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Analogica l  Reasonin g i n a n Impenetrable-Memor y Cognitiv e Architectur e 

Sayan Bhattacharyy a (bhattach@umich.edu ) 
Joh n E .  Lair d (laird@umich.edu ) 

Departmen t  o f  Electrica l  Engineerin g &  Compute r  Scienc e 
Universit y o f  Michigan ,  A n n Arbo r  M I  4810 9 U S A 

I n t r o d u c t i o n 

M u ch o f  recen t  wor k i n cognitiv e scienc e treat s analog y a s a 
separat e proble m tha t  ca n b e analyze d i n isolatio n fro m th e 
othe r  cognitiv e capabilitie s o f  a n agent .  I n thi s article ,  w e de -
scrib e wor k i n progres s tha t  take s a  differen t  approach .  Ou r 
approac h i s t o buil d a n integrate d agen t  i n whic h analog y wil l 
be a  capabilit y  integrate d wit h othe r  architectura l  capabilities . 
We star t  wit h a n existin g cognitiv e architectur e an d explor e 
th e issue s involve d i n gettin g thi s architectur e t o perfor m ana -
logica l  reasoning .  Th e poin t  o f  th e wor k i s t o buil d th e capa -
bilit y  o f  analogica l  reasonin g withou t  violatin g th e assump -
tion s whic h ar e constraine d b y th e necessit y t o provid e th e 
othe r  capabilitie s o f  th e architecture . 

Th e advantag e o f  thi s approac h i s twofold .  I n practica l 
terms ,  thi s aproac h i s usefu l  becaus e th e additio n o f  th e ne w 
capabilit y  doe s no t  deman d th e creatio n o f  a  completel y dif -
feren t  typ e o f  agent .  Also ,  sinc e w e requir e tha t  constraint s 
derive d fro m othe r  cognitiv e capabilitie s o f  th e architectur e b e 
als o simulataneousl y satisfie d whe n incorporatin g th e capabil -
it y o f  analogica l  reasoning ,  thi s requiremen t  help s t o plausibl y 
constrai n th e desig n spac e o f  th e agent . 

Description of tlie Problem 

Our  cognitiv e architectur e o f  choic e i s Soar ,  whic h ha s bee n 
propose d a s a  unifie d theor y o f  cognitio n ( U T C )  an d ha s bee n 
show n capabl e o f  modelin g a  wid e rang e o f  cognitiv e phe -
nomena (Laird ,  Newell ,  &  Rosenbloom ,  1987) .  Soa r  i s a  pro -
ductio n syste m architectur e whic h solve s problem s usin g a 
problem-spac e computationa l  mode l  an d whic h ha s a  singl e 
genera]-purpos e learnin g mechanism .  Soa r  ha s a  productio n 
m e m o ry whic h contain s productio n rule s an d a  separat e work -
in g memory .  Deliberat e proble m solvin g i n Soa r  occur s b y 
means o f  operator s actin g o n states .  Th e proposal ,  applica -
tio n an d terminatio n o f  operator s ar e mediate d b y th e firing  o f 
productio n rules . 

Our  goa l  i s  t o develo p a n analogica l  reasonin g capabilit y 
withi n th e framewor k o f  th e Soa r  architectur e withou t  un -
doin g an y o f  it s  architectura l  assumptions .  Thi s capabilit y 
shoul d m a k e i t  possibl e fo r  Soa r  t o lear n ne w ne w operator s 
by analog y wit h prio r  existin g operators . 

Sinc e Soar' s production s ar e i n productio n memory ,  an d 
sinc e productio n m e m o r y i s Soar' s wa y o f  modelin g long -
ter m memory ,  i t  i s  impenetrabl e t o th e architectur e (i.e .  th e 
architectur e doe s no t  hav e rea d acces s t o th e productio n m e m-
ory) .  A  productio n rul e ca n b e sense d b y th e architectur e onl y 
i n th e wa y i t  change s th e curren t  stat e whe n it s precondition s 
matc h th e curren t  state .  However ,  i n orde r  t o der i  v e a  ne w pro -

ductio n rul e b y analog y wit h a n existin g productio n rule ,  i t  i s 
necessar y t o hav e explici t  rea d acces s t o th e content s o f  th e 
rul e s o tha t  i t  ca n b e transforme d t o yiel d a  ne w rule . 

Description of the Solution 

Th e onl y wa y t o gai n explici t  rea d acces s t o th e content s o f 
a rul e i n a n impenetrabl e memor y i s t o reconstruc t  th e rul e 
base d o n th e resul t  o f  it s  action .  Whil e i t  i s  eas y t o reconstruc t 
th e actio n sid e o f  a  rul e (b y comparin g th e stat e befor e an d af -
te r  it s execution) ,  i t  i s  muc h mor e difficul t  t o reconstruc t  th e 
preconditio n o f  a  rule .  Ou r  schem e accomplishe s thi s usin g 
a combinatio n o f  a n inductiv e learnin g metho d an d a  recal l 
metho d whic h relie s o n a  generate-recogniz e strateg y simila r 
t o dual-proces s theorie s o f  recal l  i n cognitiv e psychology . 

A varian t  o f  th e S C A inductiv e learne r  (Miller ,  1993 )  i s 
use d fo r  categor y learnin g -  learnin g t o classif y precondition s 
int o categorie s representin g parametrize d operators .  Eac h cat -
egory ,  lik e eac h precondition ,  i s  actuall y a  se t  o f  attribute -
valu e pairs .  Learnin g take s plac e a s an d whe n operator s ar e 
propose d durin g norma l  problem-solvin g an d i s thu s inter -
leave d wit h norma l  execution .  Th e resul t  o f  learnin g i s th e 
accummulatio n o f  rule s whic h associat e partiall y t o full y  com -
plet e set s o f  precondition s wit h categories .  Durin g th e recal l 
phase ,  fo r  a  give n categor y (i.e .  a  parametrize d operator) ,  val -
ues ar e generate d incrementall y fo r  it s  attribute s an d th e rule s 
learne d i n th e learnin g phas e ar e use d t o sif t  th e correc t  val -
ues fo r  th e attribute s a t  eac h ste p (becaus e onl y th e correc t 
value s matc h th e learne d rules ,  th e rule s ac t  a s a  filter).  So , 
dependin g o n h o w muc h learnin g ha s take n place ,  precondi -
tion s ca n b e reconstructe d wit h varyin g degree s o f  accuracy . 
Thus ,  i n spit e o f  th e impenetrabilit y  o f  productio n memory , 
recover y o f  production s i n explici t  an d readabl e for m i s mad e 
possible .  Rule s encodin g transformatio n relation s withi n th e 
domai n ca n n o w b e use d t o transfor m bot h th e precondition s 
(newl y mad e explicit )  a s wel l  a s th e parameter s o f  th e existin g 
operators .  Thus ,  operator s wit h ne w parameter s an d ne w pre -
condition s ca n b e learne d i n a  systemati c way ,  an d th e entir e 
proces s i s equivalen t  t o learnin g b y transformationa l  analogy . 
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