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An intelligen t  agen t  mus t  b e abl e t o recove r  fro m an d lear n fro m it s failures . 

Thi s involve s buildin g a  causa l  explanatio n o f  wh y th e failur e occurre d an d usin g 

tha t  causa l  explanatio n a s th e basi s o f  furthe r  reasonin g abou t  ho w t o dea l  wit h 

th e failure .  Thi s pape r  argue s tha t  th e task s o f  buildin g th e explanatio n an d 

reasonin g fro m th e explanatio n shoul d b e tightl y coupled ,  t o avoi d th e proble m 

of  factuall y correc t  bu t  pragmaticall y useles s explanations .  Thi s integratio n ca n 

be accomplishe d b y usin g a  mode l  o f  reasonin g abou t  pla n failure s tha t  i s  base d 

upo n knowledg e structure s tha t  lin k description s o f  stereotypica l  pla n failure s 

wit h description s o f  repai r  an d recover y strategie s appropriat e t o thos e failures . 

1 D e a l i n g w i t h fa i lu re s 

An intelligent agent operating in an uncertain environment must constantly face the fact 

tha t  it s  plan s ma y fail .  Knowledg e abou t  th e worl d i s incomplete ,  knowledg e abou t  th e 

necessar y precondition s fo r  a  particula r  cours e o f  actio n i s likel y t o b e underspecified ,  an d 

th e stat e o f  th e worl d migh t  chang e betwee n th e tim e a  particula r  actio n i s planne d an d 

th e tim e i t  i s  executed . 

Whil e som e failure s ar e th e resul t  o f  circumstance s tha t  ar e genuinel y beyon d th e con -

tro l  an d predictiv e abilitie s o f  th e agent ,  other s resul t  fro m plannin g error s whic h ca n b e 

correcte d i f  th e agen t  understand s th e connectio n betwee n th e plannin g erro r  an d th e fail -

ure .  A  widely-accepte d paradig m fo r  dealin g wit h faile d plan s (see ,  fo r  example ,  [Sussman , 

75] ,  [Hayes-Roth ,  83] ,  [Hammond ,  86] ,  [Birnbau m an d Collins ,  88]) ,  i s  tha t  a n agen t  must : 

• Explain the failure. Assign blame for the failure to some condition over which the 

agen t  coul d hav e ha d control .  (Or ,  i f  n o suc h conditio n ca n b e found ,  identif y th e 

failur e a s a n unforseeable ,  unavoidabl e one. ) 

• Recover from the failure. Plan some activity that will lead toward the original goals, 

takin g int o accoun t  th e change d worl d resultin g fro m th e failure .  Or ,  i f  achievin g th e 

origina l  goa l  no w look s to o expensive ,  wor k o n som e othe r  goal . 
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•  Repai r  th e pla n tha t  resulte d i n th e failure .  I f  th e explanatio n assign s blam e t o 

some conditio n interna l  t o th e planner ,  fo r  exampl e failur e t o loo k fo r  a  certai n con -

traindicatin g conditio n befor e commencin g a  particula r  activity ,  modif y th e pla n s o 

tha t  futur e use s o f  th e sam e pla n wil l  no t  resul t  i n th e sam e failure . 

It is clear that under this model, the steps of recovering from a failure and repairing the 

pla n depen d upo n a  goo d explanatio n -  on e tha t  assign s blam e t o som e stat e o f  th e worl d o r 

stat e o f  th e planner' s knowledg e tha t  i s  bot h responsibl e fo r  th e failur e an d withi n th e powe r 

of  th e agen t  t o change .  I t  i s  als o true ,  thoug h les s immediatel y clear ,  tha t  whateve r  proces s 

build s th e explanatio n o f  th e pla n failur e mus t  b e informe d b y th e system' s knowledg e o f 

recover y an d repair . 

To understan d thi s latte r  point ,  conside r  th e exampl e o f  a  robo t  that ,  give n th e instruc -

tio n t o carr y tw o chair s fro m on e roo m t o th e next ,  pick s u p bot h chair s togethe r  and ,  i n 

th e proces s o f  tryin g t o maneuve r  throug h a  narro w doorway ,  damage s th e chairs .  Som e 

potentia l  explanation s o f  th e failur e are : 

1. The doorway was too narrow. 

2. The chairs were too large. 

3. The robot is poor at judging the widths of passageways. 

4. The robot did not know to re-estimate its size when carrying loads. 

5. The robot knew to re-estimate its size, but is poor at it. 

6. The robot did not know about the vulnerability of chairs to impact damage. 

7. The robot chose the plan of carrying two chairs at once even though the plan was 

risky ,  becaus e i t  considere d th e decreas e i n tim e wort h th e increase d ris k o f  damag e 

(Thi s migh t  no t  b e a n error ,  bu t  migh t  i n fac t  b e a  reasonabl e cours e o f  actio n if ,  fo r 

example ,  th e roo m wer e o n fire.) 

Although each of these explanations refers to the same manifestation of a failure (i.e. 

dente d chairs) ,  th e repair s an d recoverie s derive d fro m eac h wil l  b e different .  Th e first  tw o 

explanation s assig n blam e t o state s o f  th e worl d tha t  aren' t  reasonabl y withi n th e robot' s 

control .  Th e recoverie s o r  repair s the y sugges t  (mak e th e doorwa y larger ,  fo r  example ) 

ar e no t  feasible .  Th e nex t  fou r  explanation s dea l  wit h error s o r  omission s i n th e robot' s 

knowledg e abou t  czirryin g objects ,  an d th e repair s the y sugges t  involv e modifyin g o r  addin g 

t o tha t  knowledge .  Th e final  explanatio n deal s wit h th e mechanis m th e robo t  use s t o 

mediat e betwee n competin g goals ,  an d i t  suggest s modifyin g tha t  mechanism . 

Examinin g th e differenc e betwee n th e first  tw o explanation s an d th e other s point s ou t 

tha t  th e goodnes s o f  a n explanatio n depend s no t  onl y upo n th e degre e wit h whic h i t  faith -

full y  capture s som e aspec t  o f  th e causalit y leadin g u p t o th e failure ,  bu t  als o upo n th e 

degre e t o whic h i t  suggest s a n operationa l  repair .  Thi s dependenc y ha s implication s fo r  th e 

rol e o f  memor y i n reasonin g abou t  failures . 
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2 B u i l d i n g e x p l a n a t i o n s 

There are basically two mechanisms whereby a system can build a useful explanation of 

a faile d plan :  "Buil d fro m scratch" ,  whic h involve s chainin g togethe r  causa l  rule s int o a n 

explanatio n tha t  connect s th e unexpecte d failur e wit h know n conditions ,  an d "Retriev e 

and apply" ,  whereb y th e syste m maintain s a  librar y o f  abstrac t  explanation s tha t  ca n b e 

matche d agains t  th e circumstance s o f  a  failur e an d instantiate d wit h th e particular s o f  th e 

situation . 

The "retriev e an d apply "  metho d o f  explanatio n constructio n i s discusse d i n [Schank , 

86]  an d [Kas s e t  a/. ,  86] .  Th e fundamenta l  ide a i s tha t  certai n fairl y  comple x pattern s o f 

causalit y ten d t o recu r  i n th e cours e o f  a n agent' s interactio n wit h th e world .  Thes e ar e 

not  i n principl e differen t  tha n th e pattern s tha t  th e syste m coul d recogniz e vi a th e "buil d 

fro m scratch "  approach ,  bu t  th e numbe r  o f  the m tha t  th e syste m actuall y encounter s i s 

smal l  relativ e t o th e tota l  numbe r  o f  syntacticall y vali d pattern s tha t  th e syste m coul d 

buil d b y chainin g togethe r  it s primitiv e causa l  rules .  Cachin g thes e larg e an d frequently -

encountere d causa l  pattern s i s no t  onl y usefu l  fro m th e poin t  o f  vie w o f  efficiency ,  bu t  also , 

as ha s bee n argue d i n [Kas s an d Owens ,  88] ,  fro m th e poin t  o f  vie w o f  likel y utilit y  i n th e 

fac e o f  incomplet e knowledge . 

I n th e contex t  o f  reasonin g abou t  pla n failures ,  ther e i s a  thir d advantag e t o th e "retrieve -

and-apply "  approac h t o explanation ,  an d thi s advantag e pertain s t o th e above-discusse d 

questio n o f  ho w th e system' s notio n o f  repai r  an d recover y shoul d guid e it s choice s whe n 

i t  build s a n explanatio n o f  a  faile d plan .  Th e remainde r  o f  thi s pape r  deal s wit h th e 

representationa l  for m an d conten t  o f  a  clas s o f  knowledg e structur e tha t  addresse s th e tas k 

of  understanding ,  recoverin g fro m an d repairin g faile d plans . 

3 What to represent 

As has been argued in more detail in [Schank, 86] and [Owens, 88], there is an interesting 

correspondenc e betwee n th e typ e o f  stereotypica l  pla n failur e tha t  a n intelligen t  agen t  need s 

t o represent ,  an d commo n advice-givin g proverb s an d aphorisms .  Th e laz y man' s load ,  fo r 

example ,  refer s t o th e failur e resultin g fro m tryin g t o minimiz e th e numbe r  o f  trip s require d 

t o mov e som e numbe r  o f  object s b y movin g al l  o f  the m a t  on e time .  A  mor e generall y 

applicabl e patter n describin g th e sam e clas s o f  erro r  migh t  b e th e to o man y iron s i n th e fire 

pattern ,  whic h deal s wit h th e genera l  proble m resultin g fro m overdoin g th e optimizatio n o f 

combinin g task s an d executin g the m simultaneously . 

Thes e proverb s categoriz e situation s i n som e usefu l  way .  Al l  to o m y  iron s situation s 

shar e certai n causa l  properties ,  fo r  exampl e tha t  th e failur e i s relate d t o th e fac t  tha t 

multipl e task s ar e bein g combined .  I t  i s  generall y eas y fo r  peopl e t o decid e base d o n a  pos t 

fact o description ,  whethe r  o r  no t  a  particula r  situatio n i s o f  th e to o man y iron s i n th e fire 

type .  Ther e i s a  commo n se t  o f  failur e recover y strategie s tha t  shoul d b e successfu l  i n al l 

to o man y iron s situations ,  fo r  exampl e interleavin g fewe r  tasks ,  puttin g som e task s o n hol d 

or  findin g someon e t o help .  Peopl e ar e abl e t o enumerat e thes e strategie s whe n aske d abou t 

to o man y iron s situation s i n th e abstract .  Th e goa l  fo r  knowledg e structure s t o b e use d a s 
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par t  o f  a n intelligen t  plannin g system ,  i s t o similarl y categoriz e experience s int o meaningfu l 

abstrac t  classe s o r  clusters. * 

I t  i s th e observatio n tha t  proverb s see m t o lin k abstrac t  failur e description s wit h abstrac t 

recover y strategie s tha t  addresse s th e questio n o f  ho w th e task s o f  explaining ,  recoverin g 

fro m an d repairin g failure s ca n b e bette r  integrated .  The y ar e don e s o vi a a  knowledg e 

structur e tha t  combine s a n abstrac t  descriptio n o f  a  pla n failur e wit h recover y an d repai r 

strategies .  I t  i s calle d a  pla n failur e explanatio n pattern ,  o r  PFXP ,  an d i t  i s a n extensio n 

and specializatio n o f  th e X P s describe d i n [Schank ,  86 ]  an d [Kas s e t  a/. ,  86]. ^ 

3.1 Understanding the failure 

The central content of a PFXP is a template that can be used to build a causal model of 

th e clas s o f  situatio n represente d b y tha t  knowledg e structure .  Th e templat e characterizes , 

i n abstrac t  terms ,  th e c o m m o n causalit y tha t  al l  situation s covere d b y thi s PFX P share .  I n 

th e cas e o f  th e To o man y iron s i n th e fire  situation ,  th e causa l  patter n tha t  characterize s 

th e fjulure ,  whe n writte n ou t  i n English ,  look s somethin g like : 

Simultaneously executing multiple tasks can fail if several of the tasks have time-

critica l  steps ,  i n tha t  th e agen t  wil l  b e bus y attendin g t o on e time-critica l  ste p 

at  th e tim e tha t  anothe r  time-critica l  ste p require s th e agent' s attention ,  o r  i f 

th e tote d workloa d o f  th e task s exceed s th e agent' s capabilities ,  i n tha t  th e agen t 

wil l  b e overloaded . 

By deciding that this particular causal pattern applies to the current situation, the 

syste m make s severa l  commitment s abou t  whic h feature s o f  th e curren t  situatio n wil l  par -

ticipat e i n th e explanation .  Th e fac t  tha t  th e objec t  bein g move d i s a  chair ,  fo r  example , 

i s  no t  involve d i n matchin g th e situatio n agains t  thi s pattern ,  an d i s consequentl y ignored , 

whil e th e fac t  tha t  th e situatio n involve d scalin g th e siz e o f  a  tas k i s highlighted .  W h e n i t 

comes tim e t o repai r  th e problem ,  th e syste m ca n ignor e th e forme r  an d focu s o n th e latter . 

3.2 Recovering from the failure 

A recovery strategy, such as the decision to restart the plan using less interleaving of tasks, 

coul d b e calculate d dynamicall y fro m th e causa l  model .  Sinc e th e causa l  mode l  show s 

tha t  th e interleavin g i s implicate d i n th e pla n failure ,  reformulatin g th e pla n t o us e les s 

interleavin g i s no t  a  particularl y complicate d inference .  Othe r  recover y strategies ,  lik e 

decidin g t o loo k fo r  help ,  ar e no t  quit e s o easil y an d cheapl y inferre d fro m th e initia l  causa l 

explanatio n o f  th e pla n failure . 

'Se e als o [Lehnert ,  8l] ,  [Schank ,  82] ,  [Dyer ,  82 ]  fo r  a  mor e genera l  discussio n o f  th e relationshi p o f  proverb s 
t o abstrac t  themati c structure s i n th e contex t  o f  stor y understanding . 

^See als o th e plannin g T O P s discusse d i n [Hammond ,  86 ]  fo r  anothe r  abstrac t  characterizatio n o f  plan -
nin g failure s 
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I n a  syste m base d o n PFXPs ,  though ,  ther e i s ver y littl e advantag e t o dynamicall y 

calculatin g repai r  strategie s b y inferrin g the m fro m th e causa l  model .  Sinc e th e causa l 

model  i s a  stati c objec t  store d a s par t  o f  th e knowledg e structure ,  a  se t  o f  potentia l  repai r 

strategie s ca n als o b e package d wit h a  PFX P i n memory .  Th e system' s tas k ca n therefor e b e 

t o choos e fro m amon g severa l  possibl e recover y strategie s rathe r  tha n t o tr y t o buil d on e 

fro m scratch .  B y comparison ,  i n a  syste m tha t  build s explanation s fro m scratc h b y chainin g 

primitive s togethe r  ther e i s n o obviou s plac e t o pu t  recover y strategie s i n memory . 

Whil e th e abstrac t  strategie s store d wit h a  PFX P ar e static ,  th e instantiatio n mus t 

of  cours e b e handle d dynamically ,  sinc e th e abstrac t  knowledg e structur e canno t  kno w 

i n advanc e th e detail s o f  th e situation s t o whic h i t  wil l  b e applied .  Th e variable s tha t  ar e 

instantiate d i n th e proces s o f  matchin g th e causa l  mode l  o f  th e PFX P t o th e curren t  situation , 

ar e carrie d ove r  an d use d t o instantiat e th e recover y strateg y int o a  specifi c  cours e o f  action . 

The tw o recover y strategie s mentione d abov e ar e representativ e o f  tw o distinc t  genera l 

classe s o f  strategies .  Th e first ,  re-executin g wit h les s interleaving ,  i s  basicall y a n applicatio n 

of  a  genera l  strateg y tha t  coul d b e applie d t o an y failure : 

If some fact x is causally implicated in the failure, then cause x not to hold and 

tr y th e pla n again . 

While this strategy is general and simple, it is fraught with problems. A large number 

of  condition s ar e causall y implicate d i n th e failure ;  ye t  man y o f  the m canno t  o r  shoul d 

not  b e change d b y th e planner ,  eithe r  becaus e the y ar e presen t  i n servic e o f  som e goa l  o r 

becaus e the y ar e beyon d th e contro l  o f  th e planner .  Thi s recover y strategy ,  give n som e o f 

th e explanation s fro m th e beginnin g o f  thi s paper ,  coul d easil y generat e th e "solution "  o f 

makin g th e doorwa y larger . 

The secon d recover y strategy ,  lookin g fo r  help ,  i s  muc h mor e specifi c  t o th e to o man y 

iron s failure .  A s a  desig n principle ,  PFXPs shoul d b e se t  u p wit h thi s mor e specifi c  typ e 

of  recover y strateg y wheneve r  possible .  Ther e i s les s inferentia l  complexit y involve d i n 

instantiatin g th e strateg y i n th e contex t  o f  th e failure ,  an d becaus e th e inferenc e chai n i s 

shorter ,  w e ca n hav e mor e confidenc e tha t  th e strateg y wil l  b e appropriate . 

3.3 Identifying the bad planning decision 

The role of a PFXP in allowing a system to correct its inappropriate planning behavior is 

tha t  i t  provide s a  pointe r  t o a  plannin g decisio n believe d likel y t o b e th e on e responsibl e 

fo r  th e failur e characterize d b y thi s particula r  PFXP .  Ofte n th e decisio n pointe d t o wil l  b e 

a pla n transformation .  I n th e cas e o f  th e To o man y iron s PFXP ,  th e ba d decisio n suggeste d 

look s somethin g like : 

Enhance this plan by simultaneously performing similar steps 

The type of bad decision that is pointed to by a PFXP can take several forms, among 

them : 
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Spuriou s actio n Som e ax:tio n wa s take n tha t  cause d th e pla n t o fail ;  ha d i t  no t  bee n take n 

th e pla n woul d hav e succeeded .  Thi s i s th e typ e o f  failur e tha t  th e to o man y iron s 

PFXP embodies . 

Omitted action Some action could have been taken to prevent this particular failure, 

but  wa s no t  taken .  Thi s i s th e typ e o f  failur e implicate d in ,  fo r  example ,  th e PFX P 

correspondin g t o th e prover b A  stitc h i n tim e save s nine ,  whic h typifie s failure s i n 

whic h som e low-cos t  preventiv e measur e woul d hav e avoide d a  high-cos t  outcome . 

Inappropriate plan choice The choice of plan to accomplish some particular goal or 

subgoa l  wa s inappropriate .  Thi s typ e o f  ba d decisio n ca n b e referre d t o b y PFXPs 

suc h a s th e on e correspondin g t o th e prover b Yo u ca n catc h mor e flies  wit h hone y 

tha n yo u ca n wit h vinegar . 

Inappropriate resource choice The choice of resource with which to implement some 

pla n wa s inappropriate .  A n exampl e o f  thi s ca n b e foun d i n a  PFX P correspondin g 

t o som e interpretation s o f  th e prover b Yo u can' t  mak e a  sil k  purs e ou t  o f  a  sow' s ea r 

or  A  handsa w i s a  goo d thing ,  bu t  no t  t o shav e wit h -  eac h o f  whic h warn s agains t 

applyin g a  resourc e t o som e tas k fo r  whic h i t  i s  manifestl y unsuited . 

Ignored factor Some factor was not taken into account that, if it had been taken into 

account ,  woul d hav e avoide d th e failure .  A n extremel y genera l  instanc e o f  thi s failur e 

i s foun d i n th e Loo k befor e yo u lea p PFXP . 

Spurious factor Some factor was considered that, if it had been ignored, would have 

avoide d th e failure .  Th e syste m pai d to o muc h attentio n t o a n insignifican t  o r  irrele -

van t  factor .  A  numbe r  o f  decision s relate d t o risk-takin g fal l  int o thi s category ,  suc h 

as thos e implicate d i n th e prover b H e wh o wait s fo r  a  fai r  win d misse s man y a  voyag e 

Inappropriate goal prioritization Some goal was given either excess or insufficient con-

sideration ,  relativ e t o th e othe r  goal s o n whic h th e syste m wa s working  a t  th e time . 

Thi s correspond s t o th e fina l  explanatio n fo r  th e damage d chair s suggeste d a t  th e 

beginnin g o f  thi s paper . 

Incorrect assumption From the point of view of credit and blame attribution, this type 

of  ba d decisio n i s differen t  fro m th e other s i n tha t  i t  isn' t  reall y a  decisio n tha t  i s 

pointe d t o her e -  th e syste m didn' t  d o anythin g wron g tha t  le d i t  int o th e failure , 

but  rathe r  i t  relie d o n informatio n tha t  i s no t  correct .  Th e ba d decisio n field  o f  thi s 

typ e o f  PFX P point s t o th e offendin g cissumption . 

Some of these descriptions are oversimplified here. For example, spurious factor, 

ignore d factor ,  spuriou s actio n an d omitte d actio n nee d no t  b e boolea n descriptor s 

as suggeste d above .  I n fact ,  thi s typ e o f  erro r  i s muc h mor e ofte n a  matte r  o f  degre e tha n 

i t  i s  o f  absolutes .  Th e descriptio n o f  a  ba d decisio n i s les s likel y t o b e somethin g lik e 

You paid attention to something you should have ignored 

than it is to be something like 

282 



You pai d mor e attentio n t o thi s facto r  tha n yo u shoul d have . 

The basic idea behind encoding a bad decision as part of the representation of a PFXP is 

analogou s t o th e credi t  assignmen t  functio n o f  th e basi c causa l  mode l  o f  th e PFXP .  Jus t  a s 

th e basi c causa l  mode l  attempt s t o focu s credi t  assignmen t  o n aspect s o f  th e worl d tha t  ar e 

potentiall y  unde r  th e planner' s control ,  th e ba d decisio n field  provide s a  mean s t o focu s 

interna l  credi t  assignmen t  o n aspect s o f  th e system' s plannin g behavio r  tha t  ar e modifiable . 

A proble m wit h thi s kin d o f  credi t  assignmen t  i s tha t  ther e i s n o guarante e o f  accuracy . 

The particula r  pla n transformatio n o r  othe r  decisio n pointe d t o i s neithe r  necessar y no r 

sufficien t  a s a n explanatio n o f  th e failure .  Clearl y th e decisio n t o interleav e task s doe s no t 

alway s resul t  i n a  ba d outcome .  Generally ,  i n fact ,  i t  i s  a  desirabl e thin g t o do .  Furthermore , 

and mor e importantl y fro m th e poin t  o f  vie w o f  constructin g explanations ,  no t  al l  instance s 

of  th e To o man y iron s situatio n resul t  fro m a n explici t  decisio n t o interleav e tasks .  Some -

time s th e situatio n migh t  resul t  from ,  fo r  example ,  failin g t o notic e a  proble m developin g 

as mor e an d mor e situation s requirin g immediat e attentio n arise .  Or ,  th e situatio n migh t 

resul t  fro m th e conjunctio n o f  severa l  seemingl y unrelate d plannin g decisions .  Th e content s 

of  th e ba d decisio n field  ar e o f  heuristi c valu e rathe r  tha n o f  provabl e correctness . 

3.4 Modifying the bad planning decision 

Just as each description of a failure in the world has associated with it a recovery strategy, 

likewis e eac h descriptio n o f  a  bax l  plannin g decisio n ha s associate d wit h i t  a  repai r  strategy . 

The rol e o f  a  PFX P i n repai r  is ,  however ,  les s clear-cu t  tha n i t  i s  i n th e are a o f  developin g a 

causa l  explanatio n o r  recoverin g fro m specifi c  failures .  Thi s i s partiall y  du e t o th e fac t  tha t 

interna l  credi t  attributio n i s no t  s o clear-cu t  a s externa l  credi t  assignment .  I n th e cas e o f 

th e robo t  movin g th e chairs ,  what ,  exactly ,  i s  th e ba d decisio n tha t  resulte d i n th e damage ? 

Was i t  th e decisio n t o carr y tw o chair s a t  once ? T o mov e quickl y throug h th e door ? O r  wa s 

i t  th e resul t  o f  placin g to o muc h importanc e o n gettin g th e jo b don e quickly ,  o r  no t  enoug h 

importanc e o n preservin g th e chairs . 

If ,  a  syste m constantl y encounter s error s o f  th e sam e type ,  sa y to o man y irons ,  i t  shoul d 

be les s willin g t o perfor m th e pla n transformatio n tha t  say s t o enhanc e a  pla n b y allocatin g 

multipl e agent s t o wor k o n it .  If ,  o n th e othe r  hand ,  thi s typ e o f  erro r  neve r  occurs ,  tha t 

i s  a  sig n tha t  th e syste m i s probabl y missin g opportunitie s t o enhanc e plan s b y bein g to o 

conservativ e -  i t  shoul d b e les s fuss y abou t  applyin g tha t  particula r  pla n transformation . 

Ideally ,  th e wa y t o mak e th e syste m mor e fuss y abou t  a  particula r  pla n transformatio n 

i s t o ad d precondition s fo r  tha t  transformation ,  an d th e wa y t o mak e i t  les s fuss y i s t o 

dro p preconditions .  A  ver y crud e approximatio n t o thi s behavio r  tha t  require s muc h les s 

knowledg e o n th e par t  o f  th e system ,  i s t o adjus t  som e numerica l  paramete r  correspondin g 

t o th e likelihoo d o f  a  particula r  pla n transformatio n bein g applie d base d upo n th e numbe r 

of  error s encountere d tha t  poin t  t o tha t  transformation .  Whil e th e latte r  approac h i s easie r 

t o implement ,  i t  doe s no t  allo w th e kin d o f  learnin g enable d b y th e former . 
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4 C o n c l u s i o n s 

Reasoning  about failed plans by using <in approach based upon matching large causal struc-

ture s i s mor e tha n jus t  a n efficienc y issu e relate d t o th e compilatio n o f  rule s int o large r  rule s 

wit h mor e detaile d applicabilit y  conditions .  Th e approac h addresse s th e questio n o f  ho w 

t o mor e closel y lin k th e tas k o f  understandin g a  pla n failur e wit h th e tas k o f  actin g base d 

upo n tha t  understanding .  Becaus e th e onl y knowledg e structure s availabl e fo r  matchin g 

ar e thos e tha t  ar e linke d t o operationa l  repai r  an d recover y strategies ,  th e syste m avoid s 

th e proble m o f  generatin g factuall y correc t  bu t  pragmaticall y useles s explanations . 
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