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Capitalizin g o n Failur e Throug h Case-Base d inference * 

Janet L. Kolodner 

Schoo l  o f  Informatio n an d Compute r  Scienc e 

Georgi a Institut e o f  Technolog y 

Atlanta ,  Georgi a 3033 2 

Abstract 

In case-based reasoning, previous reasoning experiences are used directly to solve new problems and make Infer-

ences ,  rathe r  tha n doin g thos e task s fro m saatc h usin g generalize d methods .  O n e majo r  advantag e o f  a  case-base d 

approac h i s tha t  I t  ca n hel p a  reasone r  avoi d repeatin g previously-mad e mistakes .  W h e n th e case-base d reasone r  I s 

reminde d o f  a  cas e i n whic h a  mistak e wa s made .  I t  provide s a  warnin g o f  th e potentia l  fo r  a  mistake .  I f  th e previou s 

cas e wa s finall y solve d successfully ,  i t  ca n provid e a  suggestio n o f  wha t  t o d o instead .  I n thi s paper ,  w e describ e th e 

proces s b y whic h a  case-base d reasone r  ca n tak e advantag e o f  previou s failures .  W e Illustrat e wit h case s fro m th e 

domain s o f  common-sens e mediatio n an d men u plannin g an d sho w a  progra m calle d JULI A reasonin g I n th e domai n 

of  men u planning . 

1. IntroduetiQn 

Over  th e pas t  severa l  years ,  ther e ha s begu n t o b e a  grea t  dea l  o f  Interes t  i n case-tese d an d analogica l  rea -

sonin g (e.g. ,  Aiterman ,  1986 ,  Ashley ,  1986 ,  Carbonell ,  1983 ,  1966 ,  H a m m o n d,  1986 ,  Hoiyoak ,  1984 ,  Kolodner ,  e t  al. , 

1984 ,  1985 ,  Rissland ,  1986 ,  Simpson ,  1985) .  Case-base d reasonin g I s a  proble m solvin g metho d I n whk: h previou s 

reasonin g experience s ar e use d directl y t o solv e a  n e w problem ,  rathe r  tha n solvin g th e proble m fro m scratc h usin g 

generalize d methods .  Th e majo r  advantage s o f  a  case-base d approac h ar e tha t  i t  ca n provid e shortcut s I n proble m 

solvin g an d tha t  i t  ca n hel p a  reasone r  avoi d repeatin g previously-mad e mistakes . 

We shal l  se e tha t  previou s failure s serv e severa l  purpose s durin g proble m solving .  The y ca n provid e warning s 

of  th e potentia l  fo r  failur e i n th e curren t  case ,  an d the y ma y als o provid e suggestion s o f  wha t  t o d o instead .  Analyzin g 

th e potentia l  fo r  failur e i n a  ne w case ,  a  necessar y par t  o f  capitalizin g o n a n ol d failure ,  ma y requir e th e proble m solve r 

t o gathe r  additiona l  information ,  thu s causin g th e proble m solve r  t o chang e It s focu s o f  attention .  A  previou s faile d 

cas e tha t  wa s finall y solve d correctl y ca n hel p th e proble m solve r  t o chang e It s poin t  o f  vie w i n interpretin g a  situatio n 

If  tha t  i s wha t  i s necessar y t o avoi d potentia l  failure . 

We shal l  illustrat e th e processe s involve d i n capitalizin g o n failur e usin g example s fro m tw o donnalns :  c o m m o n -

sens e mediatio n o f  everyda y dispute s an d men u planning .  Case-base d resolutio n o f  common-sens e dispute s i s imple -

mente d i n th e M E D I A T O R (Kolodner ,  e t  at. ,  1985 ,  Simpson ,  1985) ,  a n earl y case-base d reasonin g program .  JULI A 

(Cullingfor d &  Kolodner ,  1986 )  interactivel y solve s problem s i n th e caterin g domain .  Th e processe s tha t  capitaliz e o n 

failur e ar e Implemente d I n JULIA . 

2. Background 

I n th e simples t  case ,  makin g a  case-base d inferenc e involve s th e followin g steps: * 

*  Thi s wor k I s supporte d I n par t  b y N S F unde r  Gran t  No .  IST-831771 1 an d Gran t  No .  IST-8608362 ,  b y 
A RO unde r  Contrac t  No .  DAAG29-85-K-0023 ,  an d b y AR I  unde r  Contrac t  No .  MDA-903-86-C-173 . 
Programmin g o f  th e examples ,  an d muc h wor k o n analogica l  reasonin g tha t  I s Incorporate d Int o JULIA' S 
case-base d reasone r  wa s provide d b y Hon g Shinn .  Discussion s wit h othe r  member s o f  th e A l  Group , 
past  an d present ,  hav e als o bee n useful . 
'  Eac h o f  thes e steps ,  o f  course ,  I s a  complicate d process .  Fo r  mor e Informatio n abou t  ste p 1 ,  se e Kolodne r  (1983) , 
Hammond (1986) ,  Hoiyoa k (1984) ,  Schan k (1982) ;  abou t  ste p 2 ,  se e Kolodner ,  e t  al .  (1985) .  Simpso n (1985) ;  fo r  ste p 
3,  se e Aiterma n (1986) ,  Ashle y (1966) ,  Carbonel l  (1963 ,  1986) ,  Hammond (1986) ,  Kolodne r  (1985 ,  1986) ,  Kolodne r  e l 
al. ,  (1985) ,  Risslan d (1986) .  Simpso n (1985) ;  fo r  ste p 4 ,  se e Simpso n (1985) . 
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1.  Recal l  a  relevan t  cas e fro m memor y 

2.  Determin e whic h part s o f  tha t  cas e ar e appropriat e t o mak e th e necessar y proble m solvin g decisio n fo r  th e ne w 

cas e (I.e. ,  focu s o n appropriat e part s o f  th e previou s case ) 

3.  Achiev e th e targette d proble m solvin g goa l  fo r  th e ne w cas e b y makin g a n Inferenc e base d o n th e ol d cas e 

4.  Chec k th e consistenc y o f  wha t  I s derive d I n ste p 3  t o th e ne w cas e 

Consider, for example, the following case: 

Avocado Dispute 1 

A proble m solve r  I s attemptin g t o resolv e a  disput e ove r  possessio n o f  a n avocado .  T w o peopl e wan t  It . 

Th e proble m solve r  i s attemptin g t o fil l  i n th e underlyin g goal s o f  th e disputant s (i.e. ,  wh y doe s eac h wan t 

th e avocado?) .  I t  I s reminde d o f  a  disput e I n whic h tw o kid s wante d th e sam e cand y bar .  The y bot h 

wante d t o ea t  th e cand y bar ,  an d th e reasone r  compromise d b y dividin g th e cand y ba r  equall y betwee n 

them ,  havin g on e divid e I t  an d th e othe r  choos e hi s hal f  first . 

The problem solver has already been reminded of another case (step 1). Because the problem solver's goal Is to Infer 

th e underlyin g goal s o f  th e disputant s i n th e avocad o case ,  I t  focuse s o n th e underlyin g goal s o f  th e disputant s I n th e 

cand y disput e (ste p 2) .  The y bot h ha d th e goa l  o f  eatin g th e whol e cand y bar .  Thi s goa l  wa s Inferre d throug h a 

default-us B inference .  Th e reasone r  nnake s th e case-base d Inferenc e tha t  th e disputant s i n th e avocad o disput e als o 

want  t o ea t  th e dispute d objec t  (I.e. ,  th e avocado )  (ste p 3) .  Becaus e thi s hypothesi s I s consisten t  wit h wha t  i s  alread y 

know n abou t  th e cas e (ste p 4) ,  th e representatio n o f  th e cas e I s update d t o Includ e thi s Inferre d knowledge . 

W h en a  recalle d cas e resulte d i n failure ,  however ,  reasonin g I s no t  a s straightforward .  Consider ,  fo r  example , 

th e following : 

Avocado Dispute 2 

A proble m solve r  I s attemptin g t o resolv e a  disput e ove r  possessio n o f  a n avocado .  T w o peopl e bot h 

want  K .  Th e proble m solve r  I s tryin g t o Infe r  th e underlyin g goal s o f  th e disputants .  Thi s tim e I t  i s  rem -

inde d o f  a  cas e wher e tw o sister s bot h wante d th e sam e orange .  Th e proble m solve r  i n tha t  cas e Inferre d 

th e sisters '  goal s b y usin g a  default-ua e Inferenc e t o infe r  tha t  bot h disputant s wante d t o ea t  th e orange .  I t 

turne d out ,  however ,  tha t  th e goa l  o f  on e o f  th e disputant s wa s t o us e th e pee l  o f  th e orang e t o bak e a 

cake .  Th e default-us e inferenc e applie d t o th e orang e a s a  whol e le d t o selectio n o f  th e wron g pla n fo r 

resolutio n o f  th e conflk:t ,  an d th e pla n failed .  W e shal l  cal l  thi s par t  o f  th e cas e orange-dlapute-f . 

Th e proble m solve r  reinterprete d th e disput e an d solve d It .  Th e goal s o f  th e sister s wer e amended :  on e 

wante d possessio n o f  th e frui t  o f  th e orange ,  th e othe r  It s peel .  Thei r  underlyin g goal s wer e als o 

amended :  on e wante d t o satisf y hunge r  b y eatin g th e fruit ,  th e othe r  wante d t o bak e wit h th e peel .  I t 

finall y resolve d th e proble m b y dividin g th e orang e i n a  bette r  way .  O n e siste r  w a s give n th e frui t  an d th e 

othe r  w a s give n th e peel .  W e shal l  cal l  thi s par t  o f  th e cas e orange-dlspute-a . 

Th e proble m solve r  als o analyze d it s failur e I n orange-dlapute-f ,  an d adde d it s analysi s t o it s memor y o f 

tha t  case :  Failur e wa s du e t o a  wrong-goa l  Inference .  Defaul t  us e applie d t o th e entir e dispute d objec t 

(orange )  resulte d I n failure ,  whil e defaul t  us e applie d t o part s o f  th e orang e (th e pee l  an d th e fruit )  woul d 

hav e resulte d i n success . 

Suppose now that the problem solver Is reminded of orange-dlapute-f, the case that resulted in failure. This case acts 

as a  warnin g t o th e proble m solve r  o f  th e potentia l  t o mak e a  fault y inferenc e i n th e curren t  case .  I t  mus t  chec k t o se e 

If  th e Inferenc e use d previousl y woul d als o resul t  i n erro r  i n th e curren t  case .  Th e questio n tha t  mus t  b e aske d o f  th e 

avocad o disput e base d o n analysi s o f  th e orang e disput e i s whethe r  a n avacad o als o ha s part s use d fo r  differen t  pur -

pose s tha t  migh t  predic t  th e goal s o f  th e curren t  disputant s bette r  tha n I f  the y wer e compute d b y applyin g default-ua e 

t o th e whol e avacado .  I n othe r  words ,  base d o n It s remindin g o f  orange-dlspute-f ,  whic h failed ,  case-base d 
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reasonin g alert s th e reasone r  t o th e fac t  tha t  H  th e dispute d objec t  ha s severa l  parts ,  th e goal s o f  th e disputant a m a y 

hav e somethin g t o d o wit h th e part s an d no t  neceeaarll y wit h th e avocad o a a a  whole. *  T h e potentia l  fo r  failur e I s 

flagge d an d tw o alternativ e solution s ar e presented . 

Error s I n reasonin g ca n happe n durin g an y proble m solvin g step .  T h e proble m migh t  hav e bee n misunderstoo d 

Initially ,  reeultin g i n incorrec t  classificatio n o f  th e proble m o r  Incorrec t  Inference s durin g th e proble m elaboratio n phase . 

Sinc e proble m understandin g i s a n earl y par t  o f  th e proble m solvin g cycle ,  suc h misunderstanding s an d Incorrec t  Infer -

ence s propagat e throug h t o th e plannin g phase ,  resultin g I n a  poo r  plan .  A  proble m migh t  b e understoo d correctl y 

and ai l  th e necessar y detail s know n abou t  It ,  bu t  migh t  stil l  b e solve d Incorrectl y becaus e poo r  decision s wer e m a d e 

whil e plannin g a  solution ,  i n general ,  suc h error s ar e du e t o fault y proble m solvin g knowledge .  Th e proble m solve r 

migh t  no t  hav e complet e knowledge ,  fo r  example ,  abou t  unde r  wha t  circunrwtance s a  partk:ula r  plannin g polic y o r  pla n 

ste p I s appropriate .  Finally ,  a  proble m migh t  b e solve d correctl y bu t  carrie d ou t  Incorrectl y b y th e agen t  carryin g ou t 

th e plan ,  o r  unexpecte d circumstance s migh t  caus e executio n t o fail .  Remindin g o f  a  cas e wher e an y o f  thee e thing s 

happene d warn s th e th e proble m solve r  o f  th e potentia l  fo r  th e s a m e typ e o f  erro r  i n th e n e w case .  I f  th e previou s 

cas e wa s finall y resolve d correctly ,  detail s o f  It s correc t  reeolutk m sugges t  correc t  declskx w fo r  th e curren t  case . 

3.  t o m e P r o b l e m Solv ln a A s s u m p t i o n s 

Befor e presentin g th e se t  o f  processe s tha t  capitalize s o n previously-teile d cases ,  w e briefl y presen t  th e 

relevan t  part s o f  ou r  proble m solvin g paradigm .  First ,  whe n w s refe r  t o proble m solving ,  w e Includ e th e entir e cycl e o f 

understandin g a  proble m an d elaboratin g It s features ,  comin g u p wit h a  pla n fo r  it s solution ,  executin g tha t  plan , 

analyzin g th e results ,  an d i f  necessary ,  goin g bac k t o th e beginnin g an d tryin g again .  Ou r  o w n prevtou s wor k 

(Koiodner ,  e t  ai. ,  1985 ,  Simpson ,  1985 )  an d tha t  o f  other s (e.g. ,  H a m m o n d,  1986 )  ha s show n tha t  case-base d Infer -

enc e ca n b e use d fo r  a  variet y o f  task s durin g an y o f  thes e proble m solvin g phases . 

The secon d importan t  assumptio n o f  ou r  paradig m i s tha t  menrK)r y acces s an d proble m solvin g ar e happenin g I n 

paralle l  (Koiodner ,  1985 ,  Koiodne r  &  Cuiilngford ,  1986) .  Th e memory' s jo b I s t o integrat e th e cas e tha t  i s currentl y 

bein g reasone d abou t  Int o th e memor y tha t  alread y exist s (Schank ,  1982) ,  resultin g I n remlndlngs .  Menrtor y ca n retur n 

generalize d knowledg e (e.g. ,  knowledg e structure e o r  rules )  fo r  th e proble m solve r  t o us e o r  a  previou s cas e tha t  l a 

simila r  t o wha t  th e proble m solve r  I s currentl y dealin g with .  A s th e proble m an d it s solutio n ar e furthe r  elaborated , 

memory I s abl e t o recal l  t>ot h mor e relevan t  genera l  knowledg e an d bette r  relate d case e fo r  th e proble m solve r  t o use . 

Our  thir d Importan t  assumptk m I s tha t  case-t>ase d reasonin g i s happenin g I n th e contex t  o f  a  se t  o f  reasonin g 

goal s an d that ,  i n additio n t o th e case-base d reasoner ,  othe r  reesoner s ar e als o keepin g trac k o f  thos e goal s an d 

makin g an y suggestion s the y can .  Thus ,  I n additio n t o th e case-base d reasoner ,  a  proble m reductio n proble m solve r 

migh t  b e availabl e t o brea k th e proble m Int o smalle r  parts ,  whil e a  constrain t  propagato r  migh t  d o forwar d chainin g 

inferences ,  an d a  trut h maintenanc e syste m migh t  b e checkin g fo r  inconsistencie s an d constrain t  violatkxis .  S o m e -

thin g we'l l  cal l  th e overal l  proble m solve r  keep s trac k o f  reasonin g goal s an d subgoal s a s the y c o m e up ,  an d eac h o f 

th e reasoner s watche s th e goa l  networ k an d attempt s t o achiev e an y goa l  I t  can . 

Finally ,  th e processe s w e presen t  belo w assum e tha t  remindin g ha s bee n o f  th e faile d par t  o f  a  cas e tha t  migh t 

hav e bee n resolve d correctl y later .  I n th e cas e o f  th e orang e dispute ,  fo r  example ,  w e assum e remindin g ha s bee n o f 

th e episod e tha t  failed ,  oranga-dlapute-f .  Remindin g durin g proble m solvin g ma y b e o f  eithe r  th e successfu l  o r  th e 

faile d versio n o f  an y case .  W h e n remindin g I s o f  th e successfu l  instanc e o f  solvin g it ,  th e fault y reasonin g tha t  pro -

ceede d th e successfu l  solutio n I s bypasse d an d a  goo d solutio n I s suggeste d Immediately .  Th e proble m solve r  I s 

neve r  alerte d t o possibl e problems .  Onl y whe n remindin g I s o f  a  faile d attemp t  a t  resolvin g a  cas e I s th e proble m 

solve r  alerte d an d th e analysi s desaibe d beto w done . 

*  I t  ma y b e judge d I n thi s cas e tha t  Inferenc e base d o n th e part s i s Inappropriat e (sinc e on e rarel y plant s avocad o 
seeds) . 
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Qlve n thi s se t  o f  assumptions ,  w e se e tha t  th e proble m solve r  migh t  b e reminde d o f  a  previou s cas e tha t 

resulte d I n failur e an y tim e durin g proble m solving .  Becaus e o f  this ,  th e processe s tha t  capitaliz e o n previou s failure s 

must  b e applicabl e durin g an y par t  o f  th e proble m solvin g cycle .  Th e followin g se t  o f  step s ar e execute d an y tim e 

durin g proble m solvin g tha t  a  faile d cas e I s recalled . 

1. Determine whether the failed case was ever followed up on, and. If so, recall the entire reasoning 

sequenc e tha t  followe d It . 

This step malces alternatives that were attempted previously to solve the recalled problem available to the problem 

solver . 

I n th e representatio n w e ar e currentl y using ,  eac h ful l  analysi s o f  a  proble m i s Itep t  separatel y wit h pointer s 

betwee n them .  Thus ,  th e representatio n fo r  a  cas e tha t  faile d an d wa s reanalyzed ,  suc h a s th e orang e dispute ,  i s 

actuall y represente d a s tw o cases .  Th e firs t  i s  th e on e tha t  faile d {oranga-dlapute-f) ,  wher e on e se t  o f  assumption s 

w as m a d e abou t  th e goal s o f  th e disputants .  Tha t  on e Include s th e mistake n proble m description ,  th e suggeste d pla n 

(cu t  I t  I n half) ,  feedbac k afte r  suggestin g o r  carryin g ou t  tha t  pla n (afte r  suggestin g tha t  th e orang e b e cu t  I n half) ,  an d 

th e analysi s o f  wha t  wen t  wron g ( a wrong-goal-inference) .  Th e firs t  (faile d episode )  als o include s a  pointe r  t o th e 

nex t  proble m solvin g episode .  I.e. ,  th e reasonin g tha t  i s carrie d ou t  t o solv e th e proble m afte r  th e failure s o f  th e firs t 

episod e hav e bee n diagnose d an d repaired .  Thus ,  orange-dlapute- f  point s t o orange-dlapute-a ,  wher e th e proble m 

i s d e s a b e d a s on e wher e th e disputant s hav e th e secon d se t  o f  goals ,  an d th e solutio n pla n tha t  goe s wit h tha t 

(divki e agreeably )  i s  recorded . 

2. Recall or determine what was responsible for the previous failure. 

In some instances, responsibility for failure will already have been attributed during previous reasoning. In that case, 

thi s ste p I s a n eas y ste p o f  retrievin g th e erro r  attributio n fro m th e representatio n o f  th e case .  I n othe r  instances , 

ther e migh t  no t  hav e bee n an y analysi s o f  w h y th e previou s proble m occured .  W h e n thi s happens ,  I t  i s  appropriat e 

fo r  th e proble m solve r  t o tr y t o figur e ou t  w h y th e previou s erro r  happened .  W e d o no t  g o int o tha t  proces s i n thi s 

paper. -

I n general ,  failure s happe n becaus e s o m e inferenc e w a s m a d e incorrectl y o r  no t  m a d e a t  all .  Thi s migh t  b e du e 

t o fault y o r  missh g infornvitlo n abou t  th e proble m itself ,  o r  fault y o r  incomplet e proble m solvin g knowledge .  A n 

analysi s o f  a  failur e m a y recor d onl y whte h inferenc e w a s nriad e incorrectl y o r  wa s no t  made ,  o r  i t  m a y recor d th e rea -

son s w h y th e Inferenc e w a s m a d e incorrectly .  A s w e shal l  see ,  th e bette r  a n analysi s o f  a  previou s failur e is ,  th e mor e 

th e proble m solve r  wil l  b e abl e t o capitaliz e o n th e failure .  Th e bes t  analysi s o f  a  failur e wil l  recor d reason s fo r  fault y 

reasonin g al l  th e wa y bac k t o a  poin t  i n th e reasonin g wher e i t  coul d hav e bee n corrected .  I.e. ,  wher e th e missin g o r 

fault y informatio n ca n b e obtaine d o r  fixed .  Fo r  example ,  failur e i n orange-dlapute- f  ca n b e trace d t o a  wrong-goa l 

Inference .  Th e goal s wer e Inferre d incorrectly .  Th e reaso n fo r  thi s i s tha t  default-ua e w a s applie d t o th e wron g 

objec t  (i-e. ,  t o orang e a s a  whol e rathe r  tha n th e part s o f  th e orange) .  Th e reaso n fo r  thi s i s tha t  th e proble m solve r 

w as viewin g th e orang e i n th e wron g way :  a s a  whol e rathe r  tha n a s a  thin g wit h functiona l  parts .  I f  th e reason s f a 

thi s inferenc e erro r  ar e recorde d t o thi s level ,  the n b y usin g thi s cas e an d followin g th e se t  o f  step s t o b e presented , 

th e proble m solve r  wil l  b e abl e t o conside r  whethe r  s o m e othe r  objec t  migh t  b e bette r  viewe d a s a  thin g wit h func -

tk>na l  parts .  I f  onl y th e fac t  tha t  th e goa l  wa s Inferre d Incorrectl y wer e recorded ,  I t  woul d no t  hav e a s m u c h t o g o on , 

but  wouk j  onl y b e abl e t o conside r  I f  ther e I s anothe r  goa l  associate d wit h th e object . 

3. Determine the relationship of the decision currently being focussed on to the previous failure and refocus 

as required : 

*  I f  responsibilit y  f w failur e i s no t  know n a t  th e en d o f  thi e step .  I t  i s  stil l  possibl e t o capitaliz e o n th e failure . 
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(a )  W a s th e decisio n anaJogou s t o th e on e th e proble m solve r  I s currentl y tryin g t o m a k e responsibl e fo r 

th e failure ? i f  so ,  maintai n curren t  proble m solvin g focus . 

(b )  i f  not ,  w a s th e decisio n analogou s t o th e on e th e proble m solve r  i s currentl y tryin g t o m a k e depen -

den t  o n th e on e responsibl e fo r  th e failure ,  o r  alternatlveiy ,  di d th e valu e th e proble m solve r  I s 

currentl y attemptin g t o deriv e chang e i n th e fina l  solutio n t o th e problem ? I f  so ,  refocu s th e proble m 

solve r  o n th e decisio n analogou s t o th e on e tha t  w a s responsibl e fo r  th e previou s failure . 

(c )  i f  not ,  the n refocu s a s i n (b )  t o b e carefu l  o r  maintai n curren t  focu s t o b e fast . 

When the decision the problem solver is currently trying to mal<e was responsible for the previous failure (I.e, the 

answe r  t o 3(a )  I s  yes) ,  the n mor e effor t  mus t  g o int o makin g tha t  decision .  Thi s I s th e cas e I n avocad o disput e 2 . 

The proble m solve r  ha s th e goa l  o f  inferrin g th e goal s o f  th e disputants ,  an d I t  w a s thi s decisio n tha t  wa s responsibl e 

fo r  th e failur e i n oranga-diapute-f . 

Th e mor e interestin g cases ,  however ,  i s  whe n th e answe r  t o 3(b )  i s yes .  I n thes e cases ,  s o m e decisio n othe r 

tha n th e on e currentl y bein g attempte d w a s responsibl e fo r  th e previou s failure .  T h e proble m eolve r  wil l  hav e t o 

refocu a Itsel f  o n tha t  decision ,  an d (re)mak e I t  fo r  th e curren t  cas e befor e continuing .  Consider ,  fo r  example ,  th e fol -

lowing : 

Panama Canal Dispute 

Bot h Panam a an d th e Unite d State s wan t  possessio n o f  th e Panam a Cana l  Zone .  Th e proble m solve r  i s 

attemptin g t o figur e ou t  h o w t o classif y th e dispute .  Th e proble m solve r  I s reminde d o f  th e disput e 

betwee n Israe l  an d Egyp t  ove r  th e SInal .  Bot h wante d th e Sinai ,  an d th e proble m solve r  ha d originall y 

classifie d I t  a s a  phyalca l  disput e ove r  possessio n o f  th e land .  I t  ha d therefor e suggeste d tha t  the y cu t  i t 

down th e middl e an d shar e it .  Bot h Israe l  an d Egyp t  baked .  O n furthe r  analysis ,  th e failur e o f  thi s 

suggestio n wa s tracke d d o w n t o a  se t  o f  mlaslng-goa l  Inferencea .  Th e goal s o f  Israe l  an d Egyp t  wit h 

respec t  t o th e Sina i  ha d no t  bee n inferred .  Israe l  wante d militar y contro l  o f  th e are a fo r  securit y reasons , 

whil e Egyp t  wante d possessio n o f  th e lan d Itsel f  fo r  reason s o f  nationa l  Integrely .  Thi s interpretatio n 

makes th e disput e int o a  politica l  disput e rathe r  tha n a  physica l  one ,  i.e. ,  on e fo r  whic h polltica l  alterna -

tive s ar e suggeste d rathe r  tha n alternative s havin g t o d o wit h th e physica l  objec t  Itself . 

Responsibility for the failure in the previous case (the SInal Dispute) had already been tracked down to missing goal 

inferences .  Tli e proble m solve r  i s currentl y attemptin g t o decid e wha t  kin d o f  disput e i t  i s  (e.g. ,  physica l  o r  political?) . 

The origina l  classificatio n o f  th e Sina i  Disput e a s a  physica l  disput e wa s no t  pe r  s e th e reaso n tha t  solutio n failed . 

Rathe r  tha t  decisio n w a s base d o n th e goal s o f  th e disputants ,  whic h ha d bee n inferre d incorrectl y previou s t o 

attemptin g classification .  T h e physica l  classification ,  however ,  change d t o politica l  i n th e fina l  analysis ,  an d w a s depen -

dent  o n wha t  w a s responsibl e fo r  th e failur e i n reasoning .  Remindiin g o f  th e Sina i  Disput e shoul d refocu a th e prob -

le m solve r  o n th e se t  o f  decision s tha t  wer e responsibl e fo r  It s failure ,  namel y inferenc e o f  disputan t  goals . 

If  th e decisio n bein g focusse d o n a t  th e beginnin g o f  thi s se t  o f  step s w a s a  correc t  on e fo r  th e previou s cas e 

and i f  I t  di d no t  chang e whe n th e cas e w a s reanalyze d (cas e c) ,  ther e i s n o reaso n w h y th e proble m solve r  mus t  con -

side r  th e previou s failur e a t  all .  However ,  a  carefu l  proble m solve r  wil l  als o conside r  whethe r  tha t  failur e i s possibl e i n 

th e curren t  environment ,  thu s refocusin g Itsel f  o n whateve r  cause d th e failur e previousl y befor e goin g on . 

i n case s wher e th e proble m solve r  change s It s focus .  I t  continue s b y tryin g t o red o th e tas k tha t  coul d hav e 

bee n mad e i n error ,  followin g th e se t  o f  step s below .  I f  th e proble m solve r  change s a  decisio n I t  ha d m a d e previously , 

the n I t  mus t  als o remak e an y decision s tha t  depende d o n I t  befor e goin g on .  Afte r  thi s se t  o f  step s I s complete ,  th e 

proble m solve r  mus t  refocu s appropriatel y t o finis h solvin g th e problem .  Processin g tha t  happen s I n th e cours e o f 

recomputin g already-mad e decision s m a y direc t  th e proble m solve r  I n differen t  direction s tha n I t  ha d bee n plannin g 

when i t  wa s interrupte d b y th e faile d case .  O n th e othe r  hand .  I f  ther e ar e n o othe r  recomputation s t o b e m a d e o r  I f 

no othe r  proble m solvin g direction s ar e suggested ,  th e proble m solve r  continue s afte r  thi s ste p a s I t  ha d bee n plannin g 

originally .  Tha t  is .  I t  goe s bac k t o th e goa l  i t  wa s workin g o n whe n i t  reache d thi s ste p an d continue s fro m there . 
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T h e prcx»88in g tha t  happen s afte r  ste p 3  depend s o n whethe r  o r  no t  a  succeesfu l  solutio n w a s eve r  foun d i n 

th e previou s cas e an d whethe r  o r  no t  analysi s ca n b e o r  ha s bee n don e o f  th e previou s failure .  I f  ther e w a s neithe r  a 

solutio n foun d t o th e previou s proble m no r  a n explanatio n o f  th e previou s failure ,  the n onl y a n analysi s o f  th e potentia l 

fo r  failur e ca n b e contribute d b y th e th e previou s case .  And ,  I f  ther e I s n o explanatio n o f  th e failure ,  the n les s ca n b e 

contribute d tha n I f  ther e i s a n explanation .  Wit h a n explanation ,  w e kno w wha t  feature e o f  th e previou s cas e wer e 

responsibl e fo r  th e failur e an d w e ca n chec k fo r  th e presenc e o f  thos e I n th e ne w case .  Withou t  tha t  explanation ,  w e 

ca n us e th e justification s fo r  previousl y m a d e inference s an d se e i f  the y hol d I n th e n e w case ,  bu t  suc h analysi s I s I n a 

sens e "superstitious "  sinc e n o causa l  explanatio n available . 

4. Recall the inference rules and justifying conditions used to Infer the focused-on portion of the failed case. 

I F ther e w a s followup ,  TIHE N als o recal l  th e Inferenc e rule s an d justifyin g condition s use d t o infe r  th e 

focused-o n portio n o f  eac h o f  th e followu p cases. * 

The inference rules and justifying conditions of any failed cases will be used to check for the potential for failure In the 

curren t  case .  Thos e fro m th e successfully-resolve d cas e wil l  b e use d t o guid e th e proble m solve r  t o a  correc t  ded -

slon . 

I n th e cas e o f  oranga-dlaputB-t ,  th e Inferenc e rul e use d t o Infe r  th e goal s o f  th e disputant s wa s dsfault-ua e 

applie d t o th e dispute d object .  I t  i s  justifie d b y It s preconditions ,  l.e. ,  ther e I s a n objec t  o f  curren t  Interes t  (th e orange ) 

tha t  ha s a  defaul t  us e (eating) .  I t  migh t  als o hav e bee n justifie d b y it s us e previousl y I n th e cand y dispute ,  wher e i t 

worke d fine .  Fo r  orange-dlsputa-a ,  ther e wer e tw o Inferenc e rule s use d t o Infe r  th e goal s o f  th e disputants .  I n on e 

case ,  default-ua a w a s applie d t o th e frui t  o f  th e orange ,  i n th e othe r  I t  w a s applie d t o th e pee l  o f  th e orange .  Th e frui t 

an d pee l  o f  th e orang e ar e It s majo r  part s an d eac h ar e use d fo r  differen t  purposes . 

5. Check to see if there Is the same potential for failure In the new case. This Is done by a variety of 

methods .  W e lis t  tw o here . 

(a )  Chec k th e reaso n w h y th e reasonin g erro r  w a s n m d e I n th e firs t  case .  A n erro r  ca n b e mad e 

becaus e o f  incomplet e information ,  becaus e o f  fault y Information ,  becaus e o f  a  fault y Inferenc e rule , 

or  becaus e o f  fault y focu s (whic h migh t  Itsel f  b e tracke d dow n t o on e o f  thes e causes) . 

(b )  Determin e I f  th e justifyin g Inferenc e rule s an d condition s fro m th e faile d an d successfu l  case s als o 

hok l  I n th e n e w case . 

Let us conskJer (a) first. This is the way we determine potential for failure In a new case if we know why the 

previously-mad e decisio n failed .  I f  a  previou s reasonin g erro r  w a s m a d e becaus e o f  lac k o f  knowledge ,  th e appropri -

at e knowledg e i s n o w sough t  fo r  th e curren t  case .  I f  I t  w a s becaus e o f  fault y Information ,  thi s ste p wil l  requir e clarifi -

catio n o f  th e analogou s knowledg e I n th e ne w case .  I f  I t  w a s becaus e o f  a  fault y Inferenc e rule ,  tha t  rul e wil l  b e rule d 

out  i n thi s case .  A n d I f  I t  w a s becaus e o f  fault y focu s (probabl y du e t o on e o f  th e othe r  type s o f  error) ,  a  suggestio n 

wil l  b e nr^d e fro m th e previou s cas e o f  wher e t o focu s i n th e n e w case .  Analyzin g th e orang e disput e usin g thi s step , 

we fin d tha t  th e reaso n fo r  th e wrong-goal-lnfarenc a w a s fault y focus .  Focu s ha d bee n o n th e orang e a s a  whol e 

whil e I t  shoul d hav e bee n o n it s functiona l  parts .  Th e suggestio n I s thu s m a d e t o focu s o n th e functiona l  part s o f  th e 

avacado ,  rathe r  tha n th e avacad o a s a  whol e i n inferrin g th e goal s o f  th e disputant s wit h respec t  t o th e avacado .  A s 

I n th e analysi s o f  th e orang e disput e fro m above ,  i n th e nex t  steps ,  th e reasone r  wil l  eithe r  as k th e disputant s whic h 

part s o f  th e avacad o the y ar e intereste d i n o r  wil l  decid e tha t  th e onl y functiona l  par t  tha t  I s wort h considerin g I s th e 

fruit . 

W h en ther e i s n o knowledg e abou t  w h y a  previously-mad e decisio n wa s i n error ,  th e bes t  tha t  ca n b e don e I s 

t o evaluat e whethe r  condition s tha t  le d t o tha t  decisio n ar e als o presen t  I n th e curren t  case .  Thi s I s cas e (b) .  Thes e 

'  Recal l  tha t  th e proble m solve r  migh t  hav e refocuse d It s goal s I n th e las t  step ,  s o th e portio n o f  th e cas e bein g 
focuse d o n no w migh t  no t  b e th e on e originall y considered . 
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condition s ca n b e foun d I n th e justification s fo r  th e valu e tha t  w a s compute d previously .  I f  justification s o f  bot h th e 

tailed  an d th e succeesfu l  decisio n ar e applicabl e I n th e ne w case ,  a n evaluatio n mus t  b e don e o f  whic h i s best .  I n 

oranga-dlaputa-f ,  fo r  example ,  th e goal s o f  eac h disputan t  wer e compute d usin g a  default-ua ^  Inferenc e applie d t o 

th e dispute d object .  Justificatio n fo r  th e dafault-ua a Inferenc e come s fro m It s anteceden t  clause ,  whic h aek t  whethe r 

ther e i s s o m e majo r  defaul t  us e fo r  th e objec t  I n queetlo n tha t  ha s a n "obvious "  goa l  associate d wit h It .  A n orang e 

an d a n avocado ,  o f  course ,  bot h hav e th e s a m e defaul t  us e (eating )  an d "obvious "  goa l  (satisf y hunger) ,  i n oranga -

diaputa-a ,  th e goal s o f  eac h disputan t  wer e compute d usin g a  dafault-ua a Inferenc e applie d t o th e functiona l  part s o f 

th e dispute d object .  Justificatio n fo r  thi s applicatio n o f  thi s Inferenc e rul e i s a  combinatio n o f  th e justificatio n fo r 

choosin g th e object s t o b e focusse d o n (th e dispute d objec t  ha s functiona l  parts )  an d th e anteceden t  claus e o f 

dafault-ua a applie d t o eac h o f  thos e parts . 

Usin g th e orang e disput e a s a  mode l  fo r  th e avocad o dispute ,  justification s fo r  eac h o f  th e goa l  decision s m a d e 

In resolvin g tha t  disput e ar e evaluate d wit h respec t  t o th e avocad o dispute .  Sinc e th e avacad o ha s a  defaul t  us e (eat -

ing) ,  th e inferenc e fro m oranga-dlaputa- f  ca n b e made .  Sinc e I t  als o ha s part s wit h defaul t  use e (th e frui t  i s  eate n 

whil e th e see d ca n b e planted) ,  th e Inference s fro m oranga-dlaputa- a ca n als o b e made .  I n thi s case ,  furthe r  evalua -

tio n i s neede d t o determin e whic h wa y t o Toak B th e inference .  Whil e case-base d reasoning .  I n thi s case ,  doe s no t  pro -

vid e a n answer ,  I t  doe s war n o f  th e potentia l  fo r  misinterpretin g th e cas e an d I t  als o provide s suggestion s o f  alternat e 

interpretations .  I t  thu s act s a s a  pravantlv a maaaur a t o ai d i n avoidin g failure . 

It  i s  interestin g t o not e tha t  th e knowledg e necessar y t o d o th e computation s jus t  desalbe d m a y no t  ye t  hav e 

bee n considere d (e.g. ,  th e proble m solve r  m a y no t  hav e considere d I f  a n avacad o ha s part s use d fo r  differen t  pur -

poses) .  Sometimes ,  gatherin g appropriat e Itnowiedg e consist s o f  jus t  a n eas y questio n t o th e user .  I n s o m e cases , 

however ,  answerin g th e question s pose d I n thi s se t  o f  step s m a y requir e significan t  reasoning .  Thi s extr a computa -

tion ,  whil e significant ,  i s  don e onl y whe n a  previou s cas e point s t o th e nee d t o \oo k ou t  fo r  a  problem .  A s w e state d 

previously ,  I t  i s  a  preventiv e ai d i n avoidin g failure . 

Th e outpu t  o f  thi s ste p i s a n evaluatio n o f  whethe r  th e previou s fellure  coul d happe n i n th e n e w case ,  an d I f  th e 

previou s cas e w a s solve d successfully ,  a n evaluatio n o f  whethe r  th e previou s successfu l  solutio n I s applicabl e t o th e 

ne w case .  Base d o n thes e tw o evaluations ,  th e reasonin g continues . 

6. 

(a )  i f  th e previou s failur e wil l  no t  repea t  Itsel f  i n th e ne w case ,  g o o n wit h th e proble m solving .  Th e (failed ) 

suggestio n fro m th e previou s cas e ca n b e transferre d t o th e ne w cas e I f  ther e i s s o m e independen t  rea -

so n tha t  I t  ca n b e supporte d o r  o r  a  decisio n ca n b e m a d e independen t  o f  th e recalle d case . 

(b )  I f  th e previou s failur e coul d repea t  Itsel f  I n th e ne w case ,  rul e ou t  th e Inferenc e rul e o r  valu e use d previ -

ousl y fo r  th e n e w case . 

(c )  I f  th e previou s successfu l  solutio n I s judge d applicabl e t o th e n e w case ,  us e I t  an d appl y case-base d rea -

sonin g method s t o deriv e a  valu e fo r  th e ne w cas e base d o n It . 

(d )  I f  th e previou s successfu l  solutio n o r  an y o f  th e Interi m solution s fro m th e previou s proble m ar e judge d 

Inappilcabl e t o th e ne w problem ,  rul e the m ou t  fo r  th e n e w case . 

(e )  i f  bot h th e faile d an d successfu l  solution s t o th e previou s proble m ar e judge d applicabl e t o th e n e w one , 

us e s o m e decislon-maldn g procedur e t o decid e betwee n them . 

B.  C l 

i n th e followin g proble m solvin g session ,  w e se e JULI A followin g th e se t  o f  step s abov e t o capitaliz e o n a  previ -

ous proble m solvin g failure .  JULI A (Culilngfor d &  Kolodner ,  1986 )  I s designe d t o b e a n automate d colleagu e whos e 

tas k I s t o hel p a  catere r  desig n a  meal .  JULIA' S proble m solvin g component s includ e a  case-base d reasoner ,  a  prob -

le m reductio n planner ,  a  constrain t  propagator ,  an d a  reason-nulntenanc e system ,  i t  als o ha s a  m e m o r y fo r  events . 

Each decisio n JULI A make s whe n I t  I s  solvin g a  proble m i s recorde d alon g wit h th e justification s fo r  th e decisk>ns . 

Thus ,  i n late r  proble m solving ,  thos e justification s ar e availabl e t o us e i n case-t>ase d reasoning. *  I n th e firs t  case -

*  Sa e Kolodne r  (1986 )  f a a  descriptio n o f  th e representationa l  suppor t  f a thes e processes ,  especiall y th e conten t  an d 
structur e o f  th e Justification s JULI A maintains . 
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base d reasonin g example ,  w e se e JULI A usin g a  previou s cas e t o avoi d servin g a  spic y Mexica n meal  t o peopl e wh o 

doni  ea t  spic y food .  Th e previously-faile d case ,  whic h faile d becaus e o f  a  lac k o f  thi s Information ,  cause s JULI A t o 

gathe r  th e appropriat e infornmtlo n I n th e ne w case ,  thu s lettin g I t  pla n fo r  thos e peopl e Immediately .  Thi s make s 

JULI A retrac t  tw o previously-mad e decision s (th e entre e an d th e cuisine) .  JULI A refocuse e Itsel f  o n th e cuisine , 

retract s an d remake s tha t  decision ,  an d continue s wit h It s proble m solving . 

The dlak) g begin s wit h JULI A Introducin g Itsel f  an d th e use r  statin g he r  problem .  W e stat e th e proble m I n 

Englis h here .  Actua l  inpu t  fo r  thi s proble m I s a  conceptua l  representation . 

<JULIA> Hello. I'm JULIA, a Caterer's Advisor. May I help you? 

USER = > 

I' m havin g a  dinne r  nex t  wee k fo r  my researc h group . 

Ther e i s n o roo m fo r  al l  o f  the m I n th e dinin g room . 

<JULIA > 

•* *  Th e Initia l  proble m Is : 

•"• *  Fram e # < F R A ME 34502032 > 

Name:  M-MEAL77 4 

Isa :  (<M-MEAL> ) 

Category :  INDIVIDUA L 

Slots : 

ACTUAL-RESULT:  NI L 

CHARACTERS:  (7H0S T 7GUESTS 7PARTICIPANTS ) 

CONSTRAINTS:  {<C-LIMITED-SPACE778> ) 

DEFINED-SLOTS:  NI L 

DESCRIPTOR:  NI L 

EXPECTED-RESULT:  NI L 

FOLLOW-UP:  NI L 

GOALS:  (<E-EAT776 > <S-HUNGER777>) 

GUESTS:  <*JLK*S-GROUP > 

HOST:  <*JLK* > 

ORDER:  NI L 

PARTICIPANTS:  (7H0S T 7GUESTS) 

SETTING:  <*JLK*S-HOUSE > 

STEPS:  NI L 

TIME:  NI L 

JULIA'S problem reduction problem solver starts out. It immediately reduces the Instantlate-a-meal task to Its com-

ponen t  part s an d begin s workin g o n th e firs t  o f  them ,  th e meal  descripto r  task .  Meal  descriptor s Include ,  amon g othe r 

things ,  th e meal' s cuisine . 

"*" Planning for the task MEAL-TASK775 

TASK-TREE =  ((<MEAL-TASK775>) ) 

The activ e goa l  chai n i s (  M-MEAL ) 

Reducin g th e tas k MEAL-TASK77 5 t o subtask s (<MEAL-DESCRIPTOR-TAS K > 

<MAIN-COURSE-TASK> <APPETIZER-TASK > <SALAD-TASK > <DESSERT-TASK>) 

"" •  Plannin g fo r  th e tas k MEAL-DESCRIPTOR-TASK 

TASK-TREE =  ((<MEAL-DESCRIPTOR-TASK > <MAIN-COURSE-TASK> <APPETIZER-TASK > 

<SALAD-TASK> <DESSERT-TASK>)  (<MEAL-TASK775>) ) 

The activ e goa l  chai n I s (MEAL-DESCRIPTO R < = M-MEAL) 
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As par t  o f  thi s task ,  JULI A attempt s t o formulat e a  culsloe ,  bu t  can' t  d o I t  wit h th e Infamatlo n supplie d s o tar  b y th e 

user ,  s o I t  asks . 

Constraint Satisfaction 

Checkin g constraint s fo r  slo t  CUISIN E o f  M E A L - D E S C R I P T O R 7 83 .. . 

Instantiatin g sk) t  CUISIN E o f  fram e M E A L - D E S C R I P T O R 7 83 .. . 

<JULIA > Wha t  culsm e woul d yo u Ike ? 

U S ER = > mexica n 

<JULIA > 

Constrain t  Satisfactio n 

Checkin g constraint s fo r  slo t  CUISIN E o f  M E A L - D E S C R I P T O R 7 e3 .. . 

Instantiatin g slo t  CUISIN E o f  fram e M E A L - D E S C R I P T O R 7 83 .. . 

~ > Th e valu e I s MEXICAN-CUISIN E 

JULIA goes on to Its next task, choosing a main course, and suggests chill for the nnain course (we leave out the way 

It  di d that) .  A t  tha t  point ,  i t  I s  reminde d o f  a  mea l  i n whic h chil l  wa s served .  I f  thi s mea l  ha d bee n a  successfu l  one , 

th e remindin g wouk )  provid e suggestion s abou t  othe r  part s o f  th e meal .  I n thi s case ,  however ,  som e gueets ,  w h o di d 

not  ea t  ho t  food ,  wer e lef t  unsatisfied . 

•"•* Planning for the task MAIN-COURSE-TASK 

TASK-TREE =  ( ( < M A i N - C O U R S E - T A S K > < A P P E T I Z E R - T A S K > < S A L A D - T A S K > 

< D E S S E R T - T A S K >)  (<MEAL-TASK775>) ) 

The activ e goa l  chai n i s (  S C - M A I N - C O U R SE < = M - M E A L ) 

<JULiA > Wha t  abou t  CHiLi79 1 fo r  th e mai n course ? 

U S ER = > o k 

<JULIA > 

•••* *  Reminde d o f  MEAL80 ,  wher e chil i  wa s th e mai n cours e 

**** *  Case-base d reasonin g wit h th e cas e M E A L 8 0 

** *  Tryin g t o d o anaiogy-nr«ppin g wit h th e cas e M E A L 8 0 .. . 

Checkin g I f  th e previou s pla n fo r  goal s S - H U N G E R 80 E-EAT8 0 wa s successfu l 

Previou s pla n executio n failur e foun d 

The se t  o f  goal s faile d wa s S - H U N G E R 80 E-EATS O 

it  wa s becaus e ((NO T E V E R Y O N E A T E SPIC Y DISH) ) 

JULIA will try to avoid making this mistake again. It finds (through looking at the representation of the previous case) 

tha t  th e previou s failur e wa s becaus e o f  a  missin g constrain t  abou t  spice s an d seek s t o fin d ou t  i f  thi s constrain t 

shoul d b e take n int o accoun t  i n th e curren t  case .  Afte r  asking ,  I t  find s tha t  t o b e s o an d create s a  a  "non-spicy-food " 

constrain t  fo r  th e curren t  case .  I t  propagate s tha t  constrain t  an d check s I t  agains t  wha t  i t  ha s alread y decided .  I t 

find s ou t  tha t  chil i  an d Mexica n foo d ar e spicy ,  an d rule s bot h out .  Becaus e choosin g a  mai n cours e i s dependen t  o n 

havin g a  valu e fo r  cuisine ,  i t  delete s th e choose-a-main-cours e tas k fro m th e tas k network ,  reschedule s th e meal -

descripto r  tas k an d th e choose-a-main-cours e task ,  an d attempt s th e meal-descripto r  tas k agai n I n a n effor t  t o choos e 

a cuisine . 

*** Attempting to avoid the previous plan failure 

The assigne d blam e wa s tha t  C-NON-SPICY-PREF8 0 ha d no t  bee n considered . 

To avoi d previou s pla n failur e .. . 

Askin g th e use r  o f  a  missin g constrain t  C-NON-S P ICY-P R E F 

<JULIA > I s ther e anyon e wh o doesn' t  Ik e spic y food ? (Ho w many? ) 

USER = > 3 

<JULIA > 
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Tryin g t o propagat e th e constrain t  C-NON-SPICY-PREF79 3 

- > Generatin g a  ne w constrain t  C-NON-SPICY-CUISINE79 4 

-- > Qeneratm g a  ne w constrain t  C-NON-SPICY-DISH79 5 

Applyin g constrain t  C-NON-SPICY-DISH79 5 t o CHILI79 1 

-• > Abortin g CHILI79 1 

Applyin g constrain t  C-NON-SPICY-CUISINE79 4 t o MEXICAN-CUISIN E 

~ > Abortin g MEXICAN-CUIS IN E 

~ > Killin g th e curren t  tas k M A I N - C O U R S E - T A SK 

- > Reschedulin g M E A L - D E S C R I P T O R - T A SK M A I N - C O U R S E - T A SK int o th e tas k networ k 

Plannin g fo r  th e tas k M E A L - D E S C R I P T O R - T A SK 

T A S K - T R EE =  ( { < M E A L - D E S C R I P T O R - T A S K > < M A I N - C O U R S E - T A S K> < A P P E T i Z E R - T A S K > 

< S A L A D - T A S K> < D E S S E R T - T A S K >)  (<MEAL-TASK775>) ) 

Th e activ e goa l  chai n i s ( M E A L - D E S C R I P T O R < = M - M E A L ) 

Constrain t  Satisfactio n 

Checkin g constraint s fo r  slo t  CUISIN E o f  M E A L - D E S C R I P T O R 7 83 .. . 

~ > Applyin g constrain t  C-NON-SPICY-CUiSINE7g 4 t o slo t  CUISIN E 

~ > Th e slo t  CUISIN E I s no t  ye t  fille d m 

ir«tantlatln g sk> t  CUISIN E o f  fram e M E A L - D E S C R I P T O R 7 83 .. . 

Because there has been little in the way of preferences offered by the user up to now, JULIA cannot suggest a new 

cuisin e b y itsel f  a t  thi s point .  I t  ask s th e use r  agai n fo r  a  cuisin e preference ,  thi s tim e tellin g th e use r  constraint s o n 

th e preference .  Th e use r  suggest s Italian ,  an d JULI A goe s on .  T o complet e th e menu ,  JULI A continue e It s reason -

ing ,  choosin g lasagn e fo r  th e nul n cours e an d i s reminde d o f  a  cas e I n whic h vegetarian s wer e a t  a  lasagn e dinne r 

an d couk J no t  eat .  JULI A know s tha t  i n th e previou s case ,  the y coul d hav e eate n I f  th e meatles s versk m o f  th e dis h 

had bee n served ,  an d propose s th e sam e I n thi s case .  Th e mea l  JULI A finall y come s u p wit h include s vegetaria n 

antlpast o a s th e appetizer ,  veggi e lasagn e an d Italia n brea d fo r  th e mai n course ,  mixe d gree n sala d a s th e salad ,  an d 

ic e crea m fo r  dessert . 

8. Discussion 

I n ou r  scheme ,  potentia l  failure s ca n t> e encountere d an d thu s nee d t o b e deal t  wit h durin g an y ste p o f  th e 

proble m solving .  An y tim e th e proble m solve r  encounter s a  cas e wit h a  previou s problem .  I t  consider s whethe r  ther e 

i s th e potentia l  fo r  tha t  proble m I n th e ne w case .  Thi s ma y caus e i t  t o refocu s Itsel f  unti l  th e potentia l  fo r  failur e I s 

determined ,  an d i f  suc h potentia l  I s determine d an d th e proble m solve r  ha s t o retrac t  decision s mad e previou s t o th e 

curren t  one ,  the n I t  mus t  remak e an y decision s dependen t  o n thos e declsiorts .  Suc h processing ,  o f  course ,  require s 

tha t  th e proble m solve r  b e integrate d wit h a  reason-maintenanc e syste m tha t  keep s trac k o f  th e dependencie s amon g 

it s decisions .  Othe r  step s requir e tha t  th e reasone r  recor d justification s fo r  eac h o f  th e decision s I t  makes .  W e hav e 

not  don e a  grea t  dea l  o f  wor k i n thes e areas ,  bu t  ou r  experienc e s o fa r  lead s u s t o believ e tha t  a  standar d trut h 

maintenanc e syste m (Doyle ,  1979 ,  McAllester ,  1980 ,  DeKleer ,  1986 )  I s no t  adequat e t o d o al l  o f  th e wor k w e nee d 

suc h a  syste m t o do .  I n particular .  I n additio n t o It s standar d bookkeepin g functions ,  suc h a  syste m wil l  nee d stra -

tegie s o r  policie s t o follo w i n makin g decision s abou t  h o w t o mak e th e worl d consisten t  whe n a  conditio n chec k fails , 

or  wil l  nee d t o interac t  wit h a  reasone r  tha t  ca n mak e suc h decisions .  Whil e i t  i s  standar d fo r  a  trut h maintenanc e sys -

te m t o retrac t  decision s tha t  ar e inconsisten t  an d t o propagat e thos e retraction s a s fa r  a s I t  need s to .  I n th e proble m 

solvin g situatio n w e ar e lookin g at ,  i t  I s  ofte n mor e advantageou s t o tr y t o satisf y constraint s I n a  differen t  wa y (e.g. ,  t o 

replac e a  retracte d valu e wit h anothe r  tha t  satisfie s th e necessar y constraints) . 

H a m m o nd (1986 )  take e th e complexit y ou t  o f  thi s issu e b y havin g th e reasone r  explicitl y  tr y t o avok J mistake s I n 

on e o f  it s  earl y plannin g steps .  Th e advantang e o f  this ,  o f  course .  I s tha t  afte r  potentia l  mistake s ar e discovered ,  th e 

proble m solve r  nee d onl y kee p the m I n min d durin g th e remainde r  o f  proble m solvin g rathe r  tha n havin g t o dea l  wit h 

ne w issue s an d possibl e chang e o f  focu s par t  o f  th e wa y through .  Ther e i s thu s n o nee d fo r  th e complexit y o f  a  trut h 

maintenanc e system .  O n th e othe r  hand ,  th e reasone r  ca n onl y avoi d thos e mistake s tha t  ca n b e foresee n a t  th e 

onse t  o f  proble m solving ,  bu t  canno t  avoi d mistake s tha t  th e proble m solve r  migh t  no t  b e abl e t o anticipat e unti l  lat e i n 
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th e proble m solving . 

Carbonel l  (1986 )  deal s wit h thi s Issu e I n ye t  anothe r  way .  Hi s wor k assume s tha t  eac h ol d proble m I s stae d 

as a  sequenc e o f  reasonin g steps ,  an d tha t  an y tim e tw o problem s ar e simila r  I n thei r  se t  o f  steps ,  th e secon d I s 

store d o n wit h th e first ,  branchin g fro m I t  a t  th e plac e the y begi n t o b e different .  Thus ,  onc e th e case-base d reesone r 

I s reminde d o f  a  previou s case .  I t  ha s availabl e t o I t  al l  o f  th e case s tha t  hav e bee n solve d b y th e s a m e Initia l  se t  o f 

step s a s th e on e I t  I s currentl y tryin g t o solve .  Thi s mean s tha t  a t  eac h decisio n poin t  I n th e proble m solving ,  eac h o f 

th e previou s decision s tha t  hav e bee n mad e ar e availabl e alon g wit h thei r  justifications .  Reasonin g simila r  t o tha t 

describe d I n thi s pape r  happen s t o evaluat e whic h o f  th e possibilitie s I s appropriat e fo r  th e n e w case .  Th e advan -

tage s o f  thi s metho d ar e simila r  t o th e advantage s I n Hammond' s method :  th e proble m solver ,  I n general ,  neve r  need s 

t o refocu s Itself ,  an d ther e I s n o nee d fo r  a  trut h maintenanc e system .  Th e majo r  disadvantage ,  however .  I s tha t  onc e 

Carboneir s proble m solve r  find s a  se t  o f  previou s case s tha t  ar e simila r  t o It s curren t  one .  I t  I s wedde d t o tha t  set ,  an d 

no othe r  case s tha t  migh t  b e simila r  alon g a  differen t  se t  o f  dimension s ca n contribut e t o th e proble m solving . 

7. Summary 

Previou s proble m solvin g failure s ca n b e a  powerfu l  ai d I n helpin g a  proble m solve r  t o becom e bette r  ove r  time . 

W h en a  previou s cas e I n whic h a n erro r  wa s mad e I s recalled ,  I t  flag s th e potentia l  fo r  a  simila r  mistak e an d th e ree -

sone r  consider s whethe r  th e sam e potentia l  fo r  erro r  exist s I n th e n e w case .  Th e direc t  resul t  o f  thi s I s tha t  reasonin g 

i s directe d t o tha t  par t  o f  th e curren t  proble m tha t  wa s responsibl e fo r  th e previou s error ,  sometime s changin g th e 

proble m solver' s focus .  Evaluatio n o f  th e potentia l  fo r  erro r  I n th e curren t  cas e m a y requir e th e proble m solve r  t o 

gathe r  knowledg e I t  doesn' t  alread y have ,  anothe r  wa y focu s migh t  b e redirected .  A  cas e wit h a n erro r  ma y als o sug -

ges t  a  correc t  solutio n fo r  th e n e w case .  Th e combinatio n o f  thes e help s th e proble m solve r  t o avok )  repeat^ g mis -

take s an d suggest s shorteut s I n reasonin g tha t  avoi d th e tria l  an d erro r  o f  previou s cases . 
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