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The us e o f  analogica l  reasonin g i n creativ e proble m solv -
in g ofte n involve s transfe r  betwee n distan t  problems .  Som e 
cognitively-inspire d computationa l  model s o f  analogica l  rea -
sonin g describ e "direc t  transfer "  wher e th e knowledg e o f  a 
sourc e situatio n i s directl y transferre d t o th e targe t  situation , 
e.g. ,  S M E (Falkenhaine r  e t  al. ,  1989 )  an d A C M E (Holyoa k 
and Thagard ,  1989) .  Bu t  som e psychologica l  studies ,  suc h a s 
Gic k an d Holyoak' s (1983) ,  indicat e tha t  sometime s higher -
leve l  abstraction s ma y mediat e th e transfe r  betwee n th e sourc e 
and th e target .  Ou r  wor k o n creativ e devic e desig n ha s le d u s 
t o a  theory ,  calle d model-base d analog y ( M B A ) ,  tha t  provide s 
a computationa l  accoun t  o f  learnin g an d us e o f  suc h higher -
leve l  abstraction s tha t  w e cal l  generi c models .  Generi c model s 
i n devic e desig n captur e knowledg e o f  functiona l  an d causa l 
pattern s abstracte d fro m case-specifi c  devic e models .  Sinc e a 
generi c mode l  ma y b e acquire d fro m on e desig n cas e an d in -
stantiate d i n th e contex t  o f  adaptin g a n entirel y differen t  cas e 
fo r  solvin g a  targe t  problem ,  the y mediat e (cross-domain ) 
analogica l  transfer . 

The Process of Model-Based Analogy 
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Figur e 1 :  Par t  o f  IDEAL' s Proces s fo r  Analogica l  Desig n 

IDEAL is the computer system that implements the MBA the-
or y i n th e contex t  o f  devic e design .  IDEA L take s a s inpu t  a 
specificatio n o f  th e functiona l  an d structura l  constraint s o n a 
desire d desig n (i.e. ,  th e targe t  desig n problem) ,  an d give s a s 
outpu t  a  structur e (i.e. ,  th e solution )  tha t  realize s th e specifie d 
functio n an d als o satisfie s th e structura l  constiaints .  Figur e 1 
illustrate s on e par t  o f  IDeAL' s processing ,  th e par t  tha t  use s 
generi c model s o f  a  specifi c  kin d calle d generi c teleologica l 
mechanism s (GTMs) .  G T M s specif y abstrac t  pattern s o f  re -

lation s betwee n outpu t  function s an d interna l  behavior s fo r 
achievin g th e functions ,  fo r  example ,  feedback .  The y ar e 
•'mechanisms "  becaus e the y specif y behavior s (o r  processes) , 
"teleological "  becaus e the y ar e i n th e servic e o f  functions ,  an d 
"generic "  becaus e the y pertai n t o classe s o f  devic e domains , 
not  jus t  t o a  specifi c  devic e o r  a  particula r  devic e domain . 
The case-independen t  G T M s ar e abstraction s o f  case-specifi c 
Structure-Behavior-Functio n (SBF )  model s (Goel ,  1991 )  tha t 
explai n h o w th e structur e o f  a  desig n realize s it s function .  Fo r 
details ,  se e (Bhatta ,  1995 ;  Bhatt a an d Goel ,  1993) . 

IDEAL provide s a  testbe d fo r  experimentin g wit h generi c 
modelin g i n analogica l  reasoning .  W e hav e teste d IDEA L i n 
fou r  differen t  domains ,  namely ,  th e domain s o f  simpl e electri c 
circuits ,  hea t  exchangers ,  electroni c circuits ,  an d mechanica l 
device s (includin g momen tu m controller s an d velocit y con -
trollers )  fo r  bot h learnin g an d us e o f  G T M s .  I n particular ,  w e 
teste d IDEA L wit h a  doze n desig n problem s fro m thes e fou r 
differen t  domain s tha t  involve d learnin g an d us e o f  si x differ -
ent  G T M s .  IDEA L coul d no t  onl y lear n an d us e th e G T M s bu t 
i t  als o use d th e learne d G T M s fo r  cross-domai n analogica l 
transfer .  Ou r  experiment s wit h IDEA L indicat e tha t  (1 )  fo r 
analogica l  devic e design ,  usefu l  devic e abstraction s includ e 
G T Ms tha t  captur e pattern s o f  relation s betwee n devic e func -
tion s an d interna l  causa l  behavior s an d (2 )  devic e abstraction s 
suc h a s G T M s ma y mediat e analogica l  transfe r  betwee n dif -
feren t  desig n problem s includin g distan t  problem s i n differen t 
devic e domains . 
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