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1.  Introductio n 

Thi s pape r  i s abou t  adaptiv e planning .  Th e 

basi c proble m tha t  adaptiv e plannin g addresse s i s 

th e developmen t  o f  plannin g technique s fo r  re -

usin g ol d plans .  Th e capabilit y t o re-us e ol d 

plan s suggest s a  wa y t o avoi d th e proble m o f 

combinatoria l  explosio n tha t  i s  inheren t  i n brut e 

forc e plannin g methods .  Moreover ,  i t  account s 

fo r  som e o f  th e flexibility  o f  h u m a n planners :  a 

planne r  tha n ca n re-us e plan s ca n pla n abou t  a 

wid e rang e o f  phenomena ,  no t  s o muc h becaus e 

it s dept h o f  knowledg e i s  consisten t  throughou t 

tha t  range ,  bu t  becaus e i t  ca n refi t  ol d plan s t o 

nove l  contexts . 

A typica l  cas e o f  re-usin g plan s i s th e situa -
tio n whe n a  planne r  i s  abou t  t o rid e th e N Y C 

subwa y fo r  th e first  time ,  an d use s it s experience s 

on B A R T (Ba y Are a Rapi d Transit )  t o guid e it s 

plannin g activity .  Conside r  th e step s involve d i n 

ridin g B A R T (se e figure  1) .  A t  th e B A R T sta -

tio n I  bu y a  ticke t  fro m a  machine .  Next ,  I  fee d 

th e ticke t  int o a  secon d machin e whic h open s a 

gat e t o le t  m e int o th e termina l  an d the n return s 

my ticket .  Nex t  I  tak e th e train .  A t  th e exi t 

statio n I  fee d m y ticke t  t o anothe r  machin e tha t 

keep s th e ticke t  an d the n open s a  gat e t o allo w 

me t o leav e th e station .  Compar e tha t  t o th e 

step s involve d i n ridin g th e N Y C subway :  bu y a 
toke n fro m a  teller ,  pu t  th e toke n Int o a  turnstil e 

an d the n enter ,  rid e th e train ,  an d exi t  b y push -

in g thr u th e exi t  turnstile .  Give n th e B A R T 

Pla n a s depicte d I n Figur e 1 ,  ther e appear s t o b e 

littl e i n c o m m o n betwee n th e tw o procedures . 

Th e proble m wit h th e B A R T Plan ,  a s show n i n 

figure  1 ,  i s  tha t  i t  represent s thi s pla n i n isola -

tion .  I n Isolatio n th e ol d pla n doe s no t  provid e 

enoug h informatio n t o refi t  i t  t o th e N Y C sub -

way situation .  Ther e i s a  grea t  dea l  o f  back -

groun d knowledg e associate d wit h th e B A R T 

Pla n tha t  i s  no t  explicitl y  represente d i n th e 

figure  1 ,  bu t  i s  neede d i n orde r  t o re-us e th e ol d 

plan .  Withou t  th e backgroun d knowledg e th e 

B A RT Pla n i s  practicall y useles s i n th e con -

structio n o f  a  pla n fo r  ridin g th e N Y C subway . 

Th e ke y ide a t o understandin g th e adaptiv e 

plannin g approac h t o re-usin g ol d plan s is : 

M a k e explici t  th e conten t  a n d organi -
satio n o f  th e b a c k g r o u n d know ledg e 

associate d wit h th e ol d plan . 

W h at  i s know n abou t  th e B. \R T Pla n i s no t  onl y 

th e pla n itself ,  bu t  als o tha t  pla n i n relatio n t o 

al l  th e othe r  plannin g knowledg e tha t  i s availabl e 
t o th e planne r  (se e figure  2) .  Makin g explici t  th e 

backgroun d plannin g knowledg e allow s fo r  a 

difi'eren t  kin d o f  planner .  Rathe r  tha n plannin g 

by proble m solving ,  i t  become s possibl e t o pla n 

by situatio n matching .  Rathe r  tha n treatin g th e 

ol d pla n a s a  partia l  solutio n whic h i s  modifie d 

usin g wea k methods ,  suc h a s G P S (c.f .  [1]) ,  th e 

ol d pla n I s use d a s a  startin g poin t  fro m whic h 

th e ol d an d ne w situation s ar e matched ,  an d i n 

th e cours e o f  th e matchin g a  ne w pla n i s  pro -

duced . 
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Order  N o 4031 ,  Monitore d b y Nava l  Electroni c Syste m Command unde r  Contrac t  No .  N0003g-C-0235 . 

'" I would like to thank Robert Wilensky for getting me interested in the problems of commonsense 
plannin g an d th e rol e o f  memor y i n plannin g an d som e goo d discussio n a s th e idea s developed .  I 
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An adaptiv e planae r  calle d P L E X U S (se e 

dictionar y fo r  explanatio n o f  name )  ha s bee n con -

structed .  P L E X U S '  knowledge-bas e take s th e 

for m o f  a  network .  It s basi c strateg y i s t o matc h 

th e ol d pla n situatio n agains t  th e ne w context . 

Where difference s occur ,  change s ar e mad e t o th e 

ol d plan .  P L E X U S achieve s bot h th e detectio n 

of  difference s an d subsequen t  change s t o th e ol d 

pla n b j  exploitin g th e ne t  tha t  surround s th e ol d 

plan . 

2. Related Work 

Earl y artificia l  intelligenc e researc h o n 

plannin g an d proble m solvin g emphasize d wea k 

method s tha t  appl y t o situation s wher e extensiv e 

knowledg e i s no t  available .  Th e basi c ide a wa s 

t o produc e plan s b y manipulatin g an d combinin g 
many lo w leve l  operations .  Typica l  area s o f 

applicatio n wer e ches s playin g programs , 

theore m proving ,  an d robo t  proble m solving . 

Althoug h thes e kind s o f  method s ar e appropriat e 
i n knowledg e poo r  contexts ,  the y suffe r  fro m th e 

proble m o f  combinatoria l  explosio n an d ar e 
therefor e les s tha n idea l  i n th e knowledg e ric h 
domain s tha t  frequentl y occu r  i n common-sens e 

plannin g situations . 

MacTopa [2 ]  wa s th e first  attemp t  t o dea l 

wit h th e proble m o f  re-usin g ol d plans .  Thei r 
applicatio n domai n wa s robo t  proble m solving . 

Solution s t o ol d problem s wer e generalize d b y 
substitutin g variable s fo r  th e argument s o f  som e 

of  th e operators .  Durin g planning ,  i f  som e por -

tio n o f  a n ol d plan ,  i n it s generalize d form , 
achieve d som e goa l  o r  subgoa l  o f  th e ne w pla n i t 
was re-used . 

The majo r  limitatio n o n macrop s wa s tha t 
th e goal s an d situatio n o f  th e ol d plan ,  excep t  fo r 

wher e variable s wer e substitute d fo r  constants , 
had t o identicall y matc h th e ne w situation .  Fo r 
most  rea l  worl d problem s i t  i s  rarel y th e cas e 

tha t  th e ol d an d ne w pla n situations ,  o r  som e 
subportio n o f  them ,  ar e identical .  Mor e recen t 

development s i n th e are a o f  re-usin g plan s hav e 
attempte d t o increas e th e flexibility  o f  thi s origi -

nal  approach ,  i n term s o f  bot h pla n retrieva l  an d 

usage .  Kolodne r  &  Simpso n [3-5 j  an d H a m m o nd 
[6 ]  hav e propose d techniques ,  base d o n Schank' s 

theor y o f  Dynami c M e m o r y [7] ,  fo r  indexin g ol d 

plans .  Georgef f  [8 ]  ha s suggeste d guideline s fo r 
variabl e substitutio n unde r  analogica l  conditions . 

Carbonel l  ha s develope d a  theor y o f  wha t 

he refer s t o analogica l  proble m solving .  H e ha s 
suggeste d tw o approache s t o employin g analo -

gies .  Hi s first  approac h l,9 j  applie s a  means -

end s analysi s t o a n ol d problem ,  graduall y 

transformin g i t  int o a  solutio n fo r  a  ne w prob -

lem .  Hi s secon d approac h [10 )  dubbe d deriva -

tiona l  analogy ,  attempt s t o recreat e th e decisio n 

makin g proces s o f  relevan t  pas t  proble m solvin g 

situations ,  an d appl y tha t  decisio n makin g pro -

ces s t o th e ne w proble m situation . 

Bot h o f  thes e approache s suffe r  fro m th e 

proble m o f  dealin g wit h a  pla n i n isolation .  A s 

allude d t o i n th e introduction ,  withou t  th e con -

ten t  an d organizationa l  structur e o f  th e back -

groun d knowledg e th e ol d pla n wil l  b e practicall y 

useles s i n th e constructio n o f  a  ne w plan .  More -

ove r  ther e ar e mor e specifi c  problem s associate d 

wit h eac h o f  thes e approaches .  A  proble m wit h 

th e first  approac h i s th e dependenc e o f  means -

end s analysi s o n th e creatio n o f  effectiv e 
differenc e tables .  A  proble m fo r  th e secon d 

approac h i s tha t  i n m a n y case s a  derivationa l 

histor y i s no t  availabl e eithe r  becaus e i t  ha s bee n 
forgotte n o r  becaus e th e pla n wa s learne d b y rot e 

and therefor e a  derivationa l  histor y neve r 

existed . 

3. The Plan Network 

I n adaptiv e planning ,  plannin g knowledg e 

i s represente d i n th e for m o f  a  network .  Associ -

ate d wit h ever y pla n i n th e networ k ar e a  se t  o f 
condition s whic h ar e use d t o determin e i f  a  plan , 
or  a  ste p i n a  plan ,  i s appropriat e fo r  th e curren t 

plannin g situation .  Condition s includ e inten -

tions ,  (sub)goals ,  pre-requisites ,  an d expecte d 
outcomes .  Adaptiv e plannin g i s largel y base d o n 
situatio n matching ;  th e condition s provid e a 
checklis t  fo r  th e planne r  t o us e i n determinin g 
th e applicabilit y  o f  a n ol d plan ,  o r  step ,  t o a  ne w 

situation . 

Eac h pla n i s represente d a s a  sequenc e o f 
steps ,  and ,  recursively ,  eac h ste p i s a  pla n which , 

i n principle ,  ca n b e decompose d int o a  sequenc e 

of  steps .  Fo r  example ,  step s i n th e B A R T Pla n 
include :  buyin g a  ticket ,  enterin g a  B A R T sta -
tio n throug h a  turnstile ,  ridin g th e train ,  an d 

exitin g a  B A R T statio n throug h a  turnstile . 
Furthermore ,  ther e ar e substep s involve d i n buy -

in g a  ticket :  puttin g mone y int o th e machin e an d 
receivin g a  ticke t  i n return . 

Ther e i s a n 'is a hierarchy '  i n th e network , 
and a s i s th e nor m propertie s ar e inherite d 

throug h th e 'is a hierarchy' .  Fo r  example ,  ther e 

i s a  genera l  pla n fo r  buyin g tickets ,  an d ther e ar e 
at  leas t  tw o specialize d version s o f  tha t  plan : 
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buyin g a  ticke t  fro m a  machin e an d buyin g a 

ticke t  fro m a  teller .  Moreove r  bot h o f  thes e des -

cendant s inheri t  fro m thei r  c o m m o n ancestor s 

th e norma l  goa l  fo r  buyin g a  ticket ,  whic h i s t o 

gai n acces s t o som e service .  Finally ,  a s men -

tione d above ,  associate d wit h eac h pla n (o r  pla n 

step )  ar e a  lis t  o f  conditions .  Thes e ca n al l  b e 

inherite d a s well . 

4. The Adaptive Process 

4.1. An overview 

Havin g recalle d a  plan ,  P L E X U S mus t  us e 

th e embeddin g contex t  o f  th e ol d pla n i n orde r  t o 

refi t  i t  t o mee t  th e demand s o f  th e ne w situation . 

P L E X US refit s th e pla n b y usin g th e condition s 

t o matc h th e ol d planning  situatio n t o th e ne w 

one .  I n th e even t  tha t  difference s occur ,  i t  i s 

necessar y fo r  P L E X U S t o modif y th e ol d pla n t o 

meet  th e ne w situation . 

Some o f  th e difference s betwee n ol d an d 

ne w ar e anticipate d a t  th e outset ,  other s gro w 

out  o f  th e planner' s interactio n wit h th e environ -

ment .  Fo r  example ,  i n th e cas e wher e P L E X U S 

i s adaptin g th e B A R T Pla n t o th e situatio n a t 

th e N Y C subway ,  a n anticipate d differenc e i s 

tha t  th e planne r  n o longe r  expect s t o b e purchas -

in g a  B A R T ticket ,  bu t  instea d a  ticke t  fo r  th e 

N YC subway .  A  differenc e tha t  occur s a s a 

resul t  o f  th e planner' s interactio n wit h th e 

environmen t  i s th e realizatio n that ,  fo r  th e N Y C 

subway ,  on e doe s no t  bu y a  ticke t  fro m a 

machine ,  bu t  instea d fro m a  teller . 

Th e basi c procedur e work s a s follows : 

P L E X US adapts ,  i n order ,  on e ste p a t  a  time ,  th e 

step s o f  th e ol d plan .  Fo r  eac h step ,  i t  eithe r 

anticipate s o r  interact s wit h th e environmen t  t o 

determin e i f  th e condition s associate d wit h tha t 

ste p ar e me t  b y th e curren t  environment .  I f  th e 

condition s o f  tha t  ste p ar e me t  i t  adapt s i n a 

depth-firs t  fashio n th e subsequence s o f  tha t  step . 

W h en P L E X U S bottom s ou t  i t  move s o n t o th e 

nex t  step .  I f  i t  can' t  appl y a  ste p o f  th e ol d pla n 

i t  trie s t o find  a n abstractio n o f  tha t  ste p whic h 

wil l  wor k i n th e curren t  context .  I f  i t  succeed s i n 

finding  a n abstraction ,  i t  nex t  attempt s t o find a 

specializatio n o f  tha t  ste p tha t  wil l  wor k i n th e 

curren t  context .  Whethe r  i n it s abstractio n 

phas e o r  it s specializatio n phase ,  P L E X U S i s 

exploitin g bot h th e conten t  an d organizatio n o f 

th e backgroun d knowledg e associate d wit h th e 

ol d plan . 

Mor e specifically ,  th e ol d pla n i s adapte d t o 

th e ne w situatio n a s follows : 

1)  Chec k th e condition s o f  eac h ste p i n th e ol d 

plan .  Th e condition s o f  a  ste p include ,  vi a 

propert y inheritance ,  al l  o f  th e condition s 

of  th e 'isa '  ancestor s o f  tha t  step . 

2)  I f  th e condition s ar e me t  the n appl y tha t 

ste p t o th e curren t  situation . 

3)  I f  a t  leas t  on e o f  th e condition s fails ,  tr y a 

mor e abstrac t  versio n o f  tha t  ste p b y mov -

in g u p th e 'isa '  hierarchy . 

4)  I f  a  mor e abstrac t  versio n o f  a n ol d ste p 

works ,  tr y t o specializ e tha t  ste p b y movin g 

bac k dow n th e 'isa '  hierarchy . 

5)  Fo r  eac h step ,  i f  th e condition s o f  tha t  ste p 

ar e me t  appl y th e sam e procedur e i n a 

depth-firs t  fashio n t o th e substep s o f  tha t 

step .  W h e n th e procedur e bottom s ou t 

move o n t o th e nex t  step . 

I n a  sens e P L E X U S '  workin g hypothesi s i s 
tha t  th e ne w pla n unde r  constructio n an d th e ol d 

pla n shar e a  significan t  ancesto r  i n th e 'isa ' 

hierarchy .  B y significan t  I  mea n tha t  th e step s 

of  bot h th e ol d pla n an d th e ne w pla n ca n b e 

see n a s specialization s o f  th e share d ancestor' s 

steps .  I n fact ,  a s th e ne w pla n i s constructed , 

P L E X US discover s th e step s o f  th e mor e abstrac t 

plan .  Thes e step s ar e compose d o f  th e success -

full y borrowe d step s o f  th e ol d pla n (2 )  an d th e 

successfu l  abstraction s o f  step s fro m th e ol d pla n 

tha t  faile d t o appl y I n th e ne w situatio n (3,4) . 

Conside r  wha t  happen s whe n P L E X U S use s 

th e B A R T Pla n a s a  basi s fo r  constructin g a  pla n 

fo r  ridin g a  N Y C subway .  Figur e 2  show s a  por -

tio n o f  ne t  tha t  i s  relevan t  t o th e proble m o f 

adaptin g th e first  ste p o f  th e B A R T Pla n t o th e 

proble m o f  ridin g a  N Y C subway .  Th e first  ste p 

of  th e B A R T Pla n i s t o bu y a  ticke t  fro m a 

machine ,  bu t  i n th e ne w situatio n ther e i s n o 

machin e fro m whic h t o bu y a  ticket .  B y movin g 

up th e 'isa '  hierarch y i t  finds a  mor e abstrac t 

versio n o f  thi s ste p tha t  wil l  wor k i n th e curren t 

situation :  throug h abstractio n P L E X U S deter -

mine s tha t  becaus e ther e i s a  plac e fo r  buyin g a 

ticke t  th e pla n fo r  buyin g a  ticke t  wil l  work . 

Next  i t  move s bac k dow n th e 'isa '  hierarchy , 

specializin g th e pla n t o a  pla n fo r  buyin g a  ticke t 

fro m a  ticke t  office .  I n a  simila r  fashio n 

P L E X US adapt s th e othe r  thre e step s o f  th e 

B A RT Plan .  Th e followin g tw o section s wil l 

describ e i n greate r  detai l  wha t  i s involve d i n th e 

processe s o f  abstractio n an d specialization . 
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4.2 .  Abstractio n -  S o m e Issue s 

Thi s sectio n wil l  discus s severa l  critica l 

issue s involve d i n abstraction .  Associate d wit h 

eac h o f  thes e issue s i s a n answe r  tha t  wil l  fal l  ou t 

fro m th e explici t  introductio n o f  th e conten t  an d 

organizatio n o f  th e backgroun d knowledge . 

Firs t  ther e i s th e issu e o f  ho w t o choos e th e 

correc t  abstraction .  A  give n pla n ste p ca n hav e 

any numbe r  o f  abstraction s associate d wit h it . 

Choosin g th e wron g abstractio n ca n lea d t o th e 

wron g action .  Fo r  example ,  on e abstractio n o f 
'buyin g a  ticke t  fro m a  machine '  i s  t o 'us e a 

machine '  an d a  specializatio n o f  thi s i s t o 'us e a 

cand y machine '  (se e figure  2) .  I n th e N Y C sub -

way situatio n th e planne r  need s t o find  th e righ t 

abstractio n o f  'buyin g a  B A R T ticket '  els e i t 

may substitut e 'buyin g a  cand y ba r  fro m a 
machine '  fo r  'buyin g a  ticke t  fro m a  machine' . 

Th e planne r  ca n avoi d thi s proble m b y ascendin g 

th e 'isa '  hierarch y tha t  maintain s th e purpos e o f 
th e ste p i n th e pla n tha t  i s bein g refitted .  I n thi s 

cas e tha t  mean s movin g u p th e 'isa '  hierarch y 

toward s 'gai n access' . 

A secon d issu e concern s knowin g whe n t o 
loo k fo r  a n alternat e versio n o f  a  step .  Fo r 

example ,  suppos e th e planne r  i s tryin g t o adap t 

it s B A R T Pla n t o th e Washingto n D.C .  subwa y 

system .  Lik e B A R T o n th e D.C .  metr o ticket s 
ar e bough t  fro m a  machine .  Suppos e th e planne r 
trie s t o bu y a  ticke t  fro m a  machin e bu t  it s  dol -
la r  bil l  i s  rejecte d becaus e i t  i s  to o crumpled ,  th e 
planne r  shoul d no t  abando n th e ste p t o bu y a 
ticke t  fro m a  machine .  B y makin g th e back -

groun d knowledg e explici t  i t  become s apparen t 

why th e ste p i s no t  abandone d (se e figure  2) . 
Th e conditio n tha t  i s failin g i s no t  associate d 
wit h 'buyin g a  ticke t  fro m a  machine' ,  bu t 
instea d wit h on e o f  it s substep s 'inser t  dolla r 
bill' .  Th e poin t  i s  tha t  th e proble m i s no t  wit h 
th e ste p bu t  wit h th e subste p an d i t  i s  th e sub -
ste p tha t  need s t o b e refitted . 

A thir d issu e concern s th e proble m o f  whe n 
a planne r  shoul d sto p abstracting .  I n th e N Y C 

subwa y situation ,  whe n th e planne r  discover s 
ther e i s n o ticke t  machine ,  th e righ t  abstractio n 
t o mov e t o i s 'bu y a  ticket' .  I n th e cas e wher e 

th e planne r  i s tryin g t o rid e B A R T an d th e prob -
le m i s s/h e doe s no t  hav e an y money ,  th e planne r 
need s t o mov e abov e 'pa y fo r  access '  t o th e 

abstractio n 'gai n access' ,  thu s allowin g fo r  th e 
specializatio n 'brea k in '  (se e figure  2) .  Agai n th e 
explici t  introductio n o f  th e conten t  an d organiza -

tio n o f  th e backgroun d knowledg e allow s fo r  a 

simpl e solution :  th e planne r  need s t o m o v e u p 

th e 'isa '  hierarch y t o a  positio n abov e th e condi -

tio n tha t  i s failing .  I n th e cas e o f  th e N Y C sub -

way situatio n th e failin g conditio n i s tha t  ther e 

exist s n o ticke t  machine ,  whic h i s associate d wit h 

'buyin g a  ticke t  fro m a  machine' ,  bu t  no t  'buy -

in g a  ticket' .  I n th e cas e o f  th e B A R T situatio n 

th e failin g conditio n i s associate d wit h 'payin g 

fo r  access '  bu t  no t  'gai n access' .  I n eithe r  cas e 

th e solutio n i s t o mov e t o a n abstractio n tha t  ha s 

no failin g condition ,  bu t  ha s a  so n wit h one . 

A fourt h wa y i n whic h th e structur e o f  th e 

backgroun d knowledg e aid s adaptatio n i s tha t  i t 

partiall y  order s alternat e version s o f  a  faile d 

step .  Fo r  example ,  'gai n access '  i s  a  mor e 

abstrac t  versio n o f  'buyin g a  ticke t  fro m a 

machine '  the n i s 'buyin g a  ticket' .  Consequently , 

i n th e N Y C subwa y situatio n 'buyin g a  ticke t 

fro m a  teller '  wil l  b e availabl e a s a n alternat e 
pla n befor e 'breakin g in' . 

5. Specialization - Some Issues 

Where abstractio n i s initiate d b y th e expec -
tation s forme d fro m th e ol d pla n an d drive n b y 
th e planner' s observations ,  specializatio n i s no t 
necessaril y  initiate d b y expectations .  Agai n con -

side r  th e cas e o f  adaptin g th e B A R T Pla n t o th e 

N YC subwa y situation .  Th e expectatio n forme d 
fro m th e ol d pla n i s tha t  ther e wil l  b e a  machin e 
fro m whic h t o bu y a  B A R T ticket .  Thi s expecta -
tio n i s immediatel y amended ,  du e t o anticipate d 
difl"erences ,  t o a n expectatio n tha t  ther e wil l  b e a 

machin e fro m whic h t o bu y a  N Y C subwa y 
ticket .  S o th e planne r  look s fo r  a  ticke t  machine , 
non e exists ,  an d therefor e i t  continue s abstrac -
tion .  Fo r  presen t  concerns ,  th e ke y poin t  i s  tha t 
when th e planne r  observe s it s environmen t  i t  i s 

lookin g fo r  a  particula r  object ,  i n thi s cas e a 
ticke t  machine .  N o w contras t  tha t  t o th e situa -

tio n tha t  confront s th e planne r  whe n i t  attempt s 
t o for m a  specializatio n o f  th e abstractio n i t  ha s 
jus t  determined .  I n th e cas e o f  buyin g a  subwa y 

ticket ,  throug h th e proces s o f  abstraction ,  th e 
planne r  determine s tha t  i t  stil l  want s t o bu y a 

ticket ,  bu t  ther e i s n o machin e fro m whic h t o 
bu y it .  Th e poin t  i s  tha t  specializatio n i s no t 
necessaril y  initiate d b y a n expectatio n generate d 
fro m th e planner' s memory .  I t  i s  entirel y possi -

bl e tha t  th e planne r  look s aroun d an d notice s a 
ticke t  booth ,  whic h thereb y initiate s th e speciali -
zatio n o f  th e pla n 't o bu y a  ticket '  t o a  pla n 't o 

bu y a  ticke t  fro m a  ticke t  teller' .  O n th e othe r 
hand ,  i t  i s  equall y possibl e tha t  th e planne r  first 

form s a n expectatio n tha t  a  ticke t  boot h migh t 
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exis t  an d the n i t  look s fo r  it . 

Such consideration s shoul d sugges t  tha t  th e 

movement  toward s specializatio n i s a  mor e com -

plicate d blen d o f  expectatio n an d observatio n 

tha n i n th e cas e o f  th e movemen t  toward s 

abstraction .  Rathe r  tha n applyin g a n absolut e 

rul e fo r  initializin g specializatio n b y on e o r  th e 

othe r  means ,  i t  appear s tha t  th e planne r  mus t 

deal  wit h specializatio n o n a  cas e b y cas e basis . 

However ,  i t  i s  possibl e t o provid e a  criteri a fo r 

choosin g on e metho d o f  initiatio n ove r  th e other . 

For  example ,  i t  coul d b e th e cas e tha t  a n alterna -

tiv e i s strongl y suggeste d b y th e typ e o f  failur e 

tha t  occurs .  S o i f  a  planne r  i s tryin g t o ge t 

chang e fro m a  change-machin e an d th e dolla r  i s 

returne d becaus e i t  i s  t o crumpled ,  a n alternat e 

pla n i s strongl y suggeste d b y th e natur e o f  th e 

failur e (i.e .  flatten  ou t  th e dolla r  bil l  an d tr y 

again) .  Ther e ar e als o case s wher e th e expecta -

tio n tha t  a  particula r  alternat e pla n migh t  wor k 

i s dictate d no t  s o muc h b y th e natur e o f  th e 

failure ,  bu t  rathe r  b y a  bia s toward s th e norma l 

specializatio n o f  a  particula r  abstraction .  Suc h I 

believ e i s th e cas e o f  buyin g a  ticke t  fo r  th e N Y C 

subway .  W h e n th e pla n t o bu y a  ticke t  fro m a 

machin e fail s an d th e planne r  determine s tha t  i t 

stil l  want s t o bu y a  ticket ,  th e planne r  i s biase d 

toward s th e norma l  pla n fo r  buyin g a  ticke t 

whic h i s t o bu y ticke t  fro m a  ticke t  teller .  O n 

th e othe r  hand ,  whe n n o alternativ e stand s out , 
th e valu e o f  observin g th e surroundin g environ -

ment  fo r  clue s greatl y increases .  Overal l  th e 

planner' s strateg y i s t o tr y a  likel y specializatio n 

i f  i t  i s  someho w suggeste d b y circumstances ,  an d 

i f  tha t  fail s  observ e th e plannin g environmen t  fo r 

clues . 

6. Summary and Conclusions 

Adaptiv e plannin g i s a  nove l  approac h t o 

planning .  A s oppose d t o plannin g b y wea k 

methods ,  it s basi c procedur e i s t o recal l  simila r 

plannin g situation s an d refi t  the m t o mee t  th e 

demands o f  th e curren t  context .  Th e basi c ide a 

i s tha t  th e networ k o f  relationship s i n whic h a 

plannin g procedur e i s embedde d ca n b e exploite d 

t o refi t  a n ol d pla n t o a  ne w situation .  Th e 

difi'erence s i n th e curren t  plannin g situatio n an d 

th e contex t  associate d wit h th e ol d pla n guid e 

th e adaptiv e process .  B y exploitin g th e conten t 

and organizatio n o f  th e backgroun d knowledg e i t 

becomes possibl e t o pla n b y situatio n matching . 
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BUY-BART-TICKET ENTpR-BART RIDE-TRAI N EXIT-BAR T 

F i g u r e 1 .  B . \ R T P l a n i n Isolation . 

GAIN-ACCESS access-servic e 

Ht^ 
BREAK-I N 

PAY-FOR-ACCESS 

BLT-Tl 

USE^MACHINE 

BUY-CANDY-MACHINT 

BIA'-TICKET-TELLE R MASS-TR ANSIT-P R OCEDUR E S 

exist-ticket-machia e BUY-TICKET-MACHIN X 

INSERT-MONEY G E T - T I C K E T ^ ^ 

BART-PROCED 

SUBWAY-PROCEDURi: 

BUY-BART-TICKET ENTCR-BART RID&TRAI N EXIT-BAR T 

r̂ r* .  /̂ *'- t  i > ^  /S2 . 
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»t-b»rt.it*tio n tiektUretorae d INSERT-TICKE T TURNSTILE-OPE N 

F i g u r e 2 .  B A R T P l a n w i t h B a c k g r o u n d K n o w l e d g e Explicit . 
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