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T o w a r d s a  Spann in g Architectur e fo r  Analogica l  P r o b l e m Solvin g 

Andre w G .  Bachman n (a-bachmann@nwu.edu ) 
Departmen t  o f  Compute r  Science ;  189 0 Mapl e Avenu e 

Evanston ,  E L 6020 1 US A 

Introductio n 

Prio r  wor k ha s claime d tha t  analog y ca n b e a  detrimen t  t o 
proble m solving .  (VanLeh n &  Jones ,  1993 )  VanLeh n & 
Jone s claime d tha t  pooro -  proble m solver s use d analog y 
more frequentl y an d wit h les s effectiveness .  However , 
analog y ca n b e use d i n proble m solvin g i n a  variet y o f  ways , 
and w e clai m tha t  som e method s ca n hav e significan t  bene -
fits .  W e ar e explorin g th e possibl e way s tha t  analog y ca n b e 
use d i n proble m solving .  I n particular ,  w e inten d t o explai n 
some aspect s o f  th e performanc e o f  individual s i n term s o f 
th e difference s i n thei r  us e o f  analogy . 

Theory 

Analog y ca n b e use d i n man y way s i n proble m solving .  Fo r 
example ,  analog y ca n b e use d t o la y ou t  a n initia l  overal l 
pla n whe n first  attemptin g a  problem .  Thi s indexica l  us e o f 
analog y ca n quickl y retriev e relevan t  knowledge .  I t  ca n als o 
enabl e a  proble m solve r  t o ge t  t o a  solutio n faste r  b y usin g 
more optima l  contro l  knowledge .  Alternatively ,  thi s ca n b e 
bad fo r  a  proble m solve r  i f  th e contro l  knowledg e i n th e ex -
ampl e i s les s optimal . 

Thi s ma y als o occu r  whe n analog y i s use d a s a  "recipe" , 
wher e a  surfac e leve l  matc h whic h lack s deepe r  relationa l 
correspondence s i s chosen .  I n thi s case ,  w e woul d expec t  t o 
see error s i n th e proble m solver' s performance ,  becaus e 
wher e th e pas t  exampl e m a y hav e use d a  particula r  tech -
nique ,  th e proble m solve r  woul d blindl y us e tha t  techniqu e 
withou t  considerin g th e condition s o f  applicability . 

Analog y ca n als o b e use d t o resolv e impasses .  Thi s tech -
niqu e allow s a  proble m solve r  t o solv e problem s tha t  i t 
woul d no t  hav e otherwis e bee n abl e t o solve .  Thi s wa y a 
proble m solve r  ca n als o achiev e a  mean s o f  gracefu l  degra -
dation .  Instea d o f  failing ,  a  proble m solve r  ca n procee d wit h 
a probabl e solutio n path . 

Analog y ca n als o provid e a  mean s t o introduc e learnin g 
int o proble m solving .  Sinc e analog y involve s a  comparison , 
an analog y ca n b e use d t o discove r  difference s betwee n a 
bas e an d a  target .  Thes e difference s ca n b e use d t o lear n 
othe r  rules .  Fo r  example ,  i f  i n on e cas e a  techniqu e wa s 
used ,  an d i n anothe r  cas e a  differen t  techniqu e wa s used , 
the n perhap s th e analog y wil l  highligh t  th e differenc e be -
twee n th e tw o situation s tha t  cause d tha t  decisio n t o b e 
made.  Likewise ,  analog y ca n b e use d t o discove r  com -
monalitie s betwee n a  bas e an d a  target .  Thes e area s o f 
overla p coul d provid e th e basi s fo r  constructin g a  schema . 

Architectura l  P l a n s 

We ar e studyin g physic s proble m solvin g becaus e ther e 
hav e alread y bee n studie s o f  huma n proble m solvin g i n tha t 
domain .  Unfortunately ,  previou s simulatio n effort s hav e 
been limite d t o smal l  numbe r  o f  examples ,  whic h preclude s 
simulatio n o f  substantia l  learning . 

We ar e constructin g a  spannin g architecture ,  whic h w e 
defin e a s a  mode l  tha t  i s  abl e t o cove r  th e spac e o f  individua l 
performances .  Thi s architectur e wil l  cove r  th e way s tha t 
peopl e ca n us e analog y i n proble m solving .  Und^lyin g thi s 
architectur e i s th e M A C / F A C system ,  whic h i s a  two-stag e 
model  o f  analogica l  retrieval .  (Forbus ,  Gentner ,  &  Law , 
1995 )  Thi s mode l  include s S M E ,  whic h wil l  b e use d t o gen -
erat e analogica l  inferences .  (Falkenhainer ,  Forbus ,  &  Gent -
ner ,  1989 ) 

The architectur e wil l  b e implemente d a s a  suggestio n 
modul e i n TPS .  (Pisan ,  1997 )  T P S i s a  suggestion-base d 
architectur e tha t  solve s a  wid e variet y an d larg e numbe r  o f 
problem s i n thermodynamics . 

Our  architectur e retrieve s relevan t  pas t  example s usin g 
M A C / F A C.  Sinc e eac h exampl e ma y b e mappe d t o th e cur -
ren t  proble m i n differen t  ways ,  ther e m a y b e multipl e map -
ping s pe r  example .  Al l  example s ar e considere d independ -
ently .  Som e o f  thes e mapping s ar e selected .  I f  T P S choose s 
t o us e on e o f  th e remainin g mappings ,  the n ou r  architectur e 
choose s inference s fro m th e analogica l  inference s tha t  map -
pin g support s an d make s the m int o th e T P S database ,  wher e 
the y contribut e t o th e proble m solvin g process . 
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