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A b s t r a c t 

Artificial Intelligence research has traditionally 

treate d planning ,  executio n an d learnin g a s inde -

pendent ,  sequentia l  subproblem s decomposin g th e 

large r  proble m o f  intelligen t  action .  Recently ,  sev -

era l  line s o f  researc h hav e challenge d th e separatio n 

of  plannin g an d acting .  Thi s pape r  suggest s tha t 

integratio n wit h plannin g an d actin g i s als o impor -

tan t  fo r  learning .  W e presen t  a n integrate d syste m 

S C A V E N G ER combinin g a n adaptiv e planne r  wit h 

an ad-ho c learner .  Situate d plan s ar e retrieve d fro m 

memory;  adaptatio n durin g executio n extend s thes e 

plan s t o cop e wit h contingencie s tha t  aris e an d t o 

teas e ou t  description s o f  situation s t o whic h thes e 

plan s pertain .  Thes e change s ar e the n integrate d 

int o th e pla n an d incorporate d int o memory .  Ever y 

situatio n o f  actio n i s a n opportunit y fo r  learning . 

Adaptiv e plannin g make s learnin g fail-saf e b y com -

pensatin g fo r  imperfection s an d omission s i n learn -

in g an d variabilit y  acros s situations .  W e discus s a 

learnin g exampl e i n th e domai n o f  mechanica l  de -

vices . 

1 Introduct io n 

Traditional models of planning in artificial intelli-

genc e hav e tw o ke y features .  First ,  plannin g i s ahis -

toric :  th e planner  confront s eac h tas k i n isolation . 

Plan s ar e constructe d fro m scratc h usin g a  limite d 

repertoir e o f  operator s an d a  domai n mode l  defin -

in g thei r  effect s an d interactions .  Second ,  plannin g 

i s detache d fro m acting .  Th e pla n i s  constructe d 

first,  the n give n t o a n independen t  executio n mon -

ito r  tha t  perform s th e specifie d operations .  Thes e 

assumption s hel p decompos e th e plannin g task ,  bu t 

unfortunatel y introduc e othe r  problems .  Experienc e 

i s ignored ,  leadin g t o redundan t  planning .  Separat e 

executio n make s i t  difficul t  t o adequatel y addres s 

run-tim e contingencie s an d uncertainty .  Thi s cri -

tiqu e o f  traditiona l  plannin g model s aros e fro m wor k 

on adaptiv e planning[Alterman ,  1988] ,  case-base d 

planning[Kolodne r  an d Simpson ,  1989 ;  H a m m o n d, 

1986] ,  reactiv e planning[Firby ,  1987 ;  Georgef f  an d 

Lansky ,  1987] ,  an d situate d activity[Suchman ,  1987 ; 

Agr e an d C h a p m a n ,  1987 ;  Agre ,  1988] . 

Adaptiv e plannin g [Alterman ,  ibid. ]  wa s a n earl y 

effor t  t o addres s thes e problems .  A n adaptiv e plan -

ner  i s  a  commonsens e planner .  I t  retrieve s fro m 

memory a  pla n tha t  fits  th e situation ,  an d adapt s 

i t  durin g engagemen t  -  whil e focuse d o n th e tas k 

and immerse d i n th e detail s o f  th e situatio n -  i n 

conjunctio n wit h it s developin g interpretatio n o f  th e 

situation . 

Adaptiv e plannin g provide s a  congenia l  environ -

ment  fo r  learning .  Adaptatio n i s a  ric h sourc e o f 

idea s fo r  pla n modification ;  ever y situatio n o f  en -

gagement  i s a n opportunit y t o learn .  Learning ,  plan -

ning ,  an d actio n ar e integrated :  plannin g an d actin g 

i n particula r  situation s generat e dat a t o b e learned , 

whil e learnin g i s distribute d acros s man y situations . 

Learnin g extend s plan s t o cop e wit h ne w contingen -

cie s tha t  m a y aris e an d tease s ou t  description s o f 

situation s t o whic h a  give n pla n pertains . 

Thi s pape r  present s a  syste m S C A V E N G ER com -

binin g a n adaptiv e planne r  wit h a  learner .  S C A V -

E N G ER continuall y refine s it s  knowledg e wit h ex -

perience .  Face d wit h a  domai n fo r  whic h th e syste m 

possesse s n o complet e theory ,  wha t  els e ca n i t  do ? 

Learnin g i s ad-ho c becaus e wha t  i s learne d depend s 

on bot h th e particula r  situatio n an d th e learner' s 

curren t  knowledge ;  knowledg e i s  forge d b y experi -

ence ,  grounde d rathe r  tha n abstract .  W e us e th e 

ter m fail-saf e t o sugges t  no t  infallibilit y bu t  rathe r 

tha t  adaptatio n function s durin g execution ,  com -

pensatin g fo r  imperfection s an d omission s i n learn -

ing ,  an d insulatin g th e learne r  fro m smal l  varia -

tion s acros s otherwis e simila r  situations .  Learnin g 

i s th e accumulatio n o f  detaile d experienc e tha t  ca n 

908 



be adapte d t o futur e situations . 

S C A V E N G ER explicitl y  frame s th e learnin g prob -

le m t o tolerat e inconsistenc y an d revision .  Thi s i s 

an atypica l  assumptio n fo r  plannin g an d learnin g 

systems .  Planner s i n th e traditio n descendin g fro m 

STRIPS[Fike s an d Nilsson ,  1971 ;  Chapman ,  1987 ] 

requir e a  stron g domai n theor y t o predic t  th e conse -

quence s o f  actions .  Recen t  E B L techniques[Mitchel l 

et  ai ,  1986 ;  DeJon g an d Mooney ,  1986 ;  Mooney , 

1988 ;  Minto n e t  al. ,  1989 ]  requir e a  stron g domai n 

theor y t o guid e explanatio n an d constrai n general -

ization .  Pazzani[l988 ]  show s tha t  a  domai n theor y 

fo r  E B L ca n b e constructe d inductively ;  however , 

th e implication s o f  basin g E B L o n a  changin g o r  in -

consisten t  theor y ar e unclear .  Ou r  wor k assume s 

tha t  knowledg e o f  th e domai n i s inevitabl y incom -
plete . 

S C A V E N G ER differ s fro m othe r  memory-base d 

planner s tha t  learn ,  suc h a s MEDIATOR[Kolodne r 

and Simpson ,  1989 ]  an d C H E F [ H a m m o n d,  1986] , 

largel y becaus e pla n adaptatio n occur s throughou t 

th e perio d o f  engagement .  Fo r  example ,  contras t 

th e framework s o f  C H E F an d S C A V E N G E R.  Unlik e 
C H E F,  S C A V E N G ER doe s no t  requir e a  complet e 

domai n theor y o r  abstrac t  repai r  schemata .  Wher e 

C H EF learn s abou t  plans ,  S C A V E N G ER learn s 

abou t  plan s an d thei r  situations-of-use .  SCAV-
ENGER'S adaptation s ar e motivate d b y th e re -

source s availabl e i n th e situation ,  rathe r  tha n de -

rive d primaril y fro m operationalizatio n o f  th e do -
mai n theory .  S C A V E N G ER i s abl e t o acquir e man y 

independen t  item s o f  knowledg e i n th e cours e o f  a 

singl e trial . 

2 S C A V E N G ER 

The FLOABN project[Alterman and Zito-Wolf, 
forthcoming ]  addresse s plannin g an d pla n acquisi -

tio n i n th e th e domai n o f  everyda y mechanica l  de -

vice s suc h a s telephones ,  clock s an d V C R s .  Thi s 
domai n i s challengin g becaus e ther e i s muc h vari -

abilit y  amon g device s an d becaus e onl y a  minima l 

domai n theor y i s available .  I n compensation ,  th e 

executio n environmen t  i s benig n (error s i n opera -

tio n ar e normall y recoverable )  an d ther e ar e multi -

pl e opportunitie s fo r  interactio n wit h eac h device . 

S C A V E N G E R,  th e cor e o f  F L O A B N ,  i s a n adap -

tiv e planne r  couple d wit h a n ad-ho c learner .  Othe r 

module s o f  F L O A B N ar e concerne d wit h skimmin g 

instruction s fo r  adaptatio n idea s an d simulatin g i n 

detai l  th e perceptua l  an d effectiv e interaction s be -

twee n agen t  an d device .  W e ar e prototypin g S C A V -
E N G ER i n Quintu s MacProlog . 

A proble m i s pose d t o S C A V E N G ER b y specify -

in g a  goa l  an d a  situation .  S C A V E N G E R 'S semanti c 

memory define s concepts ;  it s  episodi c memor y con -

tain s plan s an d expectation s (se e Figur e 1) .  A  simu -

lato r  model s th e outcom e o f  S C A V E N G E R 'S action s 

i n th e world .  S C A V E N G ER ha s n o acces s t o th e in -

ternal s o f  thi s model ;  th e outcome s o f  action s i n th e 

simulate d worl d m a y diffe r  fro m th e system' s expec -

tations . 

Adaptation is driven by situation differences: dis-

crepancie s betwee n wha t  i s expecte d a t  eac h pla n 

ste p an d wha t  i s actuall y observed .  Situation s m a y 

diffe r  i n goals ,  preconditions ,  an d outcomes ;  furthe r 

detai l  ca n b e foun d i n Alterman[l988] .  W h e n suc h 

a differenc e i s detected ,  S C A V E N G ER searche s fo r 

an adaptatio n tha t  wil l  eithe r  accoun t  fo r  o r  re -

pai r  it .  Adaptation s ar e suggeste d usin g genera l 

and domain-specifi c  knowledg e an d relate d know n 

plans .  Adaptatio n suggestion s ca n als o com e fro m 

othe r  module s o f  F L O A B N ;  w e wil l  no t  discus s 

thos e here .  Plan s ar e modifie d vi a som e combina -

tio n o f  inserting ,  deleting ,  reordering ,  substitutin g 

and modifyin g steps .  S C A V E N G ER ca n als o sat -

isf y missin g precondition s an d outcome s b y substi -

tutio n o f  simila r  feature s o r  outcomes .  Thi s i s i n 

many case s mor e natura l  tha n modifyin g a n entir e 
step ;  mor e importantly ,  thi s allow s S C A V E N G ER t o 

creat e ne w step s b y modifyin g know n ones .  S C A V -

E N G ER keep s trac k o f  th e adaptation s made ;  after -

wards ,  successfu l  adaptation s ar e use d t o elaborat e 

th e plan .  Elaboratio n conditionalize s th e pla n s o 
tha t  i t  wil l  ac t  appropriatel y i n situation s resem -

blin g th e newl y learne d situation .  Executio n o f  th e 

pla n i n suc h circumstance s wil l  the n entai l  littl e o r 

no deliberation . 

We demonstrate this process with an example of 

S C A V E N G ER learnin g t o us e a  (simulated )  touch -
ton e phone .  S C A V E N G ER adapt s it s dial-phon e 

procedur e usin g a  variet y o f  clues :  th e c o m m o n fea -

ture s share d b y touch-ton e an d dia l  phones ,  knowl -

edge o f  whic h feature s ar e pertinen t  i n a  situation , 

knowledg e o f  whic h feature s participat e causall y i n 

th e plan ,  knowledg e abou t  th e functio n o f  individ -
ual  step s withi n th e plan ,  an d backgroun d knowledg e 

abou t  th e world .  S C A V E N G E R 'S learnin g modul e 

the n incorporate s th e successfu l  adaptation s int o th e 

existin g pla n an d concep t  structures .  Thi s result s 

i n th e creatio n o f  a  ne w devic e categor y fo r  touch -

ton e phones ,  a  generalize d categor y subsumin g bot h 

phon e types ,  an d pla n step s specifi c  t o touch-ton e 

phones .  Lastly ,  reorganizatio n o f  th e telephon e pla n 

abstract s th e ste p o f  dialin g a  numbe r  int o separat e 

plan s fo r  dia l  an d touch-ton e phones . 
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M E M O RY 

Semanti c 

Memory 

Figur e 1 :  SCAVENGER syste m diagra m 

A n E x a m p l e 

L e a r n i n g 

o f  A d - H o c telephone.nuMber) , 

SCAVENGER i s give n th e goa l  o f  placin g a  tele -
phon e cal l  i n a  situatio n containin g th e followin g 
items :  a  touch-ton e telephon e an d a  persona l  com -
puter .  I n predicate-calculu s notation : 

exist(tt_telephone) 
parts_of(tt_telephone,[keyboard,telephone.rcvr , 

flexible_cord,receiver_cradle ]  ) , 
exist(apple_co«puter ) 
parts_of(apple_co«puter,[keyboard,screen , 

slot,on_off_8witch]) , 
exist(desired_nu«ber ,  value,[7,3,6,2,7,0,3] ) 

The plan found in memory for this goal is tele-
phone4)lan ,  whic h presume s a  dia l  phone .  Par t  o f 
telephone4)la n i s show n below .  Th e first  claus e 
indicate s tha t  t o mak e a  cal l  on e need s t o b e a t 
a telephone ,  pic k u p th e receiver ,  chec k dia l  tone , 
dial ,  wai t  fo r  th e ring ,  an d wai t  fo r  a n answer .  Th e 
dia l  ste p i s furthe r  decomposed .  Fo r  eac h step ,  th e 
expecte d precondition s (prec )  an d outcome s (cute ) 
ar e declared .  Rol e declaration s specif y th e expecte d 
type s o f  th e item s reference d b y a  step . 

steps(telephone.plan,[pick_up_rcvr, 
hear_dial_tone,dial,wait_for_ring,answer,talk]) , 

role(telephone.plan,desired_nuiBber , 

prec(pick_up_rcvr,[exist,dial_telephone]) , 
prec(pick_up_rcvr,[exist,telephone_rcTr]) , 
outc(pick_up_rcvr,[hear,dial_tone]) , 
rea8on(pick_up_rcvr,dial) , 
atep_type(heaar_dial_tone,observa t  ion) , 
prec(hear_dial_tone,[hear,dial_tone]) , 

steps(dial,[f ind.f irst.digit,select.digit, 
find_digit_on_dial,dial_one_digit , 
hear_click8,dial_loop_te8t]) , 

prec(dial,[hear,dial_tone]) , 
outc(dial,[have,dialed]) , 
— remainin g step s an d substep s oaitte d — 

SCAVENGER has background knowledge about 
dia l  telephones ,  an d a  smal l  tzixonom y o f  sounds : 

part8_of(dial.telephone,[dial,telephone.rcvr , 
flexible_cord,receiver_cradle]) , 

index(dial_telephone,telephone_rcvr) , 
index(dial_telephone,dial) , 

isa(tone, sound), 
isa(clicking ,  sound ) 
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4 P l a n A d a p t a t i o n 

Adaptation of telephone^ilan proceeds as fol-

lows .  Executio n begins ;  th e first  situatio n dif -

ferenc e detecte d i s a  failin g preconditio n ex -

ist(dial-telepbone )  i n ste p pick_up_rcvr .  S C A V -
E N G ER adapt s thi s ste p b y finding  a  substitut e fo r 

dial-telephon e whic h exist s i n th e curren t  situa -

tion ,  namely ,  tt-telephone ,  an d modifyin g th e ste p 

t o us e it .  Th e substitutio n i s justifie d b y similarit y 

of  typ e an d features . 
Anothe r  substitutio n occur s late r  i n th e example , 

wher e S C A V E N G ER need s t o re-interpre t  th e sit -

uatio n t o accoun t  fo r  a  failin g outcome .  Th e ste p 

hear-click s represent s th e ac t  o f  confirmin g tha t  a 

digi t  ha s bee n transmitte d (dialed )  b y listenin g fo r 

th e clickin g soun d i n th e receiver .  I n thi s situatio n a 

ton e i s hear d instead .  T h e syste m justifie s th e sub -

stitutio n o f  T O N E fo r  C L I C K I N G o n th e basi s tha t 

bot h feature s ar e o f  typ e S O U N D,  bu t  mor e impor -

tantly ,  b y th e tempora l  relatio n o f  th e soun d an d 

th e dialin g action . 
Similarit y comparison s ar e base d o n clas s rela -

tions ,  a s i n hear-clicks ,  plu s similarit y o f  features , 

as i n pick_up_rcvr .  Similarit y b y clas s i s measure d 

by th e distanc e o f  th e item s bein g compare d alon g 

IS A relations ,  i f  present .  Featur e similarit y i s base d 

on th e feature s (fo r  example ,  P A R T S )  associate d 

wit h th e desire d item .  Missin g o r  exces s feature s 

ar e no t  counted .  I n term s o f  Tversky' s mode l  o f 

similarity[Tversky ,  1977] , 

S{Sample, Pattern) = F(Sample U Pattern) 

Our F allots extra weight to salient (causally rele-
vant )  features .  Also ,  w e d o no t  requir e tha t  feature s 

matc h exactly ,  s o tha t  a  simpl e set-unio n mode l  i s 

inappropriate .  Th e valu e t;, -  contribute d t o a  matc h 

by patter n featur e i  i s 1  i f  ther e exist s a  sampl e 

featur e matchin g i, '  els e i t  i s  th e similarit y o f  th e 

best-matchin g sampl e feature .  T h e similarit y o f  an y 

pai r  o f  feature s i s compute d b y recursiv e applica -

tio n o f  th e similarit y function .  Sinc e recursiv e sim -

ilarit y computation s ar e computationall y explosive , 

eac h compariso n i s give n a  searc h horizo n limitin g 

th e leve l  o f  detai l  th e compariso n wil l  explore .  Th e 
horizo n i s reduce d wit h eac h recursion .  (Bette r  ye t 

woul d b e horizon s base d o n ho w significan t  th e re -

sul t  migh t  b e i n th e contex t  o f  th e overal l  match. ) 
The substitutio n o f  tt_telephon e fo r  dial-tele -

phone ,  fo r  example ,  i s  justifie d primaril y b y th e 
presenc e o f  a  particula r  salien t  part ,  th e tele -
phone-rcvr .  Salienc e i s currentl y marke d explic -
itl y i n th e knowledg e bas e b y clause s o f  th e for m 
index(o6;ecf ,  feature) .  T h e relevan t  knowledg e 
clause s are : 

partB.of(dial.telephone,[dial,telephone_rcvr , 
flexible.cord,receiver.cradle]) , 

index(dial.telephone.telephone.rcvr )  , 
index(dial.telephone,dial ) 

Plus the observations about the touch-tone tele-
phon e presen t  i n thi s situation : 

exist(tt.telephone), 
part8_of(tt_telephone,[keyboard,telephone_rcvr , 

flexible_cord,receiver.cradle] ) 

The features marked salient with index can be 
compute d b y examinin g th e teIephone4)la n fo r 
part s an d feature s tha t  appea r  i n precondition s o f 
steps .  Tha t  yield s th e list : 

prec(pick_up_rcvr,[exist,dial.telephone]), 
prec(pick_up_rcTr,[exist,telephone_rcvr]) , 
prec(dial,[hear,dial_tone]) , 
pre c (select.digit ,  [exis t  .desired.nujnber ]  )  , 
prec(find_digit_on_dial,[exist,dial]) , 
prec(hear.clicks,[hear,clicking]) , 
prec(ansver,[hear.ringing] ) 

Intersecting this list with the static features of the 

telephon e suggest s telephone_rcv r  an d dia l  a s th e 

salien t  feature s o f  a  telephone .  Measure d thi s way , 

salienc e o f  feature s i s relativ e t o th e system' s curren t 
stat e o f  knowledge . 

5 Elaboration of Situated 

Plans 

During adaptation, SCAVENGER notes each adap-
tatio n mad e an d th e reaso n -  th e situatio n differenc e 

-  tha t  prompte d it .  Telephone-pla n i s the n elab -

orate d t o incorporat e S C A V E N G E R 'S touch-ton e 

phon e experience .  Elaboratio n conditionalize s a 
pla n t o recogniz e a  ne w situatio n an d mak e th e ap -

propriat e modifications .  Elaboratio n step s throug h 

s c a v e n g e r ' s m e m o r y o f  a n episode ,  addin g th e 

modification s mad e (ste p insertions ,  deletions ,  an d 

reorderings ,  an d ne w bindings )  t o long-ter m m e m-
ory .  I t  insert s a  discriminatio n poin t  int o th e pla n 

fo r  eac h adaptation ,  specifyin g th e chang e t o b e 

m a de an d describin g th e contex t  i n whic h i t  applies . 

A discriminatio n poin t  i s  activate d whe n it s contex t 

matche s th e situatio n o f  execution . 
A contex t  i s  a  se t  o f  feature s characterizin g a 

situation. ^  Al l  th e discriminatio n point s create d 

by a  give n learnin g episod e shar e a  c o m m o n con -
text .  Th e contex t  fo r  th e exampl e situatio n i s [us -

ing(telephone) ,  has-part(keyboard)] .  ( W e us e 

*  Th e contex t  i s  currentl y provide d t o th e syste m a s par t 
of  eac h situation .  Preferably ,  th e syste m shoul d abstrac t  ou t 
it s  ow n contex t  features .  Thi s i s a n are a o f  curren t  research . 
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th e ter m keyboar d Tathe r  tha n iouchpa d t o emphasiz e 

tha t  th e syste m doe s no t  nee d t o distinguis h th e two ; 

the y ar e bot h "object s wit h array s o f  buttons." )  T h e 

latte r  conditio n discriminate s thi s situatio n fro m 

th e know n on e havin g contex t  [using(telephone) , 

has-par t  (dial)] . 
T h e clause s adde d b y thi s elaboratio n are: ^ 

step_bindiiig(pick_up_rcvr, 
[isa ,  telephone ,  ha8_part ,  keyboard] , 
[dial.telephone ,  tt_telephone] ) 

plan_variation(dial , 
[isa ,  telephone ,  has.part ,  keyboard] , 
substitute_8tep ,  [find_key_on_keypad ,  for , 
find_digit_on_dial ,  of ,  dial ,  ...] ) 

plan_variation(dial , 
[isa ,  telephone ,  has.part ,  keyboard] , 
substitute_8tep ,  [dial_one_tt_digit ,  for , 
dial_one_digit ,  of ,  dial ,  ...] ) 

step_bindiiig(hear_click8 , 
[isa ,  telephone ,  has.part ,  keyboard] , 
[clicking ,  tone] ) 

The two step-bindings arise from the feature-

substitution s discusse d i n sectio n 4 .  T h e first 

plan-variatio n represent s th e substitutio n o f  a  ste p 

fo r  finding  a  desire d ke y o n th e keypa d fo r  tha t  o f 

finding  on e o n a  dial ;  th e secon d represent s th e sub -

stitutio n o f  th e physica l  proces s o f  pressin g a  ke y fo r 

tha t  o f  dialin g a  digit . 
Elaboratio n als o reifie s similarity-base d associa -

tion s a s ad-ho c ca<ejones[Barsalou ,  1983 ]  makin g 
the m availabl e a s guide s fo r  futur e adaptation .  I n 
our  example ,  a  ne w categor y dial-telephone d i s 
create d an d marke d a s subsumin g dial-telephon e 
an d tt-telephone .  W e no w hav e availabl e th e no -
tio n tha t  dia l  an d touch-ton e telephone s ar e intrin -
sicall y "similar "  (mor e precisely ,  funcitonall y simila r 
i n som e se t  o f  situations )  an d w e ca n us e thi s fac t  i n 
futur e actio n an d adaptation .  Linkage s ( P U R P O S E 
an d ISA* )  ar e se t  u p betwee n th e ne w concep t  an d 
it s specialization s t o encourag e suc h adaptation s t o 
occur .  D ia l - te lephone d approximate s th e basic -
leve l  concep t  "telephone" .  Expresse d a s clauses : 

i8a(dial_telephone,dial_telephone_5), 
purpo8e(dial-telephone,dial_telephone_5) , 
i8a(tt_telephone,dial_telephone_5) , 
iaa_star(tt_telephone,dial_telephone_5 ) 

6 Reorgan izat io n o f  M e m o r y 

Elaboration makes no concerted effort to integrate 

discriminatio n point s int o memory .  A s knowledg e 

^The formats for these clauses are: 
8tep-binding(»<epname,con<er<,(i<ien<i/ier.ioun<i,va/«e] ) 
p\&n-\&tiaLt\on(stfpna.me,context,type,description) . 

accumulates ,  m e m o r y need s t o b e re-organize d (cf . 

Dynami c Memory[Schank ,  1982]) .  I n model s suc h 

as thos e o f  Kolodner[l983 ]  an d Lebowitz[l987] ,  re -

organizatio n i s th e proces s tha t  structure s knowl -

edge ;  i t  i s  a n essentia l  aspec t  o f  acquisition .  Ou r 

re-organizatio n i s drive n b y th e desir e fo r  improve d 

acces s t o dat a alread y structure d b y experienc e an d 

th e nee d t o identif y pertinen t  detail s linkin g situ -

ation s wit h actions .  I t  consist s o f  local ,  syntac -

ti c modification s t o th e pla n structur e tha t  reduc e 

it s complexity ,  a s measure d b y th e numbe r  o f  de -

cision s tha t  nee d t o b e m a d e i n executin g th e pla n 

i n a  give n circumstance .  Throug h m a n y suc h re -

organizations ,  knowledg e become s integrate d int o 

memory,  an d drift s towar d routine s specialize d t o 
specifi c  situations .  Thi s i s  i n contras t  t o model s 

suc h a s tha t  o f  Murra y an d Porter[l989] ,  wher e inte -

gratio n i s primaril y concerne d wit h maintainin g th e 

logica l  consistenc y o f  memor y an d occur s i n a  singl e 

operation . 

T h e informatio n tha t  drive s re-organizatio n is : 

• Where (at what steps) run-time decisions occur. 

• How many run-time decisions are associated 

wit h a  give n pla n an d it s immediat e substeps . 

• Which steps are substantially changed, meaning 

tha t  mor e tha n 1/ 3 o f  thei r  substeps ^  woul d b e 

modifie d give n th e specifie d context . 

For each substantially changed step, we create a 

ne w ste p wit h th e change s "buil t  in, "  plu s a  ne w dis -

criminatio n poin t  tha t  substitute s th e ne w ste p fo r 

th e ol d on e i n th e relevan t  context .  Thi s operatio n 

replace s severa l  decision s wit h a  singl e one ,  reducin g 

th e numbe r  o f  decision s t o b e considere d a t  run-tim e 

fo r  situation s matchin g th e give n context . 

Th e dia l  pla n experience s a  substantia l  numbe r  o f 
modification s i n th e touch-ton e telephon e situation : 
of  6  steps ,  3  ar e affected .  Therefor e th e re-organize r 
create s a  ne w ste p dial- 8 an d add s a  discrimina -
tio n poin t  t o dia l  suc h tha t  dial- 8 wil l  replac e dia l 
wheneve r  th e curren t  contex t  matche s th e touch -
ton e one .  Dia l  an d dial- 8 shar e substeps ,  meanin g 
tha t  late r  generalization s o f  thes e substep s wil l  als o 
be shared .  T h e creatio n o f  dial_ 8 an d condition -
alizatio n o f  dia l  i n effec t  replac e dia l  wit h a n ab -
stracte d notio n o f  dialin g tha t  subsume s bot h dia l 
an d dial-8 .  A  step s claus e define s th e ne w ste p 
dial-8 ,  an d a  plan-variatio n claus e establishe s th e 
relationshi p betwee n th e ne w ste p an d th e ol d ste p 
dial : 

'Thi s percentag e wii s chose n heuristically ;  th e particula r 
valu e i s no t  critical . 
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steps(dial_8,[find_first.digit,select.dlglt , 
find_key_on_keypad ,  dial_one_tt_digit , 
hear.clicks ,  dial_loop_teBt ] 

plan_variation(wildcard , 
[isa ,  telephone ,  has.part ,  keyboard] , 
substitute.step ,  [dial_8,for,dial,of,» , 
reason ,  [split ,  dial ,  on.context , 

[isa ,  telephone ,  has.part ,  keyboard]]] ) 

SCAVENGER'S plans are hierarchically struc-

tured ;  eac h nod e eithe r  represent s a  primitiv e actio n 

or  i s  decompose d int o subnodes .  Re-organizatio n 

merge s a  se t  o f  decisio n point s int o a  singl e deci -

sio n close r  t o th e roo t  o f  a  plan ,  creatin g a  spe -

cialize d subpla n o f  wide r  scope .  Th e contex t  as -

sociate d wit h thos e discriminatio n points ,  th e de -

scriptio n o f  thei r  situation s o f  applicability ,  prop -

agate s upward ,  becomin g mor e immediatel y acces -

sible .  Re-organizatio n optimize s pla n segment s fo r 
simplicit y o f  execution .  Re-organizatio n shoul d b e 

an experience-drive n process ,  i n tha t  th e effor t  wil l 
be bes t  spen t  i f  th e most-use d plan s receiv e th e mos t 

attention .  W e kee p trac k o f  ho w ofte n eac h ste p tha t 

involve s a  decisio n i s executed ,  an d periodicall y re -

organiz e thos e step s whic h hav e bee n ru n th e mos t 

time s sinc e th e las t  re-organization . 

Othe r  form s o f  re-organizatio n ar e desirable .  Ag -

gregatio n [Weld ,  1986 ]  i s on e suc h for m o f  pla n re -

organization ;  w e assum e tha t  th e dialin g loo p withi n 

th e dia l  procedur e wa s create d b y suc h a  method . 
Other s includ e eliminatio n o f  redundan t  step s vi a 

detectio n o f  causa l  relevanc e o r  irrelevanc e o f  steps , 

eliminatio n o f  redundan t  test s b y merge r  o r  sub -
sumption ,  an d factorin g o f  c o m m o n subplan s o r  ste p 
sequences .  Othe r  transformation s coul d promot e 

step s o f  a  subpla n int o th e curren t  pla n level ,  o r 

demot e steps ,  dependin g o n whic h configuratio n re -
quire d th e leas t  th e numbe r  o f  conditionals .  W e en -

visio n a  librar y o f  plan-transformatio n operator s o f 

whic h th e abov e ar e specia l  cases .  Thes e woul d b e 

realize d a s a  serie s o f  pattern-directe d pla n transfor -
mations .  Thes e transformation s diffe r  fro m thos e o f 

Collins[l987 ]  i n tha t  the y ar e local ,  syntax-directe d 

optimization s rathe r  tha n large-scal e transforma -

tion s requirin g a n understandin g o f  th e overal l  strat -

egy behin d a  plan . 

7 S u m m a r y a n d Conclusion s 

We have presented a synthesis of learning, plan-

ning ,  an d actin g tha t  emphasize s practica l  actio n 

ove r  generalit y o f  knowledg e an d pla n efficiency .  I n 

commonsense domain s one' s knowledg e i s inevitabl y 

incomplete .  Eac h ne w situatio n ha s th e potentia l  t o 

confoun d on e i n ne w an d unexpecte d ways .  Expec -

tation s ar e alway s subjec t  t o disconfirmatio n b y ex -

perience .  H o w i s a  planne r  t o cop e wit h this ? Ou r 

exampl e illustrate s severa l  principles : 

Th e interpretatio n o f  a  situatio n i s alway s tenta -

tive ;  ever y actio n simultaneousl y applie s an d test s 

tha t  interpretation[Heritage ,  1984 ;  Suchman ,  1987] . 

s c a v e n g e r ' s succes s i n interpretin g th e touch -

ton e telephon e a s a  dia l  phon e no t  onl y adjust s th e 

plan ,  i t  confirm s th e system' s understandin g o f  th e 
situatio n an d it s choic e o f  plan .  Th e correspondenc e 

betwee n pla n an d situatio n als o suggest s a  general -

izatio n tha t  ca n b e mad e acros s th e tw o concepts . 

Ever y situatio n o f  actio n i s a n opportunit y fo r 

learning .  Futur e callin g episode s wil l  expan d th e 

system' s notio n o f  wha t  a  phon e ca n loo k like ,  wher e 

one i s likel y t o b e found ,  an d ho w i t  ca n b e expecte d 

t o behave .  Learnin g i s generall y ignore d i n deduc -

tiv e planners ,  becaus e updatin g th e domai n mode l 

correctl y an d consistentl y i s simpl y to o hard . 
Workin g fro m experienc e simplifie s plannin g bot h 

by suggestin g action s an d constrainin g th e spac e 
of  possibl e action s an d interpretations[Hammond , 

forthcoming ;  Kolodne r  an d Simpson ,  1989 ;  Alter -

m a n,  1988 ;  Schank ,  1982] .  S C A V E N G ER i s  abl e 

t o interpre t  th e touch-ton e phon e a s a  kin d o f  dia l 

phon e becaus e th e dial-phon e pla n provide s a n inter -

pretatio n o f  th e situatio n tha t  define s th e relevan t 

feature s o f  a  (dial )  telephone . 

S C A V E N G ER acquire s severa l  type s o f  knowl -

edge .  I t  extend s th e telephone^ilEu i  t o cop e wit h 
touch-ton e phones ,  collect s informatio n tha t  dis -
criminate s situation s t o whic h eac h varian t  i s  ap -

plicable ,  an d acquire s a  ne w categor y telephone . 
Knowledg e tha t  i s genuinel y ne w -  no t  deducibl e 

fro m existin g knowledg e -  ca n onl y com e fro m ex -
perience .  Method s tha t  lear n b y restatin g existin g 

knowledge ,  e.g. ,  operaUonalizatio n i n E B L an d in -

dexin g i n case-base d reasoning ,  contribut e t o ou r  un -

derstandin g o f  knowledg e organization ,  bu t  ar e ex -

clude d fro m "learning "  i n a  large r  sense .  T h e onl y 

escap e i s t o predefin e al l  th e basi c concept s th e sys -
te m wil l  eve r  nee d t o know .  Whil e thi s ha s bee n 

propose d a s a  theor y o f  mind[Fodor ,  1975] ,  a s a n 

implementatio n techniqu e i t  simpl y defer s th e prob -

lem .  Th e ke y questio n is :  H o w i s  actua l  learnin g 
possible ? Althoug h i t  wil l  probabl y no t  tak e th e ex -
act  for m propose d here ,  w e believ e tha t  th e concep t 

of  ad-ho c learnin g grounde d i n experienc e i s a  ste p 

towar d suc h a  method . 
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