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Abstrac t 

Solving the multiple goals problem has been 
a majo r  issu e i n Artificia l  Intelligenc e model s 
of  plannin g (Sussman ,  1975 ;  Sacerdoti ,  1975 ; 
Wilensky ,  1978 ;  Wilensky ,  1980 ;  Wilensky , 
1983 ;  Carbonell ,  1979) ;  however ,  mos t  mod -
el s hav e assume d tha t  th e bes t  pla n fo r  a  se t 
of  goal s t o b e satisfie d i n coiv j  unctio n wil l  ziris e 
fro m a  simpl e combinatio n o f  th e bes t  indi -
vidua l  plan s fo r  eac h goal .  However ,  h u m a n 
planner s see m t o posses s a n abilit y t o loo k 
at  a  se t  o f  goals ,  an d charMteriz e the m a s a 
whole ,  instezu i  o f  a s a  collectio n o f  individua l 
goal s (Hayes-Rot h an d Hayes-Roth ,  1979) .  I n 
thi s paper ,  w e introduc e th e notio n o f  index -
in g comple x multiple-goa l  plan s i n term s o f  th e 
interaction s betwee n th e goal s tha t  the y sat -
isfy .  W e presen t  th e vocabular y requirement s 
fo r  representin g th e causalit y behii ^  goa l  in -
teractions ,  th e genera l  plannin g strategie s use d 
t o resolv e thes e interactions ,  an d th e specifi c 
plan s base d o n thes e mor e genera l  resolutio n 
strategie s tha t  ar e instantiate d i n th e actua l 
plannin g problem . 

Indexin g Plan s i n M e m o r y 

Solving the multiple goals problem has been a ma-
jo r  issu e i n Artificia l  Intelligenc e model s o f  plannin g 
(Sussman ,  1975 ;  Sacerdoti ,  1975 ;  Wilensky ,  1978 ; 
Wilensky ,  1980 ;  WUensky ,  1983 ;  CarboneU ,  1979) ; 
however ,  mos t  model s hav e assume d tha t  th e bes t 
pla n fo r  a  se t  o f  goal s t o b e satisfie d i n coigunctio n 
wil l  aris e from  a  simpl e combinatio n o f  th e bes t  in -
dividua l  plan s fo r  eac h goal .  A  proble m wit h th e 
"eac h goa l  first "  plannin g theorie s i s tha t  the y pro -
vid e n o vocabular y capabl e o f  chauracterizin g goa l 
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number  AFOSR-91-0112 ,  D A R P A contrac t  numbe r 
F30602-91-C-002 8 monitore d b y Rome Laboratories , 
D A R PA contrac t  numbe r  N00014-91-J-409 2 monitore d 
by th e Offic e o f  Nava l  Research ,  Offic e o f  Nava l  Re -
searc h gran t  numbe r  N00014-91-J-118 5 

and pla n interaction s i n a  for m tha t  allow s acces s 
t o pas t  case s i n m e m o r y base d o n thes e common -
alities .  Suc h goa l  interaction s serv e a s criticai l  con -
strsdnt s o n successfu l  plans ,  s o tha t  takin g advan -
tag e o f  thes e constraint s whil e selectin g amon g an d 
developin g plan s wil l  no t  onl y produc e "smarter " 
plans ,  bu t  ha s th e advantag e o f  bootstrappin g fro m 
plan s previousl y develope d fo r  simila r  pla n interac -
tio n situations . 

Three basic requirements of any representational 
vocabular y use d t o describe ,  orgauiize ,  an d inde x 
plan s aie :  first ,  tha t  i t  charaurteriz e abstrac t  pat -
tern s o f  goa l  interaction s tha t  captur e relevan t  sim -
ilaritie s betwee n situations ;  second ,  tha t  i t  provid e 
acces s t o genera l  strategie s tha t  pertai n t o resolv -
in g th e oversd l  goal/pla n situation ;  an d finally ,  tha t 
i t  identifie s specifi c  plan s tha t  cove r  th e curren t  sit -
uation .  I n th e nex t  sections ,  w e presen t  a  represen -
tationa l  vocabular y tha t  charzicterize s th e causa l 
knowledg e behin d goals ,  plans ,  an d thei r  interac -
tions .  H u m a n experimenta l  evidenc e i s  the n pre -
sented ,  alon g wit h suggestion s abou t  ho w thi s pro -
pose d paradig m ca n b e extende d t o encompas s a 
majorit y o f  plannin g situations . 

Vocabulary for Goal Interactions 

Planners currently use a vocabulary of goals, asso-
ciate d plans ,  sub -  plans ,  preconditions ,  an d effect s 
(Schan k em d Abelson ,  1977) ,  a s wel l  a s basi c in -
teraction s suc h a s conflic t  aa d concor d (Wilensky , 
1978) .  Th e proble m o f  ho w t o describ e th e sim -
ilarit y betwee n goa l  situation s ha s bee n discusse d 
by (Schank ,  1982) ,  w h o introduce d abstrac t  m e m-
or y structure s (Themati c Organizatio n Package s o r 
T O P s)  t o connec t  episode s i n memor y o n th e ba -
si s o f  similaritie s i n th e patter n o f  goal s an d plan s 
the y contain .  I n planning ,  suc h abstrac t  pattern s 
of  goa l  an d pla n interaction s ca n serv e t o identif y 
a clas s o f  problem s wher e a  particula r  se t  o f  reso -
lutio n strategie s ar e appropriate . 

Consider the example (Wilensky, 1978) of "want-
in g th e newspape r  fro m outsid e o n th e sidewal k 
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whil e i t  i s  raining, "  wher e th e planne r  i s  tryin g t o 
Mhiev e a  particula r  goa l  (gettin g th e newspaper) ; 
th e chose n pla n (carr y th e pape r  in )  ha s a  particula r 
preconditio n (b e outside) ;  an d a n existin g stat e (i t 
i s  raining) ,  i n combinatio n wit h th e precondition , 
result s i n th e violatio n o f  a n existin g preservatio n 
goa l  (sta y dry )  (Schan k an d Abelson ,  1977) .  T o 
pla n i n thi s situation ,  th e goa l  conflic t  mus t  b e de -
scribe d i n term s o f  a n abstrac t  characterizatio n o f 
th e proble m tha t  capture s th e causa l  chai n leadin g 
t o th e violation .  Thi s situatio n ca n b e character -
ize d a s preconditio n plu s stat e cause s violatio n o f 
a preservatio n goal ,  o r  PliD+State—*Violatio B (se e 
Figur e 1) . 
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Figure 1: Representation of the goal interaction sit-
uatio n Plan-t-State—•Violation . 
Many other plan/goaJ conflicts can be character-
ize d i n a  simila r  w a y (se e ( H s u n m o n d e t  a/. ,  1991 ; 
H a m m o n d,  1990)) .  I n thi s paper ,  w e wil l  concen -
trat e o n onl y on e o f  these ,  Pian-fState- *  Violation , 
an d it s  associate d resolutio n strategies . 

V o c a b u l a r y fo r  Reso lu t i o n Strategie s 

There are three basic strategies that are designed 
fo r  us e i n an y P/an+State—•Vioiatio n plannin g sit -
uation .  Thes e resolutio n strategie s ar e plan s fo r 
altering'th e causa l  situatio n suc h tha t  th e origi -
nal  goa l  ca n b e achieve d whil e avoidin g th e preser -
vatio n goa l  violation .  T h e thre e strategie s fo r 
P/an- f  State—•Vioiatio n are : 

• Plan against precondition: Find a plan for the 
primar y goa l  tha t  doe s no t  requir e th e problem -
ati c preconditio n (fin d a  pla n tha t  doe s no t  re -
quir e goin g outside) . 

•  Pla n agains t  state :  Alte r  th e existin g stat e suc h 
tha t  eve n whe n th e preconditio n i s me t  th e 
preservatio n goa l  wil l  no t  b e violate d (d o some -
thin g t o mak e i t  sto p raining) . 

•  Pla n agains t  violation :  A d d a n auxiliar y pla n 
tha t  prevent s th e violatio n o f  th e preservatio n 
goal  eve n i n presenc e o f  th e threatenin g stat e an d 
th e existin g conditio n (ge t  a n umbrella) . 

One test of these problem resolution strategies 
i s whethe r  o r  no t  the y appl y t o othe r  instance s o f 
P/afl+State— » Violation .  Suppos e a  planne r  want s 
t o ge t  a  ho t  po t  of f  o f  th e stove .  Lik e th e news -
pape r  an d th e rai n example ,  th e situatio n fits  int o 
Pian-f5tate— » Violation ,  an d th e associate d resolu -
tio n strategie s ar e appropriat e her e also :  th e first 
strateg y suggest s tryin g a  pla n tha t  doe s no t  re -
quir e touchin g th e pot ,  suc h a s usin g a  stic k t o pus h 
th e po t  off "  o f  th e burner ;  th e secon d suggest s wait -
in g fo r  th e po t  t o coo l  dow n befor e movin g it ;  th e 
thir d suggest s tha t  som e sor t  o f  protectio n b e used , 
suc h a s a  po t  holder .  Whil e th e conten t  o f  th e par -
ticula r  goal s i s diffierent ,  th e interaction s tha t  occu r 
betwee n th e goal s i n bot h o f  thes e situation s ar e 
simileir . 

Accessin g genera l  strategie s throug h thi s vocab -
ular y provide s th e planne r  wit h alteratio n tech -
nique s an d informatio n a s t o wha t  part s o f  th e ini -
tia l  causa l  configuratio n ar e appropriat e target s o f 
change .  I n summary ,  b y includin g a  causa l  analy -
si s o f  th e goa l  interaction s i n a  situatio n a s par t  o f 
it s  representation ,  i t  i s  possibl e t o acces s i n m e m-
or y th e genera l  strategie s applicabl e t o th e problem , 
leadin g t o specifi c  plan s fo r  th e curren t  situation . 

Vocabulary for Specific Planning 

Strategie s 

Causal relations can be used to organize resolu-
tio n strategie s i n term s o f  th e situation s fo r  whic h 
the y ar e relevant .  T h e resolutio n strategie s indicat e 
wher e a  puticula r  causa l  chai n ca n b e effectivel y 
altere d fo r  a  particula r  plannin g situation ;  nex t  w e 
nee d a  mor e specifi c  vocabular y fo r  characterizin g 
ho w situation s ca n b e altered .  W e wil l  no w loo k 
at  whe n an d ho w t o appl y th e specifi c  strategie s 
associate d wit h Piaa-fState-»^VjoiatJoii . 

Specializations of "Plan against precondi-
tion. ^  O n e specialize d strateg y i s us e alternat e 
agent ,  appropriat e i n Pian-fState—»Vjo/atJo n case s 
suc h a s whe n a  studen t  want s t o g o int o th e of -
fice  an d pic k u p hi s mai l  whil e avoidin g hi s advisor . 
Thi s strateg y i s no t  alway s appropriate ;  fo r  exam -
ple ,  conside r  movin g th e ho t  pot .  T o inde x thi s 
strateg y s o tha t  i t  wil l  b e applie d onl y i n appropri -
at e problems ,  w e nee d a  representatio n o f  feature s 
tha t  identif y whe n thi s an d othe r  particula r  strate -
gie s ar e relevant .  I n thi s case ,  th e distinctiv e fea -
tur e lie s i n th e nature  o f  th e preservatio n goa l  goa l 
bein g threatened :  i f  i t  i s  specifi c  t o th e planne r 
an d no t  t o othe r  agents ,  the n thi s i s a  goo d solu -
tio n t o a  Pian-f5tate- » Vioiatio Q conflict .  Thus ,  th e 
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importan t  feature s fo r  u^ e aliemat e agen t  ar e th e 
commonalit y o f  th e threatene d preservatio n goal , 
th e natur e o f  th e preservatio n goal ,  an d an y spe -
cia l  skill s  o r  abilitie s involve d i n th e norma i  pla n 
t o satisf y th e initia l  achievemen t  goa l  (Schan k an d 
Abelson ,  1977) . 

A different specialization of the general strategy 
t o pla n agains t  th e preconditio n i s t o us e a n alter -
nat e plau i  tha t  doe s no t  hav e th e sam e precondition , 
or  us e alternat e achievemen t  goa l  plan .  Fo r  exam -
ple ,  t o ge t  th e ho t  po t  of f  o f  th e stove ,  on e coul d 
pic k u p th e po t  withou t  touchin g i t  b y insertin g a 
stic k throug h it s hollo w handle .  A  predictiv e fe«i -
tur e (Johnso n an d Seifert ,  1991 )  fo r  thi s strateg y i s 
th e existenc e o f  an y alternat e plan s fo r  th e initia l 
goal . 

A finad specialization of this general strategy of 
plannin g agains t  th e preconditio n i s t o ru n th e ini -
tia l  pla n ver y quickly ,  th e ru n fas t  strategy .  Thi s 
strateg y i s effectiv e i n thos e case s wher e th e preser -
vatio n goa l  bein g threatene d ha s degree s o f  viola -
tio n linke d t o a  paramete r  (tim e o r  speed )  unde r 
th e agent' s control ,  an d whe n th e preservatio n goa l 
violatio n i s onl y intermitten t  (a s i n th e possibilit y 
of  runnin g int o th e adviso r  i n th e mai l  room) . 

Specializations of '^Plan against state." 
As wit h "pla n agains t  precondition, "  ther e air e 
thre e specialization s o f  "pla n agains t  state: " 
wai t  out ,  j um p between ,  an d counte r  plan . 
Waitin g ou t  th e stat e applie d t o instance s o f 
Pian-/-State—t̂ Vio/atio n i n whic h th e existin g stat e 
i s temporary ,  suc h a s a  ho t  pot .  Us e o f  thi s strateg y 
depend s o n th e natur e o f  th e achievemen t  goa l  a s 
wel l  a s o n th e natur e o f  th e state ;  i f  th e achievemen t 
goa l  i s  particularl y insistent ,  the n thi s strateg y i s 
inapplicable . 

A variation on the wait it out strategy is the run 
betwee n strategy ,  wher e on e run s th e initia l  pla n 
i n betwee n fluctuations  i n th e state .  Thi s strateg y 
woul d b e indexe d unde r  th e P/an-fState—»Vioiatio n 
structure ,  linke d t o a  tes t  concernin g th e perma -
nenc e an d possibl e intermittenc e o f  th e sid e stat e 
bein g planne d against . 

Finally, one can counter plan against the con-
flicting  state ;  tha t  is ,  generat e a  separat e pla n t o 
disabl e th e state .  Fo r  thi s t o work ,  th e planne r 
obviousl y mus t  hav e som e contro l  ove r  th e state . 
Once again ,  th e indexin g vocabular y fo r  al l  thre e 
strategie s consist s o f  feature s relate d t o th e practi -
cal  consideration s tha t  th e planne r  ha s t o tak e int o 
3M:coun t  i n orde r  t o alte r  th e initia l  plan :  duratio n 
of  state s an d existenc e o f  specifi c  plauis . 

Specializations of "Plan against violation." 
Lik e th e othe r  tw o genera l  strategies ,  "pla n agains t 
violation "  ha s som e specialize d version s tha t  ca n 

be applie d i n differen t  circumstances .  I f  th e preser -
vatio n goa l  i s  relativel y mino r  o r  short-live d i n re -
latio n t o th e achievemen t  goal ,  the n i t  migh t  m a k e 
sens e t o tolerat e violation s o f  it .  T o decid e i f  tol -
eratio n i s possible ,  th e planne r  need s t o kno w th e 
relativ e importanc e o f  it s  goals ,  an d th e likel y du -
ration s o f  violations . 

Like tolerate, run and recover requires not only 
tha t  th e preservatio n goa l  i s  relativel y unimpor -
tant ,  bu t  als o tha t  ther e exist s a  pla n associate d 
wit h th e violatio n tha t  ca n b e use d t o recove r  fro m 
it .  O n e can ,  fo r  example ,  dr y of f  afte r  fetchin g th e 
newspape r  ou t  o f  th e rain .  Lik e th e tolerat e strat -
egy ,  thi s ru n an d recove r  strateg y depend s o n th e 
relativ e importanc e o f  th e tw o goal s bein g planne d 
for ,  an d require s a  tes t  fo r  th e existenc e o f  recover y 
plan s fo r  th e violate d goal . 

A third specialization of "plan against violation" 
i s counte r  pla n th e preservatio n goal :  generat e a 
concurren t  pla n i n suppor t  o f  th e preservatio n goal , 
suc h a s usin g a n umbrella .  T h e pla n i s store d i n 
term s o f  th e causa l  situatio n i n whic h i t  wil l  be -
come relevant ,  rathe r  tha n i n term s o f  a  specifi c 
goad violation . 

Th e specialization s o f  th e genera l  strategie s ap -
pl y i n som e instance s o f  Pian+State—•Vioiation , 
but  no t  others ,  an d therefor e mus t  b e indexe d b y 
thei r  appropriatenes s conditions .  Tha t  is ,  "pla n 
agains t  violation "  ha s thre e specialization s tolerat e 
applie s whe n th e preservatio n goa d bein g protecte d 
i s trivia l  compare d t o th e achievemen t  goa l  bein g 
satisfied ;  ru n an d recove r  applie s whe n ther e i s a 
straightforwar d recover y pla n associate d wit h th e 
violation ;  an d counte r  pla n th e preservatio n goa l 
applie s whe n th e agen t  ha s a n existin g pla n associ -
ate d wit h th e causa l  rul e leadin g t o th e violation , 
an d als o whe n a n additiona l  stat e i s require d fo r 
th e violatio n t o occu r  (suc h a s physica l  contact) . 

To summarize this vocabulary, when a situa-
tio n wher e a  preconditio n an d a n existin g stat e 
caus e a  preservatio n goa l  t o b e violated ,  w e ca n 
respon d wit h on e o f  thre e possibl e resolutio n strate -
gies :  pla n agains t  precondition ,  pla n agains t  state , 
an d pla n agains t  violation .  Eac h o f  thes e strate -
gie s ha s severa l  specialization s whos e appropriate -
nes s depend s o n th e pragmati c plannin g constraint s 
i n th e situation . 

Indices for Retrieving Planning Cases 

A plan is proposed, a conflict detected and charac-
terized ,  a  specifi c  strateg y chosen .  T h e nex t  ste p i s 
t o searc h m e m o r y fo r  a  pas t  instanc e o f  tha t  strat -
egy tha t  applie s t o th e curren t  situation ;  however , 
we mus t  defin e th e se t  o f  indice s b y whic h thos e 
instance s ca n b e recalle d a t  th e appropriat e time . 
Ever y instanc e o f  a  particula r  strateg y i s indexe d b y 
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th e feature s o f  tha t  episod e tha t  th e strateg y use d 
or  altere d t o construc t  th e instance ,  an d b y im -
plementationa l  cause s an d effect s tha t  ar e learne d 
throug h experience .  I n general ,  then ,  th e feature s 
used t o inde x plannin g case s ar e thos e whic h hav e 
some causa l  relevanc e t o th e wa y i n whic h tha t 
strateg y i s implemented . 

For each of the nine planning strategies proposed 
above ,  th e followin g feature s ar e likel y t o lea d t o 
usefu l  pas t  instances : 

• Indices for use alternate agent include: The 
achievemen t  goal ,  othe r  availabl e agents ,  th e 
pla n itself ,  th e threatene d preservatio n goal ,  an d 
th e stat e threatenin g th e preservatio n goal . 

•  Indice s fo r  us e alternat e pla n include :  Th e 
achievemen t  goal ,  th e specifi c  plan ,  possibl e 
alternat e plans ,  an d th e preconditio n t o b e 
avoided . 

•  Indice s fo r  ru n fas t  include :  Th e plan ,  th e stat e 
and preconditio n implicate d i n th e violatio n o f 
th e preservatio n goal ,  an d th e preservatio n goa d 
bein g violated . 

•  Indice s fo r  wai t  i t  ou t  include :  Th e achievemen t 
goal  an d th e stat e 

•  Indice s fo r  Jum p betwee n include :  Th e achieve -
ment  goal ,  th e propose d plan ,  an d th e intermit -
ten t  state . 

•  Indice s fo r  counter-pla n stat e include :  Th e state , 
th e availabl e plan s fo r  tha t  state ,  an d th e harmfu l 
preconditio n o f  th e initiz d plan . 

•  Indice s fo r  tolerat e th e violatio n include :  Th e 
preservatio n goa l  an d th e violatin g state . 

•  Indice s fo r  ru n an d recove r  include :  Th e violat -
in g stat e an d possibl e plan s t o recove r  fro m th e 
violation . 

•  Indice s fo r  counter-pla n violatio n include :  Th e 
rul e connectin g th e preconditio n an d th e unde -
sire d state ,  th e sissume d condition s i n tha t  rule , 
th e undesire d state ,  th e preconditio n fo r  th e ini -
tia l  plan ,  an d th e existin g stat e i n th e world . 

We have presented a set of specific strategies 
tha t  ca n b e applie d i n differen t  situation s describe d 
by PltM+St&te—^Violation ,  eac h o f  whic h ha s a 
questio n o r  featur e tha t  test s fo r  it s  applicabil -
ity .  Th e structur e P/an-fState—•Vioiation ,  then , 
include s mor e tha n jus t  how ,  i n general ,  t o alte r 
th e resolutio n strategies :  I t  als o ha s informatio n 
abou t  ho w t o appl y specifi c  plannin g strategies ,  an d 
i n wha t  circumstance s th e individua l  strategie s ar e 
relevant .  Th e feature s usefu l  fo r  determinin g th e 
applicabilit y  o f  thes e strategie s ar e critica l  t o thi s 
new vocabular y fo r  describin g plannin g situations . 

E v i d e n c e fo r  V o c a b u l a r y U s e 

To determine whether humans utilize causal plan-
nin g factor s i n selectin g amon g plannin g strategies , 
we conducte d a n experimen t  i n common-sens e plan -
nin g (se e (Hammon d e t  a/. ,  1991) ,  fo r  a  ful l  de -
scription) .  Th e plannin g problem s use d wer e si x 
exemplar s o f  th e Plan+State—*̂ Violatio n structure , 
al l  place d i n differen t  context s suc h a s celebratin g a 
sic k friend' s birthday ,  joggin g afte r  dark ,  an d pick -
in g u p a n exa m whil e avoidin g one' s professor .  Sub -
ject s wer e aske d t o provid e commonsens e answer s 
t o th e plamnin g problem s i n term s tha t  the y woul d 
reall y chos e t o d o i n thos e situations .  B y examin -
in g th e type s o f  plan s the y propose ,  an d bo w wel l 
thos e plan s matc h th e prediction s fro m th e vocab -
ular y model ,  i t  ca n b e ascertaine d whethe r  sub -
ject s ar e utilizin g thes e sam e feature s i n determin -
in g pla n selection .  Th e response s wer e the n code d 
usin g th e plannin g strategie s predicte d b y th e vo -
cabular y model .  An y response s no t  fittin g on e o f 
th e categorie s wa s code d i n a  genera l  "other "  cate -
gory .  Thes e were : 

1. Plan against Precondition: Find a new plan for 
achievin g th e primar y Goa l  tha t  doe s no t  requir e 
th e Preconditio n whic h threaten s th e preserva ^ 
tio n Goal . 

(a )  Ge t  alternat e agen t  (i f  no t  problemati c fo r 
othe r  actor ) 

(b )  Ru n Pla n fas t  (i f  limite d exposur e i s accept -
able ) 

(c )  Us e alternat e pla n withou t  Preconditio n (i f 
available ) 

2.  Pla n agains t  Existin g State :  Alte r  th e Existin g 
Stat e s o tha t  eve n whe n th e Preconditio n i s met , 
th e Preservatio n Goa l  wil l  no t  b e violated . 

(a )  Waitou t  Existing-Stat e (i f  temporary ) 

(b )  Jum p i n betwee n phase s o f  Stat e (i f  intermit -
tent ) 

(c )  Counterpla n agains t  Existing-Stat e (i f  possi -
ble ) 

3.  Plju i  agains t  Violatio n (Threaten s Preservation -
Goal) :  Ad d a n auxiliar y pla n tha t  prevent s th e 
violatio n o f  th e preservatio n Goa l  eve n i n th e 
presenc e o f  Preconditio n an d State . 

(a )  Ignor e -  pu t  u p wit h preservatio n Goa l  Viola -
tio n (i f  shor t  duration ) 

(b )  Pla n t o recove r  fro m preservatio n Goa l  Viola -
tio n (i f  ca n repair ) 

(c )  Counterpla n Preservatio n Goa l  Violatio n (in -
terrup t  connectio n betwee n Preconditio n an d 
State ) 

Overall, the extent to which the responses given 
fi t  int o th e propose d categorie s suppor t  th e us e o f 
th e causa l  feature s i n commonsens e planning ,  a s 
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oppose d t o othe r  feature s o r  plan s subject s m a y 
potentiall y  generat e fo r  th e problems . 

93% of responses were instances of the planning 
strategie s propose d i n th e vocabulw y theory ,  whil e 
7 % wer e "other "  type s o f  responses .  T h e "other " 
response s include d item s suc h a s "se e i f  th e dor m 
has aoiyon e els e aroun d an d borro w thei r  newspai -
per "  fo r  th e newspape r  i n th e rai n problem ,  o r  "sta y 
h o m e"  fo r  th e runnin g aSte t  dar k example .  T h e 
majorit y o f  "other "  response s involve d abandonin g 
th e goa l  implicate d i n th e goa l  interaction .  Thi s 
typ e o f  respons e i s no t  predicte d b y th e vocabu -
lar y model ,  whic h assume s th e goa l  mus t  b e satis -
fie d i n som e way .  Overall ,  i t  appear s th e plannin g 
strategie s fo r  th e P/an-fState—»Vio/atio n structur e 
wer e sufficien t  t o accoun t  fo r  th e plan s generate d b y 
subjects ,  wit h th e exceptio n o f  solution s involvin g 
abandonin g goa l  satisfaction . 

Among the three resolution strategies, sub-
jects '  response s mor e frequentl y involve d plannin g 
agains t  th e violatio n (43%) ,  compare d t o plannin g 
agains t  th e preconditio n (33% )  o r  plannin g agains t 
th e existin g stat e (17%) .  Whil e th e mode l  make s 
no prediction s abou t  th e us e o f  th e thre e categorie s 
beyon d whic h feature s appl y i n specifi c  instances , 
i t  seem s subject s preferre d plain s tha t  deal t  directl y 
wit h th e problemati c inter8M;tio n o f  preconditio n 
an d state ,  rathe r  tha n attemptin g t o chamg e eithe r 
separately .  I n particulu ,  plan a t o chang e o r  wor k 
aroun d th e existin g stat e o f  th e worl d wer e give n 
infrequentl y compare d t o othe r  possibilities .  Thi s 
m ay reflec t  tas k demand ,  i n th e sens e tha t  subject s 
trie d t o wor k withi n th e proble m constraint s pre -
sented ,  an d th e state s tende d t o b e example s o f 
condition s i n th e worl d tha t  ar e unchangabl e (suc h 
as rai n an d darkness) . 

In addition, comparisons of strategies by exam-
pl e indicate s hig h variabilit y  i n strateg y applica -
tio n base d o n th e specifi c  plannin g constraint s i n 
eac h o f  th e examples .  T h e result s sho w that ,  whil e 
e3u: h strateg y wa s use d i n a t  leas t  3 % o f  responses , 
an uneve n patter n o f  strateg y us e acros s example s 
was evident .  O f  th e specifi c  strateg y instantiations , 
th e mos t  frequen t  wa s th e strateg y o f  "counterplan -
nin g agains t  th e preservatio n goa l  violation, "  wit h 
2 7 % o f  responses .  Anothe r  exampl e o f  selectiv e us e 
of  specifi c  strateg y i s "selectin g a n alternat e pla n 
withou t  th e problemati c precondition. "  Thi s strat -
egy ,  applie d onl y whe n suc h a  pla n i s available ,  wa s 
frequentl y use d i n th e "drivin g t o Detroit "  exam -
ple ,  wher e substitutin g othe r  mean s o f  transporta r 
tio n avoid s th e fault y brake s i n th e planner' s car . 
For  thre e o f  th e problems ,  n o response s include d 
substitut e plan s tha t  avoide d th e precondition . 

In addition, each planning problem showed dis-
tinc t  difference s i n applicatio n o f  resolutio n strate -
gies .  Fo r  example ,  th e mos t  frequently  generate d 

pla n fo r  th e newspape r  exampl e wa s "counterpla n 
agains t  th e violation, "  whil e fo r  th e "drivin g t o De -
troit "  example ,  th e mos t  frequen t  pla n wa s "us e al -
ternat e plan. "  Th e reaso n fo r  thes e difference s rest s 
i n th e pragmati c feature s use d t o determin e whe n 
a pla n i s appropriat e fo r  application .  Fo r  example , 
th e us e o f  a n alternat e pla n depend s o n th e exis -
tenc e o f  suc h a  plan ,  mos t  obviou s i n th e "drivin g 
t o Detroit "  exampl e wher e othe r  mean s o f  trans -
portatio n ar e readil y available .  Subject s di d no t 
perceiv e m a n y alternat e pla n fo r  gettin g th e news -
pape r  no t  involvin g goin g outside .  Thus ,  ther e wer e 
m a ny difference s i n th e pattern s o f  plan s generate d 
fo r  eac h example .  I n general ,  thes e pattern s fit  th e 
predicte d categories ,  suc h tha t  n o plan s wer e gener -
ate d whe n th e vocabular y test s suggeste d tha t  th e 
plannin g strateg y wa s no t  appropriate .  However , 
ther e wer e instance s wher e subject s di d no t  gen -
erat e plan s tha t  coul d hav e bee n expecte d base d 
on th e test s i n th e plannin g vocabulary .  Fo r  ex -
ample ,  th e strateg y o f  "waitin g unti l  th e rai n let s 
up "  wa s predicte d fo r  "jumpin g i n between "  inter -
mitten t  phase s o f  rai n i n th e newspape r  example , 
but  no t  liste d b y subjects .  However ,  subject s m a y 
hav e fel t  informatio n abou t  th e stat e o f  th e rai n 
was lacking ,  an d s o avoide d usin g plan s base d o n 
assumption s abou t  th e stat e no t  give n explicitl y  i n 
th e proble m description . 

In conclusion, it appears that the proposed plan-
nin g vocabular y account s fo r  th e se t  o f  response s 
give n b y subject s t o thes e simpl e plannin g prob -
lems .  Further ,  ther e wa s goo d evidenc e tha t  sub -
ject s wer e sensitiv e t o th e applicabilit y  feature s as -
sociate d wit h eac h strategy ,  suc h tha t  the y applie d 
some strategie s onl y i n appropriat e examples .  Th e 
vocabular y di d no t  includ e an y predictio n o f  th e 
demonstrate d preferenc e fo r  plan s agains t  th e vio -
latio n itself ,  compare d t o plan s agains t  eithe r  th e 
preconditio n o r  th e stat e separately .  Th e represen -
tationa l  schem e als o di d no t  accoun t  fo r  unsuccess -
fu l  pla n resolution ,  wherea s mos t  o f  th e "other " 
response s involve d subjects '  attempt s t o abando n 
th e goal .  Overall ,  however ,  th e plan s subject s gen -
erate d corresponde d extremel y wel l  t o th e causa l 
possibilitie s lai d ou t  i n th e vocabulary ,  an d fe w 
nove l  intrusion s occurred .  Further ,  th e applicatio n 
of  strategie s differentiall y  i n th e specifi c  problem s 
support s th e notio n tha t  subject s ar e sensitiv e t o 
th e feature s predictin g whe n certu n strategie s ar e 
applicable . 

Generality of Vocabulary 

The Plan+State—*Viol&tion vocabulary includes 
m a ny feature s tha t  ar e importan t  fo r  plannin g i n 
general .  I t  i s  clearl y importan t  fo r  a  planne r  t o 
t o kno w th e differenc e betwee n thos e state s tha t  i t 
ca n pla n agains t  an d thos e tha t  i t  cannot ;  wha t  th e 

28 



precondition s an d effect s o f  it s  plan s are ;  i f  i t  ha s 
any othe r  plan s fo r  th e sam e goa l  tha t  ha s differen t 
precondition s an d effects ;  an d i f  th e goal s i t  ha s ar e 
onl y hel d b y it ,  o r  als o hel d b y other s wit h w h o m 
i t  ca n shar e tasks . 

The indexing within Pian+State-» Vio/ation uses 
th e sam e feature s a  plimne r  need s t o detec t  an d 
monito r  i n orde r  t o plan ,  an d ar e neithe r  arbi -
trar y no r  importan t  onl y t o thi s structure .  Thus , 
i n Pl&n+State—^VioUtion ,  nin e specifi c  strategie s 
ar e store d unde r  th e T O P ,  indexe d b y th e fea -
ture s o f  th e goals ,  actions ,  an d state s i n th e struc -
tur e tha t  determin e th e applicabilit y  o f  th e strate -
gie s themselves .  Th e component s o f  structure s 
representin g goa l  interaction s shoul d includ e thos e 
of  P/an-fState—•Vioyatio n (preconditions ,  existin g 
states ,  violations )  alon g wit h m a n y other s t o de -
scrib e th e prototypica l  way s i n whic h goal s ca n af -
fec t  on e anothe r  (sid e effect ,  disable ,  enable ,  etc. ) 
Similarly ,  th e se t  o f  resolutio n strategie s outlin e fo r 
Pian+State—•Vio7atJo n mus t  b e extende d t o cap -
tur e differen t  modification s t o othe r  goa l  interac -
tio n structures .  Finally ,  th e specifi c  pla n strategie s 
fo r  eac h situatio n ar e greatl y affecte d b y th e con -
text ,  an d wil l  var y base d o n th e specifi c  feature s o f 
th e plannin g problems . 

With the aid of a complete vocabulary of 
plan/goa l  interactions ,  th e planne r  can ,  afte r  iden -
tifyin g it s situatio n a s a n instanc e o f  a  particula r 
causa l  structure ,  appl y a  fe w simpl e test s t o se -
lec t  fro m a  se t  o f  easil y implemente d strategies . 
A refine d understandin g o f  th e causa l  patter n un -
derlyin g th e prototypica l  solution s als o allow s th e 
generatio n o f  alternat e solution s whe n needed ;  fo r 
example ,  whe n a n umbrell a i s not  available ,  othe r 
material s ca n serv e th e sam e functiona l  purpose . 

Conclusion 

This paper has presented an outline of a repre-
sentationa l  schem e fo r  organizin g an d accessin g 
plan s an d pas t  episode s relevan t  t o curren t  plan -
nin g problems .  Ou r  argumen t  i s tha t  i t  i s  th e ab -
strac t  relationshi p amon g goal s an d plan s tha t  bes t 
constrain s wha t  plannin g choice s on e migh t  mak e i n 
a give n situation .  Therefore ,  retrievin g pas t  plan s 
base d o n th e abstrac t  interactio n wil l  assur e tha t 
th e retrieve d informatio n wil l  b e mos t  usefu l  t o th e 
planner . 

For any particular planning problem, this rep-
resentatio n allow s eas y acces s t o genera l  resolutio n 
strategie s an d specifi c  pas t  plan s relate d t o th e gozi l 
interactio n situation .  Thi s allow s th e planne r  t o 
searc h fo r  pas t  plan s relevan t  t o it s overal l  situ -
ation ,  rathe r  tha n buildin g comple x plan s ou t  o f 
singl e plan s fo r  eac h o f  th e goad s i n it s curren t  plan -
nin g situation . 

Th e vocabular y require d t o suppor t  thi s organi -
zatio n connect s thre e level s o f  abstractio n i n plan -
ning .  I n orde r  t o identif y th e particula r  T O P rel -
evan t  t o an y give n situation ,  th e planne r  mus t  b e 
abl e t o characteriz e it s curren t  goal/pla n proble m 
i n term s o f  th e causa l  relation s betwee n th e goals , 
action s an d state s include d i n tha t  episode .  Thi s 
characterizatio n the n allow s th e planne r  t o identif y 
th e T O P whic h package s th e genera l  strategie s ap -
plicabl e t o it s curren t  problem .  T o selec t  amon g th e 
genera l  strategies ,  th e planne r  mus t  answe r  prag -
mati c question s abou t  it s curren t  goal/pla n config -
uration . 

Among all possible features in a planning situ-
ation ,  onl y a  limite d se t  o f  thes e feature s -  thos e 
tha t  ar e relevan t  t o th e wa y i n whic h th e curren t 
causa l  structur e ca n b e change d -  ar e use d a s in -
dice s withi n th e T O P . 
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