e i t  t o b e brough t  in .  Thi s allow s unexpecte d association s t o b e brough t  in ,  eve n thoug h 
the y ar e no t  o n th e surfac e a t  all . 
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The followin g i s a  ru n o f  th e progra m o n th e proble m "I f  ab c — > abd ,  the n pqr s — > ? "  Thi s 

ru n produce d th e answe r  pqrt .  Thi s answe r  i s almos t  alway s produce d b y th e program ,  althoug h 

on rar e occasion s i t  produce s th e rigi d answe r  pqrd . 

1.  T h e p r o g r a m i s presente d wit h th e thre e strings . 2.  Tentativ e correspondence s be twee n letter s i n th e t w o 

to p string s ar e be in g considere d (dashe d arcs) .  A 

successor/predecesso r  relatio n ha s bee n notice d b e t w e e n 

th e A  a n d th e B  i n a b d (soli d arc) . 

3.  Correspondence s b e t w e e n th e t w o A' s an d b e t w e e n 

th e t w o B' s h a v e bee n buil t  (soli d arcs) .  A  compet in g 

cor respondenc e b e t w e e n th e B  i n a b c a n d th e A  i n 

a b d i s  tentativel y b e i n g cons idered .  M o r e 

successor/predecesso r  relation s hav e bee n noticed .  A 

tentativ e correspondenc e be twee n th e C  i n a b c a n d th e 

S i n p q r s i s bein g considered . 

r»osi->r»oj t 
pred->pre d 
l«£*->l«£ t 

4 .  T h e C - S correspondenc e ha s bee n buil t  (jagge d line ) 

an d a t  th e bo t to m ar e liste d th e thre e trivia l  slippage s 

underlyin g it .  T h e slippag e "rmos t  -- > rmos t "  m e a n s 

tha t  bot h letter s ar e rightmost  i n thei r  respectiv e 

strings .  T h e slippage s "pre d ~ > pred "  a n d "lef t  ~ > 

left "  indicat e tha t  eac h letter' s lef t  ne ighbo r  i s it s 

predecessor .  A  correspondenc e be twee n th e A  a n d th e 

P i s bein g considered ,  w h i c h w o u l d b e compat ib l e 

wit h th e C - S correspondence .  M e a n w h i l e ,  alternativ e 

correspondence s o n th e to p lin e ar e bein g considered . 
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lBOSl->lBOS t 
XUCC->TUCC 

rlght->rlgh t 

r«ost->nios t 
pr«d->pr«( l 
Ui\->U{ \ 

5.  T h e A - P correspondenc e ha s bee n built ,  an d ther e i s 

a compet in g tentativ e correspondenc e betwee n A  an d 

S,  base d o n th e notio n tha t  th e A  i s leftmos t  an d th e 

S rightmost ,  t w o concept s clos e enoug h i n th e Slipne t 

t o allo w a  correspondenc e t o b e considered ,  but ,  i t 

turn s out ,  no t  clos e e n o u g h i n thi s contex t  fo r  tha t 

correspondenc e t o compete .  Incompatibl e tentativ e 

correspondence s ca n coexist ,  bu t  incompatibl e genuin e 

correspondence s cannot ,  s o variou s incompatibl e set s 

of  correspondence s compet e o n th e basi s o f  strength . 

T h e m a p p i n g betwee n a b c an d a b d i s  complete , 

bu t  a n alternativ e correspondenc e i s bein g considered . 

1 Beplacf t  raos t  lette r 

y ^ < ^ Z ^ < ^ 
a b a 

p q  r 
lao>t->laos t 
JUCC->«UCC 

rtght->rl9ht 

1 Replac e naos t  lette r 

^ " " ^ O ^ : : ^ - . 
—> a b d 

X 
^ \  - > 7 

nost->r»oi t 
pr«d->pre d 
l6£t->l.f t 

by successo r  o f  mos t  lette r  | 

7.  T h e rul e ha s bee n "translated "  fo r  us e o n th e targe t 

string ,  an d appear s a t  th e bottom .  T h e slippage s 

underlyin g th e correspondence s ar e use d a s translatio n 

rules ;  i n thi s proble m ther e i s  nothin g t o translate , 

sinc e "rightmost" ,  "successor" ,  an d "letter "  pla y th e 

same rol e i n p q r s a s i n abc .  A s wil l  b e seen , 

however ,  thi s i s no t  s o whe n th e targe t  i s ssrrqqpp . 

E v e n thoug h th e rul e ha s bee n translated , 

alternative s t o th e mapping s ar e stil l  bein g considered . 

I f  an y o f  thes e alternative s wer e t o succeed ,  the n th e 

curren t  rul e woul d b e discarde d an d a  ne w on e woul d 

hav e t o b e constructed . 

Replac e raos t  lette r  b y succe«so r  a l  naos t  lette r 

l«0J«->l»Oj t r»oit->r»oi t 
prBd->pr« d rucc->s%jc c 

rl9h<->ri9h » lif<->l.f » 

6.  T h e tentativ e A - P correspondenc e w a s w e a k ,  an d 

died .  A  rul e describin g th e chang e fro m a b c t o a b d 

ha s bee n writte n a t  th e top .  Copyca t  currentl y i s 

limite d t o situation s wher e jus t  on e objec t  i s  changed , 

s o rule s ar e m a d e b y fillin g i n a  templat e o f  for m 

"Replac e b y " .  T h e rule-buildin g 

codele t  finds  th e change d object ,  an d probabilisticall y 

choose s a  descriptio n o f  it ,  preferrin g salien t  an d 

abstrac t  ones .  E.g. ,  "rightmos t  letter "  i s  m o r e abstrac t 

tha n "instanc e o f  C" ,  thoug h th e latte r  i s  occasionall y 

chosen .  Likewise ,  a  descriptio n o f  th e correspondin g 

objec t  i n th e secon d strin g i s probabilisticall y chosen . 

Replac e nK>s t  lette r  b y saccesso r  o f  mos t  lette r 

r«ost->r»os t 
pred->pre d 
lef«->laf t 

p q 
lBOSt->lBO« t 
iucc->suc c 

righ»->ri9h t 

[  Replac e mos t  lette r  b y successo r  o f  rmos t  lette r 

8.  T h e p r o g r a m ha s use d th e translate d rul e t o creat e a n 
a n s w e r :  p q r t . 

Notic e tha t  n o correspondenc e w a s eve r  m a d e 

betwee n th e B  i n a b c an d anythin g i n p q r s .  Thi s 

reflect s th e fac t  tha t  i n a n analog y betwee n t w o 

situations ,  no t  ever y aspec t  o f  eac h situatio n ha s t o b e 
m a p p e d .  I n th e cas e o f  thes e miniatur e situations , 

ther e i s n o goo d counterpar t  fo r  B  i n pqrs . 
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Next ,  th e progra m i s ru n o n th e proble m "I f  ab c — > abd ,  thenssrrqqp p — > ? "  Thi s ru n 

produce d th e answe r  ssrrqqoo ,  bu t  not e tha t  th e answe r  ttrrqqp p i s als o produce d quit e often , 

and o n rar e occasion s rigid  answer s suc h a s ssrrqqp q an d ssrrqqp d ar e produced . 

1.  Th e progra m i s presente d wit h th e thre e strings . 2.  Successor/predecesso r  relation s Gigh t  soli d arcs )  an d 

samenes s relation s (dari c soli d arcs )  betwee n letter s ar e 

beginnin g t o b e noticed ,  an d s o m e tentativ e 

correspondence s hav e bee n se t  u p betwee n ab c an d 

abd .  I n addition ,  a  tentativ e correspondenc e ha s bee n 

m a de betwee n th e A  i n ab c an d th e leftmos t  S  i n 

ssrrqqpp . 

f  ^ 
1 
1 

s a t 

c 

.  R 
r 

—> 

q q 

a 

P 

v. 
b 

P 

d 

—> 7 

3.  A  grou p i s forme d ou t  o f  th e tw o R' s bonde d b y a 

samenes s relation .  Th e grou p i s represente d b y a 
parameter-lette r  R  (th e boldfac e R  appearin g abov e th e 

group) .  A  parameter-lette r  act s muc h lik e a  letter ,  bu t 

exist s a t  a  mor e abstrac t  level . 

—> 7 

4.  Th e grou p o f  Q' s ha s bee n perceived ,  an d i s 

characterize d b y th e parameter-lette r  Q .  Thi s allow s a 

successor/predecesso r  relatio n t o b e notice d betwee n 

th e parameter-letter s R  an d Q . 

S o me correspondence s betwee n ab c an d ab d hav e 

bee n built ,  an d other s ar e bein g considered . 
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1ms<->1»> < 

5.  Al l  th e group s i n ssrrqqp p hav e bee n noticed ,  an d 

al l  th e successor/predecesso r  relation s a t  th e 

parameter-lette r  leve l  hav e bee n noticed .  (Th e 

already-perceive d successor/predecesso r  an d samenes s 

relation s a t  th e lette r  leve l  ar e stil l  present ,  bu t  ar e 

suppresse d fro m th e graphics. )  Also ,  a  mappin g 

betwee n ab c an d ab d ha s bee n completed .  I n addition , 

a correspondenc e ha s bee n buil t  betwee n th e A  i n ab c 

and th e leftmos t  lette r  S  i n ssrrqqp p (jigge d line) . 

It s onl y (trivial )  slippag e i s  "leftmos t  ~ > leftmost" . 

However ,  a  riva l  correspondenc e i s bein g considere d 

betwee n th e A  an d th e parameter-lette r  S . 

s 
s s 

R 
r  r q q 

p 
p p 

laost->l«os t 
l«»ter->p-l«tte r 

succ->prv d 
rt9ht->rlght 

r»ojt->r»os t 
l«t*er->p-l«tt« r 

pred->fuc c 
le£t->lef t 

7.  T h e diagona l  competitio n i s  gone .  I n contras t  t o 

th e prev iou s p r o b l e m ,  diagona l  co r respondence s 

(representin g th e v ie w tha t  th e string s hav e th e s a m e 

alphabeti c order ,  bu t  opposit e spatia l  directions )  ar e a s 

stron g a s th e vertica l  correspondence s (representin g th e 

v i e w tha t  th e string s ar e rea d i n th e s a m e spatia l 

direction ,  bu t  wit h alphabeti c directio n reversed) .  Bo t h 

thes e v iew s ar e reasonable ,  thoug h onl y o n e ca n exis t 

at  a  time .  T h e diagona l  m a p p i n g los t  onl y becaus e o f 

a n un luck y th ro w o f  th e dice .  T h e compat ib l e 

correspondenc e (fro m C  t o parameter-lette r  P )  ha s bee n 

built ,  complet in g th e vertica l  mapp ing . 

f ' ^ 

H 
t  r 

r -  °  - 1 
q q 

p 
p p 

Uo<t->lai>t i 
l«<t>r->p-ltt<« r 

iucc->pr« d 
ri9ht->right 

6.  I n a  fight,  th e latte r  destroye d th e former ,  becaus e i t 

i s supporte d b y m o r e slippage s ( 4 vs .  1 ) ,  m e a n i n g 

m o r e similaritie s ar e bein g take n int o account ,  a n d 

becaus e the y involv e m o r e abstrac t  concept s (lik e 

"parameter-letter") ,  m e a n i n g deepe r  similaritie s ar e 

bein g take n int o account .  It s  slippage s tel l  us : 

"leftmost "  play s th e s a m e rol e i n bot h strings ;  "letter " 

i n a b c correspond s t o "parameter-letter "  i n s s r r q q p p ; 

"successor "  t o "predecessor" ,  a n d "right "  t o "right" , 

sinc e a b c increase s alphabeticall y t o th e right ,  whil e 

s s r r q q p p decrease s (a t  th e parameter-lette r  level) . 

M e a n w h i l e ,  "diagonal "  competitio n ha s appeared . 

Rcplac a rmon t  lette r  b y successo r  o f  raos t  lette r 

s 
s s 

R 
r  r q q 

p 
p p —> 

l«05t->U0j t 
l.«*6r->p-l«*t« r 

«ucc->pre d 
rt9ht->rlgh« 

nost->rBOf t 
lttt«r->p-l«t«« r 

pr«d->»uc c 

8.  A  rul e expressin g th e chang e i n th e first  lin e ha s 

bee n constructe d (th e ver y s a m e on e a s w a s constructe d 

i n th e first  p rob lem) .  B u t  not e tha t  i f  i t  w e r e applie d 

directl y t o s s r r q q p p ,  i t  w o u l d yiel d th e rigi d a n d 
unappealin g answe r  s s r r q q p q ;  therefore ,  i t  wil l  hav e 

t o b e translated . 

A n o t h e r  attemp t  i s  be in g m a d e t o construc t  a 

diagona l  mappin g (her e betwee n th e A  an d th e 

parameter-lette r  P) .  I f  i t  wer e successful ,  the n th e tw o 

existin g correspondence s woul d b e destroyed . 
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I  »epl»c « n»i>s t  lette r  b y SBcce«»o r  o f  r»o« t  l«tte r  | 

s _ 
a s 

R _ 
r  r 

l _ Q  _ 
q q 

p 
p p —> 

liot<->l«os « 
ltt<er->p-litU r 

jucc->pr« d 
ri9ht->rlgh < 

r»oft->r»o» t 
l»»t«r->p-lett« r 

pr»d->jue c 
l«ft->lef t 

Replac e n»os t  paraweter-lette r  b y predecesso r 
of  raos t  paraseter-lette r 

Replac e raos t  lette r  b y snccesso r  o f  raos t  lette r 

l»ott-)l»oi t 
•t*«r->p-l«tt« r 

tucc->pr« d 
rl9ht->H9h t 

r«eit->r»oi t 
litter->p-l«*ti r 

pr«(i->»uc c 
le£t->l.£ t 

Replac e raos t  parancter-lette r  b y predecesso r 
of  naos t  paraaeter-lette r 

9.  T h e rul e ha s b e e n translate d accordin g l o th e 

translatio n recipe s e m b o d i e d i n th e slippage s 

underlyin g th e correspondences . 

10 .  T h e answe r  s s r r q q o o ha s bee n create d accordin g 

t o th e translate d rule .  I f  th e diagona l  correspondence s 

h a d w o n ,  th e rul e w o u l d h a v e bee n "Rep lac e th e 

leftmos t  parameter-lette r  b y th e successo r  o f  th e 

leftmos t  parameter-letter" ,  yieldin g answe r  t t r rqqpp . 

Thes e run s demonstrat e Copycat' s curren t  capabilities ;  solvin g th e subtle r  analog y problem s 

mentione d abov e wil l  requir e som e addition s t o th e architecture .  Ou r  plan s fo r  futur e wor k ar e 

discusse d i n Hofstadter ,  Mitchell ,  &  Frenc h (1987 )  an d i n Mitchel l  (1988) .  W e ar e als o testin g th e 

generalit y o f  ou r  approac h b y usin g simila r  architecture s i n differen t  domain s (Hofstadter ,  Mitchell , 

& French ,  1987 ;  Meredith ,  1986) .  Comparison s betwee n Copyca t  an d othe r  model s o f 

analogy-makin g (especiall y wor k b y Centner ,  198 3 an d Falkenhaine r  e t  al. ,  1986 ,  an d b y Holyoa k 

and Thagard ,  1987 )  ar e give n i n Hofstadter ,  Mitchell ,  &  Frenc h (1987 )  an d i n Mitchel l  (1988) . 
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