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Abstrac t 

The case-based reasoning (CBR) process solves prob-
lems b y retrievin g prio r  solution s an d adaptin g the m t o 
fit  ne w circumstances .  Man y studie s examin e ho w case -
base d reasoner s lear n b y storin g ne w case s an d refinin g 
th e indice s use d t o retriev e cases .  However ,  littl e atten -
tio n ha s bee n give n t o learnin g t o refin e th e proces s fo r 
applyin g retrieve d cases .  Thi s pape r  describe s researc h 
investigatin g ho w a  case-base d reasone r  ca n lear n strate -
gie s fo r  adaptin g prio r  case s t o fit  ne w situations ,  an d 
how it s similarit y criteri a ma y b e refine d pragmaticall y 
t o reflec t  ne w capabilitie s fo r  cas e adaptation .  W e begi n 
by highlightin g psychologica l  researc h o n th e develop -
ment  o f  similarit y criteri a an d summarizin g ou r  mode l 
of  cas e adaptatio n learning .  W e the n discus s initia l  step s 
toward s pragmaticall y refinin g similarit y criteri a base d 
on experience s wit h cas e adaptation . 

Introduction 

Case-base d reasonin g ( C B R )  i s a  reasonin g proces s tha t 
solve s ne w problem s b y retrievin g simila r  prio r  problem -
solvin g episode s an d adaptin g thei r  solution s t o fit  th e 
new situations .  Learnin g b y rememberin g case s i s a  fun -
damenta l  par t  o f  case-base d reasoning :  Eac h problem -
solvin g episod e provide s a  ne w cas e fo r  futur e use .  C B R 
researc h ha s als o devote d considerabl e attentio n t o learn -
in g b y refinin g th e indice s use d t o guid e cas e retrieval . 
However ,  littl e attentio n ha s bee n give n t o learnin g ho w 
case s shoul d b e applied .  Thi s pape r  discusse s researc h 
modelin g ho w a  case-base d reasone r  ca n mak e bette r  us e 
of  it s prio r  case s b y learnin g ho w t o adap t  the m t o ne w 
circumstances ,  an d b y refinin g th e similarit y criteri a i t 
uses t o reflec t  change s i n it s adaptatio n abilities . 

Acquisitio n o f  cas e adaptatio n knowledg e i s a  clas -
si c proble m fo r  model s o f  case-base d reasonin g (Kolod -
ner ,  1991) .  C B R system s generall y rel y o n stati c set s o f 
hand-code d adaptatio n rules ,  bu t  developin g th e neede d 
rule s ha s prove n t o b e a  ver y difficul t  problem .  How -
ever ,  a s studie s show ,  huma n case-base d reasoner s ar e 
adep t  a t  applyin g prio r  case s (se e Kolodner ,  1993 ,  fo r 
an overview) .  Consequently ,  a  natura l  questio n fo r  C B R 
as a  cognitiv e mode l  i s ho w th e requisit e cas e adaptatio n 
knowledg e migh t  b e acquired . 

We ar e investigatin g a  metho d fo r  learnin g specifi c 
adaptatio n knowledg e t o augmen t  a n initia l  librar y o f 

ver y genera l  cas e adaptatio n rule s (Leake ,  1995b) .  I n ou r 
approach ,  a  case-base d reasone r  begin s wit h a  smal l  se t 
of  abstrac t  rule s fo r  transformin g case s an d fo r  searchin g 
memory t o find  th e informatio n neede d t o mak e adapta ^ 
tions .  Thi s genera l  knowledg e i s use d t o perfor m adapta r 
tion s fro m scratch .  Th e syste m improve s it s adaptatio n 
capabilitie s b y savin g trace s o f  th e derivation s o f  ne w 
adaptation s i n a  librar y o f  adaptatio n case s an d reusin g 
the m fo r  simila r  adaptatio n problems .  Thu s i t  make s a 
transitio n fro m rule-base d t o case-base d cas e adaptatio n 
(Leake ,  1995b ;  Leak e e t  al. ,  1996) .  B y savin g memor y 
searc h case s an d adaptatio n cases ,  a  C B R syste m ca n 
acquir e specifi c  adaptatio n knowledge . 

Adaptatio n learnin g provide s th e motivatio n fo r  an -
othe r  typ e o f  learning ,  learnin g t o refin e similarit y  cri -
teria .  A  centra l  rol e o f  similarit y judgment s i n case -
base d reasonin g i s t o determin e whic h case s t o appl y 
t o a  ne w situatio n an d ho w t o adap t  the m t o fit  ne w 
circumstances .  Althoug h C B R system s ofte n bas e simi -
larit y judgment s o n semanti c similarity ,  th e rea l  goj d o f 
"similarit y assessment "  i n C B R i s t o determin e adapt -
ability :  ho w easil y a n ol d cas e ca n b e adapte d t o fit  th e 
requirement s o f  a  ne w situatio n (Birnbau m e t  al. ,  1991 ; 
Smyt h an d Keane ,  1995 ,  1996) .  I f  adaptatio n knowl -
edg e i s learned ,  stati c similarit y criteri a m a y no t  kee p 
pac e wit h ne w capabilitie s fo r  performin g adaptations . 
Thu s similarit y assessmen t  criteri a shoul d chang e a s ne w 
adaptatio n knowledg e i s acquired . 

We first  discus s th e relationshi p o f  ou r  approac h t o 
psychologica l  result s o n th e developmen t  o f  similzirit y 
criteri a an d pragmati c influence s o n cas e adaptation .  W e 
the n summariz e ou r  model' s approac h t o improvin g cas e 
adaptatio n an d som e preliminar y result s o n th e efiect s o f 
adaptatio n leairning .  Finally ,  w e describ e th e metho d w e 
ar e developin g fo r  makin g similarit y assessmen t  reflec t 
adaptatio n experienc e an d relat e ou r  approac h t o othe r 
compute r  models . 

Motivations 

Our  researc h investigate s ho w cas e adaptatio n strategie s 
fo r  case-base d reasonin g ca n b e learned ,  an d ho w th e 
similarit y assessmen t  proces s ca n b e refine d a s adap -
tatio n learnin g make s particula r  type s o f  difference s 
betwee n ol d an d ne w situation s easie r  t o overcome . 
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Thi s approac h ca n b e supporte d directl y o n functiona l 

grounds :  T h e purpos e o f  similarit y assessmen t  i s t o de -
termin e th e difficult y o f  adaptin g case s t o ne w situations , 

whic h depend s o n th e reasoner' s adaptatio n knowledge . 
We air e no t  awar e o f  psychologica l  studie s directl y ex -
aminin g th e connectio n betwee n adaptabilit y  an d simi -
larit y i n case-base d reasoning ,  bu t  psychologica l  studie s 
do provid e example s o f  developmenta l  shif t  i n similarit y 
criteria ,  o f  similarit y judgment s comin g t o mor e closel y 

reflec t  task-relevan t  feature s a s a  tas k i s learned ,  an d o f 
th e applicabilit y  o f  a n analo g t o a  ne w proble m situatio n 
actin g a s a  selectio n constrain t  durin g h u m a n analogica l 
reasoning . 

Experiment s b y Gentne r  &  Toupi n (1986 )  demon -
strat e a  developmenta l  shif t  i n th e similarit y criteri a use d 
by childre n fo r  analogica l  reasoning ,  an d sho w tha t  th e 

shif t  i s  mcinifeste d i n ho w the y adap t  storie s t o appl y 

t o ne w characters .  Experiment s b y Suzuk i  e t  al .  (1992 ) 
studyin g similarit y judgment s i n problem-solvin g fo r  th e 
Tower s o f  Hano i  proble m sho w tha t  novices '  judgment s 
abou t  th e similarit y o f  proble m state s ca n b e character -
ize d b y th e numbe r  o f  share d surfac e features ,  bu t  tha t 

experts '  judgment s ar e bes t  chairacterize d b y th e goal -
relevan t  criterio n o f  th e numbe r  o f  operator s require d t o 
transfor m eac h proble m stat e t o th e goa l  state .  Further , 
Chi  e t  al .  (1981 )  not e a  dramati c differenc e betwee n 
th e similarit y criteri a o f  novic e physic s problem-solvers , 
w ho rel y o n surfac e features ,  an d physic s experts ,  w h o 
classif y problem s accordin g t o th e underlyin g method s 
neede d t o solv e them . 

Adaptatio n factor s hav e als o bee n show n t o affec t  se -
lectio n o f  analogue s i n analogica l  problem-solving .  Ex -
periment s b y Kean e (1994 )  sugges t  tha t  whe n perform -
in g analogica l  problem-solving ,  subject s favo r  analogue s 

tha t  ar e easie r  t o appl y t o th e ne w proble m situation . 

Overview of DIAL 
We ar e investigatin g learnin g abou t  adaptatio n an d 
pragmati c similarit y i n th e contex t  o f  a  case-base d plan -
ner .  T h e planner' s tas k domai n i s disaste r  respons e plan -
ning ,  th e initia J strategi c plannin g use d t o determin e ho w 
t o asses s damage ,  evjw;uat e victims ,  etc. ,  i n respons e t o 
natura l  an d man-mad e disaster s (e.g. ,  earthquake s an d 
chemica l  spills) .  Ther e ar e n o hard-amd-fas t  rule s fo r  dis -
aste r  respons e planning ;  h u m a n disaste r  respons e plan -
ner s appea r  t o rel y largel y o n prio r  case s t o guid e thei r 
decision s (Rosentha l  e t  al. ,  1989) . 

Our  compute r  model ,  D I A L (fo r  Disaste r  respons e 
wit h Introspectiv e Adaptatio n Learning) ,  take s a s in -
put  conceptua l  representation s o f  new s storie s describin g 
th e initia l  event s i n a  disaster .  I t  generate s candidat e 
respons e plan s b y case-base d reasoning .  Th e system' s 
case-base d plannin g framewor k i s base d i n a  straightfor -
war d wa y o n previou s case-base d planner s suc h a s C H E F 
( H a m m o n d,  1989) . 

dial ' s  initia l  knowledg e source s ar e a  librar y o f 

domai n cases—disaste r  respons e plan s fro m prio r 

disasters—an d genera l  (domain-independent )  rule s 
abou t  cas e adaptatio n an d memor y search .  W h e n 
a ne w stor y i s presente d t o th e system ,  D I A L use s 

standar d indexin g technique s t o attemp t  t o retriev e 
case s representin g respons e plan s fo r  simila r  disasters . 

Thi s proces s result s i n a  se t  o f  candidat e respons e pla n 
cases .  A  finer-grained  analysi s select s th e candidat e 
expecte d t o b e easies t  t o adapt ,  base d o n similarit y 

criteri a learne d fro m experienc e wit h prio r  adaptations . 
Th e selecte d cas e i s provide d t o th e system' s cas e 
adaptatio n component ,  alon g wit h a  lis t  o f  difference s 
tha t  mus t  b e repaired . 

Learning and Reusing Adaptations 

Th e foundatio n o f  DIAL' S adaptatio n an d similarit y 
learnin g i s case-base d reasonin g abou t  th e adaptatio n 

proces s itself .  DIAL' S adaptatio n proces s begin s wit h 
th e system' s adaptatio n componen t  receivin g a  descrip -
tio n o f  a n adaptatio n task :  a  disaste r  respons e pla n cas e 
and a  lis t  o f  th e problem s tha t  preven t  i t  fro m apply -
in g t o a  ne w situation .  D I A L first  attempt s case-base d 
awiaptation ,  searchin g fo r  a n adaptatio n cas e tha t  applie d 
successfull y t o a  simila r  adaptatio n problem .  Adapta -
tio n case s ar e indexe d i n memor y b y a  vocabular y o f 
categorie s o f  problem s tha t  m a y requir e adaptatio n (se e 
Leake ,  1992) .  I f  D I A L succeed s i n retrievin g a  relevan t 
adaptatio n case ,  th e adaptatio n proces s trace d b y tha t 
cas e i s re-applied . 

Otherwise ,  D I A L build s u p a  ne w adaptatio n b y 
a combinatio n o f  rule-base d an d case-base d reasoning . 
Th e syste m first  select s a  transformatio n associate d wit h 
th e typ e o f  proble m tha t  adaptatio n mus t  repair .  (Fo r 
exaimple ,  t o substitut e a  ne w pla n ste p fo r  on e tha t 

doe s no t  apply. )  Give n th e transformation ,  th e progra m 
generate s a  Imowledg e goa l  (Hunter ,  1990 ;  R a m ,  1987 ) 
fo r  th e knowledg e neede d t o appl y th e transformation . 
(E.g. ,  whe n performin g a  substitution ,  D I A L need s t o 
identif y a  goo d substitute :  a n objec t  tha t  satisfie s th e 
relevan t  constraint s o n th e objec t  bein g replaced. )  Th e 
knowledg e goa l  i s  use d t o guid e a  plannin g proces s fo r 
ho w t o searc h memor y (Leake ,  1994 ;  Leake ,  1995c) .  Thi s 
proces s build s a  memor y searc h plan ,  usin g a  smal l  se t 
of  built-i n memor y searc h strategie s (e.g. ,  t o perfor m 
"loca l  search "  fo r  simila r  objects )  an d memor y searc h 
case s store d afte r  solvin g previou s adaptatio n problems . 
W h en th e neede d informatio n i s foun d i n memory ,  i t  en -
able s D I A L t o appl y th e selecte d transformatio n t o th e 
retrieve d respons e plan . 

Th e adapte d respons e pla n i s evaluate d b y a  simpl e 
evaluato r  tha t  check s th e compatibilit y  o f  th e curren t 
pla n wit h explici t  constraint s fro m th e respons e plan .  A 
h u m an use r  perform s backu p evaluation ,  detectin g mor e 
subtl e problems .  K  problem s ar e found ,  D I A L attempt s 
othe r  adaptations .  I f  th e autonomou s cas e adaptatio n 
proces s fail s  t o generat e a n acceptabl e solution ,  a m inter -
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fac e allow s th e use r  t o guid e th e adaptatio n process ,  se -
lectin g a  transformatio n an d suggestin g feature s t o con -
sider .  Durin g th e adaptation ,  th e syste m record s a  trac e 

of  th e adaptatio n process .  T h e trac e i s represente d i n 

th e sam e for m a s th e trace s o f  system-generate d adap -

tation s an d i s adde d t o th e adaptatio n cas e librar y fo r 
futur e use . 

W h en adaptatio n i s successful ,  th e resultin g respons e 
plan ,  adaptatio n case ,  an d m e m o r y searc h pla n ar e 

store d fo r  futur e use . 

The Effects of Adaptation Learning 

Althoug h ou r  compute r  mode l  i s stil l  unde r  develop -
ment ,  w e hav e conducte d initia l  ablatio n test s studyin g 
th e benefi t  o f  adaptatio n learnin g an d it s relationshi p t o 
cas e learnin g i n th e initia l  model .  I n thes e tests ,  startin g 
fro m a n initia l  memor y o f  87 0 concept s an d cas e librar y 
of  6  initia l  cases ,  D I A L perform s a  tota l  o f  3 0 adapta -
tion s t o develo p respons e plan s fo r  5  stories .  Store d case s 
and ne w storie s wer e base d o n Clarine t  New s Servic e 
newswir e an d th e INvironmen t  newslette r  fo r  ju r  qual -
it y consultants ;  store d case s involve d a n earthquak e i n 
Los Angeles ,  a n ai r  qualit y disaste r  a t  a  manufacturin g 
plant ,  a  flood  i n Bainbridge ,  Georgia ,  a  chemica l  disaste r 
at  a  factory ,  a  flood  i n Izmir ,  Turkey ,  an d a n ai r  qualit y 
disaste r  i n a  rura l  elementar y school . 

I n thes e tests ,  respons e pla n learnin g di d improv e per -
formance ,  a s di d adaptatio n learning .  Interestingly ,  b y 
th e measur e o f  memor y operation s performed ,  adapta r 
tio n lestrnin g alon e wa s mor e effectiv e tha n cas e learnin g 
alone ,  althoug h bot h require d comparabl e number s o f 
memory node s t o b e visited .  A s wa s als o expected ,  whe n 
no adaptatio n case s ar e learned ,  learnin g additiona l  re -
spons e pla n case s enable s th e syste m t o solv e ne w prob -
lem s wit h les s adaptatio n effort—mor e simila r  case s ar e 
available .  Addin g adaptatio n learnin g t o respons e pla n 
learnin g produce d insignifican t  benefit s whe n memor y 
searc h durin g adaptation s wa s base d o n loca l  search . 
Ther e wa s muc h greate r  benefi t  whe n respons e pla n 
learnin g wa s combine d wit h adaptatio n learnin g usin g 
othe r  memor y searc h strategies .  Detail s o n th e adapta -
tio n learnin g proces s an d thi s preliminar y tes t  ca n b e 
foun d i n Leake ,  Kinley ,  an d Wilso n (1996) . 

We ar e no w "scalin g up "  th e syste m fo r  additiona l 
tests .  On e particula r  concer n i s th e potentia l  fo r  a  "util -
it y  problem "  (Ranci s an d R a m ,  1995 ;  Minton ,  1988 )  a s 
larg e number s o f  adaptatio n case s ar e learned . 

Learning Similarity from Adaptability 

To realiz e th e ful l  benefit s o f  adaptatio n learning ,  sim -
ilarit y learnin g i s neede d a s well .  Learnin g abou t  ho w 
difiicul t  i t  i s  t o repai r  particula r  difference s help s t o de -
cid e whic h case s ar e mos t  usefull y similar—whic h wil l 
be mos t  easil y adapted .  Fo r  example ,  initiall y  i t  migh t 
be assume d tha t  th e local e o f  a  disaste r  i s comparativel y 
unimportan t  whe n decidin g similarity .  However ,  adapt -

in g th e respons e fo r  a  smal l  tow n disaste r  int o th e re -

spons e pla n fo r  a  bi g cit y disaste r  m a y b e quit e difficult , 
becaus e o f  th e adde d nee d t o wor k ou t  arrangement s 

fo r  a  large-scal e evacuation .  F ro m experienc e wit h thi s 

adaptation ,  a  disaste r  respons e planne r  ca n lear n t o con -

side r  th e local e o f  th e disaste r  whe n assessin g similarit y 
betwee n a  ne w situatio n an d prio r  disasters . 

D I A L improve s it s similarit y assessmen t  proces s b y us -
in g learne d £ulaptatio n case s t o provid e estimate s o f  th e 

cos t  o f  adaptin g particula r  type s o f  problems .  I n orde r 
t o facilitat e late r  processing ,  respons e plan s tha t  requir e 
les s adaptatio n effor t  t o appl y ar e considere d mor e simi -
la r  tha n thos e requirin g expensiv e adaptation .  I n DIAL' S 
pragmati c similarit y judgment ,  th e "mos t  similar "  cas e 
i s th e on e expecte d t o b e easies t  t o adapt .  Thi s ap -
proac h t o similarit y follow s th e sam e principl e a s Leake' s 
(1992 )  constructiv e similarit y assessmen t  an d Smyt h an d 
Keane' s (1995 ,  1996 )  adaptation-guide d retrieval . 

I f  similarit y judgment s ar e t o b e base d o n adaptability , 
tw o question s ar e ho w t o estimat e th e cos t  o f  adaptatio n 
an d ho w t o meik e a  reasonabl e tradeof f  betwee n accurac y 
of  adaptatio n cos t  estimate s an d th e cos t  o f  th e estima -
tio n proces s itself .  DIAL' s retrieva l  use s tw o type s o f 
similarit y assessmen t  i n a  two-ste p process .  T h e first 
ste p retrieve s a  roug h "first-pass "  se t  o f  case s base d o n 
stati c semanti c similarit y criteri a applie d t o th e typ e o f 
disaste r  (e.g. ,  flood,  earthquake ,  etc. )  an d it s attributes . 
Th e secon d ste p prioritize s thes e candidat e case s fo r 
adaptatio n accordin g t o estimate s o f  thei r  adaptability . 

T o estimat e adaptability ,  D I A L first  identifie s inap -
plicabl e aspect s o f  th e retrieve d respons e plans ,  usin g 
procedure s fo r  patten-base d anomal y detection ,  an d de -
scribe s th e problem s accordin g t o a  vocabular y o f  prob -
le m type s base d o n Leak e (1992) .  Thi s vocabular y in -
cludes ,  fo r  example ,  categorie s t o describ e th e proble m 
when object s specifie d b y th e pla n ar e unavailable ,  o r 
when role-filler s o f  a  schem a hav e bee n lef t  unspecifie d 
an d nee d t o b e selected .  Associate d wit h eac h categor y 
i s a  fram e structur e t o b e filled  i n wit h th e specific s o f 
th e curren t  problem .  Tha t  fram e structure ,  instantiate d 
wit h th e particular s o f  th e curren t  situation ,  describe s 
th e proble m t o b e repjure d b y adaptation . 

For  eac h proble m t o b e repaire d b y adaptation ,  D I A L 
searche s it s memor y o f  prio r  adaptations ,  an d retrieve s 
th e adaptatio n cas e addressin g th e mos t  simila r  prio r 
problem .  Tha t  previou s adaptatio n cas e provide s infor -
matio n abou t  ho w t o repai r  th e problem .  Th e informa -
tio n i s use d t o estimat e th e cos t  o f  it s repair ,  a s follows : 

• If the retrieved adaptation case was generated to solve 
an identica l  adaptatio n problem ,  th e solutio n t o tha t 
previou s adaptatio n ca n b e reapplie d directly ,  s o adap -
tatio n cos t  wil l  b e minimal .  Fo r  example ,  i f  a  previou s 
adaptatio n involve d adaptin g th e respons e pla n fo r  a n 
America n flood  t o a  flood  i n Turkey ,  an d th e Re d Cros s 
was involve d i n th e origina l  plan ,  a  ne w relie f  agenc y 
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woul d hav e t o b e foun d t o appl y th e pla n i n Turkey , 
wher e th e R e d Cros s doe s no t  exist .  However ,  replac -

in g th e Re d Cros s b y th e Re d Crescen t  i s a  reasonabl e 

adaptation .  Onc e tha t  adaptatio n i s learned ,  th e prob -

le m o f  adaptin g th e Re d Cros s t o a  relie f  organizatio n 
t o appl y t o Turke y i s trivial . 

• If the retrieved adaptation case dealt with an adap-
tatio n proble m tha t  wa s simila r  bu t  no t  identical ,  th e 
cos t  o f  adaptin g th e ne w proble m i s estimate d fro m th e 

cos t  o f  th e prio r  adaptation .  H o w bes t  t o perfor m thi s 
estimatio n i s stil l  a n ope n issue ,  bu t  DIAL' S curren t 
metho d i s t o focu s o n th e cos t  o f  performin g th e m e m-

or y searc h neede d t o fin d th e informatio n t o allo w th e 
previou s adaptatio n t o b e performed .  T o illustrate , 
i f  finding  a  substitution—fo r  example ,  a n appropriat e 

evacuatio n method—require d considerabl e effor t  fo r  a 
previou s adaptation ,  i t  i s  assume d tha t  finding  a  ne w 
evacuatio n rout e wil l  talc e considerabl e effor t  i n th e 
curren t  situation .  Consequently ,  i f  on e o f  th e retrieve d 
plan s require s finding  a n evacuatio n method ,  whil e an -

othe r  avoid s evacuatio n b y containin g th e disaster ,  i t 
m ay b e reasonabl e t o favo r  th e pla n fo r  containin g 
th e disaste r  (i f  containin g th e disaste r  i s  practical). ^ 
T h e rational e fo r  thi s cos t  estimatio n criterio n i s base d 
o n th e ide a o f  derivationa l  analog y (Carbonell ,  1986 ; 
Veloso ,  1994) :  I f  a  previou s adaptatio n fo r  a  simila r 
proble m ha d t o infe r  certai n feature s an d constraint s 
firom  th e plan ,  an d transfor m the m i n certai n way s 
t o generat e a n appropriat e adaptation ,  th e proces s fo r 
th e curren t  situatio n i s expecte d t o follo w analogou s 
steps ,  eve n i f  th e specific s o f  th e situatio n ar e different . 

• M no similar adaptation case is found, DIAL uses an 
estimat e base d o n th e averag e cos t  (measure d i n prim -
itiv e m e m o r y searc h operations )  o f  adaptin g problem s 
i n eac h proble m category .  Kas s (1990 )  propose s a  sim -
ila r  metho d fo r  coarse-graine d estimate s o f  adaptatio n 

cost . 

By basing similarity assessment directly on the current 

stat e o f  it s chauigin g adaptatio n knowledge ,  DIAL' S sim -
ilarit y assessmen t  proces s reflect s informatio n abou t  th e 
actua l  difficult y o f  adaptin g t o repai r  certai n type s o f 
problems .  W e ar e no w designin g experiment s t o examin e 
th e performanc e o f  thes e simpl e strategies ,  t o tes t  ho w 
the y affec t  th e neede d adaptatio n effor t  an d t o guid e 
thei r  refinement . 

Relationship to Other Computer Models 

Some earl y case-base d reasonin g system s include d com -
ponent s fo r  learnin g limite d form s o f  adaptatio n knowl -

^It should be noted that in general, the different plans 
may eac h contai n usefu l  part s o f  th e solutio n t o a  proble m 
(e.g. ,  R a m an d Francis ,  1996 ,  Redmond ,  1992) .  Extendin g 
our  mode l  t o conside r  relevan t  piece s o f  candidat e plan s i s a 
topi c fo r  futur e research . 

edge .  Fo r  example ,  C H E F ( H a m m o n d ,  1989 )  base s 

it s adaptation s o n bot h a  stati c librar y o f  domain -

independen t  pla n repai r  strategie s an d a  librar y o f 

special-purpos e ingredien t  critic s tha t  ar e learned ;  P E R -
S U A D ER (Sycara ,  1988 )  use s previously-store d adapta -
tio n episode s t o sugges t  adaptations .  I n bot h examples , 
th e learne d adaptation s ca n onl y b e reuse d i n highl y sim -

ila r  situations .  However ,  th e adaptatio n case s learne d b y 
D I A L ca n b e reuse d mor e flexibly.  Rathe r  tha n learnin g 
onl y b y storin g specifi c  adaptatio n episodes ,  D I A L store s 
bot h th e specifi c  adaptatio n an d it s derivationa l  trace . 

I n ver y simila r  situations ,  th e adaptatio n ca n b e reap -
plie d directly ;  i n les s simila r  situations ,  th e step s use d 
t o determin e th e previou s adaptatio n ca n b e replayed , 
takin g int o accoun t  differin g circumstances . 

D I A L als o differ s fro m previou s approache s t o adap -

tatio n learnin g i n it s emphasi s o n learnin g abou t  th e 
require d m e m o r y search .  It s characterizatio n o f  adapta -
tion s i s inspire d b y th e adaptatio n strategie s i n S W A L E 

(Kas s e t  al. ,  1986 )  an d A B E (Kass ,  1990) ,  whic h com -
bin e transformation s wit h domain-independen t  memor y 
searc h information ,  an d it s approac h t o memor y searc h 

i s inspire d b y th e m e m o r y searc h proces s o f  C Y R US 
(Kolodner ,  1984) .  However ,  thos e system s di d no t  lear n 
t o improv e thei r  searc h processes .  I n reasonin g abou t  th e 
informatio n neede d t o carr y ou t  th e adaptatio n task ,  ou r 
model  als o relate s closel y t o Oehlmann' s (1995 )  metacog -
nitiv e adaptation .  I t  i s  i n a  simila r  spiri t  bot h t o recen t 
researc h o n applyin g heuristi c searc h t o gatherin g in -
formatio n fo r  argumentatio n (Risslan d e t  al. ,  1994 )  an d 
t o wor k i n informatio n retrieva l  o n strategi c reasonin g 
abou t  wher e t o searc h fo r  neede d informatio n (Baudi n 
et  al. ,  1994) . 

Smyt h &  Kean e (1995 ,  1996 )  hav e develope d a  C B R 
syste m tha t  tie s similarit y judgment s directl y t o adapt -
ability ,  usin g heuristic s code d t o reflec t  th e difficult y o f 
performin g particula r  type s o f  adaptations .  The y als o 
demonstrat e tha t  thei r  adaptation-guide d metho d pro -
duce s significan t  improvement s i n th e cos t  o f  performin g 
adaptations .  Ou r  approac h t o similarit y judgment s i s 
strongl y i n th e spiri t  o f  thei r  approach ,  an d thei r  result s 

ar e encouragin g fo r  th e potentia l  benefi t  o f  adaptation -
base d criteri a compare d t o traditiona l  semanti c similar -
it y criteria .  However ,  i n thei r  work ,  similarit y an d adap -
tatio n knowledg e ar e static . 

Learnin g t o refin e similarit y criteri a ha s bee n investi -

gate d i n Prodigy/Analog y (Veloso ,  1994) .  Tha t  system' s 
"foot-print "  similarit y metri c focuse s consideratio n o n 
goal-relevan t  portion s o f  th e initia l  state ,  i n orde r  t o re -
triev e case s tha t  refe r  t o th e prio r  proble m situation s 
with  th e mos t  relevan t  similarities .  Ou r  adaptability -
base d similarit y metho d focuse s o n a  differen t  issue ,  es -
timatin g th e cost s o f  repairin g relevan t  difference s tha t 
hav e bee n found .  Finally ,  two-stag e retrieva l  processes , 
such  a s tha t  use d i n DIAL' S initia l  filtering  o f  retrieva l 
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candidate s followe d b y a  deepe r  bu t  mor e computation -

all y expensiv e analysis ,  hav e bee n advocate d b y man y 
previou s model s (e.g. ,  Bareis s &  King ,  1989 )  no t  onl y 
on functiona l  ground s (t o restric t  processin g effort )  bu t 

on cognitiv e ground s a s wel l  (Centne r  an d Forbus ,  1991) . 

The ne w contributio n o f  ou r  approac h i s t o ti e similar -
it y criteri a directl y t o learnin g abou t  th e relativ e im -
portanc e o f  differen t  type s o f  difference s whe n adaptin g 

case s t o ne w situations . 

Conclusion 

We hav e describe d ongoin g researc h o n ho w case-base d 

reasoner s ca n lear n t o appl y case s mor e effectively ,  bot h 
by learnin g ho w t o adapt  prio r  case s t o ne w situation s 
and b y refinin g similarit y criteri a accordin g t o experi -
ence concernin g whic h type s o f  adaptation s ar e difficul t 
t o perform .  Ou r  approac h t o learnin g cas e adaptatio n 
model s th e acquisitio n o f  specifi c  adaptatio n knowledg e 
startin g fro m "wea k methods "  fo r  cas e adaptation ;  ou r 
approac h t o learnin g usefu l  similarit y criteri a build s o n 
th e adaptatio n learnin g process ,  t o conside r  case s "use -
full y similar "  i f  the y ar e expecte d t o b e eas y t o adapt , 
give n experienc e wit h prio r  adaptations .  Preliminar y tri -
al s o f  th e adaptatio n learnin g syste m ar e encouraging , 
but  furthe r  test s ar e needed ,  especiall y t o stud y ho w th e 
proces s "scale s up "  whe n larg e number s o f  adaptation s 
ar e learned .  Test s ar e als o neede d t o examin e ho w wel l 
curren t  similarit y estimate s predic t  th e difficult y o f  fu -
tur e adaptations .  Th e mode l  i s no w bein g refine d an d 
extende d i n preparatio n fo r  test s o f  th e effect s o f  simi -
larit y learnin g an d mor e extensiv e test s o f  th e syste m a s 
a whole . 

Acknowledgments 

Thi s wor k wa s supporte d i n par t  b y th e Nationa l  Scienc e 
Foundatio n unde r  Gran t  No .  IRI-9409348 . 

References 

Bareiss ,  R .  an d King ,  J .  (1989) .  Similarit y assessmen t 
i n case-base d reasoning .  I n H a m m o n d,  K. ,  editor . 
Proceeding s o f  th e D A R P A Case-Baae d Reasonin g 
Workshop ,  page s 67-71 ,  Sa n Mateo .  Morga n Kauf -
mann. 

Baudin, C, Pell, B., and Kedar, S. (1994). Using in-
ductio n t o refin e informatio n retrieva l  strategies .  I n 
Proceeding s o f  th e twelft h nationa l  conferenc e o n ar -
tificia l  intelligence ,  page s 553-559 ,  Seattle ,  W A. 

Birnbaum, L., Collins, C, Brand, M., Freed, M., Krul-
wich ,  B. ,  an d Pryor ,  L .  (1991) .  A  model-base d ap -
proac h t o th e constructio n o f  adaptiv e case-base d 
plannin g systems .  I n Bareiss ,  R. ,  editor .  Proceed -
ing s o f  th e D A R P A Case-Base d Reasonin g Work -
shop ,  page s 215-224 ,  Sa n Mateo .  D A R P A,  Morga n 
Kaufmann . 

Carbonell ,  J .  (1986) .  Derivationa l  analogy :  A  theor y o f 

reconstructiv e proble m solvin g an d expertis e acqui -
sition .  I n Michalski ,  R. ,  Carbonell ,  J. ,  an d Mitchell , 
T. ,  editors .  Machin e Learning :  A n Artificia l  Intelli -

genc e Approach ,  volum e 2 ,  page s 371-392 .  Morgju i 

Kaufmann ,  Lo s Altos ,  C A . 

Chi, M., Feltovich, P., and Glaser, R. (1981). Catego-
rizatio n an d representatio n o f  physic s problem s b y 
expert s an d novices .  Cognitiv e Science ,  5(2) :  121 -
153. 

Francis, A. and Ram, A. (1995). A comparative util-
it y  analysi s o f  case-base d reasonin g an d control-rul e 
learnin g systems .  I n Eight h Europea n Conferenc e o n 
Machin e Learning ,  Crete ,  Greece . 

Centner, D. and Forbus, K. (1991). MAC/FAC: A model 
of  similarity-base d retrieval .  I n Proceeding s o f  th e 
Thirteent h Annua l  Conferenc e o f  th e Cognitiv e Sci -
enc e Society ,  page s 504-509 ,  Chicago ,  EL .  Cognitiv e 
Scienc e Society . 

Centner, D. and Toupin, C. (1986). Systematicity and 
surfac e similarit y i n th e developmen t  o f  analogy . 
Cognitiv e Science ,  10(3):277-300 . 

Hammond, K. (1989). Case-Based Planning: Viewing 
Plannin g a s a  Memor y Task .  Academi c Press ,  Sa n 
Diego . 

Hunter, L. (1990). Plauining to learn. In Proceedings of 
th e Twelft h Annua l  Conferenc e o f  th e Cognitiv e Sci -
enc e Society ,  page s 261-268 ,  Cambridge ,  M A .  Cog -
nitiv e Scienc e Society . 

Kass, A. (1990). Developing Creative Hypotheses by 
Adaptin g Explanations .  P h D thesis ,  Yal e University . 
Northwester n Universit y Institut e fo r  th e Learnin g 
Sciences ,  Technica l  Repor t  6 . 

Kass,  A., Leake, D., and Owens, C. (1986). SWALE: 
A progra m tha t  explains .  I n Explanatio n Patterns : 
Understandin g Mechanicall y an d Creatively ,  page s 
232-254 .  Lawrenc e Erlbau m Associates ,  Hillsdale , 
NJ. 

Keane, M. (1994). Adaptation as a selection constraint 
on analogica l  mapping .  I n Proceeding s o f  th e Six -
teent h Annua l  Conferenc e o f  th e Cognitiv e Scienc e 
Society ,  page s 490-495 ,  Atlanta ,  G A . 

Kolodner, J. (1984). Retrieval and Organizational 
Strategie s i n Conceptua l  Memory .  Lawrenc e Erl -
bau m Associates ,  Hillsdde ,  NJ . 

Kolodner, J. (1991). Improving human decision making 
throug h case-base d decisio n aiding .  Th e A I  Maga -
zine ,  12(2):52-€8 . 

595 



Kolodner ,  J .  (1993) .  Case-Base d Reasoning .  Morga n 

Kaufmajin ,  Sa n Mateo ,  C A . 

Leake, D. (1992a). Constructive similarity assessment: 
Usin g store d case s t o defin e ne w situations .  I n Pro -
ceeding s o f  th e Fourteent h Annua l  Conferenc e o f  th e 
Cognitiv e Scienc e Society ,  page s 313-318 ,  Bloom -
ington ,  IN .  Lawrenc e Erlbaum . 

Leake, D. (1992b). Evaluating Explanations: A Content 

Theory .  Lawrenc e Erlbau m Associates ,  Hillsdale , 
NJ. 

Leake, D. (1994). Towards a computer model of memory 
searc h strateg y learning .  I n Proceeding s o f  th e Six -

teent h Annua l  Conferenc e o f  th e Cognitiv e Scienc e 
Society ,  page s 549-554 ,  Atlanta ,  G A .  Lawrenc e Erl -

baum. 

Leake, D. (1995a). Adaptive similarity assessment for 
case-base d explication .  Internationa l  Journa l  o f 
Exper t  Systems ,  8(2):165-194 . 

Leake, D. (1995b). Combining rules and cases to learn 
cas e adaptation .  I n Proceeding s o f  th e Seventeent h 
Annua l  Conferenc e o f  th e Cognitiv e Scienc e Society , 
page s 84-89 ,  Pittsburgh ,  PA . 

Leake, D. (1995c). Representing self-knowledge for in-
trospectio n abou t  memor y search .  I n Proceeding s o f 
th e 199 5 A A A I  Sprin g Symposiu m o n Representin g 
Menta l  State s an d Mechanisms ,  page s 84-88 ,  Stan -
ford ,  C A .  A A A I  Press .  Technica l  Repor t  WS-95-05 . 

Leake, D., Kinley, A., and Wilson, D. (1996). Acquiring 
cas e adaptatio n knowledge :  A  hybri d approach .  I n 
Proceeding s o f  th e Thirteent h Nationa l  Conferenc e 
on Artificia l  Intelligence ,  Menl o Park ,  CA .  A A A I 
Press .  I n press . 

Minton, S. (1988). Learning Search Control Knowledge: 
An Explanation-Base d Approach .  Kluwe r  Academi c 
Publishers ,  Boston . 

Oehlmann, R. (1995). Metacognitive adaptation: Reg-
ulatin g th e pla n transformatio n process .  I n Pro -
ceeding s o f  th e Fal l  Symposiu m o n Adaptatio n o f 
Knowledg e fo r  Reuse .  A A A I . 

Ram, A. (1987). AQUA: Asking questions and under-
standin g answers .  I n Proceeding s o f  th e Sixt h An -
nua l  Nationa l  Conferenc e o n Artificia l  Intelligence , 
page s 312-316 ,  Seattle ,  W A.  Morga n Kaufinann . 

Ram, A. and Francis, A. (1996). Multi-plan retrieval 
and adaptatio n i n a n experience-base d agent .  I n 
Leake ,  D. ,  editor ,  Case-Base d Reasoning :  Experi -
ences ,  Lessons ,  an d Futur e Directions .  A A A I  Press , 
Menl o Park ,  C A .  I n press . 

Rissland ,  E. ,  Skalak ,  D. ,  an d Friedman ,  M .  (1994) . 

Heuristi c harvestin g o f  informatio n fo r  case-base d 
argument .  I n Proceeding s o f  th e Tweift h Nationa l 

Conferenc e o n Artificia l  Intelligence ,  page s 36-43 , 
Seattle ,  W A .  A A A I . 

Rosenthal, U., Charles, M., and Hart, P., editors (1989). 
Copin g wit h crises :  Th e managemen t  o f  disasters , 
riots ,  an d terrorism .  C.C .  Thomas ,  Springfield ,  IL . 

Smyth, B. and Keane, M. (1995). Experiments on 
adaptation-guide d retrieva l  i n case-base d design .  I n 

Proceeding s o f  Firs t  Internationa l  Conferenc e o n 
Case-Base d Reasoning ,  Sesimbra ,  Portugal . 

Smyth, B. and Keane, M. (1996). Design k la d6}k vu: 
Reducin g th e adaptatio n overhead .  I n Leake ,  D. ,  ed -
itor ,  Case-Base d Reasoning :  Experiences ,  Lessons , 

and Futur e Directions .  A A A I  Press ,  Menl o Park , 
C A.  I n press . 

Suzuki, H., Ohnishi, H., and Shigermasu, K. (1992). 

Goal-directe d processe s i n similarit y judgment .  I n 

Proceeding s o f  th e Fourteent h Annua l  Conferenc e 
of  th e Cognitiv e Scienc e Society ,  page s 343-348 , 
Bloomington ,  IN .  Lawrenc e Erlbaum . 

Sycara, K. (1988). Using case-based reasoning for plan 
adaptatio n an d repair .  I n Kolodner ,  J. ,  editor . 
Proceeding s o f  th e D A R P A Case-Base d Reasonin g 
Workshop ,  page s 425-434 ,  Sa n Mateo ,  CA .  Morga n 
Kaufmann . 

Veloso, M. (1994). Planning and Learning by Analogical 
Reasoning .  Springe r  Verlag ,  Berlin . 

596 


	cogsci_1996_591-596

