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1.  Introductio n -  Fou r  Tenet s fo r  a  Theor y o f  Plannin g 

Much previou s wor k o n plannin g an d proble m solv -
in g ha s bee n concerne d wit h eithe r  ver y specialize d sys -
tem s o r  wit h highl y artificia l  domain s (e .  g. .  conside r 
Fike s an d Nilsso n (1971) .  Newel l  an d Simo n (1972) ,  Suss -
m an (1975) ,  Shortlifl e (1976)) .  Mor e recently ,  ther e ha s 
bee n a n increas e i n attentio n give n t o plannin g i n com -
monplac e situations .  Fo r  example ,  Riege r  (1975 )  ha s 
propose d a  se t  o f  " c o m m o n sens e algorithms "  fo r  rea -
sonin g abou t  everyda y physica l  situations ;  Hayes-Rot h 
and Hayes-Rot h (1979 )  ar e concerne d wit h ho w a  perso n 
migh t  schedul e a  day' s activities ;  an d Carbonel l  (1980 ) 
POLITIC S progra m reason s dogmaticall y abou t  politica l 
decisions .  O n anothe r  front ,  Sacerdot i  (1977 )  an d 
McDermot t  (1978) ,  whil e operatin g perhap s i n th e mor e 
traditiona l  proble m solvin g context ,  hav e propose d som e 
powerfu l  approache s t o proble m solvin g i n general . 

1.1. Everyday Planning is Reasoning about Interactions 
Betwee n Goal s 

We hav e bee n developin g a  theor y o f  plannin g tha t  i s 
concerne d wit h reasonin g abou t  everyda y situations .  A 
centra l  tene t  o f  thi s theor y i s tha t  mos t  o f  th e plannin g 
involve d i n everyda y situation s i s  primaril y concerne d 
wit h th e interaction s betwee n goals .  Tha t  is ,  plannin g fo r 
individua l  goal s i s assume d t o b e a  fairl y simpl e matter , 
consistin g primaril y o f  th e straightforwar d applicatio n o f 
rathe r  larg e quantitie s o f  worl d knowledge .  Th e com -
plexit y o f  plannin g i s  attribute d t o th e fac t  tha t  mos t 
situation s involv e numerou s goal s tha t  interac t  i n com -
plicate d ways . 

Thus whil e traditiona l  proble m solvin g researc h ha s 
bee n concerne d wit h findin g th e solutio n t o a  single , 
difficul t  proble m (e .  g. .  findin g th e winnin g ches s move) , 
most  everyda y proble m solvin g consist s o f  synthesizin g 
solution s t o fairl y  simple ,  interactin e oroblems .  Fo r 
example ,  a  typica l  everyda y situatio n tha t  involve s th e 
sor t  o f  plannin g w e ar e intereste d i n migh t  b e t o obtai n 
some nails ,  an d als o bu y a  hammer .  Th e pla n fo r  eac h 
goal  i s  straightforward :  On e simpl y goe s t o th e hardwar e 
store ,  buy s th e desire d item ,  an d returns .  Th e proble m 
lie s i n recognizin g tha t  i t  i s  a  terribl e ide a t o execut e 
thes e plan s independently .  Rather ,  th e seemingl y simpl e 
c o m m on sens e pla n i s t o combin e th e tw o individua l 
plans ,  resultin g i n th e pla n o f  goin g t o th e hardwar e 
store ,  buyin g bot h items ,  an d the n returning . 

Simpl e a s thi s situatio n m a y be ,  mos t  conventiona l 
planner s ar e ill-equippe d t o handl e it .  Althoug h som e 
plannin g program s hav e mechanism s fo r  removin g 
redundancie s fro m a  plan ,  the y generall y lac k a  mechan -
is m fo r  eve n noticin g thi s sor t  o f  interactio n i f  thes e 
plan s ar e derive d fro m heretofor e unrelate d goals . 
Perhap s mor e importantly ,  th e interactio n betwee n 
plan s m a y hav e mor e comple x ramifications .  Fo r  exam -
ple ,  i f  enoug h item s ar e t o b e purchase d a t  th e hardwar e 
store ,  the n a  bette r  pla n migh t  b e t o tak e one' s car , 
whil e walkin g m a y d o otherwise .  Thu s a  goo d par t  o f 

plannin g involve s detectin g th e interaction s betwee n 
goals ,  figurin g ou t  thei r  implications ,  an d the n decidin g 
what  t o d o abou t  them . 

1.2. Planning Knowledge Should be Equally Available for 
Understandin g 

The secon d tene t  o f  ou r  theor y o f  plannin g i s tha t  i t 
shoul d b e equall y usabl e b y bot h a  planne r  an d a n under -
stander .  Tha t  is ,  whil e a  planne r  use s it s  plannin g 
knowledg e t o brin g abou t  a  desire d stat e o f  atTairs .  a n 
understande r  m a y nee d t o us e thi s sam e knowledg e t o 
comprehen d th e action s o f  a  perso n i t  i s  watchin g o r  o f  a 
characte r  abou t  w h o m i t  i s  reading .  Fo r  example ,  a 
planne r  wit h th e goa l  o f  keepin g fi t  migh t  tak e u p jog -
ging ;  a n understande r  migh t  us e th e sam e knowledg e t o 
infe r  tha t  someon e wh o ha s take n u p joggin g m a y hav e 
don e s o becaus e h e ha d th e goa l  o f  stayin g i n shape . 
Plannin g an d understandin g ar e rathe r  differen t 
processes ,  an d thi a wil l  o f  cours e b e reflecte d i n ou r 
plannin g an d understandin g mechanisms .  However ,  ou r 
theor y o f  plannin g specifie s tha t  knowledg e shoul d b e 
represente d i n a  fashio n s o tha t  i t  i s  usabl e b y eithe r 
mechanism . 

1.3. Meta-PIanning is Used as the Driving Principle 

The thir d salien t  featur e o f  ou r  theor y i s  tha t  i t  i s 
base d o n meta^lanning .  B y thi s I  m e a n tha t  th e prob -
lem s a  planne r  encounter s i n producin g a  pla n fo r  a 
give n situatio n m a y themselve s b e formulate d a s goals . 
Thes e "meta-goals "  ca n the n b e submitte d t o th e plan -
nin g mechanism ,  whic h treat s the m jus t  lik e an y othe r 
goals .  Tha t  is ,  th e planne r  attempt s t o fin d a  "meta -
plan "  fo r  thi s meta-goal ;  th e resul t  o f  successfu l 
applicatio n o f  thi s pla n wil l  b e th e solutio n t o th e origina l 
plannin g problem . 

A typica l  exampl e o f  a  meta-goa l  i s  th e goa l 
RESOLVE-GOAL-CONFLICT.  A  planne r  woul d presumabl y 
hav e a n instanc e o f  thi s goa l  wheneve r  i t  detect s tha t 
some o f  it s  "ordinary "  goal s ar e i n conflic t  wit h on e 
another .  Th e meta-plan s fo r  thi s goa l  ar e th e variou s 
goal  conflic t  resolutio n strategie s availabl e t o th e 
planner . 

Meta-plannin g i s  describe d i n mor e detai l  i n Wilen -
sk y (1980) .  Here ,  w e giv e onl y a  brie f  characterizatio n o f 
it s mai n feature s an d advantages . 

Meta-goal s ar e organize d b y meta-themes .  Thes e 
ar e ver y genera l  principle s o f  plannin g tha t  describ e 
situation s i n whic h meta-goal s com e int o being .  W e sum -
mariz e thes e briefly : 

Meta-themes 

1) DON'T WASTE RESOURCES 

2)  ACHIEV E A S M A NY GOALS A S POSSIBL E 

3)  MAXIMIZ E TH E VALU E O F TH E GOALS ACHIEVE D 

4)  AVOI D IMPOSSIBL E GOALS 
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As a n exampl e o f  ho w thes e function ,  th e meta -
them e "ACHIEV E A S M A NY GOALS A S POSSIBLE "  i s 
responsibl e fo r  detectin g goa l  conflicts .  Tha t  is ,  i f  th e 
planne r  intend s t o perfor m a  se t  o f  action s tha t  wil l 
negativel y interac t  wit h on e another ,  thi s meta-them e 
cause s th e planne r  t o hav e th e goa l  o f  resolvin g th e 
conflict .  I f  thi s meta-goa l  fails ,  i .  e. ,  th e planne r  coul d 
not  fin d a  wa y t o resolv e th e conflict ,  the n th e meta -
them e "MAXIMIZ E TH E VALU E O F TH E GOALS ACHIEVED" 
spring s int o action .  Thi s meta-them e set s u p th e goa l  o f 
arrivin g a t  a  scenari o i n whic h th e les s valuabl e goal s ar e 
abandone d i n orde r  t o fulfil l  th e mos t  valuabl e ones .  Th e 
detail s o f  th e meta-plan s involve d i n thes e processe s ar e 
describe d i n lengt h i n th e las t  tw o section s o f  thi s paper . 

Meta-plannin g ha s a  numbe r  o f  advantage s ove r 
othe r  approache s t o planning ;  thes e advantage s ar e 
summarize d below : 

1.3.1. Meta-planning knowledge can be used for both 
plannin g an d understandin g 

As meta-goal s an d meta-plan s ar e declarativ e struc -
ture s i n th e sam e sens e a s ar e ordinar y goal s an d plans , 
the y m a y b e use d t o understan d situation s a s wel l  a s 
pla n i n them .  Thu s a n understande r  wit h acces s t o thi s 
knowledg e woul d b e abl e t o interpre t  someone' s actio n 
as a n attemp t  t o resolv e a  goa l  conflict ,  fo r  example .  I n 
contrast ,  plannin g program s tha t  hav e th e equivalen t 
knowledg e embedde d procedurall y woul d no t  b e abl e t o 

convenientl y us e i t  t o explai n someon e else' s actions . 

1.3.2. The same planning mechanism can apply to 
m o r e difficul t  tasks . 

Meta-plannin g knowledg e generall y embodie s a  se t 
of  strategie s fo r  complicate d pla n interactions .  B y for -
mulatin g thi s knowledg e i n term s o f  goal s an d plans ,  th e 
same plannin g architectur e tha t  alread y exist s fo r 
simple r  plannin g ca n b e use d t o implemen t  mor e compli -
cate d plannin g involvin g multipl e goals ,  etc . 

1.3.3. More general resolution of traditional planning 
problem s 

Traditiona l  planner s usuall y tiea t  problem s suc h a s 
goal  conflict s b y specia l  purpos e mean s b y th e intro -
ductio n o f  critics ,  fo r  exampl e (Sussma n 1975 ,  Sacerdot i 
1977) .  Thi s i s equivalen t  t o havin g th e genera l  proble m 
solve r  consul t  a n exper t  whe n i t  get s i n trouble .  Th e 
meta-plannin g allow s th e genera l  proble m solve r  t o cal l  a 
genera l  proble m solve r  (itself )  instead .  Thu s al l  th e 
power  o f  suc h a  syste m ca n b e focusse d o n plannin g 
problems ,  rathe r  tha n jus t  relyin g o n a  fe w exper t  lac -
tics .  Of  course ,  al l  th e specifi c  knowledg e usuall y embo -
die d i n critic s woul d stil l  b e availabl e t o th e genera l 
proble m solver .  Bu t  th e meta-plannin g mode l  allow s thi s 
knowledg e t o interac t  wit h al l  othe r  knowledg e a s i t  no w 
tak e tak e par t  i n genera l  reasonin g processes . 

1.3.4. Representational advantages 

The meta-plannin g mode l  als o provide s mor e fiexi-
bilit y  whe n n o solutio n ca n b e found .  Sinc e a  meta-goa l 
represent s th e formulatio n o f  a  problem ,  th e existenc e 
of  th e proble m m a y b e deal t  othe r  tha n it s bein g full y 
resolved .  Fo r  example ,  th e proble m solve r  m a y simpl y 
decid e t o accep t  a  flawed  pla n i f  th e violatio n i s viewe d 
as no t  bein g to o important ,  o r  decid e t o abando n on e o f 
th e goal s tha t  i t  can' t  satisfy .  B y separatin g solvin g th e 
proble m fro m formulatin g th e problem ,  th e proble m 
m ay b e accesse d a s oppose d t o treated ,  a n optio n tha t 
most  othe r  proble m solvin g model s d o no t  allow . 

1.4 .  Projectio n i s Use d t o Infe r  Goal s an d Debu g Plan a 

The fourt h signiflcan t  featur e o f  ou r  plannin g mode l 
i s tha t  i t  i s  base d o n projection .  Tha t  is ,  a s th e planne r 
formulate s a  pla n fo r  a  goal ,  th e executio n o f  thi s pla n i s 
simulate d i n a  hypothetica l  worl d model .  Problem s wit h 
propose d plan s ma y b e detecte d b y examinin g thes e 
hypothetica l  worlds . 

Projectio n no t  onl y enable s th e planne r  t o flnd  prob -
lem s wit h it s ow n plans ,  bu t  i t  als o enable s i t  t o deter -
min e tha t  a  situatio n merit s havin g a  ne w goal .  Fo r 
example ,  sensin g a n impendin g dange r  require s th e 
planne r  t o projec t  fro m th e curren t  stat e o f  aflfair s int o a 

hypothetica l  worl d whic h i t  find s les s desirable .  Havin g 
don e thi s projection ,  th e planne r  ca n infe r  tha t  i t  shoul d 
hav e th e goa l  o f  preventin g th e undesirabl e stat e o f 
aflfair s fro m comin g int o being . 

Projectin g hypothetica l  realitie s als o allow s a  gen -
era l  "goa l  detection "  mechanis m t o wor k fo r  meta-goal s 
as wel l  a s fo r  "ordinary "  goals .  Whe n propose d plan s fo r 
goal s ar e projected ,  interaction s wil l  appea r  i n th e 
hypothetica l  world .  Sinc e suc h interaction s generall y 
indicat e tha t  som e importan t  plannin g principl e i s no t 
bein g adhere d to ,  th e occurrenc e o f  thi s hypothetica l 
negativ e interactio n i s usuall y a  signa l  t o th e planne r  t o 
achiev e som e particula r  meta-goal . 

Workin g wit h projecte d universe s entail s som e liabil -
itie s a s well ,  a s doe s th e notio n o f  meta-plannin g an d o f 
usin g highl y declarativ e representations .  However ,  ou r 
clai m i s tha t  th e price s associate d wit h thes e idea s ar e 
price s tha t  mus t  b e pai d anyway .  B y puttin g the m 
togethe r  i n th e manne r  describe d here ,  a  dea l  o f  powe r 
i s obtaine d fo r  n o additiona l  cost . 

I n th e nex t  section ,  I  discus s th e genera l  structur e 
of  a  plannin g mechanis m base d o n thes e assumptions . 
Thi s i s th e structur e use d i n PANDORA (Pla n ANalysi s 
wit h Dynami c Organization ,  Revision ,  an d Application) ,  a 
plannin g syste m no w unde r  constructio n a t  Berkeley . 
The section s followin g sho w ho w thes e mechanism s func -
tio n togethe r  i n reasonin g abou t  goa l  conflic t  situations . 
As w e hav e noted ,  w e inten d thes e idea s t o b e applicabl e 
t o understandin g a s wel l  a s planning ,  an d i n fact ,  the y 
ar e bein g use d i n a  ne w implementatio n o f  PAM,  a  plan -
base d stor y understandin g system .  Whil e w e d o no t  dis -
cus s th e structur e o f  PA M here ,  th e analysi s o f  goa l 
conflict s i s presente d i n a  for m i n whic h it s us e i n under -
standin g a s wel l  a s plannin g m a y b e seen . 

2. The Design of a Planner Based on Ueta-planning 

Thi s sectio n describe d th e overal l  architectur e o f  a 
planne r  base d o n th e fou r  tenet s jus t  considered .  Th e 
planne r  i s compose d o f  th e followin g majo r  components : 

1) The Goal Detector 

Thi s mechanis m i s responsibl e fo r  determinin g tha t 
th e planne r  ha s a  goal .  Th e goa l  detecto r  ha s acces s t o 
th e planner' s like s an d dislikes ,  t o th e stal e o f  th e worl d 
and an y ciiaiige s tha t  m a y befal l  it ,  an d t o th e planner' s 
own interna l  plannin g structure s an d hypothetica l  worl d 
models .  Th e goa l  detecto r  ca n therefor e establis h a  ne w 
goal  becaus e o f  som e chang e i n th e environment , 
becaus e suc h a  goa l  i s  instrumenta l  t o anothe r  goal ,  o r 
i n orde r  t o resolv e a  proble m i n a  plannin g structur e 
tha t  arise s i n a  hypothetica l  worl d model . 
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2)  Th e Pla n Generato r 

The pla n generato r  propose s plan s fo r  th e goal s 
alread y detected .  I t  m a y dredg e u p stereotype d solu -
tions ,  i t  m a y edi t  previousl y know n plan s t o fit  th e 
curren t  situation ,  o r  i t  m a y creat e fairl y  nove l  solutions . 
The pla n generato r  i s als o rfcsponsibl e fo r  expandin g 
high-leve l  plan s int o thei r  primitiv e component s t o allo w 
execution . 

3) The Executor 

The executo r  simpl y carrie s ou t  th e pla n step s a s 
propose d b y th e pla n generator .  I t  i s  responsibl e fo r  th e 
detectio n o f  errors ,  althoug h no t  wit h thei r  correction . 

The importance of the goal detector should be 
emphasized .  Mos t  plannin g system s d o no t  worr y abou t 
wher e thei r  goal s com e from ;  high-leve l  goal s ar e gen -
erall y hande d t o th e plarme r  i n th e for m o f  a  proble m t o 
be solved .  However ,  a  plannin g syste m need s t o infe r  it s 
own goal s fo r  a  numbe r  o f  reasons :  a n autonomou s 
planne r  need s t o kno w whe n i t  shoul d g o int o action ;  fo r 
example ,  i t  shoul d b e abl e t o recogniz e tha t  i t  i s  hungr y 
or  tha t  it s  powe r  suppl y i s lo w an d wha t  goa l  i t  shoul d 
therefor e have .  I t  shoul d b e abl e t o tak e advantag e o f 
opportunitie s tha t  presen t  themselves ,  eve n i f  i t  doesn' t 
hav e a  particula r  goa l  i n min d a t  th e time .  I t  shoul d b e 
abl e t o protec t  itsel f  fro m danger s fro m it s environment , 
fro m othe r  planners ,  o r  fro m consequence s o f  it s  ow n 
plans . 

The goa l  detecto r  operate s throug h th e us e o f  a 
mechanis m calle d th e Notice r  Th e Notice r  i s a  genera l 
facilit y  i n charg e o f  recognizin g tha t  somethin g ha s 
occurre d tha t  i s o f  interes t  t o som e par t  o f  th e system . 
The Notice r  monitor s change s i n th e externa l  environ -
ment  an d i n th e interna l  state s o f  th e system .  Whe n i t 
detect s th e presenc e o f  somethin g tha t  i t  wa s previousl y 
instructe d t o monitor ,  i t  report s thi s occurrenc e t o th e 
sourc e tha t  originall y tol d i t  t o loo k fo r  tha t  thing .  Th e 
Notice r  ca n b e though t  o f  a s a  collectio n o f  IF-ADDE D 
demons whos e onl y actio n i s t o repor t  som e occurrenc e 
t o som e othe r  mechanism . 

Goal s ar e detected  b y havin g theme s an d meta -
theme s asserte d int o th e Notice r  wit h order s t o repor t  t o 
th e goa l  detector .  Them e i s a  ter m use d b y Schan k an d 
Abelso n (1975 )  t o m e a n somethin g tha t  give s ris e t o a 
goal ;  a  meta-theme ,  similarly ,  i s  responsibl e fo r  generat-
in g meta-goals .  Fo r  example ,  w e ca n asser t  t o th e not -
ice r  tha t  whe n i t  get s hungr y (i .  e. ,  whe n th e valu e o f 
some interna l  stat e reache s a  certai n point) ,  th e planne r 
shoul d hav e th e goa l  o f  bein g no t  hungr y (i .  e. ,  o f  chang -
in g thi s value) ,  o r  tha t  i f  someon e i s threatenin g t o kil l 
th e planner ,  tha t  th e planne r  shoul d hav e th e goa l  o f 
protectin g it s life .  O n th e meta-level ,  w e migh t  asser t 
tha t  i f  a  goa l  conflic t  come s int o existence ,  the n th e 
planne r  shoul d hav e th e meta-goa l  o f  resolvin g thi s 
conflict . 

Not e tha t  th e presumptio n o f  a  goa l  detecto r  cou -
ple d wit h meta-plannin g create s a  syste m o f  consider -
abl e power .  Fo r  example ,  n o separat e mechanis m i s 
require d fo r  detectin g goa l  conflict s o r  fo r  noticin g tha t 
a se t  o f  propose d plan s wil l  squande r  a  resource .  Th e 
nee d t o resolv e conflict s o r  conserv e resource s i s 
expresse d b y formulatin g description s o f  th e variou s 
situation s i n whic h thi s m a y occur ,  an d th e appropriat e 
meta-goa l  t o hav e whe n i t  does .  B y assertin g thes e 
description s int o th e Notice r  t o detec t  meta-goals ,  goa l 
conflict s an d othe r  importan t  goa l  interaction s ar e han -
dle d automatically . 

The planne r  componen t  o f  ou r  mode l  itsel f  consist s 
of  thre e components ; 

1)  Th e Proposer , 
whic h suggest s plausibl e plan s t o tr y 

2)  Th e Projector , 
whic h test s plan s b y buildin g hypothetica l  worl d 
model s o f  wha t  i t  woul d b e lik e t o execut e thes e 
plan s 

3)  Th e Revisor , 
whic h ca n edi t  an d remov e part s o f  a  propose d plan -
nin g structur e 

The Propose r  begin s b y suggestin g th e mos t  specifi c 
pla n i t  know s o f  tha t  i s  applicabl e t o th e goal .  I f  thi s pla n 
i s rejecte d o r  fails ,  th e Propose r  wil l  propos e succes -
sivel y mor e genera l  an d "creative "  solutions .  Onc e th e 
Propose r  ha s suggeste d a  plan ,  th e Projecto r  start s com -
putin g wha t  wil l  happe n t o th e worl d a s th e pla n i s exe -
cuted .  Th e difficul t  problem s i n conductin g a  simulatio n 
involv e reasonin g abou t  "possibl e world "  typ e situation s 
whic h ar e no t  amenabl e t o standar d tempora l  logi c 
(McCarth y an d Hayes ,  1969) .  However ,  w e finess e thi s 
issu e b y definin g hypothetica l  state s i n term s o f  wha t  th e 
planne r  think s o f  i n th e cours e o f  pla n construction .  I n 
othe r  words ,  ou r  solutio n i s t o le t  th e syste m asser t  th e 
change s tha t  woul d b e mad e int o a  hypothetica l  dat a 
base ,  i n th e meantim e lettin g th e goa l  detecto r  hav e 
acces s t o thes e states .  Thu s i f  th e pla n bein g simulate d 
woul d resul t  i n th e planne r  dying ,  say ,  thi s woul d consti -
tut e a  hypothetica l  undesirabl e state ,  whic h migh t 
trigge r  furthe r  goals ,  etc . 

As the Projector hypothetically carries out the plan, 
and othe r  goal s an d meta-goal s ar e detecte d b y th e goa l 

detector ,  th e origina l  pla n m a y hav e t o b e modified .  Thi s 
i s don e b y explici t  call s t o th e Revisor ,  whic h know s th e 
pla n structur e an d ca n m a k e edit s o r  deletion s upo n 
request .  Th e modifie d pla n structur e i s simulate d agai n 
unti l  i t  i s  eithe r  foun d satisfactor y o r  th e entir e pla n i s 
give n u p an d a  ne w on e suggeste d b y th e Proposer . 

Actually ,  th e functio n o f  th e Projecto r  i s somewha t 
mor e pervasiv e tha n ha s s o fa r  bee n described .  Th e Pro -
jecto r  mus t  b e capabl e o f  projectin g curren t  event s int o 
futur e possibilitie s base d bot h o n th e intention s o f  th e 
planne r  an d o n it s analysi s o f  thos e event s themselves . 
For  example ,  i f  th e planne r  see s a  boulde r  rollin g dow n 
th e mountain ,  i t  i s  th e jo b o f  th e Projecto r  t o projec t  th e 
futur e pat h tha t  th e boulde r  wil l  traverse .  I f  th e pro -
jecte d pat h crosse s tha t  o f  th e planner ,  fo r  example ,  a 
preservatio n goa l  shoul d b e detected .  Thu s th e Projec -
to r  i s a  quit e powerfu l  an d genera l  devic e tha t  i s  capabl e 
of  predictin g plausibl e futures . 
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3.  Reasonin g abou t  Goa l  Conflict s 

I n th e nex t  tw o section s w e giv e a  mor e detaile d 
analysi s o f  on e particula r  par t  o f  ou r  plannin g model , 
namely ,  th e resolutio n o f  goa l  conflicts .  Th e proble m i s 
importan t  i n it s ow n right ;  however ,  th e presentatio n 
tha t  follow s i s aime d a t  demonstratin g th e kin d o f  "stra -
teg y architecture "  t o whic h th e mode l  i s conducive .  I n 
particular ,  th e sectio n illustrate s a  numbe r  o f  importan t 
meta-goal s an d th e meta-plan s fo r  them ,  an d describe s 
ho w the y woul d b e invoke d an d utilize d b y th e model . 
The sectio n als o emphasize s th e utilit y  o f  meta-plannin g 
fo r  th e applicatio n o f  plannin g knowledg e t o understand -
in g goa l  conflict s a s wel l  a s t o plannin g fo r  them . 

Sinc e i t  i s  desirabl e t o achiev e al l  o f  one' s goals ,  a 
planne r  face d wit h a  goa l  conflic t  wil l  probabl y attemp t 
t o resolv e tha t  conflict .  We expres s thi s b y sayin g tha t 
th e stat e o f  havin g a  goa l  conflic t  i s  a  situatio n tha t 
cause s th e meta-them e "ACHIEV E A S M A NY GOALS A S 
POSSIBLE"  t o becom e active .  I n suc h a  situation ,  thi s 
meta-them e create s th e meta-goa l  RESOLVE-GOAL-
CONFLICT.  Thi s i s a  meta-goa l  becaus e resolvin g th e 
conflic t  ca n b e viewe d a s a  plannin g proble m tha t  need s 
t o b e solve d b y th e creatio n o f  a  bette r  plan .  I n thi s for -
mulation ,  th e resolutio n o f  th e goa l  conflic t  i s  performe d 
by th e executio n o f  a  meta-plan ,  th e resul t  o f  whiî h wil l 
be a  se t  o f  altere d plan s whos e executio n wil l  no t  inter -
fer e wit h on e another . 

The knowledg e neede d t o repla n aroun d a  goa l 
conflic t  i s  quit e diverse ,  an d m a y depen d upo n th e par -
ticula r  goal s i n questio n an d o n th e natur e o f  th e 
conflict .  However ,  th e meta-plan s wit h whic h thi s 
knowledg e i s applie d ar e rathe r  general .  T o se e why .  i t  i s 
necessar y t o as k ho w i t  i s  possibl e fo r  goa l  conflict s t o b e 
resolve d a t  all .  Ther e appea r  t o b e tw o way s i n whic h 

goa l  conflict s ca n c o m e abou t  tha t  determin e ho w the y 
m ay b e resolved : 

1)  Th e conflic t  detecte d i s base d o n th e plan s fo r  one' s 
goals ,  rathe r  tha n o n th e goal s themselves .  I n thi s 
case ,  i t  m a y b e possibl e t o achiev e th e goal s b y 
other ,  non-conflictin g plans . 

2)  Th e conflic t  depend s upo n som e additiona l  cir -
cumstanc e o r  conditio n beyon d th e state d goal s o r 
plans .  Th e conflic t  migh t  therefor e b e resolve d i f 
thi s circumstanc e i s changed . 

We therefore define two very general meta-plans, 
RE-PLAN an d CHANGE-CIRCUMSTANCE.  Of  course ,  t o b e 
efTective ,  w e nee d t o suppl y thes e meta-plan s wit h mor e 
information ;  i f  w e us e RE-PLA N blindly ,  fo r  example ,  w e 
migh t  en d u p enumeratin g al l  possibl e plan s fo r  eac h 
conflictin g goal ,  althoug h m a n y o f  thes e pla n combina -
tion s wil l  presen t  th e sam e proble m tha t  cause d th e ori -
gina l  goa l  conflict . 

3.1. RE-PLAN 

Ther e ar e a  numbe r  o f  differen t  re-plannin g stra -
tegie s applicabl e t o goa l  conflic t  situations .  The y ar c 
give n her e i n orde r  o f  decreasin g specificity .  Thi s i s i n 
accordanc e wit h ou r  belie f  abou t  th e orde r  i n whic h suc h 
plan s woul d actuall y b e used ,  i .  .e ,  th e mos t  specifi c  on e 
first,  the n progressivel y mor e genera l  ones ,  unti l  a  satis -
factor y se t  o f  plan s i s found .  I n thi s respect ,  meta-plan s 
ar e enli.-el y analogou s t o ordinar y plan s insofa r  a s th e 
plannin g proces s i s conct'rned . 

The orde r  o f  pla n applicatio n i s jus t  a  corollar y o f 
th e Firs t  La w o f  Knowledg e Applicatio n "Alway s us e th e 
most  specifi c  piec e o f  knowledg e applicable " 

3.1.1 .  USE-NORUAL-PLAN applie d t o resolvin « goa l 
conflict s 

The mos t  specifi c  re-plannin g strateg y i s likewis e 
analogou s t o th e plannin g strateg y fo r  ordinar y goals , 
namely ,  find a  norma l  plan .  A  norma l  pla n i n th e cas e o f 
goal  conflic t  i s  t o find a  store d pla n specificall y designe d 
fo r  us e i n a  goa l  conflic t  betwee n th e kind s o f  goal s foun d 
i n th e curren t  situation .  Fo r  example ,  conside r  th e fol -
lowin g situation : 

(1 )  Mar y wa s ver y hungry ,  bu t  sh e wa s tryin g t o los e 
some weight .  Sh e decide d t o tak e a  die t  pill . 

I n (1) ,  ther e i s a  conflic t  betwee n th e goa l  o f  losin g 
weigh t  an d satisfyin g hunger ,  a s th e norma l  pla n fo r  th e 
latte r  goa l  involve s eating .  Th e RE-PLA N meta-pla n i s 
used ,  an d th e USE-NORMAL-PLAN strateg y applied .  Th e 
norma l  pla n foun d tha t  i s applicabl e t o bot h goal s i s t o 
tak e a  die t  pill . 

Jus t  a s m a n y object s ar e functionall y define d b y th e 
rol e the y pla y i n ordinar y plans ,  s o som e object s ar e 
functionall y define d b y th e rol e the y pla y i n plan s aime d 
at  resolvin g specifi c  goa l  conflicts .  Thu s a  die t  pil l  i s  a n 
objec t  functionall y define d b y it s abilit y  t o resolv e th e 
conflic t  betwee n hunge r  an d weigh t  loss ;  a  raincoa t  i s 
define d b y th e rol e i t  play s i n preventin g wetnes s whe n 
one mus t  g o outside .  I n fact ,  a  grea t  dea l  o f  mundan e 
plannin g knowledg e appear s t o consis t  o f  plan s fo r 
resolvin g specifi c  type s o f  goa l  conflicts . 

3.1 2. Intelligent use of TRY-ALTERNATE-PLAN to find 
non-conflictin g se t 

A genera l  plannin g strateg y tha t  i s  applicabl e whe n 
a pla n canno t  b e m a d e t o wor k i s t o tr y anothe r  pla n fo r 
tha t  goal .  I n th e cas e o f  resolvin g goa l  conflicts ,  thi s 
means tha t  alternativ e plan s fo r  eac h conflictin g goa l 
ca n b e propose d unti l  a  se t  i s  foun d tha t  ar e no t  i n 
conflict .  A s note d above ,  thi s m a y b e costly ,  bu t  i t  wil l 
onl y b e trie d whe n n o canne d conflic t  resolutio n pla n ha s 
bee n found .  Moreover ,  th e pla n ca n provid e som e intelli -
gen t  way s o f  proposin g ne w alternative s tha t  m a y hel p 
kee p cost s down . 

For  example ,  conside r  th e followin g situation : 

(2 )  Joh n wa s goin g outsid e t o pic k u p th e pape r  whe n h e 
notice d i t  wa s raining .  H e looke d fo r  hi s raincoat , 
but  h e couldn' t  find  it .  H e decide d t o ge t  Fid o t o 
fetc h th e pape r  fo r  him . 

Here ,  Joh n first  though t  t o wal k outside ,  bu t  the n foun d 
tha t  thi s woul d caus e a  conflict .  A s hi s norma l  pla n fo r 
resolvin g thi s conflic t  failed ,  Joh n trie d proposin g othe r 
plans ,  lookin g fo r  one s tha t  wouldn' t  entai l  hi s gettin g 
wet .  Sinc e gettin g th e do g t o fetc h th e pape r  i s suc h a 
plan ,  an d sinc e Joh n presumabl y doesn' t  car e i f  Fid o get s 
wet ,  thi s pla n i s adopted . 

The metd-plannin g strateg y use d her e i s calle d 
TRY-ALTERNATIVE-PLAN.  Th e differenc e betwee n I'sin g 
thi s metj-pla n an d blin d generat e an d tes t  strategic s i s 
tha t  som e contro l  ca n b e exerte d her e ove r  exactl y wha t 
i s undon e an d an d wha t  i s looke d fo r  a s a  replacement . 
For  example ,  th e backtrackin g her e nee d no t  b e cluotio -
logica l  o r  dependency-directed ,  bu t  ca n b e knau.le.dje -
directed .  Tha t  is ,  rathe r  tha n und o th e las t  plannin g 
decision ,  a  plannin g decisio n relate d t o eithe r  goa l  ca n 
be undone ,  possibl y base d o n a n informe d guess . 

I n rtddition,  whe n fetchin g a  ne w plnn ,  i t  m a y b e pos -
sibl e t o specif y i n th e fetc h som e condition s tha t  th e 
fetche d pla n m a y hav e t o mee t  withou t  actuall y testin g 
tha t  pla n fo r  a  conflict .  Fo r  example ,  i n th e cas e o f  get -
tin g th e newspape r  whe n i t  i s  raining ,  w e ca n as k fo r  a 
pla n fo r  gfttin g somethin g tha i  doesn' t  involv e goin g out -
side .  Tha t  is ,  w e ca n loo k fo r  a  pla n fo r  on e goa l  tha t 
doe s no t  contai n a n actio n tha t  le d t o th e origina l 
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conflict .  I f  ou r  m e m o r y mechanis m ca n handl e suc h 
requests ,  the n w e ca n retriev e onl y thos e plan s tha t  d o 
not  conflic t  i n th e sam e wa y tha t  th e origina l  pla n does . 

I n orde r  fo r  thi s t o work ,  TRY-ALTERNATIVK-PU N 
need s t o kno w wha t  par t  o f  a  pla n contribute d t o th e gori l 
conflic t  s o i t  ca n loo k fo r  a  pla n withou t  thi s action .  Thi s 
generall y depend s upo n th e kin d o f  conflict .  We Cdr i  for -
mulat e thi s withi n th e meta-plannin g framewor k b y 
definin g a  meta-pla n calle d MAKE-ATTRIBUTION.  Here , 
MAKE-ATTRIBUTION i s use d a s a  subpla n o f  th e TRY -
ALTERNATIVE-PUN meta-plan,  althoug h w e shal l  mak e 
othe r  use s o f  i t  below .  TRY-ALTERNATIVE-PU N first  ask s 
MAKE-ATTRIBUTION t o specif y a  caus e o f  th e problem . 
and the n fetche s a  ne w pla n withou t  th e objectiona l  ele -
ment  i n it . 

TRY-ALTERNATIVE-PLAN ca n als o contro l  ho w fa r  u p 
th e propose d goal-subgoa l  structur e i t  shoul d g o t o und o 
a decision .  Thus ,  i f  n o alternativ e pla n fo r  a  goa l  ca n b e 
found ,  th e goa l  itsel f  ca n b e questione d i f  i t  i s  a  subgoa l 
of  som e othe r  plan .  Fo r  example ,  conside r  th e followin g 
scenario : 

(3 )  Joh n wa s goin g t o ge t  th e newspape r  whe n h e 
notice d i t  wa s raining .  H e decide d t o liste n t o th e 
radi o instead . 

Her e th e entir e subgoa l  o f  gettin g th e newspape r  wa s 
eliminated .  Sinc e thi s wa s apparentl y a  subgoa l  o f 
finding  ou t  th e news ,  th e alternativ e pla n o f  listenin g t o 
th e radi o ca n b e substituted .  Onc e again ,  MAKE-
ATTRIBUTION i s use d t o propos e a  pla n tha t  doesn' t 
involv e a n unwante d step .  Th e difTerenc e betwee n thi s 
and th e las t  cas e i s tha t  her e a  pla n lyin g abov e th e 
conflictin g goa l  i s  re-planned . 

3.2. CHANGE-CIRCUMSTANCE 

I n additio n t o th e RE-PLA N meta-plan ,  th e othe r 
genera l  goa l  conflic t  resolutio n strateg y i s t o chang e th e 
circumstanc e tha t  contribute s t o th e conflict .  Thi s i s 
actuall y mor e genera l  tha n RE-PLAN ,  becaus e i t  m a y b e 
applicabl e t o conflict s wher e th e goal s themselve s 
exclud e on e another ,  wherea s RE-PLA N require s th e 
conflic t  t o b e plan-based . 

CHANGE-CIRCUMSTANCE ca n resolv e a  goa l  conflic t 
by alterin g a  stat e o f  th e worl d tha t  i s  responsibl e fo r  th e 
goal s conflictin g wit h on e another .  Onc e thi s ha s bee n 
achieved ,  th e origina l  se t  o f  plan s m a y b e use d withou t 
encounterin g th e origina l  problem . 

For  example ,  conside r  th e followin g situations : 

(4 )  Joh n ha d a  meetin g wit h hi s bos s i n th e morning . 
but  h e wa s feelin g il l  an d wante d t o sta y i n bed .  H e 
decide d t o cal l  hi s bos s an d tr y t o postpon e th e 
meetin g unti l  h e fel t  better . 

(5 )  Joh n wante d t o liv e i n Sa n Francisco ,  bu t  h e als o 
wante d t o liv e nea r  Mary ,  an d sh e live d i n Ne w York . 
Joh n trie d t o persuad e Mar y t o mov e t o Sa n Fran -
cisc o wit h him . 
I n (4) ,  John' s conflic t  i s  cause d b y hi s pla n t o atten d 

th e meetin g an d hi s pla n t o sta y hom e an d rest .  Thes e 
plan s conflic t  becaus e o f  th e tim e constraint s o n John' s 
meeting ,  whic h forc e th e plan s t o overlap ;  th e plan s 
requir e Joh n t o b e i n tw o place s a t  once ,  s o the y canno t 
be execute d simultaneously .  I f  th e tim e constrain t  o n 
attendin g th e meetin g wer e relaxed ,  however ,  the n th e 
conflic t  woul d ceas e t o exist .  Thu s rathe r  tha n alte r  hi s 
plans ,  Joh n ca n see k t o chang e th e circumstance s tha t 
caus e hi s plan s t o conflic t  b y attemptin g t o remov e th e 
tim e constrain t  tha t  ar e a  caus e o f  th e difTiculty . 

I n (5) ,  th e conflic t  i s  betwee n livin g i n Sa n Francisc o 
and bein g nea r  Mary ,  wh o i s i n Ne w York .  Th e basi s fo r 
thi s exclusio n involve s th e locatio n o f  Sa n Francisc o an d 
of  Mary .  However ,  i f  on e o f  thes e location s wer e change d 
so tha t  th e distanc e betwee n the m wer e reduced ,  the m 
th e stat e woul d n o longe r  exclud e on e another .  Thu s 
Joh n ca n attemp t  t o chang e Mary' s location ,  whil e stil l 
maintainin g hi s origina l  goals . 

To decid e wha t  circumstanc e t o change ,  a  planne r 
onc e agai n need s t o analyz e th e caus e o f  th e conflic t 
Thus CHANGE-CIRCUMSTANCE first  require s th e us e o f 
MAKE-A>TTR1BUTI0N t o propos e a  candidat e fo r  alteration . 
As wa s th e cas e fo r  RE-PLAN ,  MAKE-ATTRIBUTIO N 
require s acces s t o detaile d knowledg e abou t  th e natur e 
of  negativ e goa l  interaction s i n orde r  t o find a  particula r 
circumstanc e wit h whic h t o meddle .  A n analysi s o f  suc h 
interaction s appear s i n Wilensk y (197B) . 

4. Goal AbandoDment 

When attempt s t o resolv e a  goa l  conflic t  ar e unsuc -
cessful ,  a  planne r  mus t  mak e a  decisio n abou t  wha t 
shoul d b e salvaged .  I n term s o f  meta-planning .  w e ca n 
describ e thes e "goa l  abandonmen t  "  situation s a s follows . 
The inabilit y  t o achiev e a  RESOLVE-GOAL-CONFLICT 
meta-goa l  result s i n th e planne r  havin g thi s faile d meta -
goal .  Havin g a  faile d RESOLVE-GOAL-CONFLICT meta-goa l 
i s  a  conditio n tha t  trigger s th e meta-them e MAXIMIZ E 
THE VALU E O F TH E GOALS ACHIEVED.  Thi s triggerin g 
conditio n cause s thi s meta-them e t o invok e a  ne w meta -
goal .  calle d CHOOSE-MOST-VALUABLE-SCENARIO.  Thi s 
goal  i s  satisfie d whe n th e relativ e wort h o f  variou s 
achievabl e subset s o f  th e conflictin g goal s i s assessed . 
and th e subse t  offerin g th e greates t  potentia l  yiel d 
determined . 

To achiev e thi s meta-goal .  w e postulat e a 
SIMULATE-AND-SELECT meta-plan .  Thi s pla n propose s 
variou s combination s o f  goal s t o try .  an d compute s th e 
wort h o f  eac h combination .  Th e mos t  valuabl e se t  o f 
goal s i s returne d a s th e scenari o mos t  wort h pursuing . 

4.1. The SIMULATE-AND-SELECT meta-plan 

The SIMULATE-AND-SELECT meta-pla n ha s a  ric h 
structure .  T o begi n with ,  i t  make s a  numbe r  o f 
presumption s abou t  evaluatin g th e cos t  an d wort h o f 
goal s an d o f  comparin g the m t o on e another .  We 
presum e tha t  value s ca n b e attribute d t o individua l 
state s i n isolatio n ceteri s parihiis ,  an d tha t  th e valu e o f  a 
set  ca n b e compute d fro m it s parts .  Thi s doe s no t 
presum e tha t  th e computatio n i s simple :  indeed ,  i t  m a y 
involv e th e consultatio n o f  larg e amount s o f  worl d 
knowledge .  However ,  w e d o assum e tha t  al l  value s ca n 
be m a d e commeasurable .  Th e genera l  issue s involvin g 
attributin g value s t o goal s ar e discusse d (althoug h b y n o 
means resolved )  i n Wilensk y (1980) . 

The SIMULATE-AND-SELECT meta-pla n ha s i n efTec t 
tw o distinc t  options .  Th e first  i s  quit e straightforward . 
I t  simpl y involve s constructin g maxima l  achievabl e (i .  e. , 
non-conflicting )  subset s fro m amon g th e conflictin g 
goals ,  an d evaluatin g th e ne t  wort h o f  eac h one .  Sinc e 
we ar e generall y dealin g wit h tw o goal s i n a  conflict ,  thi s 
means jus t  evaluatin g th e wort h o f  on e goa l  an d compar -
in g i t  t o th e valu e o f  th e other .  Thu s i f  havin g th e news -
pape r  i s deeme d mor e valuabl e tha n gettin g wet ,  the n 
th e planne r  walk s outsid e t o ge t  th e newspape r  an d 
allow s hJmsei /  t o ge t  soaked .  Alternatively ,  a  reade r  try -
in g t o understan d someon e else' s behavio r  woul d us e 
knowledg e abou t  thi s meta-pla n t o m a k e inference s 
abou t  thei r  valu e system .  I f  w e observ e Joh n riskin g get -
tin g we t  int o t o ge t  hi s mornin g paper ,  the n w e conclud e 
tha t  havin g hi s pape r  i s wort h mor e t o hi m tha n gettin g 
wet . 

However ,  ther e i s anothe r  se t  o f  alternative s tha t 
nee d t o b e considered .  Conside r  onc e agai n th e exampl e 
of  fetchin g th e newspape r  i n fro m th e rain ,  i n whic h th e 
origina l  goal s ar e t o ge t  th e newspape r  an d t o remai n 
dry .  Rathe r  tha n abando n eithe r  goa l  completely ,  a  rea -
sonabl e alternativ e i s t o tr y t o reduc e th e degre e t o 
whic h on e get s we t  a s m u c h a s possible .  A  pla n fo r 
remainin g a s dr y a s possibl e whil e movin g throug h th e 
rai n i s t o ru n a s fas t  a s on e can .  Thi s pla n satisfie s on e 
goal  entirely ,  an d anothe r  t o a  degree .  Th e tota l  valu e o f 
thi s scenari o i s likel y t o b e greate r  tha n th e valu e o f 
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stayin g dr y bu t  no t  gettin g th e paper ,  an d sinc e th e 
othe r  abandonmen t  possibilit y  (gettin g th e pape r  bu t 
gettin g soaked )  i s clearl y wors e tha n thi s (i .  e. ,  gettin g 
th e pape r  bu t  gettin g les s soaked) ,  th e scenari o involvin g 
partia l  fulflUmen t  i s likel y t o b e adopted . 

Partia l  goa l  fulfillmen t  i s a  genera l  principl e that ,  i s 
applicabl e t o al l  goal s tha i  involv e scala r  values .  I t 
allow s th e SIMULATE-AND-SELECT mela-pla n t o propos e 
option s i n whic h th e partia l  fulfillmen t  o f  on e goa l 
enable s th e (possibl y partial )  fulfillmen t  o f  th e other . 
Thi s proces s i s illustrate d b y th e "newspape r  i n th e rain " 
example :  MAKE-ATTRIBUTIO N determine s tha t  th e prob -
le m wit h th e "sta y dry "  goa l  abov e i s tha t  i t  require s no t 
goin g outside .  Thu s a  partia l  versio n o f  thi s goa l  i s 
sough t  tha t  doesn' t  involv e thi s condition .  I n th e cas e o f 
not  gettin g we t  above ,  th e "sta y a s dr y a s possible "  alter -
nativ e i s selecte d becaus e thi s doesn' t  requir e no t  goin g 
outside .  Thi s scenari o i s therefor e hypothesize d an d 
evaluate d alon g wit h th e stric t  abandonmen t  options , 
and th e on e wit h th e highes t  valu e chosen . 

5. Summary and Projections 

We hav e propose d a  theor y o f  plannin g base d o n fou r 
tenets :  (l )  Commonsens e plannin g i s essentiall y  th e 
consideratio n o f  interaction s o f  otherwis e simpl e plans , 
(2 )  knowledg e abou t  plannin g shoul d b e usabl e bot h b y a 
planne r  an d a n understander ,  (3 )  plannin g problem s 
shoul d b e formulate d a s meta-goals ,  an d solve d b y th e 
same plannin g mechanis m responsibl e fo r  th e fulfillmen t 
of  ordinar y goals ,  an d (4 )  t o accomplis h m u c h o f  it s  man -
date ,  Lh e planne r  make s projection s o f  th e futur e base d 
on it s curren t  knowledg e o f  th e worl d an d it s ow n tenta -
tiv e plans . 

Thes e tenet s for m th e basi s fo r  a  mode l  o f  plannin g 
whose mos t  salien t  feature s ar e a  goa l  detecto r  an d a 
projector .  Th e goa l  detecto r  i s use d t o infe r  goals , 
includin g meta-goals ,  base d o n th e situation s i n whic h 
th e planne r  finds  itself ;  th e projecto r  i s use d t o gues s 
what  th e futur e wil l  brin g base d o n th e planner' s curren t 
belief s an d plans .  A s th e goa l  detecto r  ha s acces s t o th e 
hypothetica l  situation s simulate d b y th e projector ,  i t  ca n 
delec t  problem s wit h currentl y intende d plan s b y notic -
in g thei r  consequence s i n hypothetica l  realities .  Thes e 
problem s ar e deal t  wit h b y settin g u p meta-goal s t o tr y 
t o assur e a  mor e desirabl e futur e stat e o f  affairs . 

We examine d thi s tiiode l  o f  plannin g i n th e particu -
la r  domai n o f  goa l  conflic t  resolution .  Her e w e foun d us e 
fo r  th e mela-plan s RE-PLA N (consistin g o f  U3E-N0RMAL-
PI,A \  an d USE-AlT^RXATfi-Pl.AN )  an d CHANGE-
CIKCUMSTA.NCE fo r  th e mcta-goa l  RRS0I,VE-G0A1., -
CONFLICT.  Bot h mela-plan s mak e us e o f  th e powerfu l 
sub-pla n .MAKE-ATTRIBUTION .  Fo r  th e relate d goa l  o f 
CF00i;t;-.V10ST-VAl.UABM:-SCENARI0 ,  th e SIMUI,ATE-A\'D -
SEI.EC T mela-pla n i s use d t o creat e alternative s involv -
in g goa l  abandonmen t  an d partia l  goa l  fulfillment . 
.MAKE-ATTRIBI;T10. \  wa s foun d t o b e usefu l  her e a s well . 

We ar e cuirentl y attemptin g t o tes t  thes e idea s i n 
Lv\ o programs .  PAM,  a  ?!or y understandin g system ,  use s 
kno-rtifdg e abou t  goa l  in !  L-raction s t o understan d stonr s 
involvin g multipl e goals .  Tha t  is ,  PA M ca n detec t  situa -
tion s lik e goa l  conflic t  an d goa l  competilinn ,  and ,  realiz -
in g tha t  thes e tlireate n CPi'tai n meta-goals ,  PA M wil l 
interpre t  a  character' s subsequen t  behavio r  a s a  meta -
pla n t o addres s th e negativ e consequence s o f  Ihes e 
interaction s Thu s PA M make s us e o f  th e knowledg e 
structure s describe d above ,  bu t  o f  course ,  i t  doe s no t 
les t  th e mode l  o f  plannin g pe r  sc . 

Bot h th e mode l  o f  plannin g knowledg e an d o f  plan -
nin g i s bein g use d i n th e developmen t  o f  I'ANDOR A (Plar j 
ANaly/.e r  wit h Dynami c Orgarn/ation ,  Revisio n an d Appli -
cation) .  PANDORA i s give n a  descriptio n o f  a  situatio n 
and determine s i f  i t  ha s an y goal s i t  slioul d ac t  upon .  I t 
the n c;r»;atr; s plan s fo r  thes e goals ,  usin g projectio n t o 
les t  them .  Ne w goals ,  includin g meta-goals ,  ma y b e 
inferre d i n l.li e process ,  possibl y causin g PANDORA t o 
revis e it s [)reviou s plan s 

The followin g i s a n exampl e o f  th e kin d o f  plannin g 
situatio n tha t  PANDORA ca n handle .  PANDORA i s 
presente d wit h a  tas k tha t  require s i t  t o ge t  som e nail s 
and l o ge t  a  hammer .  PANDORA propose s th e norma l 
plan s fo r  thes e goals ,  whic h requir e i t  l o g o l o th e store , 
buy th e desire d item ,  an d return .  A s th e plan s involv e 
some c o m m o n preconditions ,  th e mela-them e "DON' T 
WASTE RESOURCES"  cause s PANDORA l o hav e th e meta -
goal  COMBINE-PLANS.  A  mela-pla n associate d wit h thi s 
goal  synthesize s a  ne w pla n tha t  involve s goin g t o th e 
store ,  buyin g bot h objects ,  an d returning . 

PANDORA ca n als o detec t  an d resolv e a  numbe r  o f 
goal  conflict-bas e situations .  I n addition ,  PANDORA i s 
bein g use d l o mode l  th e plannin g processe s o f  a  huma n 
who need s l o coo k dinne r  durin g a  powe r  failure ,  i n 
whic h mos t  o f  th e norma l  plan s fo r  one' s goal s wil l  no t  b e 
eflective . 
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