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Competin g Model s o f  Analogy :  A C M E Versu s Copyca t 

Bruc e D .  Burn s 
Departmen t  o f  Psycholog y 

Universit y o f  California ,  L A 

Lo s Angeles ,  C A 90024-156 3 
b u r n s @ p s y c h . u c l a . e d u 

Ke i t h J .  H o l y o a k 

Departmen t  o f  Psycholog y 

Universit y o f  California ,  L A 

Lo s Angeles ,  C A 90024-156 3 

h o l y o a k @ p s y c h . u c l a . e d u 

Abstrac t 

ACME and Copycat have been viewed as competing models 

of  analog y making .  Mitchel l  (1993 )  make s thre e majo r 

criticism s o f  A C M E i n arguin g fo r  Copycat' s superiority :  tha t 

becaus e A C M E consider s al l  syntacticall y possibl e mapping s 

i t  i s  psychologicall y implausibl e an d computationall y 

infeasible ;  tha t  it s  representation s ar e rigi d an d hand-tailore d 

fo r  eac h problem ;  an d tha t  ACME' s representation s ar e 

scmanticall y empty .  T o evaluat e thes e criticism s w e applie d 

A C ME t o simulatin g problem s i n th e onl y domai n addresse d 

by Copycat ,  letter-strin g analogie s suc h as ,  "I f  ab c i s 

change d int o abd ,  ho w woul d yo u chang e kj i  i n th e sam e 

way?"  Usin g representation s tha t  includ e onl y knowledg e 

availabl e t o Copycat ,  A C M E generate d th e mos t  common 

solution s tha t  peopl e an d Copyca t  produce .  I n addition , 

A C ME wa s abl e t o generat e som e solution s produce d b y 

peopl e bu t  tha t  ar e impossibl e fo r  Copycat ,  demonstratin g 

tha t  i n som e respect s A C M E i s a  mor e flexibl e analogica l 

reasone r  tha n i s Copycat .  Thes e simulation s answe r  eac h o f 

Mitchell' s  criticism s o f  A C M E.  A C M E ca n incorporat e 

domain-relevan t  knowledg e t o allo w a  principle d reductio n 

i n th e numbe r  o f  mapping s considered ;  i t  ca n generat e nove l 

representation s base d o n it s domain-genera l  constraints ;  an d 

i t  ca n incorporat e semanti c conten t  int o it s representations . 

I n addition ,  A C M E ha s th e advantag e o f  bein g applicabl e t o 

many differen t  domains . 

In t roduct io n 

Copycat attempts to computationally model the processes 

underlyin g th e creatio n o f  analogie s (Hofstadter ,  1984 ; 

Mitchell ,  1993) .  Analogie s ar e produce d b y th e interactio n 

of  processe s fo r  buildin g structure d representation s o f  th e 

sourc e an d targe t  analogs ,  includin g processe s tha t  lea d t o 

"slippage "  o f  concept s t o allo w mapping s betwee n non -

identica l  concepts .  A C M E (Holyoa k &  Thagard ,  1989) , 
anothe r  computationa l  mode l  o f  analog y making ,  finds  a 

systemati c mappin g betwee n a  sourc e domai n an d a  targe t 

domai n b y buildin g a  networ k base d o n multipl e sof t 
constraint s (i n particular ,  semantic ,  structura l  an d 

pragmati c constraints) ,  an d the n allowin g i t  t o settl e usin g 

paralle l  constrain t  satisfaction .  A C M E an d Copyca t  hav e 

been viewe d a s competin g model s o f  analogy ,  an d Mitchel l 

(1993 )  ha s criticize d A C M E ' s approac h t o makin g 

analogies .  I t  ha s bee n difficul t  t o evaluat e thes e alternativ e 

models ,  however ,  becaus e the y wer e no t  designe d t o b e 

applie d t o th e sam e analog y problems .  Copyca t  onl y solve s 

problem s i n th e micro-domai n o f  letter-strin g analogie s 

(e.g. .  I f  ab c i s change d int o abd ,  ho w woul d yo u chang e 

kj i  i n th e sam e way?) .  Copyca t  ha s ha d som e succes s i n it s 

restricte d domain ,  bot h computationall y an d whe n 

compare d t o huma n dat a (Bum s &  Schreiner ,  1992) ,  bu t  i t 

i s  unclea r  wha t  factor s provid e th e basi s fo r  it s  successes . 

A C ME i s  designe d t o b e applicabl e t o analogie s i n an y 

domain ,  bu t  i n practic e i t  ha s usuall y bee n applie d t o case s 

i n whic h a  comple x sourc e stor y i s m ^ p e d t o a  comple x 

targe t  analog ,  ofte n i n th e contex t  o f  solvin g th e targe t 

analo g a s a  problem .  Misunderstanding s relate d t o th e 

comparativ e advantage s an d disadvantage s o f  th e tw o 

model s ma y b e partl y du e t o the m bein g teste d o n ver y 

differen t  problems .  I n thi s pape r  w e tr y t o asses s th e 

model s b y applyin g A C M E t o letter-strin g analogie s 

The approache s o f  A C M E an d Copyca t  ar e simila r  i n 

importan t  ways .  I n particular ,  th e model s shar e th e ide a 

tha t  analogie s develo p fro m competitio n betwee n multipl e 

sof t  constraints .  Indeed ,  Mitchel l  (1993 ,  p .  210 )  point s ou t 

tha t  Copyca t  ha s counterpart s fo r  eac h o f  th e thre e basi c 

classe s o f  constraint s tha t  A C M E uses .  However ,  Mitchel l 
direct s thre e majo r  criticism s a t  A C M E.  First ,  A C M E 

create s al l  possibl e syntacti c mappings ,  whic h appear s t o b e 

computationall y infeasibl e an d psychologicall y implausible . 

Second ,  Mitchel l  claim s tha t  A C M E use s knowledg e 

representation s tha t  ar e undul y rigi d an d ar e hand-tailore d 

fo r  eac h ne w analogy .  I f  true ,  thi s woul d impl y tha t  A C M E 

lack s th e abilit y  t o d o th e kin d o f  re-representatio n tha t  i s 

centra l  t o Copycat .  Third ,  Mitchel l  claim s tha t  ACME' s 

representation s ar e devoi d o f  semanti c content .  Give n tha t 

thes e criticism s ar e als o applie d t o anothe r  majo r  analog y 

model ,  S M E (Falkenhainer ,  Forbus ,  &  Centner ,  1989) , 

Mitchel l  present s Copyca t  a s a n approac h radicall y 

differen t  fro m previou s analog y models .  Th e statu s o f  thes e 

criticism s wil l  b e evaluate d afte r  describin g ou r  attemp t  t o 

use A C M E t o simulat e th e solutio n o f  analogie s draw n 
fro m Copycat' s chose n domain . 
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Simulatin g Solution s t o Letter-Strin g Analogie s ( S U C C . O F ( B *  A * )  B_successor_of_A ) 

A C ME Principle s 

ACME computes a mapping between a source and a 

targe t  domain ,  represente d usin g a  predicate-calculu s styl e 

representation ,  b y formin g a  networ k containin g unit s 

representin g potentia l  mapping s betwee n element s o f  th e 

sourc e an d target .  Th e networ k i s constructe d t o confor m 

t o structural ,  semanti c an d pragmati c constraints ,  an d th e 

final  mappin g i s derive d b y allowin g th e networ k t o settl e 

unde r  paralle l  constrain t  satisfaction .  Th e structura l 

constraint s pla y th e dominan t  rol e i n determinin g 

mappings ,  a s i s consisten t  wit h findings  fro m researc h o n 

human analogica l  mappin g (se e Falkenhaine r  e t  al. ,  1989) . 

Solvin g letter-strin g analog y problem s require s mor e 

tha n mapping ,  however ,  a s ne w element s mus t  b e generate d 

i n orde r  t o for m th e solution .  A n extensio n t o A C M E 

propose d b y Holyoak ,  Novick ,  an d Mel z (1994 )  use s a 

copyin g wit h substitutio n an d generatio n algorith m 

( C W S G)  t o allo w A C M E t o perfor m analogica l  patter n 

completio n b y generatin g ne w element s wher e the y ar e 
necessary .  Thi s mechanis m assume s tha t  i f  som e 

propositio n exist s i n on e analog ,  bu t  ha s n o correspondin g 

propositio n i n th e other ,  the n a  ne w "image "  propositio n i n 

th e othe r  analo g ma y b e generate d b y substitutin g mappe d 

predicate s an d object s an d generatin g counterpart s fo r 

unmapped components . 

Representations 
Give n tha t  man y o f  th e criticism s Mitchel l  make s o f 

A C ME ar e relate d t o it s representations ,  i t  i s  necessar y t o 

carefull y explai n ho w ou r  representation s wer e constructed . 

We wil l  focu s o n th e problem ,  "I f  ab c i s change d int o abd , 

the n ho w woul d yo u chang e kj i  i n th e sam e way? "  Becaus e 

th e abc:ab d par t  o f  th e proble m wa s alway s th e sam e i n 

problem s use d here ,  problem s wil l  b e referre d t o b y th e 

strin g t o b e changed ,  fo r  example ,  kji . 

The abc:ab d par t  o f  th e analog y i s treate d a s th e sourc e 

domai n whil e th e kj i  an d answe r  string s for m th e target . 

The representatio n o f  th e sourc e wa s divide d int o a  numbe r 
of  logicall y distinc t  fields.  I n A C M E,  element s o f  a  sourc e 

field  ar e onl y mappe d t o element s i n th e sam e typ e o f  field 
i n th e targe t  domain .  Thu s b y usin g fields  w e limi t  th e 

number  o f  mappin g unit s forme d an d increas e th e 

likelihoo d o f  appropriat e mapping s bein g formed . 

A semanti c field  wa s declare d tha t  containe d informatio n 
about  wha t  i s th e predecesso r  an d successo r  o f  eac h lette r  o f 

th e alphabe t  (wher e th e "letters "  represen t  types ,  rathe r 
tha n tokens ,  o f  letter s tha t  ar e par t  o f  a  string) .  Henc e th e 
sourc e domai n semanti c field  consiste d o f  predicate -

calculu s statement s o f  th e form : 

Thes e tw o statement s respectivel y indicat e tha t  th e lette r 

typ e a  (type s ar e denote d b y * )  i s  th e predecesso r  o f  lette r 

typ e b ,  an d tha t  b  i s th e successo r  o f  a .  Whil e thi s field 

shoul d i n principl e contai n th e successo r  an d predecesso r 

relation s betwee n al l  letter s i n th e alphabet ,  fo r  th e presen t 

simulation s onl y relevan t  letter s wer e include d i n thi s field 

i n orde r  t o avoi d th e formatio n o f  a  larg e numbe r  o f 

irrelevan t  mappin g units .  Th e predecesso r  an d successo r 

relation s fo r  letter s a  throug h e  wer e included .  Copyca t 

neve r  produce s answer s t o thi s proble m tha t  requir e 

knowledg e abou t  letter s outsid e o f  thi s range . 

Afirst_strin g field  containe d proposition s abou t  th e first 

strin g (abc) ,  suc h a s whic h letter s ar e lef t  o f  eac h other , 

whic h ar e righ t  o f  eac h other ,  an d wha t  th e start ,  middl e 

and en d letter s were .  Fo r  example : 

(RIGHT (B1 Al) B l_right_of_Al) 
(  S T A R T (  A l )  Al_start s strin g ) 

The first statement indicates that a token of the letter b in 

abc (strin g 1 )  i s  t o th e righ t  o f  a  toke n o f  th e lette r  a .  Lef t 

and righ t  relation s fo r  al l  thre e letter s i n ab c wer e 
represented .  Th e secon d statemen t  indicate s tha t  th e lette r 

a i s a t  th e star t  o f  th e string . 

A second_strin g field  containe d informatio n abou t  th e 

secon d strin g (abd) ,  includin g th e sam e typ e o f  informatio n 

give n fo r  th e firs t  string ,  tha t  is ,  whic h letter s ar e t o th e 

righ t  an d lef t  o f  eac h othe r  an d whic h ar e a t  th e start , 
middl e an d en d o f  th e string .  Fo r  example , 

(RIGHT ( D2 B2 ) D2_right_of_B2) 

In addition, statements were included that indicated which 
lette r  type s ha d bee n retaine d fro m th e first  string ,  whic h 

had bee n deleted ,  an d whic h adde d i n orde r  t o for m th e 

secon d string .  I n tota l  thes e leave ,  ad d an d delet e 
statement s were : 

(LEAVE ( A2) A2_retained) 
( L E A V E (  B 2 )  B2_retained ) 
(  D E L E T E (  C 2 )  C2_deleted ) 

(AD D (D2 )  D2_added ) 

First_string_instantiated and second_string_instantiated 
fields  serve d t o lin k th e lette r  typ e informatio n i n th e 

semanti c field  t o specifi c  lette r  tokens .  Th e followin g ar e 
example s fo r  th e first  an d secon d string s respectively , 

(INSTANTIATE ( Al A* ) Al_isa_A ) 
( I N S T A N T I A T E (  A 2 A *  )  A2_isa_ A ) 

( P R E D _ OF ( A *  B *  )  A_predecessor_of_B ) 
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Al l  lette r  token s use d i n th e strin g wer e instantiate d i n thi s 

way. 

A relation s field  specifie d whic h letter s sta y a s th e sam e 

typ e an d whic h chang e betwee n th e tw o strings .  Thi s field 

consiste d o f  th e followin g statements : 

(SAME ( Al A2) Al_stays_as_A2 ) 

(  S A M E (  B l  B 2 )  Bl_stays_as_B 2 ) 

(  C H A N GE (  C I  D 2 )  Cl_changedJnto_D 2 ) 

The representation of the target domain was structured in 

th e sam e wa y a s th e sourc e domain .  Th e semantic s field 

ha d th e sam e typ e o f  successo r  an d predecesso r  statements , 

but  fo r  th e letter s /  throug h m .  Th e firstjstring field 

containe d th e sam e typ e o f  statement s a s th e sourc e versio n 

did ,  but  fo r  th e strin g kj i  instea d o f  abc .  Th e 

secondjstrin g field  wa s lef t  highl y impoverished ,  i n tha t  i t 

was limite d t o listin g th e potentia l  addifion s an d deletion s 

fro m tha t  string .  Th e second-strin g field  containe d L E A V E 

statement s fo r  K 2 ,  J 2 an d 12 ,  an d D E L E T E statement s fo r 

th e sam e letters .  I n additio n ther e wer e A D D statement s 

fo r  al l  letter s betwee n d  an d m (includin g ne w token s o f  th e 

k,  j  an d /  lette r  types) .  Th e relation s field  wa s lef t  blank . 

Th e detail s fo r  th e late r  tw o fields,  whic h provid e A C M E ' s 

answe r  t o th e problem ,  ha d t o b e filled  i n b y th e C W SG 

algorithm .  Th e instantiatio n fields  instantiate d al l  letter s 

tha t  wer e use d i n an y othe r  field. 

Evaluating ACME's Performance 

O ur  us e o f  A C M E t o simulat e solutio n o f  letter-strin g 

analogie s wa s guide d b y severa l  constraints .  First ,  w e 

base d ou r  representation s entirel y o n concept s tha t  hav e 
bee n incorporate d int o Copycat' s "slipnet" :  rightmost , 

leftmost ,  successor ,  predecessor ,  first,  an d last .  Th e slipne t 

als o contain s al l  th e letter s o f  th e alphabe t  an d link s fro m 

eac h lette r  t o it s successo r  an d predecessor ,  an d Copyca t 

makes a  type-toke n distinctio n fo r  letters .  B y equatin g it s 

representationa l  element s wit h thos e assume d b y Copycat , 

we ensure d tha t  A C M E ' s representation s woul d b e a s 

semanficall y rich  a s thos e use d b y Copycat ,  a s intuitivel y 

obvious ,  an d a s genera l  i n thei r  applicabilit y  t o multipl e 

letter-strin g analogies . 

Peopl e produc e a  wid e rang e o f  answer s t o thes e 

problems .  Copyca t  als o produce s a  variet y o f  answer s 

becaus e o n differen t  run s i t  build s differen t  suucture s an d 

mapping s tha t  underli e alternativ e answers ,  b y 
probabilisticall y invokin g differen t  smal l  piece s o f 

structure-buildin g code .  I n contrast ,  A C M E operate s b y 

over-generatin g al l  syntacficall y possibl e mappings ,  an d 

selectin g th e mos t  coheren t  subse t  b y a  deterministi c 
algorithm .  Accordingly ,  th e representatio n o f  th e secon d 

strin g i n th e targe t  include d a n overly-genera l  lis t  o f 

possibilities ,  differen t  subset s o f  whic h woul d constitut e 

alternativ e answers .  A C M E ' s pragmati c constrain t 

provide s feature s tha t  allo w i t  t o simulat e variation s i n 

activ e representation s an d mappings .  I n differen t  runs , 

alternativ e critica l  mapping s ca n b e promote d b y bein g 

presumed ,  an d differen t  part s o f  structur e ca n diffe r  i n 

importance .  A  presume d mappin g i s give n additiona l 

externa l  excitation ,  an d les s importan t  component s ar e 

inhibite d (Spellma n &  Holyoak ,  1993) .  Critica l  mapping s 

woul d b e thos e fo r  predecessor ,  successor ,  right ,  left ,  star t 

and end ,  fo r  whic h th e alternativ e mapping s (t o th e sam e o r 

t o th e opposit e relation )  appea r  t o underli e man y o f  th e 

answer s Copyca t  produce s fo r  letter-strin g analog y 

problems .  B y varyin g whic h o f  thes e mapping s wer e 

presume d o n differen t  run s w e attempte d t o generat e 

alternativ e answer s usin g A C M E ' s C W S G algorithm .  O n 

some run s w e delete d som e structura l  element s ( a crud e 

implementatio n o f  differentia l  importance )  t o simulat e 

generatio n o f  answer s tha t  appea r  t o reflec t  insensitivit y t o 

certai n aspect s o f  structure . 

I t  i s  importan t  t o not e tha t  usin g "presumed "  mapping s 

does no t  i n itsel f  provid e A C M E wit h a  solutio n t o th e 

problem .  Th e presume d mapping s d o not  themselve s 

constitut e a n answer ;  rather ,  the y bia s th e concep t 

mapping s fro m whic h a n answe r  emerge s afte r  constrain t 

satisfactio n i s performed .  Copyca t  arrive s a t  thes e 

mapping s thoug h th e probabilisti c  runnin g o f  codelets .  I n 

it s curren t  implementatio n A C M E i s deterministic ; 

however ,  i t  woul d b e possibl e t o hav e th e strengt h o f  th e 

critica l  mapping s altere d probabilistically .  Bu t  whethe r  a 

model  i s implemente d i n a  probabilisti c  o r  deterministi c 

fashio n doe s no t  appea r  t o b e a  majo r  issu e a t  stak e i n 

evaluatin g model s o f  analogy . 

Our  ai m i n thi s effor t  wa s no t  t o exhaustivel y generat e al l 

possibl e answers ,  no r  t o matc h th e detail s o f  th e probabilit y 

distributio n o f  answer s produce d b y people ,  whic h woul d 

requir e a  thoroug h searc h o f  paramete r  space .  Rather ,  w e 

focuse d o n generatin g th e mos t  c o m m o n solution s t o 

problem s tha t  hav e bee n extensivel y teste d wit h people .  I f 

A C ME ca n i n fac t  generat e th e answer s mos t  frequentl y 

provide d b y peopl e usin g plausibl e assumption s abou t 
differentia l  presume d mapping s an d importanc e o f 

structura l  elements ,  thi s woul d demonstrat e tha t  it s 

approac h t o analog y i s a t  leas t  viabl e a s a  psychologica l 

model  o f  solvin g letter-strin g analogies .  I n addition ,  w e 

wil l  repor t  example s o f  solution s generate d b y A C M E (an d 

some people )  tha t  Copyca t  i s unabl e t o generate .  Suc h 

case s undermin e claim s tha t  Copyca t  i s inherentl y les s 

rigid. 

Simulation Results 

I n al l  simulation s th e followin g parameter s wer e kep t 

constant :  excitation ,  .(X)5 ;  inhibitio n (structural) ,  -.16 ; 

decay ,  .(X)5 ;  similarit y o f  identica l  predicates ,  .005 ;  startin g 

activatio n o f  al l  unit s .{X)l .  Th e Grossber g updatin g rule , 
wit h m a x i m u m activatio n o f  1. 0 an d m i n i m u m activatio n 
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of  -.3 ,  wa s use d t o settl e th e network .  Thes e parameter s 

wer e chose n becaus e the y ha d bee n use d t o explor e othe r 

domain s wit h A C M E.  Th e mapping s o f  LEAVl-^LEAVE , 

A D D = A D D,  an d D E L E T E = D E L E TE wer e ;Uway s 

presumed ,  a s thes e predicate s hav e n o othe r  sensibl e 

mappings . 

A C ME wa s presente d wit h tw o problems :  th e kj l 

problem ,  an d th e xy z problem :  "I f  ab c wa s change d int o 

abd ,  the n ho w coul d xy z b e change d i n th e sam e way? " 

(wit h th e xy a answe r  prohibited .  Not e tha t  solution s t o 

letter-strin g problem s wil l  b e give n i n italics ,  problem s 

themselve s wil l  b e i n bold. )  Thes e problem s wer e chose n 

becaus e the y hav e bee n solve d b y Copycat ,  an d Bum s 

(1994 )  ha s administere d the m t o larg e group s o f  people . 

(Anothe r  problem ,  mrrjjj ,  meet s thi s criterio n a s well ,  bu t 

require s addressin g th e issu e o f  ho w grouping s o f  element s 

can b e represented ,  which  w e hav e no t  ye t  attempted. ) 

The kji problem 

Copyca t  ha s bee n applie d t o th e letter-strin g analog y kji , 

and Mitchel l  (1993 ,  p .  80 )  report s tha t  ove r  a  thousan d run s 
it s mos t  commo n solution s wer e kjh ,  kj j  an d Iji .  B u m s an d 

Schreine r  (1992 )  gav e th e kj i  proble m t o colleg e student s 

and foun d tha t  kjh ,  kj j  an d Ij i  wer e th e mos t  commo n 

solutions ,  althoug h peopl e als o generate d a  wid e variet y o f 

additiona l  answers . 
Each A C M E ru n use d th e representatio n describe d 

above ,  fro m which  a  networ k o f  42 1 unit s an d 446 3 link s 
was formed .  Th e first  ru n o f  th e progra m wa s mad e wit h 

no presume d mappings .  Th e followin g relation s field  wa s 

generate d b y th e C W SG algorithm : 

( SAME (Kl K2) T12) 

(SAME(J 1 J2)T13 ) 
( C H A N GE (I I  H2)T14 ) 

This field represents the answer kjh, as Kl and Jl stay as 
token s o f  th e sam e letter s ( k and) ,  respectively) ,  whil e 1 1 i s 
change d int o a n h .  Thu s th e answe r  tha t  i s  mos t  easil y 
produce d b y A C M E i s als o commonl y produce d b y bot h 
Copyca t  an d b y people .  Th e predominanc e o f  th e answe r  i s 
not  surprising ,  a s i t  i s  a  highl y sUiicturall y coheren t 
solutio n (base d o n mappin g successo r  t o predecesso r  an d 

vic e versa) ,  an d A C M E i s strongl y drive n b y su-uctura l 

constraints . 
I n orde r  t o tr y t o produc e th e Ij i  answe r  th e mapping s o f 

S T A R T = E ND an d E N D = S T A RT wer e presumed .  Thi s 

mappin g underlie s Copycat' s generatio n o f  thi s answe r  (se e 

Mitchell ,  1993 ,  p .  113) .  Runnin g th e progra m wit h suc h a 
presumptio n generate d th e propositions : 

( SAME (II 12) T12) 

( S A M E ( J 1 J2)T13 ) 
( C H A N GE (K l  L2 )  T14 ) 

A C ME thu s succeede d i n producin g th e Ij i  solution .  A  ru n 

of  th e progra m tha t  instea d presume d th e mapping s o f 

L E F T = R I G HT an d vic e vers a als o generate d th e Ij i  answer . 

The othe r  commo n answe r  produce d b y Copyca t  an d b y 

peopl e wa s kjj .  Th e ke y t o producin g thi s solutio n appear s 

t o b e ignorin g th e fac t  tha t  k  i s th e successo r  t o ; ,  wherea s a 

i s th e predecesso r  o f  b ,  whil e nonetheles s mappin g 

successo r  t o successo r  an d iqjplyin g thi s mappin g t o th e 

chang e i n th e las t  element .  Loosenin g o f  th e structura l 

constraint s b y ignorin g th e relationshi p betwee n k  an d j 

was simulate d b y removin g th e proposition s concemin g K 2 

and J 2 i n th e targe t  domain' s second_string_instantiate d 

field.  Runnin g thi s representatio n produce d th e kj j  answer . 

I n effect ,  thi s ru n simulate d Copyca t  failin g t o buil d o r 

maintai n th e link s betwee n k  an d j ,  a s i t  mus t  fai l  t o d o i n 

orde r  t o generat e th e kj j  answer . 

I n anothe r  ru n w e presume d th e mapping s 

S U C C _ O F = S U C C _ OF an d P R E D _ O F = P R E D _ O F,  a s we U 
as S T A R T = S T A R T,  E N D = E N D,  obtainin g th e answe r  kjl . 

Thi s solutio n require s toleratin g th e inconsistenc y betwee n 

th e tw o pair s o f  presume d mappings .  Thi s answe r  i s 

occasionall y produce d b y peopl e (Bums ,  1994) ,  bu t  ha s 

neve r  bee n reporte d t o hav e bee n produce d b y Copyca t 

The xyz problem 

The xy z proble m i s o f  interes t  becaus e th e instruction s 

bloc k th e mos t  natura l  answer ,  xya ,  whic h arise s fro m 

people' s tendenc y t o vie w th e alphabe t  a s circular . 

Copycat' s mos t  commo n answe r  t o th e xy z proble m wa s 

xyd ,  an d it s nex t  mos t  commo n wa s wy z (Mitchell ,  1993 ,  p . 

82) .  B u m s (1994 )  foun d tha t  fo r  xy z peopl e generate d wy z 

most  often ,  a s wel l  a s a  larg e rang e o f  othe r  answers . 
ACME'S representatio n o f  thi s proble m wa s identica l  t o 

tha t  fo r  kj i  i n th e sourc e domain ,  bu t  i n th e targe t  domai n 

ever y k  wa s change d int o a n x ,  ever y j  t o y  an d ever y /  t o z . 
I n addition ,  th e semantic s an d instantiat e fields,  a s wel l  a s 

th e A D D proposition s i n th e secondjstrin g field,  wer e 
modifie d t o reflec t  th e us e o f  a  rang e o f  letter s betwee n u 
and z ,  a s wel l  a s d . 

The first  ru n usin g thi s representatio n use d n o presume d 
mapping s an d generate d th e answe r  zyw .  Thi s answe r  i s 

neve r  reporte d t o hav e bee n produce d b y Copycat ,  bu t  a 

number  o f  peopl e d o generat e i t  (Bums ,  1994) .  B y settin g 

as presume d th e mapping s o f  S T A R T = E ND an d 
E N D = S T A R T,  th e answe r  wy z wa s generated .  Th e xy d 
answer  appear s t o b e a  simplisti c solutio n derive d b y 

ignorin g al l  predecesso r  an d successo r  information .  W e 
successfull y simulate d generatio n o f  xy d b y replacin g th e 
semanti c fields  wit h mor e primitiv e letter-typ e definitions , 
suc h a s (A_typ e (A*)) . 
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Discuss io n 

Our simulations show that the ACME model, which has 

bee n applie d t o a  wid e rang e o f  analogica l  mappin g an d 

transfe r  problem s i n man y differen t  domains ,  ca n als o 

produc e reasonabl e solution s t o letter-strin g analogies .  Fo r 

th e tw o problem s w e hav e investigate d A C M E ca n find  th e 

most  c o m m o n solution s generate d b y bot h peopl e an d 

Copycat ,  an d i n additio n ca n find  som e solution s tha t 

peopl e generat e bu t  Copyca t  cannot .  I n ligh t  o f  thi s succes s 

we ca n evaluat e th e statu s o f  Mitchell' s  (1993 )  criticism s o f 

ACME. 
Th e first  criticis m wa s tha t  A C M E i s unrealisti c i n 

creatin g mappin g unit s fo r  al l  possibl e syntacti c matches . 

Our  simulation s revea l  tha t  principle d us e o f  subfield s i n 

th e representatio n ca n reduc e th e numbe r  o f  mappin g unit s 

formed ,  providin g a n illustratio n o f  th e genera l  poin t  tha t 

domai n knowledge ,  whe n available ,  ca n b e use d t o reduc e 

th e spac e o f  possibl e mappings .  Mapping s onl y occu r 

betwee n member s o f  th e sam e subfields ,  eac h o f  whic h ca n 

be small .  Subfield s reduc e th e computationa l  explosio n 

tha t  ca n occu r  whe n unit s fo r  al l  possibl e syntacti c 

mapping s ar e formed .  Th e psychologicall y plausibilit y  o f 

th e mapping s forme d i s harde r  t o determine ,  a s w e d o no t 

kno w wha t  mapping s peopl e m a y initiall y  for m a t  a n 

implici t  level .  Copyca t  restrict s th e possibl e mapping s eve n 

furthe r  tha n A C M E becaus e th e forme r  mode l  i s designe d 

t o dea l  onl y wit h a  singl e domai n o f  problems .  Mor e 

specialize d network-constructio n rule s base d o n domain -

specifi c  knowledg e coul d als o b e buil t  int o A C M E,  bu t  thi s 

woul d no t  see m t o constitut e a  theoretica l  advance .  I n fact , 

th e constructio n o f  a  divers e se t  o f  potentia l  mapping s 

contribute s t o A C M E ' S flexibility  i n constructin g a  wid e 

rang e o f  answers ,  som e o f  whic h tur n ou t  t o b e meaningful . 

Thes e includ e som e h u m a n solution s tha t  Copycat' s 

restriction s rende r  i t  unabl e t o generate .  I t  shoul d als o b e 

note d tha t  A C M E ' s basi c constraint s ca n b e reaUze d i n 

architecture s tha t  eliminat e th e nee d fo r  expUci t  generatio n 

of  mappin g unit s (Hummel ,  B u m s &  Holyoak ,  1994) . 

Th e secon d criticis m o f  A C M E wa s tha t  it s 

representation s ar e inflexible ,  becaus e the y supposedl y ar e 

hand-tailore d fo r  eac h proble m an d d o no t  chang e durin g 

th e runnin g o f  th e program .  Thi s criticis m i s misleading , 

i n tha t  i t  hinge s o n wha t  i s mean t  b y "re-representation" . 

I n a  sense ,  A C M E dynamicall y re-represent s th e proble m 

as i t  runs ,  becaus e it s representatio n i s a  produc t  o f  th e 

curren t  state s o f  activatio n o f  th e mappin g units . 

Furthermore ,  A C M E finds  "slippages "  i n th e for m o f 

mapping s betwee n non-identica l  concepts ,  suc h a s 
successo r  an d predecessor ,  an d i t  build s ne w structur e 

usin g it s C W S G procedure .  I t  i s  certainl y tru e tha t  th e 

mapping s tha t  ca n b e m a d e ar e constraine d b y th e mappin g 

unit s tha t  ar e initiall y  formed ;  however ,  Copyca t  i s 
similarl y limite d b y th e rang e o f  slippage s permitte d i n it s 

slipnet .  A C M E ' S abilit y  t o generat e solution s tha t  peopl e 

produc e bu t  Copyca t  canno t  demonstrate s tha t  A C M E ca n 

actuall y b e mor e flexible  tha n Copycat ,  eve n i n th e specifi c 

domai n to^whic h Copyca t  ha s bee n tailored .  Th e kj l  answe r 

t o th e kj i  proble m i s fundamentall y impossibl e fo r  Copyca t 

t o generate ,  a s i t  involve s definin g a  chang e relativ e t o on e 

lette r  {k )  bu t  the n applyin g i t  t o a  differen t  lette r  (i) .  I n 

Copyca t  th e require d doubl e slippag e o f  en d t o star t  an d 

bac k agai n i s restricte d t o occu r  onl y once .  Fo r  th e sam e 

reaso n Copyca t  i s als o unabl e t o produc e th e zy w answe r  t o 

th e xy z problem .  A C M E i s les s brittl e tha n Copyca t  i n thi s 

regar d becaus e i t  treat s structura l  consistenc y a s a  sof t 

constraint ,  whic h doe s no t  requir e globa l  consistenc y o f  th e 

entir e se t  o f  favore d mappings . 

Th e curren t  A C M E simulation s ar e representationall y 

limite d i n tha t  th e mode l  lack s th e abilit y  t o organiz e th e 

element s o f  th e proble m int o meaningfu l  groups ,  an d thu s 

i s unabl e t o dea l  wit h problem s suc h a s mrrjjj .  Copyca t 

include s specialize d procedure s fo r  buildin g structure s 

representin g certai n groupings ,  an d henc e ca n produc e 

reasonabl e answer s fo r  suc h problems .  Nonetheless ,  i t  i s 

importan t  t o recogniz e tha t  Copyca t  i s als o limite d b y th e 

structure-buildin g routine s tha t  hav e bee n programme d int o 

it .  Fo r  example ,  on e o f  th e mor e conmio n answer s offere d 

t o th e mrrjj j  proble m b y peopl e i s mrsjjk ,  i n whic h ever y 

thir d lette r  i s  change d int o it s successo r  (Bums ,  1994) . 

Becaus e Copyca t  doe s no t  includ e a  procedur e t o lin k ever y 

thir d letter ,  i t  canno t  generat e thi s solution .  Th e apparen t 

successe s o f  Copyca t  i n dealin g wit h groupings ,  a s wel l  a s 

it s limitation s i n thi s area ,  aris e fro m i t  bein g programme d 

wit h specifi c  knowledge .  Suc h knowledg e coul d als o 

improv e A C M E ' s performanc e i f  th e latte r  mode l  wer e 

modifie d t o dea l  wit h a  specifi c  domain . 

The thir d criticism ,  tha t  A C M E i s semanticall y empty , 
dissipate s onc e i t  i s  recognize d tha t  A C M E ca n readil y 

incorporat e th e sam e semanti c knowledg e a s i s include d i n 

Copycat .  Mitchel l  (1993 )  claim s tha t  Copycat' s concept s 

ar e semanticall y meaningfu l  becaus e the y ar e embedde d i n 

a networ k o f  relate d concepts ;  bu t  th e sam e clai m ca n b e 

made fo r  an y mode l  tha t  accept s hand-code d 

representation s o f  domai n concept s an d thei r 

interconnections . 
Our  A C M E simulation s illustrat e tha t  A C M E an d 

Copyca t  shar e a n emphasi s o n producin g structure d 

solutions .  Th e fundamenta l  commonaltie s o f  th e tw o 

approache s ar e highlighte d b y Mitchell' s  observatio n tha t 

Copyca t  include s counterpart s t o th e constraint s o n huma n 

analog y makin g tha t  A C M E take s a s fundamental . 

Nonetheless ,  th e implementation s o f  th e program s diffe r 

vastly ,  an d i t  i s  possibl e tha t  th e Copyca t  approac h wil l 

eventuall y prov e mor e successfu l  tha n tha t  o f  A C M E.  I t  i s 

yet  t o b e demonstrated ,  however ,  tha t  Copyca t  i s superio r 

on eithe r  psychologica l  o r  computationa l  grounds ,  o r  tha t 
it s  computationa l  realizatio n embodie s an y distinctiv e 

theoretica l  constraint s o n analog y making .  I n addition . 
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unti l  i t  i s  show n tha t  Copyca t  ca n b e generalized ,  th e mode l 

wil l  remai n vulnerabl e t o th e criticis m tha t  it s successe s 

depen d mor e o n it s specialize d domai n knowledg e tha n o n 

genera l  principle s tha t  underli e huma n analog y making . 

Acknowledgments 

This research was supported by NSF grants SBR-9310614 

andDIR-9024251 . 

References 

Bums, B. D. (1994). Representations in analogical 

proble m solving .  Doctora l  dissertation .  Lo s Angeles : 

Universit y o f  California ,  Lo s Angels ,  Departmen t  o f 

Psychology . 

Bums,  B .  D. ,  &  Schreiner ,  M .  E .  (1992) .  Analog y an d 

representation :  Suppor t  fo r  th e Copyca t  model .  I n 

Proceeding s o f  th e Fourteent h Annua l  Conferenc e o f  th e 

Cognitiv e Scienc e Societ y (pp .  737-742) .  Hillsdale ,  NJ : 

Erlbaum . 

Falkenhainer ,  B. ,  Forbus ,  K .  D. ,  &  Centner ,  D .  (1989) .  Th e 
Structure-Mappin g Engine :  Algorith m an d examples . 

Artificia l  Intelligence ,  41 ,  1-63 . 

Hofstadter ,  D .  R .  (1984) .  Th e Copyca t  project :  A n 

experimen t  i n nondeterministi c an d creativ e analogies . 
Cambridge ,  M A :  M I T A.I .  Laborator y M e mo 755 . 

Holyoak ,  K.J. ,  Novick ,  L .  R. ,  &  Melz ,  E .  R .  (1994) . 

Component  processe s i n analogica l  transfer :  Mapping , 

patter n completion ,  an d adaptation .  I n K .  J .  Holyoa k & 
J.  A .  Bamde n (Eds.) ,  Advance s i n connectionis t  an d 

neura l  computatio n theory ,  Vo l  2 :  Analogica l 

connection s (pp .  113-180) .  Norwood ,  NJ :  Ablex . 
Holyoak ,  K .  J. ,  &  Thagard ,  P .  (1989) .  Analogica l  mappin g 

by constrain t  satisfaction .  Cognitiv e Science ,  13 ,  295 -
355. 

Hummel,  J .  E. ,  Bums ,  B .  D. ,  &  Holyoak ,  K .  J .  (1994) . 
Analogica l  mappin g b y neura l  synchrony :  Preliminar y 
investigations .  I n K .  J .  Holyoa k &  J .  A .  Bamde n (Eds.) , 

Advance s i n connectionis t  an d neura l  computatio n 
theory ,  Vo l  2 :  Analogica l  connection s (pp .  416-445) . 
Norwood ,  NJ :  Ablex . 

Mitchell ,  M .  (1993) .  Analogy-makin g a s perception . 
Cambridge ,  M A :  M I T Press . 

SpeUman,  B .  A. ,  &  Holyoak ,  K .  J .  (1993) .  A n inhibitor y 
mechanis m fo r  goal-directe d analogica l  mapping .  I n 

Proceeding s o f  th e Fifteent h Annua l  Conferenc e o f  th e 
Cognitiv e Scienc e Societ y (pp .  947-952) .  Hillsdale ,  NJ : 
Erlbaum . 

105 


	cogsci_1994_100-105



