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Abstrac t  1 

A mode l  o f  case-base d reasonin g i s 

presente d tha t  relie s o n a  procedura l 

representatio n fo r  cases .  I n a n 

implementatio n o f  thi s model ,  case s ar e 

represente d a s knowledg e source s i n a 

blackboar d architecture .  Cas e knowledg e 

source s defin e loca l  neighborhood s o f 

similarit y an d ar e triggere d i f  a  proble m 

cas e fall s withi n a  neighborhood .  Thi s for m 

of  "loca l  indexing "  i s a  viabl e alternativ e 

wher e globa l  similarit y metric s ar e 

unavailable .  Othe r  feature s o f  thi s approac h 

includ e th e potentia l  fo r  fine-graine d 

schedulin g o f  cas e retrieval ,  a  unifor m 

representatio n fo r  case s an d othe r  knowledg e 

source s i n hybri d system s tha t  incorporat e 

case-base d reasonin g an d othe r  reasonin g 

methods ,  an d a  straightforwar d wa y t o 

represen t  th e action s generate d b y cases . 

Thi s mode l  o f  case-base d reasonin g ha s bee n 

implemente d i n a  prototyp e syste m 

("Broadway" )  tha t  select s fro m a  cas e bas e 

automobile s tha t  mee t  a  ca r  buyer' s 

requirement s mos t  closel y an d explain s it s 

selections . 

Introduction 

Thi s pape r  addresse s tw o fundamenta l 

problem s o f  case-base d reasonin g (CBR) : 

cas e representatio n an d cas e similarity .  It s 

centra l  poin t  i s  tha t  a  procedural ,  locally -

indexe d representatio n fo r  case s provide s 

severa l  benefits .  W e us e th e ter m "locall y 

indexed "  t o refe r  t o a  cas e retrieva l  techniqu e 
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tha t  use s similarit y metric s tha t  ar e 

applicabl e onl y withi n a  neighborhoo d o f  a 

cas e i n th e spac e o f  cases .  Loca l  indexin g i s 

distinguishe d fro m a  globa l  indexin g 

metho d tha t  relie s o n a  singl e functio n t o 

asses s similarit y throughou t  th e cas e base . 

Metric s tha t  ar e locall y define d ca n b e 

viewe d a s a n attemp t  t o approximat e 

piecewis e a n idea l  — bu t  ofte n difficul t  t o 

construc t  — functio n tha t  measure s th e 

similarit y o f  a  proble m situatio n t o an y case , 

wher e eac h piec e o f  th e loca l  metri c i s 

applicabl e onl y i n a  suitabl e are a o f  th e case . 
The intuitio n behin d loca l  indexin g i s tha t 

eac h cas e i s i n th e bes t  positio n t o m a p th e 

topograph y o f  th e cas e spac e i n a 

neighborhoo d o f  itself .  W h a t  the n count s a s 

simila r  depend s o n wher e th e cas e i s locate d 

i n cas e space .  Informally ,  th e genera l 

perspectiv e o f  thi s researc h i s t o impos e 

problem-solvin g responsibilit y o n th e case s 

themselve s b y includin g i n th e cas e 

representatio n knowledg e tha t  i s  usuall y 

externa l  t o cases ,  includin g similarit y 

metrics .  I n addition ,  thi s case-centri c 

perspectiv e regard s case s a s activ e entities , 

rathe r  tha n a s responsiv e t o externa l 

procedures . 

Semina l  wor k i n C B R ha s exploite d th e 

notio n tha t  ho w on e assesse s th e similarit y o f 

a store d cas e depend s o n th e proble m 

situation ,  e.g. ,  [Ashley ,  1990] ,  [Bareiss ,  1989] , 

[Kolodner ,  1983] ,  [Sycara ,  1987] .  Th e mode l 

we describ e trie s t o exploi t  th e 

complementar y ide a tha t  case s o f  a 

particula r  sor t  posses s feature s — 

independen t  o f  a  proble m situatio n — tha t 

wil l  hel p determin e h o w similarit y wil l  b e 

assesse d fo r  case s o f  tha t  variety . 

Informally ,  regardles s o f  whethe r  you'r e 

lookin g t o bu y a  Cadilla c o r  a  Miata ,  i f  o n th e 

use d ca r  lo t  yo u encounte r  a  picku p truc k wit h 

hug e tire s whos e bod y i s si x  fee t  of f  th e 
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ground ,  you r  assessmen t  wil l  b e governe d b y 
whethe r  yo u wan t  a  vehicl e wit h a  six-foo t 
hig h cab .  Followin g thi s intuition ,  w e tr y t o 
buil d int o eac h cas e severa l  way s o f 
assessin g similarit y tha t  ar e usefu l  fo r  a 
cas e o f  tha t  variety . 

Briefly ,  th e mode l  o f  retrieva l  presente d 
her e regard s a  cas e a s a  procedura l  entit y 
tha t  i s  activate d whe n a  proble m situatio n 
fall s  withi n a  loca l  neighborhoo d o f  th e case . 
We clai m tha t  th e followin g benefit s flo w 
fro m thi s approach : 
•  A  procedura l  cas e representatio n yield s a 
consisten t  knowledg e representatio n fo r 
hybri d architecture s tha t  combin e CB R wit h 
othe r  reasonin g methods . 
•  Loca l  indexin g i s a  usefu l  alternativ e i n 
situation s wher e n o availabl e similarit y 
metri c ca n b e applie d uniforml y acros s 
cases . 
•  Fine-graine d schedulin g fo r  cas e retrieva l 
i s  facilitate d an d permit s focuse d contro l  o f 
problem-solving . 
•  Multipl e perspective s o n a  cas e ca n b e 
easil y represente d throug h loca l  similarit y 
functions . 

Implementation 
Our  implementatio n o f  th e mode l  use s a 

blackboar d architectur e i n whic h knowledg e 
source s respon d t o change s o n a  globa l 
blackboard .  Th e Broadwa y prototyp e use s 
G BB v.2.0 ,  a  toolki t  fo r  developin g high -
performanc e blackboar d application s 
[Blackboar d Technolog y Group ,  1991] .  Th e 
G BB Agend a Shel l  enable s a  use r  t o defin e 
knowledg e source s tha t  ma y b e triggered , 
checke d fo r  th e fulfillmen t  o f  thei r  respectiv e 
preconditions ,  and ,  i f  fulfilled ,  instantiate d 
i n knowledg e sourc e activatio n record s wit h 
some executio n rating .  Knowledg e sourc e 
activation s ar e the n place d o n a n agend a o f 
activation s pendin g execution . 

A correspondenc e betwee n case s an d 
blackboar d knowledg e source s ca n b e 
exploited .  A  [case/knowledg e source ]  i s 
[similar/activated ]  whe n it s [index / 
preconditio n function ]  i s  [triggered / 
satisfied] ,  an d therefor e th e [case' s suggeste d 
action /  knowledg e sourc e function ]  shoul d b e 
executed .  Th e curren t  implementatio n fuse s 
thes e correspondin g aspects :  case s ar e 
represente d a s knowledg e sources .  Th e 

preconditio n o f  a  cas e knowledg e sourc e i s a 
similarit y predicate .  I f  a  proble m situatio n 
satisfie s thi s locall y define d similarit y 
predicate ,  th e cas e knowledg e sourc e i s 
activated .  Thi s incorporatio n o f  cas e 
similarit y int o knowledg e sourc e 
preconditio n function s yield s on e immediat e 
by-product .  Th e greate r  th e similarit y o f  a 
proble m situatio n t o a  case ,  th e highe r  th e 
executio n ratin g returne d b y th e preconditio n 
of  th e knowledg e sourc e correspondin g t o th e 
case ,  an d th e earlie r  th e case' s actio n i s 
executed .  Th e mos t  simila r  case s execut e 
thei r  constituen t  action s first . 

The Domai n 
The Broadwa y prototyp e addresse s th e 

almos t  century-ol d quandar y "Whic h ca r 
shoul d I  buy?" .  Fo r  man y peopl e thi s 
questio n appear s t o invit e anecdota l  case -
base d reasoning .  A s i n man y common-
sens e areas ,  n o stron g domai n theor y i s 
availabl e t o resolv e th e competin g 
constraint s involve d i n automobil e 
purchase .  However ,  thi s domai n doe s no t 
presen t  th e complexit y o f  suc h classica l 
blackboar d application s a s speec h 
understandin g [Erma n e t  al. ,  1980 ]  o r  sona r 
signa l  interpretatio n [Ni i  e t  al. ,  1982] .  Fo r 
our  purpose s th e automobil e domai n i s a n 
interi m vehicl e fo r  investigatin g th e utilit y 
of  procedura l  cas e representatio n an d 
associate d idea s o f  similarity ,  indexin g an d 
control . 

Description <^ Control Flow 
The skeleta l  flo w o f  contro l  fo r  Broadwa y 

i s give n i n genera l  term s i n Figur e 1 . 

/"  Inpu t  declarativ e " X f  Inpu t  curren t  " \ 
I  case s t o lon g ter m I  •  I  proble m t o Ca r  I 
V Cas e Spac e J  \  ytequirement B Spac e J 

c 

I 
Creat e cas e 

knowledg e source i 
from  declarativ e case s 

'a l  p < Case retrieva l  performe d b y 
cas e knowledg e sources ; 

gjmila r  case s poat ^  t o Relevan t  Cas e Space s 

I 
''i!:xplanatio n knowledg e source s 

creat e explaoalion s a s 
relevan t  case s ar e retrieve d 

Figur e 1 :  Flo w o f  contro l  i n Broadway . 
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W h en th e syste m i s initialized , 

declarative ,  frame-base d ca r  cas e 

representation s ar e loade d ont o a  blackboar d 

spac e tha t  i s Broadway' s lon g ter m cas e 

memory.  Broadway' s curren t  cas e bas e 

consist s o f  9 3 case s tha t  represen t 

automobile s o f  a  particula r  mak e an d model , 

e.g. ,  a n Eagl e Talon .  Donruii n engineerin g ha s 

been aide d b y th e 199 1 annua l  automobil e issu e 

of  Consume r  Report s magazin e [Consume r 

Reports ,  1991] .  Eac h declarativ e cas e the n i s 

use d a s th e basi s fo r  creatin g severa l  cas e 

knowledg e source s tha t  ar e activate d whe n a 

simila r  proble m cas e i s poste d t o a  proble m 

space .  Se e Figur e 2  fo r  a  simplifie d example . 

Declarative Case Representation 

{make-instanc e 'eagle-talon-car-cas e 

:trouble-inde x 1 
:repair-cost-inde x 0 

:pric e 1299 1 trouble-cost-ff i  eta -
knowledge-sourc e 

Procedura l  Cas e Representatio n 

{define-k s eagle-talon-trouble-cost-k s 

•.trigger-condition  <new-problenn-posted-to-problem-space > 
•.precondition-function  (add- 1 -for-each-true-disjunct : 

<problem-trouble-inde x e  [0,2] > o r 

<problem-repair-cost-inde x e[-l,l ]  >  o r 

<problem-pric e e  [0.8*12991,1.2*12991]> ) 

:ks-functio n <add-eagle-talon-to-similar-trouble-cost-space> ) 

Figur e 2 :  Cas e knowledg e source s ar e create d fro m case-fram e 

representation s b y meta-knowledge-sources .  Th e scal e fo r  th e 

trouble-inde x an d repair-cost-inde x i s - 2 (muc h wors e tha n 

average )  t o 2  (muc h bette r  tha n average) . 

which prescribes an interval of similarity 
fo r  eac h featur e an d the n add s th e numbe r  o f 
proble m feature s tha t  fal l  withi n thos e 
interval s t o yiel d a n executio n rating . 

These procedura l  representation s o f  case s 
assume th e usua l  G B R task s o f  retrievin g 
simila r  case s an d manipulatin g them .  Next , 
th e use r  input s a  proble m case ,  whic h i s a 
specificatio n o f  th e feature s tha t  th e use r 
desire s i n a  car ,  presente d i n th e sam e for m 
as th e declarativ e cas e frames .  Car s tha t 
partiall y  o r  completel y mee t  th e user' s 
specification s ar e the n retrieve d throug h th e 
activatio n o f  ca r  cas e knowledg e source s 
whose precondition s recogniz e th e similarit y 

of  tha t  cas e t o th e proble m requirements .  I n 
Broadway ,  th e actio n take n b y a  cas e upo n 
activatio n i s t o pos t  th e correspondin g 
declarativ e cas e t o a  relevan t  cas e spac e o n 
th e blackboard .  Thi s postin g i n tur n trigger s 
explanatio n knowledg e sources ,  whic h w e d o 
not  describ e furthe r  her e excep t  t o sa y tha t 
stereotypica l  explanatio n pattern s ar e 
applie d t o explai n t o th e use r  wh y thes e car s 
ar e appropriat e recommendations .  I n 
general ,  th e actio n take n b y eac h cas e 
knowledg e sourc e depend s o n th e application , 
fo r  example ,  t o sugges t  a  repai r  t o a  pla n cas e 
(e.g. ,  C H E F [Hammond ,  1989] )  o r  t o suppl y 
an argumen t  fragmen t  (e.g. ,  H Y P O [Ashley , 

1990] ,  C A B A R ET [Risslan d 
and Skalak ,  1991]) . 

Procedural Cases 
Procedura l  representation s 
ar e create d b y severa l  meta -
knowledge-sources ,  whic h 
encod e th e knowledg e t o 
creat e a  cas e knowledg e 
sourc e fo r  a  give n 
perspectiv e o n a  case .  Fo r 
exampl e (Fig .  2) ,  Broadwa y 
applie s a  meta-knowledge -
sourc e tha t  use s a  modifie d 
Manhatta n metri c t o creat e 
a similarit y neighborhoo d 
base d o n severa l  cas e 
feature s relate d t o th e 
perspectiv e o f  economy : 
purchas e price ,  repai r 
frequenc y an d repai r  cost . 
Each neighborhoo d i s loca l 
partl y becaus e th e siz e o f  th e 
interva l  o f  similarit y fo r 
each cas e featur e depend s 

on it s valu e i n tha t  case .  T o tak e a  simpl e 
example ,  th e interva l  surroundin g th e pric e 
of  a n expensiv e ca r  i s large r  tha n tha t 
aroun d th e pric e o f  a  chea p car .  W e hav e als o 
experimente d wit h metric s tha t  ar e loca l  i n 
tha t  the y ar e applicabl e onl y t o certai n type s 
of  cases ,  e.g. ,  t o sport s cars .  Perspective s ar e 
reflecte d i n metric s an d includ e an y mean s 
of  evaluatin g case s tha t  correspond s t o a 
particula r  wa y o f  assessin g similarit y 
[Ashley ,  1989] ,  [Kolodner ,  1989 ]  including , 
e.g. ,  dimension s [Rissland ,  Valcarc e an d 
Ashley ,  1984] ,  [Ashley ,  1990] ,  signature s o f 
featur e value s [Samuel ,  1967] ,  o r  th e 
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reasonin g o r  explanatio n capture d i n a  cas e 
[Barlett a an d Mark ,  1988] ,  [Branting ,  1991] . 
To asses s cas e similarity ,  Broadwa y 
currentl y use s tw o perspectives :  a  perspectiv e 
base d o n figure s fo r  reliabilit y  an d cos t 
provide d b y Consume r  Report s an d a 
perspectiv e base d o n compariso n o f  th e 
signature s o f  feature s o f  cases ,  resultin g i n 
186 cas e knowledg e sources . 

Some Advantages and 

Shortcoming s o f  thi s Representatio n 
Loca l  Nei^borhood s an d Indexing .  Loca l 
similarit y neighborhood s provid e th e 
framewor k t o tailo r  th e measuremen t  o f 
similarit y  t o eac h cas e an d t o th e regio n o f  th e 
cas e spac e wher e th e cas e resides .  T o tak e a n 
exampl e fro m a  classica l  A I  program , 
imagin e a  case-base d syste m tha t  play s 
checker s an d store s boar d position s i n a  cas e 
library .  [Samuel ,  1967 ]  applie d polynomia l 
evaluatio n function s t o evaluat e 
checkerboar d positions ,  an d note d improve d 
performanc e whe n th e gam e wa s divide d int o 
opening ,  middle-game ,  an d end-gam e 
phases ,  wit h a  differen t  se t  o f  evaluatio n 
functio n coefficient s use d fo r  eac h phase .  A s 
many a s si x gam e phase s wer e used .  I n a 
C BR syste m tha t  use d similarit y metric s 
base d o n thes e evaluatio n functions ,  th e 
appropriat e metri c woul d b e determine d b y 
th e gam e phase ,  reflecte d i n th e locatio n i n 
cas e spac e o f  th e case s unde r  consideration . 

The primar y advantag e o f  localize d 
metric s stem s fro m th e practica l  an d 
theoretica l  difficultie s o f  capturin g i n a 
globa l  approac h t o similarit y th e nuance s o f 
cas e similarit y acros s al l  case s i n th e cas e 
base .  Case-base d retrieva l  mechanism s 
generall y rel y o n a  system-wid e metho d o r 
metri c t o comput e cas e similarity .  A s a 
practica l  matter ,  i t  ma y b e difficul t  t o reflec t 
i n a  singl e metri c o r  globa l  evaluatio n 
functio n th e importan t  diflTerence s amon g al l 
case s an d accoun t  fo r  interaction s betwee n 
relate d features ,  bu t  stil l  avoi d implici t 
compariso n o f  feature s tha t  ar e 
incommensurate .  Also ,  entirel y differen t 
means o f  assessin g similarit y ma y b e 
require d fo r  differen t  type s o f  cases .  W e 
speculat e tha t  sinc e loca l  metric s nee d onl y 
wor k i n a  neighborhoo d o f  a  case ,  spuriou s 
featur e interaction s o r  inappropriat e 

comparison s ma y mor e likel y b e avoided . 
Sinc e C B R i s ofte n usefu l  i n poorl y 
understood ,  "wea k theory "  domains ,  a 
globall y applicabl e similarit y functio n ma y 
be har d t o com e by ,  a s i t  implicitl y  woul d 
reflec t  stron g knowledg e abou t  th e domai n 
tha t  hold s acros s features ,  cases ,  perspective s 
and contexts . 

A secon d advantag e t o loca l  metric s i s th e 
facilit y  wit h whic h multipl e view s o f  a  cas e 
can b e capture d (see ,  e.g. ,  [Rissland , 
Valcarc e an d Ashley ,  1984] ,  [Ashley ,  1989] , 
[Kolodner ,  1989]) .  Differen t  perspective s ar e 
reflecte d i n distinc t  similarit y metric s tha t 
captur e th e varyin g importanc e t o b e 
accorde d feature s whe n reasonin g fro m 
divers e vantag e points . 

Additionally ,  exceptiona l  case s ma y hav e 
unusua l  feature s tha t  ar e know n i n advanc e 
and shoul d b e considere d i f  relevan t  t o one' s 
specifications ,  bu t  tha t  ar e har d t o incorporat e 
int o a  globa l  calculu s o f  similarity .  Thes e 
exceptiona l  feature s ca n b e capture d i n a 
similarit y metri c loca l  t o th e case . 

A mino r  benefi t  o f  loca l  similarit y metric s 
may b e i n th e observanc e o f  th e softwar e 
engineerin g principle s o f  modularizatio n 
and dat a encapsulation .  Unusua l  o r  salien t 
aspect s o f  a  cas e tha t  ar e importan t  t o 
determinin g similarit y ca n usefull y b e 
encode d i n a  metri c loca l  t o th e case . 
Schedulin g Granularity .  Cas e retrieva l 
may b e schedule d a t  a  fin e leve l  o f 
granularit y i n thi s model .  Case-base d 
retrieva l  ha s sometime s bee n modele d an d 
implemente d a s a  monolithi c action ,  "Searc h 
th e cas e bas e fo r  relevan t  case s an d retur n 
them. "  See ,  e.g. ,  [Rissland ,  Kolodne r  an d 
Waltz ,  1989 ]  fo r  a  descriptio n o f  th e classica l 
contro l  flo w o f  CBR.  A  retrieva l  mechanis m 
tha t  i s bot h large-graine d an d 
uninterruptibl e wil l  potentiall y  consum e 
computin g resource s tha t  ma y b e applie d 
more efficientl y tha n t o additiona l  searc h o f 
a larg e cas e bas e [Velos o an d Carbonell , 
1991] .  Fo r  example ,  th e case s initiall y 
retrieve d ma y sugges t  a  modificatio n o f  th e 
curren t  cas e prob e [Owens ,  1989] .  However , 
th e curren t  implementatio n o f  th e mode l  i n 
Broadwa y doe s no t  schedul e cas e knowledg e 
sourc e preconditions ,  an d s o doe s no t  exhibi t 
thi s benefit .  A n extensio n t o th e blackboar d 
contro l  shel l  woul d b e require d t o realiz e thi s 
advantage . 
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Consisten t  Hybri d Representation .  I n a 
hybri d syste m case s ma y b e represente d 
consistentl y wit h knowledg e source s fro m 
othe r  reasonin g paradigms .  A  unifor m 
representatio n support s th e us e o f  CB R a s a 
component  i n a  hybri d architectur e wher e 
case s an d othe r  source s o f  expertis e respon d 
uniforml y an d cooperativel y t o progres s an d 
failur e i n problem-solving . 
Shortooming B i n th e Implementatio n o f  th e 

Model .  A  primar y disadvantag e o f  thi s 
implementatio n i s tha t  identifyin g a 
similarit y ratin g wit h a  knowledg e sourc e 
executio n ratin g reduce s a  comple x 
assessmen t  t o a n information-losin g 
numeri c scale .  Previou s researc h o n 
analog y an d o n cas e retrieva l  ha s cas t  doub t 
tha t  similarit y ca n b e capture d s o simply , 
e.g. ,  [Ashley ,  1990] ,  [Carbonell ,  1986] , 
[Falkenhaine r  e t  al. ,  1989] ,  [Centner ,  1983] , 
[Holyoa k an d Thagard ,  1989] .  O n th e othe r 
hand ,  o n a  seria l  computer ,  case s mus t  b e 
individuall y retrieve d i n som e order ,  whic h 
implicitl y  rank s case s ordinally . 

Secondly ,  i t  i s  no t  a t  al l  clea r  tha t  ever y 
cas e shoul d b e proceduralized .  Creatin g 
knowledg e source s fo r  rarel y reference d 
case s o r  perspective s incur s computationa l 
overhea d withou t  apparen t  benefit .  Thi s 
proble m wil l  hav e t o b e addresse d i f  cas e 
base s ar e t o b e scale d u p t o realisti c levels , 
possibl y consistin g o f  ten s o r  hundred s o f 
thousand s o f  case s [Schank ,  1991] . 
Reservin g procedura l  representatio n onl y 
fo r  prototypica l  case s ma y presen t  on e wa y t o 
deal  wit h knowledg e sourc e proliferation . 

Related Work 
Thi s projec t  benefit s fro m a  lon g histor y o f 

though t  abou t  th e relativ e benefit s o f 
representin g knowledg e declarativel y o r 
procedurally ,  includin g [Anderson ,  1983 ] 
(ACT) ,  [Bobro w an d Winograd ,  1977 ]  (frame -
drive n dialog) ,  [Minsky ,  1975 ]  (procedura l 
attachment) ,  an d [Schan k an d Abelson ,  1977 ] 
(scripts) .  A  mor e dynami c approac h t o case s 
was inspire d b y P A N D E M O N I UM 
[Selfridge ,  1959] .  Severa l  system s hav e als o 
used a  blackboar d architectur e t o combin e 
CBR wit h othe r  reasonin g methods ,  bu t  al l 
hav e use d a  declarativ e representatio n fo r 
case s (FIRS T [Daub e an d Hayes-Roth ,  1988] , 
PROLEXS [Oskam p e t  al. ,  1989 ]  an d ABIS S 

[Rissland ,  e t  al .  1991]. )  Th e memory-base d 
approac h o f  [Stanfil l  an d Waltz ,  1986] ,  whic h 
represent s bot h rule s an d store d experienc e 
withi n th e M B R paradigm ,  suggeste d th e 
searc h fo r  a  unifor m knowledg e 
representatio n fo r  hybri d system s wit h a  CB R 
component . 

S u m m a ry 
Our  approac h test s th e fi t  o f  case s an d 

knowledg e sources ,  reflectin g a n alternativ e 
model  o f  case-base d retrieval .  Thi s 
procedural ,  locally-indexe d approac h i s 
characterize d b y similarit y metric s tha t  ar e 
loca l  t o cases ,  fin e schedulin g granularit y 
fo r  cas e retrieval ,  case-generate d action s 
tha t  ar e incorporate d withi n case s 
themselves ,  an d th e unifor m representatio n 
of  knowledg e i n hybri d systems . 
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