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Abstrac t 

The mos t  importan t  suppor t  proces s a  case-base d 
reasone r  need s i s a  m e m o r y fo r  cases .  A m o n g it s 

functions ,  th e m e m o r y fo r  case s mus t  b e abl e t o 

selec t  ou t  th e mos t  appropriat e case s fo r  th e 

case-base d reasone r  t o us e a t  an y time .  I n thi s 

paper ,  w e presen t  th e selectio n processe s 

implemente d i n P A R A D Y M E,  a  cas e memor y 

designe d t o wor k alongsid e a  case-base d reasoner . 

P A R A D Y ME ha s a  two-ste p retrieva l  process .  I n 

th e first  step ,  i t  retrieve s th e se t  o f  partia l  matche s 

fro m th e memory .  I n th e second ,  i t  select s ou t  a 

smal l  se t  o f  "best "  matches .  P A R A D Y ME choose s 

"best "  case s usin g a  se t  o f  si x preferenc e 

heuristics :  goal-directe d preference ,  salience , 

specificity ,  frequency ,  recency ,  an d eas e o f 

adaptation .  P A R A D Y ME i s nove l  i n tw o ways .  It s 

use o f  preference s fo r  choosin g a  bes t  cas e mean s 

tha t  it s principle s ac t  a s selector s rathe r  tha n 

restrictors .  A n d it s emphasi s i n choosin g bes t 

case s i s o n usefulnes s rathe r  tha n similarity . 

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

A host is planning a meal for a set of people who 

include ,  amon g others ,  severa l  peopl e wh o ea t  n o 

meat  o r  poultry ,  on e o f  w h o m i s als o allergi c t o 

mil k products ,  severa l  meat-and-potatoe s men . 

'Thi s researc h wa s supporte d i n par t  b y NS F unde r  gran t 
No.  IST-8608362 ,  an d i n par t  b y D A R PA unde r  contrac t  no . 
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an d he r  frien d Anne .  Sinc e i t  i s  tomat o season , 

sh e want s t o us e tomatoe s a s a  majo r  ingredien t  i n 

th e meal .  A s sh e i s plannin g th e meal ,  sh e 

remember s th e following : 

I once served tomato tart (made from 

mozzerell a cheese ,  tomatoes ,  dijo n 

mustard ,  basil ,  an d pepper ,  al l  i n a  pi e 

crust )  a s th e mai n dis h durin g th e 

summer  whe n I  ha d vegetarian s com e 

fo r  dinner .  I t  wa s deliciou s an d eas y t o 

make.  Bu t  I  can' t  serv e tha t  t o Elan a 

(th e on e allergi c t o milk) . 

I  hav e adapte d recipe s fo r  Elan a befor e 

by substitutin g tof u product s fo r 

cheese .  I  coul d d o that ,  bu t  I  don' t 
kno w ho w goo d th e tomat o tar t  wil l 

tast e tha t  way . 

She decides not to serve tomato tart and continues 

planning .  Sinc e i t  i s  summer ,  sh e decide s tha t 

grille d fish  woul d b e a  goo d mai n course .  Bu t  no w 

sh e remember s somethin g else : 

Last time I tried to serve Anne grilled 

fish,  sh e wouldn' t  ea t  it .  I  ha d t o pu t 

hotdog s o n th e gril l  a t  th e las t  minute . 

Considering this, she decides that fish as the main 

dis h woul d b e inappropriate .  Havin g alread y rule d 

out  mea t  an d poultr y a s mai n dishes ,  sh e i s i n a 

quandry ,  sinc e i t  seem s tha t  n o singl e mai n dis h 

wil l  satisf y al l  th e guests .  A t  thi s point ,  sh e come s 

up wit h a  solution . 

I've had this problem before. ... In 

tha t  case ,  wha t  I  di d wa s t o provid e a 
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choic e o f  mai n dishe s wit h sid e dishe s 

tha t  matche d al l  o f  them .  I n fact ,  I 

usuall y d o tha t  wheneve r  I  serv e buffe t 

style . 

The hypothetical host is employing case-based 

reasonin g (cf ,  Hammond,  1986 ,  Kolodner ,  e t  al. , 

1985 )  t o pla n a  meal .  I n case-base d reasoning ,  a 

reasone r  remember s previou s situation s simila r  t o 

th e curren t  on e an d solve s a  ne w proble m b y 

adaptin g th e solution s t o thos e situation s t o mee t 

th e need s o f  th e ne w one .  I n thi s case ,  th e hos t  i s 

rememberin g meal s sh e ha s planne d previousl y t o 

hel p he r  generat e a  pla n fo r  he r  ne w meal .  Som e 

ar e particula r  meal s (e.g. ,  th e tomato-tar t  meal , 

th e tim e Ann e cam e fo r  dinner ,  th e las t  tim e sh e 

serve d a  grou p o f  pick y eaters) ,  whil e som e ar e 

generahze d o r  composit e ones ,  i.e. ,  they'v e bee n 

used ove r  an d ove r  wit h onl y th e variable s 

change d eac h tim e (e.g. ,  servin g buffe t  style) .  Th e 

meal s sh e remember s ar e use d t o sugges t  mean s o f 

solvin g th e ne w proble m (e.g. ,  t o sugges t  a  mai n 

dish ,  t o sugges t  servin g buffe t  style ,  t o sugges t  a 

means o f  dealin g wit h al l  th e pick y eater s easily) , 

t o sugges t  mean s o f  adaptin g a  solutio n tha t 

doesn' t  quit e fi t  (e.g. ,  substitut e a  tof u produc t  fo r 

cheese) ,  an d t o war n o f  possibl e failure s (e.g. , 

Anne won' t  ea t  fish) . 

The most important support process a case-based 

reasone r  need s i s a  memor y fo r  cases .  Th e memor y 

must  mak e case s accessibl e whe n retrieva l  cue s ar e 

provide d t o i t  an d i t  mus t  incorporat e ne w case s 

int o it s structure s a s the y ar e experienced ,  i n th e 

proces s maintainin g accessibilit y  o f  th e item s 

alread y i n th e memory .  I t  mus t  b e abl e t o handl e 

case s i n al l  o f  thei r  complexity ,  an d i t  mus t  b e 

abl e t o manag e thousand s o f  case s i n it s memory . 

But  mos t  importantly ,  i t  mus t  b e abl e t o selec t 

out  th e mos t  appropriat e case s fo r  th e case-base d 

reasone r  t o us e a t  an y time . 

There are three major ways researchers in the 

case-base d reasonin g communit y ar e addressin g 

th e selectio n problem .  Som e peopl e ar e addressin g 

i t  b y tryin g t o determin e ho w t o bes t  choos e 

indexe s (e.g. ,  Barlett a k  Mark ,  1988 ,  Hammond, 

1986 ,  Kolodner ,  1983 ,  Owens ,  1988 ,  Schank ,  19S2 ) 

so tha t  onl y th e bes t  case s wil l  b e retrieve d fro m 

th e memory .  Indexe s ar e use d t o restric t  traversa l 

of  memory ,  an d onl y thos e case s whos e indexe d 

feature s matc h th e retrieva l  prob e ar e recalled . 

One proble m wit h thi s i s tha t  on e canno t  predic t 

ever y importan t  featur e o f  a n even t  a t  th e tim e i t 

happens .  Thus ,  thi s metho d i s to o restrictive . 

Anothe r  proble m wit h thi s metho d i s tha t  i t  doe s 

not  insur e tha t  onl y a  smal l  numbe r  o f  case s wil l 

be recalled ,  sinc e man y case s migh t  b e indexe d th e 

same way .  Whil e i t  ha s worke d fin e i n severa l 

implementations ,  th e memorie s hav e eithe r  bee n s o 

smal l  tha t  selectio n wa s no t  a  proble m (a s in ,  e.g. , 

C H EF (Hammond ,  1986) ,  M E D I A T O R (Simpson , 

1985)) ,  o r  the y hav e ha d a s thei r  goa l  t o recal l  a s 

much a s the y coul d (a s i n C Y R US (Kolodner , 

1983)) ,  wher e agai n selectio n i s no t  a  problem . 

A second selection method is to filter the problem 

descriptio n befor e probin g memor y s o tha t  onl y 

thos e feature s o f  th e proble m descriptio n relevan t 

t o th e reasoner' s curren t  goa l  ar e par t  o f  th e 

memory prob e (a s in ,  e.g. ,  C H E F (Hammond , 

1986)) .  Th e proble m wit h thi s i s tha t  som e 

proces s outsid e o f  memor y ha s t o choos e whic h 

feature s o f  th e proble m ar e th e salien t  ones .  I t 

makes mor e sens e t o hav e salienc e judge d i n th e 

contex t  o f  case s alread y i n th e memory . 

Considerin g th e exampl e above ,  i t  i s a  coincidenc e 

of  circumstance s tha t  make s th e fac t  tha t  Ann e i s 

a gues t  a n importan t  par t  o f  th e proble m 

description .  Tha t  is ,  th e experienc e alread y i n 

memory i s wha t  tell s  u s tha t  tha t  featur e i s a n 

importan t  one .  W e canno t  expec t  a n outsid e 

proces s t o alway s kno w whic h feature s o r 

combination s o f  feature s ar e relevan t  t o solvin g a 

new problem .  I t  i s exactl y thi s tas k tha t  w e wan t 

memory t o hel p with . 

Other researchers propose filtering methods that 

ar e use d afte r  retrieva l  (e.g. ,  Koton ,  1988 , 

Riesbeck ,  1988 ,  Stanfill ,  1987 ,  Risslan d k  Ashley , 

1988) .  Th e method s al l  ten d t o b e specia l 

purpose ,  however ,  an d eac h ha s restriction s tha t 

kee p i t  fro m bein g general .  Koton' s method ,  fo r 

example ,  depend s o n a  causa l  mode l  bein g 

available .  Rissland' s metho d i s specifi c  t o 

adversaria l  situations .  StanfiU' s depend s o n th e 

memory havin g larg e number s o f  case s i n i t  i n 

quantitie s representativ e o f  th e problem' s domai n 

so tha t  a n accurat e evaluatio n functio n ca n alway s 

be compute d base d entirel y o n memory' s contents . 
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And Riesbeck' s depend s o n a  stati c 
(pre-computed )  evaluatio n function ,  an d thu s 

can' t  mak e us e o f  contex t  t o decid e o n a  bes t  case . 

In the remainder of this paper, we discuss the 

selectio n processe s use d i n P A R A D Y ME 

(Kolodner ,  1988 ,  Kolodne r  k  Thau ,  1988) ,  a  cas e 

memory designe d t o b e abl e t o selec t  ou t  a  smal l 

set  o f  bes t  case s fro m a  larg e cas e base . 

P A R A D Y ME i s designe d t o wor k alongsid e a 

proble m solver .  It s case s com e fro m JULI A 

(Hinrichs ,  1988 ,  Kolodner ,  1987a,b ,  Shinn ,  1988) , 

a case-base d proble m solve r  tha t  plan s meals .  Th e 

proble m solve r  ha s certai n goal s t o achiev e i n th e 

contex t  o f  som e proble m an d a  partia l  solution . 

The problem ,  th e partia l  solution ,  an d th e goal s o f 
th e proble m solve r  for m th e prob e t o 

P A R A D Y M E 's memor y (Kolodner ,  1988 , 

Kolodne r  k  Thau ,  1988) . 

Upon being probed, PARADYME's first task is to 

retriev e partia l  matche s fro m it s memor y base d o n 

th e proble m descriptio n an d th e partia l  solution . 

For  th e proble m describe d i n th e introduction ,  thi s 

ste p woul d retriev e al l  meal s wit h vegetarian s i n 

attendance ,  al l  meal s wit h peopl e allergi c t o mil k 

products ,  al l  meal s wit h meat-and-potatoe s me n 

as guests ,  al l  meal s wit h Ann e a s a  guest ,  al l  meal s 

wit h tomatoe s use d a s a  majo r  ingredient ,  al l 

summer  meals ,  an d al l  combination s o f  th e above . 

I f  th e hos t  i s  someon e wh o entertain s o r  cook s a 

lot ,  the n clearly ,  thi s ste p wil l  resul t  i n retrieva l  o f 

a lo t  o f  cases . 

PARADYME's next step, the one we concentrate 

on i n th e res t  o f  thi s paper ,  i s  t o selec t  ou t  th e 

"best "  o f  thos e cases .  Whil e P A R A D Y M E 's 

selectio n metho d i s base d o n man y o f  th e sam e 

principle s guidin g othe r  cas e memories ,  i t  differ s 

fro m other s i n severa l  ways .  First ,  wha t  ha s bee n 

buil t  int o previou s cas e memorie s a s restrictor s i s 

buil t  int o P A R A D Y ME a s preferenc e heuristic s o f 

selectors .  Thus ,  P A R A D Y ME doe s no t  ge t  hur t  b y 

th e inabiht y t o predic t  ever y importan t  par t  o f  a 

cas e a t  th e tim e i t  happens .  P A R A D Y ME prefer s 

case s whos e salien t  feature s (indexes )  matc h th e 

prob e bu t  i f  n o case s wit h indexe d feature s match , 

i t  wil l  recal l  a  cas e wit h othe r  matchin g features . 

Thus ,  eve n i f  memor y updat e procedure s ha d no t 

indexe d th e mea l  wher e a  dis h wa s adapte d fo r 

Elan a b y feature s presen t  i n thi s case ,  i t  coul d stil l 

be recalle d i f  n o indexe d cas e wer e found . 

PARADYME uses the reasoner's goals similarly. 

Rathe r  tha n usin g reasonin g goal s t o selec t  ou t  a 

portio n o f  a  proble m t o us e a s a  probe , 

P A R A D Y ME send s th e whol e proble m a s a  prob e 

and let s previou s experienc e (i.e, .  memory )  b e th e 

guid e t o whic h feature s ar e th e importan t  ones . 

Thi s way ,  fo r  example ,  memor y ca n determin e 

tha t  Ann e bein g a  gues t  i s  a  salien t  featur e a t  a 

particula r  poin t  i n th e proble m solvin g rathe r  tha n 

havin g th e proble m solve r  choos e ou t  "guests "  a s 

salien t  feature s ever y tim e a n evaluatio n i s done . 

Second, PARADYME's emphasis when ranking 

case s i s o n usefulness .  Usin g thi s criterio n fo r 

rankin g mean s tha t  P A R A D Y ME take s th e 

reasoner' s goal s int o accoun t  i n selectin g ou t  a 

"best "  case .  Rathe r  tha n choosin g a  mos t  simila r 

case ,  i t  choose s th e mos t  simila r  o f  thos e case s 

tha t  ar e first  judge d mos t  useful .  Whe n th e 

hypothetica l  reasone r  abov e recall s anothe r  cas e 

wher e sh e adapte d a  recip e wit h mil k fo r  Elana , 

fo r  example ,  i t  i s  recalle d becaus e i t  predict s ho w 

t o achiev e th e goa l  o f  adaptin g a  dair y recip e fo r  a 

non-mil k eater .  Ther e ma y b e othe r  case s i n th e 

memory tha t  ar e mor e simila r  t o th e situatio n 

(perhap s man y o f  th e guest s match) ,  bu t  thi s on e 

i s mos t  usefu l  fo r  achievin g th e curren t  goal . 

Similarl y whe n th e cas e wher e choic e wa s provide d 

i s recalled .  Ther e ma y hav e bee n man y case s tha t 

wer e mor e simila r  tha n thi s one ,  bu t  thi s on e i s 

most  usefu l  t o th e goa l  o f  dealin g wit h 

unsatisfiabl e foo d constraints . 

Preferenc e Heuristic s 

PARADYME's selection procedure is based on a 

set  o f  preferenc e heuristics }  Thes e heuristic s ar e 

appUed t o th e se t  o f  partially-matchin g case s t o 

choos e a  smal l  se t  o f  "best "  cases .  P A R A D Y ME 

uses si x differen t  type s o f  preferenc e fo r  thi s task . 

• Goal-Directed Preference 

Ŝee Risslcin d &c Ashle y (1988 )  fo r  a  discussio n o f  wh y 
numerica l  weightin g scheme s won' t  work . 
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•  Salient-Featur e Preferenc e 

• Specificity Preference 

• Frequency Preference 

• Recency Preference 

• Ease-of-Adaptation Preference 

The first preference, goal-directed preference is 

base d o n th e principl e o f  utility .  Tha t  is ,  sinc e th e 

m e m o ry i s workin g i n conjunctio n wit h a  reasone r 

tha t  ha s goals ,  i t  make s sens e t o prefe r  thos e case s 

tha t  ca n hel p i n achievin g th e proble m solver' s 

goals .  Thus ,  whe n th e proble m solve r  i s tryin g t o 

come u p wit h a  mai n dish ,  thos e case s tha t  matc h 

on mai n dis h constraint s wil l  b e preferre d ove r 

others .  W h e n i t  i s  tryin g t o evaluat e th e goodnes s 

of  a  solution ,  thos e case s tha t  predic t  succes s o r 

failur e unde r  simila r  circumstance s ar e preferred . 

We stat e thi s heuristi c a s follows : 

Goal-Directed Preference: Prefer 

case s tha t  ca n hel p addres s th e 

reasoner' s curren t  reasonin g goal ,  an d 

of  these ,  prefe r  thos e tha t  shar e mor e 

constraint s ove r  thos e tha t  shar e fewer . 

The second preference heuristic, salient-feature 

preference ,  i s base d o n th e principl e tha t  w e 

shoul d us e experienc e t o tel l  u s whic h feature s o f  a 

ne w situatio n ar e th e one s t o focu s on .  I f  m e m o r y 

has don e a  goo d jo b o f  recordin g it s experiences , 

the y ca n b e use d t o tel l  u s whic h feature s o f 

previou s event s le d t o th e choic e o f  particula r 

solution s o r  solutio n method s an d whic h feature s 

of  previou s event s wer e responsibl e fo r  succes s o r 

failur e i n thos e cases .  Thes e feature s ar e th e 

salien t  feature s o f  previou s cases ,  an d i n indexe d 

memories ,  the y for m th e indexes .  W h e n salien t 

feature s o f  previou s case s exis t  i n a  ne w situation , 

the y ca n b e use d t o sugges t  solution s an d predic t 

outcome s fo r  th e ne w case .  Th e cas e wher e Ann e 

didn' t  ea t  fish,  fo r  example ,  ha s a  salien t  featur e 

set  tha t  predict s failur e an d include s th e followin g 

facts :  Ann e wa s a  guest ,  fish  wa s served , 

preparatio n styl e o f  th e fish  wei s grilled .  W h e n al l 

of  thes e feature s ar e presen t  i n a  probe ,  w e ca n 

predic t  tha t  A n n e won' t  eat .  P A R A D Y ME prefer s 

case s tha t  shar e ful l  set s o f  salien t  feature s wit h 

th e ne w proble m ove r  othe r  case s whos e ful l 

salien t  featur e set s ar e no t  i n th e probe .  W e stat e 

thi s preferenc e a s follows : 

Salient-Feature Preference: Prefer 

case s tha t  matc h o n salien t  feature s 

ove r  thos e tha t  matc h o n othe r 

features ,  an d prefe r  thos e tha t  matc h 

on a  large r  subse t  o f  salien t  feature s 

ove r  thos e matchin g o n a  smalle r 

subset . 

The third preference heuristic is based on the 

principl e tha t  a  mor e specifi c  matc h ca n b e mor e 

predictiv e tha n a  les s specifi c  match .  Thus ,  al l 

othe r  thing s bein g equal ,  case s tha t  matc h mor e 

specificall y ar e preferre d ove r  les s specifi c  matches . 

P A R A D Y ME ha s severa l  way s t o judg e specificity . 

First ,  accordin g t o P A R A D Y M E ' s definitio n o f 

specificity ,  a  cas e i s mor e specifi c  tha n anothe r  i f 

th e feature s tha t  matc h i n th e les s specifi c  cas e ar e 

a prope r  subse t  o f  th e feature s tha t  matc h i n th e 

mor e specifi c  case .  Thus ,  a  prob e i s mor e 

specificall y matche d b y a  cas e tha t  matche s al l  o f 

it s  feature s tha n on e tha t  matche s onl y a  subset . 

Second ,  a  cas e matche s mor e specificall y tha n on e 

of  it s  ancestor s i n memory' s generalizatio n 

hierarchy .  Fo r  example ,  a  particula r  Italia n mea l 

i s mor e specifi c  tha n a  generi c Italia n meal .  Third , 

a cas e matche s mor e specificall y i f  th e prob e 

matche s feature s i n mor e o f  it s  parts .  T h e 

specificit y preferenc e follows : 

Specificity Preference; Prefer cases 

tha t  matc h mor e specificall y ove r  les s 

specifi c  matches . 

The fourth and fifth heuristics are based on two 

principle s psychologist s hav e discovere d -  tha t 

item s tha t  ar e reference d mor e frequentl y ar e mor e 

likel y t o b e recalle d tha n othe r  simila r  item s an d 

tha t  item s tha t  hav e bee n reference d mor e 

recentl y ar e mor e likel y t o b e recalle d tha n othe r 

simila r  item s (al l  els e bein g equal) .  Thi s give s ris e 

t o tw o preferenc e heuristics : 

Frequency Preference: Prefer cases 

tha t  hav e bee n accesse d mor e 
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frequentl y ove r  les s frequently-accesse d 

cases . 

Recenc y Preference :  Prefe r  case s 

tha t  hav e bee n accesse d mor e recentl y 

over  les s recently-accesse d cases . 

A sixth preference heuristic is also based on the 

principl e o f  utility ,  an d i s specifi c  t o case-base d 

reasoning .  Some adaptation s o f  previou s solution s 

ar e easie r  t o mak e tha n others .  Thi s heuristi c say s 

t o prefe r  case s whos e solution s ar e easie r  t o adap t 

tha n thos e whos e solution s ar e harde r  t o adapt . 

Ease-of-Adaptation Preference: 

Cases tha t  matc h o n feature s tha t  ar e 

known t o b e har d t o fix  shoul d b e 

preferre d ove r  thos e tha t  matc h o n 

easy-to-fi x features . 

Applicatio n o f  Preferenc e Heuristic s 

The application of preference heuristics is 

complicated .  Eac h preferenc e heuristi c attempt s 

t o selec t  ou t  a  se t  o f  bette r  matches .  Whe n a 

heuristi c doe s this ,  tha t  se t  i s  sen t  o n t o th e nex t 

heuristi c fo r  pruning .  Whe n n o subse t  o f  case s i s 

bette r  tha n th e res t  usin g som e heuristic ,  however , 

th e entir e se t  i t  wa s selectin g fro m i s selected .  I n 

thi s way ,  th e preference s ac t  a s selector s rathe r 

tha n restrictors .  W e prefe r  t o recal l  a  cas e tha t 

can addres s th e reasoner' s curren t  goa l  bu t  w e 

don' t  requir e it .  W e prefe r  t o recal l  a  cas e tha t 

matche s o n salien t  features ,  bu t  i f  ther e ar e none , 

th e preferenc e heuristic s allo w recal l  o f  a  cas e tha t 

matche s o n a  rando m se t  o f  features . 

The heuristics are also ordered. Goal-directed 

preferenc e i s applie d first,  the n salience ,  the n 

specificity ,  an d the n frequenc y an d recency .  Thi s 

way,  th e se t  o f  case s tha t  ca n b e use d t o achiev e 

th e reasoner' s curren t  goa l  i s  selecte d ou t  first, 

the n an y tha t  matc h o n a  ful l  se t  o f  salien t  feature s 
(o f  th e righ t  kind )  ar e selecte d fro m those ,  th e 

most  specifi c  o f  thos e ar e chose n (i f  som e ar e mor e 

specifi c  tha n others) ,  an d the n th e mor e frequentl y 

or  recentl y recalle d case s ar e selecte d fro m those . 

There are also other ways the preference heuristics 

coul d b e applied .  Fo r  example ,  som e othe r  orde r 

migh t  wor k better .  Or ,  i t  ma y b e bette r  t o ru n al l 

th e preference s o n th e whol e se t  o f  partia l  matche s 

and the n t o prefe r  thos e case s tha t  wer e selecte d 

by mor e o f  th e preferences .  Ou r  curren t  researc h 

i s focussin g o n exactl y thi s problem . 

S u p p o r t  Processe s 

While PARADYME chooses best cases by 

applyin g it s preferenc e heuristic s a t  retrieva l  time , 

ther e ar e othe r  part s o f  P A R A D Y ME tha t 

contribut e t o makin g th e preferenc e heuristic s 

work .  P A R A D Y ME ha s five  parts : 

1. a hierarchical organization of knowledge and 

case s 

2. a parallel memory retrieval process that 

choose s ou t  al l  partially-matchin g case s fro m 

th e memor y 

3. a set of preference heuristics that choose the 

best  matchin g cas e fro m th e partia l  matche s 

activate d i n ste p 2 

4. a set of transformation rules that transform 

and elaborat e a  retrieva l  prob e t o ge t  a 

bette r  "bes t  match "  tha n i s possibl e fro m 

th e origina l  se t  o f  cue s 

5. a memory update process that marks cases 

wit h thei r  salien t  feature s an d create s 

generalization s a s calle d fo r 

The hierarchical organization (1) provides a way 

of  determinin g whic h partiall y  matchin g memor y 

structure s ar e mor e specifi c  tha n other s an d give s 

a wa y fo r  th e retrieva l  proces s t o determin e whic h 

partia l  matche s ar e i n th e righ t  ballpark .  Th e 

memory retrieva l  proces s (2 )  choose s th e se t  o f 

case s t o focu s o n i n choosin g a  bes t  match .  Th e 

transformatio n rule s (4 )  allo w bette r  matche s t o 

be foun d tha n coul d b e don e wit h onl y th e initia l 

probe .  An d memor y updat e processe s (5 )  annotat e 

case s wit h salien t  featur e set s tha t  tel l  selectio n 

processe s unde r  wha t  circumstance s th e cas e i s 

liJcel y t o b e relevant .  A s w e state d previously , 

salien t  featur e set s ar e simila r  i n functio n t o 

indexe s foun d i n indexe d memories .  Sinc e the y ar e 
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so importan t  i n allowin g th e preferenc e heuristic s 

t o function ,  w e continu e b y discussin g th e type s o f 

salien t  featur e set s (indexes )  P A R A D Y ME 

assumes it s case s wil l  have . 

Sal ient-Featur e Se t s 

We have found three kinds of sahent-feature sets 

(indexes )  usefu l  fo r  proble m solving .  Th e first 

contai n feature s tha t  predic t  th e applicabilit y  o f 

some metho d fo r  achievin g a  goa l 

{goal-achievemen t  predicto r  sets) .  Secon d ar e 

thos e tha t  predic t  th e succes s o r  failur e o f  a 

solutio n {solution-evaluatio n predicto r  sets) .  Thir d 

ar e thos e tha t  describ e unusua l  outcome s 

{outcome-achievemen t  descripto r  sets) . 

Goal-Achievement Predictor Sets are 

generall y conjunction s o f  goals ,  constraint s o n 

thes e goals ,  an d proble m an d environmenta l 

feature s tha t  predic t  th e metho d o r  solutio n fo r 

achievin g th e goa l  o r  goa l  set .  I f  th e feature s o f  a 

goal-achievemen t  se t  ar e al l  presen t  i n a  ne w 

situation ,  an d i f  th e proble m solver' s curren t  goa l 

matche s th e goa l  achieve d b y th e sahen t  featur e 

set ,  the n th e metho d o f  reachin g th e goa l  o r  th e 

solutio n t o th e goa l  ca n b e predicte d fro m th e 

previou s case .  Case s tha t  matc h o n th e basi s o f 

goal-achievemen t  predictor s ar e mos t  helpfu l 

durin g proble m solvin g whe n th e proble m solve r 

knows wha t  goal s i t  i s  tryin g t o achiev e an d know s 

th e environmen t  i n whic h i t  need s t o achiev e thos e 

goals . 

These sets of features may include one or several 

goals .  The y includ e on e i f  th e solutio n tha t  wa s 

chose n fo r  tha t  goa l  di d no t  involv e othe r  goals . 

They includ e severa l  i f  solution s t o severa l  goal s 

wer e integrated .  Constraint s an d descriptor s o n 

thes e goal s ar e als o included ,  a s ar e feature s o f  th e 

worl d o r  feature s o f  th e proble m tha t  determine d 

whic h o f  severa l  possibl e solution s o r  solutio n 

method s wa s chosen .  I f  al l  o f  th e feature s i n on e o f 

thes e conjunctiv e featur e set s i s designate d i n a 

retrieva l  probe ,  th e solutio n o r  solutio n metho d 

used i n th e previou s cas e ca n b e predicted . 

Solution-Evaluation Predictor Sets are 

conjunction s o f  feature s predictin g unusua l 

outcome s -  i n general ,  failures ,  unexpecte d 

successes ,  an d unexpecte d sid e effects .  I f  th e 

feature s o f  a  solution-evaluatio n predictio n se t  ar e 

al l  presen t  i n a  ne w situation ,  th e unexpecte d 

resul t  fro m th e previou s cas e ca n b e predicte d i n 

th e ne w case .  Case s tha t  matc h o n th e basi s o f 

solution-evaluatio n set s ar e mos t  helpfu l  whe n a 

reasone r  ha s propose d a  solutio n an d need s t o 

evaluat e it . 

Outcome-Achievement Descriptor Sets are 

conjunction s o f  feature s describin g unusua l 

outcomes .  I f  th e feature s o f  a n 

outcome-achievemen t  se t  ar e al l  presen t  i n a  ne w 

situation ,  th e previou s cas e tha t  i s  recalle d ca n b e 

used t o hel p explai n wh y th e unusua l  outcom e 

arose .  I n addition ,  i f  thes e feature s ar e al l  presen t 

i n a  ne w situatio n an d th e reasone r  i s attemptin g 

t o figure  ou t  ho w t o achiev e suc h a n outcome ,  th e 

metho d b y whic h i t  wa s achieve d previousl y ca n 

be suggeste d b y th e recalle d case .  Thes e ar e thu s 

usefu l  i n tw o situations :  whe n th e reasone r  i s 

tryin g t o explai n a n anomolou s situatio n an d 

when th e reasone r  know s th e shap e o f  a  solutio n 

but  no t  ho w t o achiev e it . 

Any particular case may have several salient 

featur e set s associate d wit h it .  Fo r  example ,  i t 

coul d hav e on e fo r  eac h goa l  tha t  wa s achieve d i n 

some unusua l  wa y i n th e cours e o f  reasonin g abou t 

th e case .  I t  migh t  als o hav e severa l  associate d 

wit h outcom e an d severa l  associate d wit h solutio n 

evaluation .  Whe n attemptin g t o choos e bes t  cases , 

preferenc e heuristic s prefe r  thos e case s tha t  hav e 

one o r  mor e salien t  featur e set s o f  th e righ t  kind s 

tha t  ar e full y  matche d b y th e ne w situation .  Tha t 

is ,  i f  th e reasone r  i s attemptin g t o evaluat e th e 

potentia l  fo r  succes s o f  a  plan ,  i t  prefer s case s wit h 

full y  matchin g solution-evaluatio n featur e sets .  I f 

i t  i s  tryin g t o achiev e a  goal ,  i t  prefer s case s wit h 

full y  matchin g goal-achievemen t  featur e set s 

whose goal s matc h it s curren t  goal .  I f  i t 

attemptin g t o explai n a n anomolou s situation ,  o r 

i f  i t  i s  attemptin g t o find  ou t  ho w t o achiev e a 

stat e o f  affairs ,  i t  prefer s case s wit h full y  matchin g 

outcome-achievemen t  featur e sets . 
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Discussio n 

Best cases are chosen in PARADYME by taking 
int o accoun t  whic h feature s o r  combination s o f 

feature s hav e bee n foun d t o b e mos t  importan t  i n 

th e past ,  an d th e goodnes s o f  fit  o f  a  previou s cas e 

i s judge d i n th e contex t  o f  othe r  possibl e matches . 

Preferenc e heuristic s selec t  bes t  matche s base d o n 

what  ha s bee n relevan t  i n solvin g previou s 

problems ,  wha t  th e case-base d reasoner' s curren t 

goal s are ,  an d th e relativ e specificit y o f 

partially-matchin g cases .  Thi s allow s th e 

importanc e o f  feature s t o b e judge d i n context , 

wher e contex t  i s  provide d b y th e retrieva l  prob e 

alon g wit h th e item s tha t  ar e retrieve d b y partia l 

matching . 

While PARADYME's selection method is based 

on man y o f  th e sam e principle s guidin g cas e 
selectio n i n othe r  cas e memories ,  it s  selectio n 

metho d differ s i n tw o ways .  First ,  wha t  ha s bee n 

buil t  int o previou s cas e memorie s a s restrictor s i s 

buil t  int o P A R A D Y ME a s preferenc e heuristic s o r 

selectors .  Salien t  featur e sets ,  fo r  example ,  ar e 

equivalen t  t o wha t  other s i n th e case-base d 

reasonin g communit y cal l  indexes .  Tha t  is ,  the y 

ar e th e feature s tha t  hav e bee n usefu l  previousl y 

i n makin g decision s o r  hav e bee n responsibl e 

previousl y fo r  reasonin g successe s an d failures . 

W h en salien t  feature s fro m a  previou s cas e matc h 

feature s o f  a  ne w case ,  the y allo w prediction s o r 

suggestion s t o b e mad e fo r  th e ne w situatio n 

base d o n th e ol d case .  Thi s i s th e basi s o f 

case-base d reasoning .  Sahen t  featur e sets , 

however ,  ar e use d differentl y tha n indexe s hav e 

bee n used .  Indexe d memorie s us e indexe s a s 

restrictor s -  case s ar e recalle d onl y whe n .salien t 

feature s fro m a  previou s cas e matc h feature s o f  th e 

ne w case .  P A R A D Y M E ' s memory ,  o n th e othe r 

hand ,  prefer s case s tha t  matc h o n salien t  feature s 
ove r  thos e wit h n o salien t  feature s matching ,  bu t 

i t  als o allow s recal l  base d o n feature s tha t  wer e 

not  single d ou t  a s salien t  a t  m e m o r y updat e tim e 

i f  n o case s matchin g o n salien t  feature s ca n b e 

foun d i n memory . 

Similarly, PARADYME uses the goals of the 

reasone r  a s selector s rathe r  tha n restrictors .  Whil e 

previou s case-base d reasoner s (e.g. ,  C H E F )  use d 

th e reasoner' s curren t  goa l  t o extrac t  ou t  feature s 

fro m th e proble m statemen t  t o prob e memor y 

with ,  P A R A D Y ME send s al l  th e informatio n i t 

has abou t  a  situatio n t o memor y alon g wit h th e 

reasoner' s curren t  goals .  T h e preferenc e heuristic s 

use thos e goal s t o choos e a  se t  o f  usefu l 

partially-matchin g cases .  Th e majo r  advantag e t o 

usin g th e reasoner' s goa l  a s a  selecto r  rathe r  tha n 

a restricto r  i s tha t  i t  provide s a  wa y t o le t 

experienc e (previou s cases )  designat e whic h 

feature s o f  th e ne w situatio n ar e mos t  relevan t  t o 

conside r  i n achievin g a  goal . 

The second difference between PARADYME and 

othe r  cas e memorie s i s i n th e emphasi s o n finding 

a mos t  usefu l  se t  o f  case s rathe r  tha n a  mos t 

simila r  set .  Choosin g a  mos t  simila r  cas e mean s 

focussin g o n th e correspondence s betwee n feature s 

of  tw o cases .  I n aimin g t o choos e a  mos t  usefu l 

case ,  o n th e othe r  hand ,  w e giv e muc h attentio n t o 

what  th e reasone r  need s t o d o wit h th e case . 

Correspondence s ar e certainl y importan t 

(salient-featur e preferenc e focusse s o n these) ,  bu t 

the y ar e no t  sufficient .  I t  onl y make s sens e t o 

focu s o n th e relativ e goodnes s o f  correspondence s 

afte r  w e kno w tha t  th e reasoner' s goal s ar e bein g 

attende d to .  P A R A D Y ME ha s tw o preferenc e 

heuristic s tha t  addres s usefulness :  goal-directe d 

preferenc e an d ease-of-adaptatio n preference . 

Goal-directe d preferenc e say s tha t  case s tha t  ca n 

be use d t o addres s th e reasoner' s curren t  goa l 

shoul d b e preferre d ove r  others . 

Ease-of-adaptatio n i s mor e specificall y aime d a t 

th e reasoner' s metho d o f  achievin g it s curren t  goa l 

-  i f  i t  i s t o us e case-base d reasoning ,  an d tw o case s 

ar e equall y goo d matche s base d o n othe r  criteria , 

i t  shoul d prefe r  case s tha t  requir e les s wor k t o 

adapt . 

B i b l i o g r a p h y 

1. Barletta, R. (1988). Explanation-Based 

Indexin g o f  Cases .  Proceeding s o f  th e 

D A R PA Worksho p o n Case-Base d 

Reasoning . 

2. Hammond, K. J. (1986). Case-Based 

Planning :  A n integrate d theor y o f  planning , 

learning ,  an d memory .  Ph.D .  Thesis .  Dept . 

of  Compute r  Science .  Yal e University . 

161 



KOLODNER 

3.  Hinrichs ,  T .  (1988) .  Toward s a n architectur e 

fo r  ope n worl d proble m solving .  Proceeding s 

of  th e D A R PA Worksho p o n Case-Base d 

Reasoning . 

4. Kolodner, J. L. (1983). Reconstructive 

Memory:  A  Compute r  Model .  Cognitiv e 

Science ,  vol .  7 . 

5. Kolodner, J. L. (1987a). Extending problem 

solve r  capabilitie s throug h case-base d 

inference .  Proceeding s o f  th e 198 7 

Internationa l  Machin e Learnin g Workshop . 

6. Kolodner, J. L. (1987b). Capitalizing on 

failur e throug h case-baise d inference . 

Proceeding s o f  th e 198 7 Conferenc e o f  th e 

Cognitiv e Scienc e Society . 

7. Kolodner, J. L. (1988). Retrieving Events 

fro m a  Cas e Memory :  A  Paralle l 

Implementation .  Proceeding s o f  th e D A R PA 

Case-Base d Reasonin g Workshop . 

Morgan-Kaufmann ,  Sa n Mateo ,  CA . 

8. Kolodner, J. L., Simpson, R. L., & Sycara, 

E.  (1985) .  A  Proces s Mode l  o f  Case-Base d 

Reasonin g i n Proble m Solving .  Proceeding s 

ofIJCAI-85 . 

9. Kolodner, J. L. & Thau, R. (1988). Design 

and Implementatio n o f  a  Cas e Memory . 

Technica l  Repor t  No .  GIT-ICS-88/34 . 

School  o f  Informatio n an d Comput e Science . 

Georgi a Institut e o f  Technology ,  Atlanta , 

GA. 

10. Koton, P. (1988). Reaisoning about evidence 

i n causa l  explanations .  Proceeding s o f  th e 

D A R PA Worksho p o n Case-Base d 

Reasoning . 

11. Owens, C- (1988). Domain-Independent 

Prototyp e Case s fo r  Planning .  Proceeding s 

of  th e D A R P A Worksho p o n Case-Base d 

Reasoning . 

12. Riesbeck, C. (1988). An Interface for 

Case-Base d Knowledg e Acquisition . 

Proceeding s o f  th e D A R PA Worksho p o n 

Case-Base d Reasonin g 

13. Rissland, E. k Ashley, K. (1988). Weighting 

on weighting .  Proceeding s o f  AAAI-88 . 

14.  Schank ,  R .  C .  (1982 )  Dynami c Memory . 

Cambridge :  Cambridg e Universit y Press . 

15. Shinn, H. (1988). Abstractional Analogy: A 

Model  o f  Analogica l  Reasoning .  Proceeding s 

of  th e D A R PA Worksho p o n Case-Base d 

Reasoning . 

16. Simpson, R. L. (1985). A Computer Model 

of  Case-Base d Reasonin g m Proble m 

Solving .  Ph.D .  Thesis .  Technica l  Repor t  No . 

GIT-ICS/85/18 .  Schoo l  o f  Informatio n an d 

Compute r  Science .  Georgi a Inst ,  o f 

Technology .  Atlanta ,  GA . 

17. Stanfill, C. (1987). Memory-Based 

Reasonin g AppUe d t o Englis h Pronunciation . 

Proceeding s o f  AAAI-87 . 

162 


	cogsci_1989_155-162



