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Abstrac t 

A goo d dea l  o f  th e reasonin g don e i n a  case-base d plannin g syste m ca n b e don e directl y fro m 

(episodic )  cases ,  a s oppose d t o specialize d memor y structures .  I n thi s paper ,  w e examin e th e 

issue s involve d i n suc h direc t  reasonin g includin g ho w thi s representatio n ca n suppor t  multipl e 

uses ,  an d wha t  rol e executio n play s i n suc h a  framework .  We illustrat e ou r  point s usin g COOKIE, 
a direc t  case-base d planne r  i n th e foo d preparatio n domain . 

1 Introduction 

In this paper, we examine the issues regarding the direct use of cases by a case-based planner. By 

direc t  use ,  w e mea n performin g th e underlyin g reasonin g i n a  syste m b y manipulatin g represen -

tation s o f  episode s i n memory ,  rathe r  tha n a n intermediat e descriptio n o r  specialize d structure . 

Whil e thes e issue s ar e share d b y al l  case-base d reasoners ,  w e focu s particularl y o n case-base d plan -

ning .  W e examin e cas e representation ,  ho w case s ar e use d fo r  differen t  purposes ,  an d th e rol e o f 

execution ;  thes e examination s ar e base d o n worl c wit h cookie ,  a  case-base d syste m tha t  plan s an d 

monitor s executio n i n th e domai n o f  mea l  plannin g an d preparation . 

What is case-based reasoning? 

Case-based reasoning is the solving of problems through the reuse of experience—when faced with a 

proble m situation ,  th e proble m solve r  retrieve s a  simila r  situatio n (wit h it s solution )  fro m memory , 

the n adapt s th e previou s solutio n t o solv e th e curren t  proble m [Riesbecl c an d Schank ,  1989) .  Thi s 

can b e distinguishe d (i n theory )  fro m rule-base d reasoning ,  sinc e w e reaso n fro m case s correspondin g 

t o rea l  episode s rathe r  tha n fro m rule s whic h ar e distillation s o f  experience .  I n fact ,  thi s separatio n 

i s muddie d i n practice ,  a s case-base d system s includ e case s tha t  ar e abstraction s base d o n a  numbe r 

of  rea l  episodes ,  an d rule-base d system s includ e rule s tha t  ar e i n fac t  grounde d i n a  singl e experience . 

Case-base d reasonin g ha s bee n use d i n a  variet v o f  domain s fo r  a  variet y o f  tasks ;  i t  ha s showe d th e 

most  promis e i n situation s characterize d b y uncertainty ,  lac k o f  a  complet e domai n theory ,  and/o r 

computationa l  constraints ,  wher e mor e traditiona l  approache s hav e ha d littl e success . 

'Thi s researc h ha s bee n supporte d b y Boot h Researc h Cente r  gran t  BG-6 .  Th e autho r  gratefull y acknowledge s 
th e assistanc e o f  Kat e Sanders ,  Mallor y Selfridge ,  an d Kar l  Wurst . 
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Desiderat a fo r  a  case-base d planne r 

Case-based planning (CBP) is an attempt to solve planning problems by reusing previous episodes. 

The plannin g proble m i s t o find  a  sequenc e o f  primitiv e action s tha t  lead s t o som e specifie d results — 

goeds t o b e accomplishe d an d constraint s t o b e satisfied .  A  case-base d planne r  doe s thi s b y remem -

berin g experiences .  A t  essence ,  a  case-base d planne r  follow s th e principle s give n b y H a m m o nd 

[Hammond,  1988) : 

// it worked, use it again, and 

/ /  i t  didn' t  work ,  remembe r  no t  t o d o i t  again . 

To these, we add a principle of our own: 

// my plan fails, I should figure out why. 

These principles can be translated into the three basic functions that a case-based planning system 

shoul d b e abl e t o accomplish . 

First ,  a  C B P syste m shoul d b e abl e t o generat e plan s give n i t  ha s succeede d i n a  simila r  situation . 

Thi s proces s i s on e o f  retrievin g th e simila r  situatio n (case) ,  the n performin g transformation s o n 

th e cas e unti l  i t  matche s th e descriptio n o f  th e curren t  problem .  Onc e i t  matches ,  "us e i t  again " 

becomes a  simpl e reapplicatio n o f  th e sequenc e o f  steps .  Fo r  thi s t o b e effective ,  th e transformation s 

applie d shoul d b e equivalenc e preserving ,  a t  leas t  i n regar d t o th e goal s an d constraints . 

Second ,  a  C B P syste m shoul d b e abl e t o recogniz e tha t  a  particula r  approac h faile d before ,  s o 

shoul d no t  b e use d again .  Simpl y no t  retrievin g failure s fo r  adaptatio n i s insufficien t  here—i f  w e 

transfor m a  (successful )  pla n int o on e tha t  fails ,  w e woul d lik e t o avoi d doin g i t  i n th e future . 

The thir d principl e relate s t o th e second—t o avoi d failur e i n th e future ,  w e nee d t o understan d 

why w e failed .  I f  w e ca n anticipat e failure ,  the n w e ca n eithe r  us e a  differen t  pla n o r  modif y ou r 

pla n t o avoi d th e problem .  Th e principl e a s give n onl y work s i n a  negativ e way ,  bu t  sometime s 

plan s hav e unexpecte d goo d results .  A  mor e genera l  principl e ca n b e base d o n expectatio n failure s 

[Schank ,  1982 )  rathe r  tha n pla n failures : 

If something odd happens, figure out why and remember it. 

Overview of cookie 

COOKIE is a case-based system that plans and monitors the preparation of food. Previous work 

(notabl y CHEF [Hammond ,  1986 ]  an d JULI A [Kolodner ,  1987) )  ha s demonstrate d th e benefit s o f 

doin g plannin g researc h i n thi s domain ,  whic h i s bot h ric h an d unpredictable ,  cookie' s inpu t  i s a 

set  o f  goal s an d constraints :  i t  first  produce s a  pla n t o satisf y th e input ,  the n monitor s th e executio n 

of  tha t  pla n (performin g execution-tim e repair s o f  th e plan ,  i f  necessary) ,  the n incorporate s th e 

result s o f  tha t  executio n int o it s memory .  Executio n i s don e externall y t o th e syste m b y huma n 

cook s usin g rea l  food ;  case-memor y i s comprise d o f  thes e episode s an d othe r  rea l  cooking s take n 

fro m transcripts .  Ther e i s n o causa l  reasone r  fo r  analyzin g failure ,  no r  i s ther e a  simulato r  tha t  ca n 

be use d t o execut e cookings .  Explanation s o f  anomalou s behavio r  ar e buil t  fro m th e assumption s 

use d t o predic t  th e non-anomalou s behavio r  an d fro m adaptation s o f  othe r  explanation s foun d i n 

cookin g transcripts ,  cooki e i s designe d t o reasonin g directl y fro m it s case s a s muc h a s possible , 

and relie s o n fe w othe r  mechanisms .  Specifi c  example s o f  cookie' s behavio r  relatin g t o thi s paper' s 

topi c ar e give n i n th e nex t  fe w sections . 

Th e res t  o f  thi s pape r  i s arrange d (i n order )  aroun d th e followin g questions : 

• What is an episodic case representation? 

102 



•  H o w ca n a n episodi c representatio n Kdu-iii e suppor t  multipl e use s i n a  planne r  (generation , 

projection ,  recognition ,  explanation ,  an d failur e recovery) ? 

• What is the role of execution in a direct case-based planner? 

Finally, in the conclusions, we discuss possible roles for abstraction in a case-based planner. 

2 Case representation 

Episodic representation—what it is, what it involves 

Informally, an episodic representation is one that allows reconstruction of an episode as a story— 

what  happened ,  whe n th e variou s thing s happene d relativ e t o eac h other ,  wha t  th e result s were , 

and s o forth .  Mor e concretely ,  a n episodi c representatio n i s a  reasonabl y complet e statemen t  o f 

th e fact s tha t  i s  neithe r  simplifie d no r  abstracted .  Fo r  an y domain ,  th e representatio n include s al l 

of  th e fact s abou t  a n episod e tha t  ar e likel y t o b e usefu l  i n an y futur e reasonin g task .  I n th e foo d 

preparatio n domain ,  thi s include s al l  o f  th e cook-foo d interactions ,  a s wel l  a s seemingl y unrelate d 

coo k action s tha t  occu r  durin g th e cooking .  Fo r  example ,  i f  a  coo k answer s th e telephon e durin g 

meal  preparatio n an d talk s fo r  five  minute s t o "Dialin g fo r  Dollars" ,  tha t  fac t  i s  par t  o f  th e episode , 

not  jus t  tha t  th e coo k wa s ou t  o f  th e kitche n fo r  five  minutes . 

Reasoning directly from cases 

In a case-based reasoning system (or more generally, any reasoning system where the rules are ulti-

matel y grounde d i n episodes) ,  w e hav e tw o options :  reasonin g b y direc t  manipulatio n o f  episodes , 

or  reasonin g fro m abstraction s and/o r  simplification s o f  episodes .  Ther e ar e advantage s an d disad -

vantage s t o eac h approach .  O n th e on e hand ,  a n episodi c representatio n i s likel y t o contai n a  goo d 

deal  o f  irrelevan t  informatio n fo r  a  particula r  task ;  i f  w e wan t  t o explai n burne d biscuits ,  th e coo k 

not  monitorin g th e foo d fo r  five  minute s i s enoug h information ,  an d th e fact s tha t  i t  wa s a  phon e 

call ,  th e exac t  time ,  tha t  i t  wa s fro m "Dialin g fo r  Dollars "  an d s o fort h ar e unnecessar y an d coul d 

hav e bee n simplifie d ou t  o f  th e case .  O n th e othe r  hand ,  a  simplificatio n o r  abstractio n ma y no t 

hav e retaine d th e righ t  information .  Suppos e th e abov e dinne r  turn s ou t  t o b e poisoned ,  killin g 

th e cook ,  an d hi s beneficiar y happen s t o wor k fo r  th e televisio n statio n broadcastin g "Dialin g fo r 

Dollars"—th e simpUficatio n t o "th e coo k no t  monitorin g th e foo d fo r  five  minutes "  preclude s th e 

obviou s explanatio n o f  sai d beneficiar y arrangin g fo r  th e phon e cal l  s o h e coul d poiso n th e mea l 

whil e th e coo k wa s distracted .  Th e mai n advantag e i n reasonin g fro m episode s i s tha t  th e infor -

matio n use d ca n b e extracte d whe n th e reasonin g tas k an d it s contex t  ar e established ,  rathe r  tha n 

at  th e tim e th e episod e i s stored .  Thi s doe s no t  rul e ou t  a  memor y wher e episode s ar e store d a t 

multipl e level s o f  abstraction ,  precomputin g thos e tha t  ar e likel y t o b e useful ,  bu t  unles s w e ca n b e 

certai n o f  precomputin g a U usefu l  abstractions ,  th e nee d fo r  direc t  reasonin g canno t  b e eliminated . 

Representation scheme in COOKIE 

The representation language used in COOKIE is a temporal prepositional I'.igic. For example, (occur 

ev3 (d o chef l  (sti r  soup 5 saucepan !  spoon2.3) )  t l  t2 )  mean s tha t  even t  ev.l ,  chef l  stirrin g soup 5 i n 

saucepan l  wit h spoon23 ,  occurre d beginnin g a t  tim e t l  an d endin g a t  tim e t2 .  Case s describin g 

cookin g episode s ar e prepositional ,  an d contai n goals ,  description s o f  input ,  output ,  an d (possibly ) 

intermediat e states ,  actions ,  a  critique ,  an d (i f  applicable )  problem s encountere d an d thei r  associ -

ate d repairs .  A n example ,  broile d stea k wit h frie d onions ,  i s give n i n Figur e 1 .  Proposition s tha t 

ar e tru e a t  th e sam e (specific )  time s ar e groupe d togethe r  here .  Thi s i s purel y a  syntacti c ai d t o 
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(cookin g steak-and-onions l 

(initia l  (ra w steak23)(ra w onion24)(col d frypanl )  (quantit y steak2 3 lib ) 

(thicknes s steak2 3 1. 5 in )  (quantit y onion2 4 1  mediunn )  (quantit y oil2 5 1  Tb ) 

(goal s (cooke d steak23 )  (cooke d onion24 )  (shap e onion2 4 rings)) ) 

(fina l  (cooke d steak23 )  (cooke d onion24 )  (shap e onion2 4 rings ) 

(ratin g steak-and-onions l  success)) ) 

(fact s (ins t  steak2 3 beefsteak )  (ins t  onion2 4 onion )  (ins t  oil2 5 corn-oil ) 

(event s (occu r  ev O (d o chef l  (slic e onion2 4 thi n knife2) )  0  1 ) 

(occu r  ev l  (d o chef l  (hea t  burner 2 high) )  4  8 ) 

(occu r  ev 2 (d o chef l  (hea t  broiler l  high) )  0  8 ) 

(occu r  ev 3 (d o chef l  (pu t  oil2 5 frypanl) )  4  4 ) 

(occu r  ev 4 (d o chef l  (pu t  frypan l  burner2) )  4  4 ) 

(occu r  ev 5 (d o chef l  (pu t  steak2 3 b-panl) )  1  1 ) 

(occu r  ev 6 (d o chef l  (pu t  b-pan l  broilerl) )  1  1 ) 

(occu r  ev 7 (d o chef l  (fli p steak2 3 b-pan l  fork8) )  5  5 ) 

(occu r  ev 8 (d o chef l  (pu t  oniou2 4 frvpanl) )  5  5 ) 

(occu r  ev 9 (d o chef l  (occasiona l  (sti r  onion2 4 frypan l  fork8)) )  5  8 ) 

(occu r  evl O (d o chef l  (remov e onion2 4 frypanl) )  8  8 ) 

(occu r  evi l  (d o chef l  (remov e steak2 3 b-panl) )  8  8)) ) 

Figure 1: Broiled steak and onion rings. 

the user; internally, a case is a conjunction of propositions with individual temporal characteristics. 

Thi s cas e i s a  relativel y simpl e one ;  othe r  case s includ e (amon g othe r  things )  terminatio n test s fo r 

events ,  underlyin g assumption s use d i n plannin g th e episode ,  an d expectatio n failure s wit h thei r 

associate d real-tim e repairs . 

3 Multiple purposes from a siugle representation scheme 

One benefit claimed for an episodic representation is that it is task-neutral: the same representation 

shoul d b e usefu l  fo r  a  variet y o f  reasonin g task s (McCartne y an d Sanders ,  1990] .  I n cookie ,  th e 

episodi c representatio n directl y support s pla n generatio n an d projection ,  explanation ,  an d failur e 

recover y durin g execution ,  an d interact s wit h low-leve l  abstraction s durin g pla n recognition . 

Plan generation and projection 

Plan generation (coming up with a sequence of actions to perform a task) and projection (pre-

dictin g th e effect s o f  a  propose d se t  o f  actions )  i n cooki e ar e don e b v performin g transformation s 

on cookin g episodes .  Th e transforme d episod e correspond s t̂ i  th e generate d pla n (action s an d 

expectations )  an d i s processe d directl y b y th e executio n modul e (se e Sectio n 4) . 

Projectio n i s base d o n th e assumptio n tha t  th e o b ject s i n th e transforme d episod e wil l  behav e a s 

thei r  counterpart s di d i n th e origina l  episode ,  s o an y observe d fact s i n th e origina l  episod e becom e 

expecte d fact s (tha t  is ,  th e projections )  i n th e transforme d episode .  Fo r  a  give n situation ,  ther e i s 

a se t  o f  permissibl e transformation s whos e applicatio n shoul d lea d t o behaviora l  equivalenc e i n th e 

transforme d case .  Suppose ,  fo r  example ,  w e wan t  a  pla n fo r  broile d hamburge r  an d onions ,  an d 

ca n us e th e followin g transformations : 
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(x->y :  i f  (an d (ins t  x  z )  (ins t  y  z)(foo d z)) ) 

(x—>y: if (and (inst y ground-beef) 

(ins t  X  beefsteak ) 

(shap e y  patty)) ) 

These correspond to the assumptions that food is fungible and we can substitute hamburger for 

stea k i f  th e hamburge r  i s i n a  patt y shape .  W e generat e th e ne w pla n b y performin g th e constant -

for-constan t  substitution s steak23—>hamburger26 ,  onion24->onion27 ,  an d oii27—>oil2 5 i n steak-and -

onionsl .  Executin g th e ne w pla n involve s executin g th e event s o f  th e transforme d episod e a t  th e 

prescribe d times ,  correspondin g t o thi s "recipe" : 

Slice an onion while heating the broiler for one minute. Put burger under broiler for 4 

minutes .  W h e n burge r  ha s bee n i n fo r  3  minutes ,  pu t  fryin g pa n o n hig h heat ,  addin g 

1 T  oil .  Ad d onion s t o pan ,  an d flip  burge r  unde r  broiler .  Sti r  onion s occasionall y fo r 

3 minutes ,  the n remov e fro m pa n an d remov e burge r  fro m broiler .  Serv e together . 

We project the facts that the hamburger and onions will be cooked, the onion will be in ring shapes, 

and th e cookin g wil l  b e a  success . 

Plan recognition 

Part of case-based planning is the assimilation of experience into a usable memory structure. In 

th e steak-cookin g case ,  th e relationship s betwee n th e action s an d goal s ar e no t  explicit ;  ascribin g 

action s t o goal s (makin g th e relationship s explicit )  i s  th e functio n o f  pla n recognition — give n a  se t 

of  actions ,  determin e th e pla n (an d goals )  tha t  the y serve .  I n COOKIE,  thi s i s don e t o a  ver y limite d 

degree ,  a s thi s conflict s wit h th e philosoph y o f  reasonin g fro m complet e episodes .  W e allo w th e 

recognitio n o f  low-leve l  actio n aggregate s correspondin g t o subplan s tha t  expres s actio n grouping s 

common t o a  variet y o f  plans .  Thes e ar e expresse d a s subplan-schema s (correspondin g t o M O P s ) 

whic h allo w u s t o relat e action s an d goal s withi n a n episode .  A  subpla n schem a consist s o f  goals , 

steps ,  an d typ e an d tempora l  constraint s o n th e steps .  W e have ,  fo r  example ,  a  subpla n schem a fo r 

fryin g things ;  thi s schem a ha s th e goa l  o f  cookin g som e foo d ite m an d thes e steps :  preparin g th e 

food ,  heatin g a  pan ,  oilin g th e pan ,  addin g th e foo d t o th e pan ,  interactin g wit h th e foo d i n th e 

pan,  an d removin g th e foo d fro m th e pan .  W h e n COOKI E processe s th e steak-and-onion s episode , 

th e action s havin g t o d o wit h th e onio n an d pa n ar e use d t o recogniz e a n instanc e o f  a  genera l 

fryin g b y mappin g th e action s i n th e episod e t o correspondin g step s i n th e schem a (an d th e "cooke d 

onion "  goa l  i n th e episod e t o th e correspondin g schem a goal) .  Onc e w e hav e recognize d th e fryin g 

subpla n here ,  w e allo w thes e part s t o b e use d a s a  separat e episod e (fo r  subsequen t  reasoning )  wit h 

th e adde d assumptio n tha t  usin g thi s episod e i s base d o n th e assumptio n tha t  th e onio n cookin g 

does no t  interac t  wit h th e res t  o f  th e cookin g (whic h i s recognize d a s a  broiling) .  Sinc e schema s 

ar e onl y use d fo r  recognitio n (no t  generation) ,  w e ca n affor d t o b e fairl y  non-restrictiv e wit h th e 

steps—describin g the m i n a  genera l  wa y an d allowin g mos t  t o b e optional .  Thi s recognitio n allow s 

th e fryin g an d broilin g t o b e use d eithe r  togethe r  o r  separately ;  furthermor e i t  give s u s a n instanc e 

of  tw o subplan s tha t  ca n b e coordinate d i n a  singl e mea l  b y on e cook . 

Explanation 

Explanation in COOKIE is closely related to projection and generation, as explanations are only 

generate d whe n a n expecte d stat e fail s  t o occur— a generate d pla n fail s o r  a  projectio n prove s fals e 
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on execution .  Th e generate d explanation s ca n com e fro m tw o sources .  On e i s th e failur e o f  an y 

transformatio n o r  separabilit y  assumption s made .  Suppos e w e generat e a  pla n fo r  cookin g onion s 

base d o n th e onion-fryin g subpla n o f  steak-and-onions .  W e explicitl y  kno w tha t  thi s pla n i s base d 

on underlyin g assumption s o f  ingredien t  fungibilit y  an d subpla n independence ,  s o i f  th e pla n fails , 

we ca n assig n ingredien t  differenc e an d subpla n dependenc e a s candidat e explanations .  Th e othe r 

sourc e o f  explanation s i s th e modificatio n o f  explanation s fro m othe r  case s (a s i n sWAL E [Kas s an d 

Leake ,  1988|) ,  whic h ca n b e use d t o choos e amon g o r  mak e mor e specifi c  th e candidat e explana -

tions .  Th e explanatio n mechanis m (i.e. ,  attributin g unexpecte d behavio r  t o causes )  i n COOKI E i s 

quit e simple ,  bu t  i t  allow s explanatio n i n th e absenc e o f  a  detaile d causa l  theory .  Althoug h thes e 

explanation s d o no t  individuall y provid e th e predictiv e powe r  o f  a  causa l  explanation ,  combinin g 

evidenc e fro m multipl e case s coul d lea d t o a n effectiv e se t  o f  predictiv e feature s withou t  th e nee d 

of  dee p understanding . 

Failure recovery 

Repair in COOKIE is case-based—execution-time repair is based on remembering and adapting 

repair s t o simila r  problem s problem s i n previou s cases .  Suc h repair s ar e necessar y i n plannin g 

unles s w e hav e eithe r  complet e prescienc e o r  th e luxur y o f  bein g abl e t o "undo "  bac k t o a  choic e 

poin t  whe n somethin g goe s wrong .  I n coOKIE' s domain ,  w e hav e neither ,  an d ofte n ar e face d wit h 

problems .  Th e steak-and-onion s cas e ha d n o repairs ,  bu t  w e ca n us e tw o othe r  case s t o illustrat e 

ho w repai r  works .  Th e firs t  cas e i s fried-burger-and-onions ;  i t  i s  simila r  t o th e previou s steak-and -

onions ,  bu t  bot h th e burge r  an d onion s ar e frie d i n th e sam e pan ,  th e onion s bein g adde d whe n th e 

burge r  i s flipped.  Du e t o hig h fa t  content ,  th e pa n i s no t  oile d fo r  th e burger ,  an d th e fa t  release d 

i n cookin g th e mea t  i s enoug h t o kee p th e onion s fro m sticking .  Th e othe r  cookin g i s on e o f  currie d 

cauliflower ,  prepare d b y stir-fryin g th e cauliflowe r  i n 1  T  oil ,  the n addin g th e curr y spice s fo r  th e 

las t  coupl e o f  minute s o f  cooking .  W h e n i t  wa s prepared ,  th e additio n o f  th e spice s soake d u p al l 

of  th e oi l  i n th e pan ,  causin g everythin g t o stick .  Thi s wa s repaire d b y addin g 1  T  oi l  an d mixing . 

Suppos e w e hav e fryin g onion s a s a  goal ;  furthermore ,  w e generat e thi s recip e fro m th e onion -

fryin g subpla n i n fried-burger-and-onions — a s i n th e othe r  burger-and-onions ,  w e separat e thi s 

meal  int o a  fryin g o f  a  hamburge r  an d a  fryin g o f  onion s (base d o n a  non-interferin g subgoais )  wit h 

a numbe r  o f  share d step s tha t  coul d b e separated .  Th e generate d recip e i s t o slic e onions ,  hea t 

pan ,  ad d onions ,  stir ,  remove .  W h e n executed ,  however ,  th e sti r  fail s  a s th e onion s stic k t o th e pan . 

We us e th e cauliflowe r  cas e t o repai r  th e pla n b y addin g oil ,  an d not e tw o possibl e explanation s 

fo r  th e failure ;  som e subgoa l  interactio n i n th e origina l  cookin g (whic h i s tru e here) ,  an d variatio n 

among onions .  I t  doesn' t  matte r  tha t  w e canno t  tel l  whic h i s which ;  wheneve r  w e fr y onion s i n th e 

absenc e o f  meat ,  w e wil l  b e prepare d t o ad d oil . 

4 The role of execution in a CB planner 

The purpose of planning is to produce instructions to be executed bv some actor. The instructions 

ar e a  sequenc e o f  primitiv e actions ,  includin g informatio n abou t  timin g an d ho w progres s shoul d 

be monitored .  Th e informatio n use d i n thi s proces s b v a  case-base d planne r  i s experiential ;  w e ge t 

plan s fo r  ne w situation s base d o n wha t  w e di d i n othe r  situations .  Th e subsequen t  executio n o f 

tha t  pla n add s a n experienc e t o ou r  knowledg e base ,  a s wel l  a s providin g informatio n fo r  evaluatin g 

and improvin g ou r  abilit y  t o plan .  I n COOKIE,  th e plan s give n t o th e executio n monito r  ar e 

episodi c representation s o f  "doin g i t  again" ;  th e executio n monito r  control s execution ,  monitor s 

expectations ,  an d provide s feedbac k usefu l  i n subsequen t  planning .  I n thi s context ,  pla n generatio n 

and executio n ca n b e considere d a s mappings :  fro m a n episod e t o expecte d behavio r  fo r  generation , 
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and fro m expecte d behavio r  t o a  rea l  episod e fo r  execution . 

From episode to expected behavior 

Plans are generated in a direct case-based planner by adapting episodes— transformations are 

performe d o n episode s unti l  the y matc h th e goal s an d constraint s specified .  Basi c assumption s 

i n case-base d reasonin g ar e tha t  performin g th e sam e action s o n th e sam e object s woul d produc e 

identica l  results ,  an d ther e exis t  transformation s tha t  ar e equivalenc e preservin g i n term s o f  thos e 

results—i f  w e perfor m suc h transformation s o n thes e actions ,  objects ,  an d results ,  the n perfor m 

th e action s o n th e objects ,  w e ge t  thes e results .  Th e adapte d episode s ca n b e see n a s "expecte d 

episodes" ,  an d describ e th e expecte d behavio r  o f  reproducin g th e describe d episode . 

From expected behavior to episode 

Knowing the expected behavior simplifies execution monitoring to a great degree. The actions and 

condition s i n th e expecte d behavio r  becom e observe d action s an d condition s i n th e episod e whe n 

executio n i s done ,  a s lon g a s al l  expectation s ar e met .  I f  expectation s ar e no t  met ,  th e anomalie s 

become par t  o f  th e ne w episode ,  an d th e planne r  m a y b e invoke d t o repai r  th e plan .  Th e rol e o f 

th e executio n monitor ,  then ,  i s t o caus e action s t o b e initiate d a t  th e expecte d time s (i f  possible) , 

monito r  al l  o f  th e condition s give n i n th e episode ,  an d signa l  expectatio n failure s bac k t o th e 

planne r  fo r  possibl e repair .  Expectatio n failure s ar e labele d a s suc h i n th e ne w episode ,  whic h wil l 

als o includ e an y respons e t o tha t  failure . 

Execution in cookie 

Execution monitoring in cookie is provided by defarge^, a dedicated execution monitor that 

provide s th e mechanism s fo r  executin g plans ,  add s episode s t o cookie' s knowledg e base ,  interact s 

wit h th e real-tim e repai r  capabilitie s o f  cookie ,  an d provide s feedbac k t o b e use d i n furthe r  plan -

ning .  DEFARGE provide s th e mappin g fro m expecte d t o rea l  episodes ;  i t  cause s plan s t o b e execute d 

by side-effect .  It s inpu t  i s th e episodi c representatio n o f  th e plan—a n adaptatio n o f  a  rea l  episode . 

I t  convert s th e proposition s i n th e episod e int o a  se t  o f  externa l  action s t o b e directed ;  startin g 

events ,  terminatin g events ,  an d testin g conditions ,  whic h ar e assigne d expecte d time s base d o n th e 

time s i n th e episode .  I n execution ,  defarg e give s instruction s an d receive s informatio n fro m th e 

externa l  cook .  A s event s terminat e an d conditio n test s ar e reported ,  th e appropriat e proposition s 

(wit h th e actua l  tim e information )  ar e adde d t o th e episod e description .  I f  a  tes t  result s i n a n 

anomal y (an y expectatio n failure) ,  th e informatio n i s forwarde d t o th e planne r  whic h ca n prescrib e 

repair s t o b e execute d an d associate d wit h th e anomaly . 

Sinc e defarg e ca n extrac t  th e appropriat e test s an d expectatio n fro m wha t  i t  i s  give n b y 

th e generator ,  th e amoun t  o f  reasonin g don e b y th e monito r  i s limited .  Thi s i s b y design—th e 

rol e o f  th e monito r  i s t o extrac t  th e necessar y informatio n fro m th e plan ,  interac t  wit h th e use r 

and planner ,  d o th e necessar y accountin g (keepin g trac k o f  time ,  propagatin g constraints) ,  an d 

conver t  th e executio n trac e t o a  usabl e episode .  Th e relativ e simplicit y i s enable d b y th e detaile d 

informatio n i n th e episodi c representatio n o f  th e generate d plan . 

'Named fo r  th e notoriou s Mme.  Defarge ,  wh o monitore d quit e a  fe w execution s [Dickens ,  18591 . 

107 



5 Conc lus ion s 

We do not claim that direct use is the only way to use experiential knowledge; it is, however, 

lin e tha t  ca n b e use d wit h minima l  domai n knowledg e an d computationa l  overhead .  I t  provide s a 

computationa l  framewor k fo r  reasonin g i n domain s wher e w e don' t  hav e detailed ,  wel l  structure d 

informatio n an d causa l  models .  Ther e i s stron g evidenc e tha t  huma n memor y i s a t  leas t  partiall y 

organize d aroun d episodes ,  an d tha t  experienc e ca n b e use d i n th e futur e i n way s unimagine d a t 

th e time . 

We hav e onl y discusse d on e rol e fo r  abstraction—i n pla n recognitio n w e us e subpla n schema s 

t o ascrib e action s t o particula r  goal s an d t o separat e ou t  part s o f  episode s fo r  late r  use .  Mos t 

G BR systems ,  b y contrast ,  hav e abstractio n hierarchie s a s a  centra l  featur e o f  th e work .  I n H Y P O, 

fo r  example ,  lega l  case s ar e viewe d a t  a  numbe r  o f  differen t  level s o f  abstractio n (Ashley ,  1988] . 

I n C H E F (a s i n mos t  C B R systems) ,  allowabl e transformation s ar e implici t  i n th e abstractio n 

hierarch y fo r  object s (allowin g transformatio n betwee n object s tha t  shar e a n ancesto r  i n th e is a 

hierarchy) .  W e d o no t  disput e th e usefulnes s o f  suc h abstractions ;  w e simpl y clai m tha t  the y ar e 

inadequate .  Unles s w e hav e precompute d al l  usefu l  abstractions ,  direc t  cas e manipulatio n i s stil l 

necessary .  Similarly ,  unles s w e ca n someho w encod e transformation s a s a  hierarch y tha t  reflect s 

th e context-sensitivit y o f  thei r  applicability ,  w e wil l  nee d t o dea l  wit h explici t  transformatio n sets . 
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