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E x e c u t i o n - t i m e R e s p o n s e : 

A p p l y i n g p lan s i n a  d y n a m i c wor l c 

Kristian J. Hammond Phil Agre 

Artificia l  Intelligenc e Laborator y Artificia l  Intelligenc e Laborator y 

Departmen t  o f  Compute r  Scienc e Departmen t  o f  Compute r  Scienc e 

The Universit y o f  Chicag o Th e Universit y o f  Chicag o 

Richard Alterman Reid Simmons 

Departmen t  o f  Compute r  Scienc e Schoo l  o f  Compute r  Scienc e 

Brandei s Universit y Carnegi e Mello n Universit y 

R. James Firby 

N A S A:  Je t  Propulsio n Lab s 

Abstrac t 

This panel is aimed at the issue of how to use and modify plans during the course of execution. 

Th e relationshi p betwee n a  pla n an d th e action s tha t  a n agen t  taJce s ha s generate d a  grea t  dea l 
of  interes t  i n th e pas t  fe w years .  Thi s is ,  i n part ,  a  resul t  o f  th e realizatio n tha t  plannin g i n 

th e abstrac t  i s a n intractabl e proble m an d tha t  muc h o f  th e complexit y o f  behavio r  i s bes t 
understoo d i n term s o f  th e complexit y o f  th e environmen t  i n whic h tha t  behavio r  occurs . 

Thi s pane l  present s fiv e distinc t  personalitie s an d approache s t o thi s problem : 

•  Agr e look s a t  replacin g "planning "  wit h situate d activity .  I n particular ,  h e ha s bee n 

considerin g th e problem s involve d wit h th e referenc e assumption s o f  classica l  planning . 

•  Firby' s hierarchica l  planne r  ha s primitiv e action s tha t  ar e instantiate d a t  execution-time . 

Th e executio n o f  thes e primitive s generate s informatio n tha t  ca n b e use d t o guid e selectio n 

of  late r  operators . 

•  I n Alterman' s mode l  o f  run-tim e adaptation ,  th e executiv e respond s t o failure s b y usin g 

externa l  cue s t o mov e betwee n alternativ e step s o r  approache s store d i n a n existin g networ k 

of  semantic/episodi c information . 

•  S immon s ha s bee n explorin g technique s t o creat e robust ,  reactiv e system s tha t  ca n handl e 

multipl e task s i n spit e o f  th e robot' s limite d sensor s an d processors .  Hi s approac h take s 

ful l  advantag e o f  th e resource s tha t  th e robo t  doe s have .  Thi s include s usin g hierarchi -

cal  coarse-to-fin e contro l  strategies ,  usin g concurrenc y wheneve r  feasible ,  an d explicitl y 
focusin g attentio n o n th e robot' s task s an d monitore d conditions . 

•  H a m m o nd suggest s a  theor y o f  agenc y whic h cast s plannin g a s embedde d withi n a  memory -

base d understandin g syste m connecte d t o th e environment .  Withi n thi s approach ,  th e 
environment ,  pla n selections ,  decisions ,  conflict s an d action s ar e viewe d throug h th e singl e 

ey e o f  situatio n recognitio n an d response . 
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T h e R o l e o f  P lan s i n Activit y 

Phil Agre 

T h e Universit y o f  C h i c a g o 

Artificia l  Intelligenc e Labo ra to r y 

The notion of a plan has long been central to computational research on action. The terminology 

and characteristi c hypothese s o f  'planning '  researc h receive d thei r  mos t  influentia l  earl y formulatio n 

i n Miller ,  GaJanter ,  an d Pribram' s boo k Plan s an d th e Structur e o f  Behavio r  (1960) ,  hencefort h 

M G & P.  M G & P ' s centra l  thesi s wa s tha t  th e observabl e structur e o f  a n organism' s behavio r  result s 

fro m it s executin g a  Pla n whic h ha s tha t  sam e structure .  M G & P demonstrate d tha t  a  wid e variet y 

of  phenomen a coul d b e assimilate d t o thi s model .  Th e firs t  syste m whic h operate d b y construct -

in g an d executin g plan s wa s Strips ,  buil t  b y Fike s an d Nilsso n (1971 )  usin g th e problem-spac e 

methodolog y develope d b y Newel l  an d Simo n (1963) .  A  grea t  dea l  o f  researc h ha s bee n conducte d 

withi n thi s framewor k (Chapman ,  1987 ;  Georgeff ,  1987) ,  recentl y leadin g t o industria l  application s 

(Wilkins ,  1988 ;  1989) . 

Th e argumen t  o f  M G & P contain s a  profoun d ambiguity .  I t  ca n b e viewe d a s runnin g togethe r 

tw o differen t  account s o f  plan s an d execution .  O n th e firs t  account ,  plan s ar e primaril y retrieve d 

fro m a  library ,  o r  constructe d fro m scratch ,  an d ar e execute d whole .  Thi s accoun t  offer s a n ex -

planatio n fo r  th e structur e o f  behavior ,  bu t  i t  portray s th e agen t  a s almos t  entirel y inflexible .  O n 

th e secon d account ,  a n agen t  assemble s it s plan s incrementally ,  s o tha t  sequence s o f  action s nee d 

not  b e mappe d ou t  ahea d o f  time .  Thi s accoun t  offer s a n explanatio n o f  ho w a n agen t  migh t  b e 

capabl e o f  dynamicall y adaptin g it s behavio r  t o circumstance s a s the y arise ,  bu t  i t  doe s no t  ex -

plai n wh y a n organism' s behavio r  ha s it s observe d structure .  M G & P ' s tw o account s o f  plannin g 

migh t  b e compatibl e i n som e comple x combination ,  bu t  the y canno t  simultaneousl y explai n bot h 

th e observabl e structur e an d th e flexible  adaptatio n o f  behavior . 

Thi s ambiguit y withi n M G & P ' s argumen t  ha s bee n fatefu l  fo r  subsequen t  research ,  particularl y 

i n th e las t  five  year s a ^  variou s group s hav e worke d t o buil d agent s whic h ar e capabl e o f  conductin g 

sensibl y organize d goal-directe d actio n i n environment s characterize d b y unpredictability ,  uncer -

tainty ,  an d change .  M u c h o f  thi s wor k ha s bee n conducte d withi n th e vocabular y o f  plan s an d thei r 

execution ,  tryin g t o find  a n acceptabl e combinatio n o f  th e tw o approache s tha t  M G & P introduce d 

(Georgef f  an d Lansky ,  1987 ;  Firby ,  1987) .  M u c h othe r  work ,  though ,  ha s dispense d wit h th e notio n 

of  a  pla n altogether ,  treatin g continua l  interactio n wit h th e environmen t  a s a  centra l  phenomeno n 

(Agr e i n preparation ;  Brooks ,  1986) .  Fo r  thi s work ,  th e observabl e structur e o f  a n organism' s 

behavio r  i s a n emergen t  propert y o f  thes e interaction s an d no t  th e causa l  produc t  o f  th e executio n 

of  a  plan .  Suc h i s th e approac h tha t  I  develope d i n th e notio n o f  runnin g argument s (Agre ,  1985 ) 

and tha t  Davi d Chapma n an d I  too k i n ou r  wor k o n th e Peng i  syste m (Agr e an d Chapman ,  1987) . 

Peopl e regularl y mak e an d us e plans ,  o f  course ,  i n th e ordinar y vernacula r  sens e o f  th e word ; 

th e introductio n o f  a n alternativ e t o M G & P ' s accoun t  o f  actio n reopen s th e questio n o f  wha t  plan s 

actuall y are .  The y ar e no t  lik e compute r  programs ,  sinc e thei r  us e regularl y involve s a  considerabl e 

amount  o f  interpretiv e effor t  a s wel l  a s rearrangement ,  interpolation ,  an d substitutio n o f  th e action s 

th e pla n represents .  Plan s ar e moreove r  no t  a  unifie d phenomenon ;  the y occu r  i n a  wid e variet y 

of  activitie s an d socia l  contexts ,  fro m cookin g (Scher ,  1984 )  t o offic e procedure s (Suchman ,  1983 ) 

t o navigatio n (Gladwin ,  1970) .  I n eac h case ,  though ,  i t  i s  bes t  t o vie w plan s a s resource s fo r  th e 

participant s i n a n activity ,  an d no t  (a s wit h M G & P)  a s full y  specifyin g o r  causall y engenderin g th e 

activit y (Suchman ,  1987) . 
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I n recen t  work ,  Chapma n an d I  hav e hoKui i  <'X|)lorin g a  vie w o f  plan s a s communicatio n i n 

natura l  languag e (Agr e an d Chapma n i n press) .  Peopl e wh o us e direction s o r  instruction s t o find 

subwa y station s o r  pla y vide o game s interpre t  the m withi n th e cultura l  backgroun d tha t  the y shar e 

wit h othe r  participant s i n th e activity .  Moreover ,  the y interpre t  the m indexically ,  i n term s o f 

thei r  ongoin g situation s a s the y understan d the m a t  th e moment  the y tur n t o th e pla n fo r  advice . 

Computationa l  researc h ca n b e expecte d t o offe r  insigh t  o n thes e processe s b y investigatin g th e 

architectura l  consequence s o f  variou s way s o f  usin g plan s an d learnin g fro m thei r  use ,  bu t  suc h 

researc h mus t  b e informe d b y sociologicall y sophisticate d view s o f  th e circulatio n an d deploymen t 

of  representationa l  material s i n huma n societies . 

Adaptive Planning^ 

Richard Alterman 

C o m p u t e r  Scienc e D e p a r t m e n t 

Brande i s Universit y 

There were two key features of early models of planning in artificial intelligence. The first was 

tha t  th e planne r  di d no t  hav e a  memor y o f  previou s plannin g episodes .  Thi s mean t  tha t  th e planne r 

was alway s plannin g fro m scratch ,  constructin g a  pla n ou t  o f  a  smal l  se t  o f  operators .  Second ,  thes e 

earl y model s o f  plannin g almos t  entirel y separate d th e plannin g an d actin g phases .  A  robo t  give n 

some tas k woul d construc t  a  pla n fro m scratc h t o achiev e tha t  task .  The n i t  woul d tur n th e pla n 

ove r  t o a n executio n monito r  tha t  woul d supervis e th e robo t  a s i t  wen t  throug h th e step s o f  th e 

plan .  Thi s mode l  o f  plannin g an d actin g prove d undesirabl e because ,  i n general ,  i t  faile d t o provid e 

fo r  th e contingencie s tha t  migh t  arise .  Thi s critiqu e o f  earl y model s aros e fro m wor k o n case-base d 

plannin g (Hammond ,  199 0 an d Kolodne r  an d Simpson ,  1989) ,  reactiv e plannin g (Firby ,  1987 )  an d 

situate d activit y (Agr e an d Chapman ,  198 7 an d Suchman ,  1987) . 

Adaptiv e plannin g (Alterman ,  1988 )  wa s a n earl y effor t  t o dea l  wit h th e problem s o f  traditiona l 

model s o f  planning .  A n adaptiv e planne r  i s a  commo n sens e planner .  I t  ha s a  memor y o f  previou s 

plan s (routines )  an d retrieve s a  pla n fro m tha t  memor y tha t  seem s t o matc h th e situation-at-hand . 

I t  the n adapt s tha t  pla n (improvises )  durin g th e perio d o f  engagement .  Fo r  example ,  th e first  tim e 

I  rid e th e N Y C Subway ,  I  d o no t  pla n fro m scratch ;  rather ,  I  us e m y knowledg e o f  ridin g B A R T 

(Ba y Are a Rapi d Transit )  a s a  basi s fo r  constructin g a n interpretatio n o f  th e action s I  shoul d take . 

I  a m currentl y lookin g a t  reasonin g abou t  th e usag e o f  mechanica l  device s an d th e rol e o f 

instructions .  A  planne r  ma y adap t  a  know n routin e t o th e situation-at-hand ,  but ,  i f  difficultie s 

arise ,  i t  ha s acces s t o instructions .  Th e specifi c  difficult y provide s a  concret e contex t  fo r  thos e 

instructions .  Muc h o f  thi s wor k i s informe d b y m y wor k o n semanti c memor y (Alterman ,  1989 ) 

and b y th e lexica l  semanti c theor y o f  Pustejovsk y (Pustejovsky ,  forthcoming )  a s i t  impact s spatia l 

and deicti c terms . 

Wit h Rolan d Zito-Wolf ,  I  a m als o lookin g a t  extendin g th e adaptiv e plannin g mode l  t o handl e 

pla n learning .  W e assum e tha t  planner s hav e habitats—place s wher e the y normall y pla n an d ac t 

(e.g .  home ,  th e office ,  hotels) .  Thu s pla n learnin g involve s a  mixtur e o f  teasin g ou t  description s 

of  th e planner' s habitat s whil e extendin g plan s t o cop e wit h ne w contingencies .  Ove r  a  histor y o f 

engagement s th e planne r  graduall y settles ,  an d re-settles ,  int o customize d routine s fo r  it s  habitats . 

An importan t  advantag e o f  th e adaptiv e plannin g framewor k fo r  learnin g i s tha t  learnin g i s fail-safe , 

sinc e incomplet e o r  incorrec t  learnin g i s backed-u p b y norma l  adaptiv e functioning . 

'Thi s wor k wa s supporte d i n par t  b y th e Defens e Advance d Researc h Project s Agency ,  administere d b y th e U.S . 
Airforc e Offic e o f  Scientifi c  Researc h unde r  contrac t  #F49620-88-C-0058 . 
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T a s k Directe d A d a p t i v e Execut io n 

Robert James Firby 

Je t  Propuls io n Labora to r y 

A robot plan is usually viewed as a list of primitive robot actions which are assembled in advance 

and the n execute d on e afte r  another .  However ,  i n rea l  domains ,  a  pla n mus t  hav e mor e structur e i f 

i t  i s  t o cop e wit h th e myria d unpredictabl e detail s tha t  i t  wil l  encounte r  durin g execution .  Addin g 

suc h structur e t o a  pla n involve s mor e tha n augmentin g th e primitiv e pla n representation ;  i t  require s 

a complet e mode l  o f  pla n interactio n wit h th e world .  A  planne r  canno t  kno w i n advanc e al l  o f  th e 

sensin g an d contro l  action s tha t  wil l  b e require d t o achiev e it s goal s becaus e i t  canno t  maintai n a 

complete ,  detaile d mode l  o f  th e situation s tha t  i t  wil l  encounter .  Mos t  sensin g an d contro l  decision s 

must  b e suspende d unti l  executio n time .  Therefore ,  th e notio n o f  a  pla n n o longe r  make s sens e 

withou t  a  theor y o f  ho w i t  wil l  b e executed . 

Th e R A P adaptiv e executio n syste m i s a  theor y o f  pla n representatio n an d execution .  Th e 

syste m assume s a n incomplet e worl d mode l  an d relie s o n program-lik e reactiv e actio n package s 

(RAPs )  t o carr y ou t  sketch y plan s premise d o n tha t  model .  A  pla n consist s o f  a  lis t  o f  task s 

rathe r  tha n primitiv e actions .  Eac h tas k contain s thre e majo r  components :  a  satisfactio n test ,  a 

windo w o f  activity ,  an d a  se t  o f  executio n method s tha t  ar e appropriat e i n differen t  circumstances . 

Pla n executio n proceed s b y selectin g a n unsatisfie d tas k an d choosin g a  metho d t o achiev e i t  base d 

on th e curren t  know n worl d state .  A  tas k m a y b e execute d a s man y time s a s necessar y t o kee p i t 

satisfie d whil e i t  i s  active .  Sinc e decision s o n actio n selectio n an d senso r  deploymen t  ar e mad e whil e 

th e tas k i s "situated "  i n th e rea l  world ,  executio n monitorin g i s a n intrinsi c par t  o f  th e executio n 

algorithm ,  an d th e nee d fo r  separat e replannin g o n failur e disappears . 

Th e R A P syste m appear s t o offe r  a n effectiv e wa y t o cop e wit h th e limitation s impose d b y rea l 

sensors ,  rea l  actuators ,  an d th e incomplet e understandin g o f  comple x domains . 

Robust Robots with Limited Resources 

Reid G. Simmons 

Schoo l  of  C o m p u t e r  Scienc e 

Carnegi e Mello n Universit y 

A prevalent approach to building mobile robot systems is to have the system continually monitor 

al l  (relevant )  aspect s o f  th e environment ,  an d us e wha t  ar e essentiall y  stimulus-respons e rule s t o 

decid e wha t  t o d o next .  Gettin g th e robo t  t o perfor m a  ne w tas k typicall y involve s addin g mor e 

sensor s and/o r  processors .  Whil e thi s approac h produce s ver y reactiv e systems ,  i t  doe s no t  scal e 

wel l  a s th e task s becom e mor e comple x an d numerous . 

We ar e explorin g technique s t o creat e robust ,  reactiv e system s tha t  ca n handl e multipl e task s 

i n spit e o f  th e robot' s limite d sensor s an d processors .  T o succeed ,  ou r  approac h trie s t o tak e ful l 

advantag e o f  th e resource s tha t  th e robo t  doe s have .  Thi s include s usin g hierarchica l  coarse-to-fin e 

contro l  strategies ,  usin g concurrenc y wheneve r  feasible ,  an d explicitl y  focusin g attentio n o n th e 

robot' s task s an d monitore d conditions . 

We hav e develope d th e Tas k Contro l  Architectur e ( T C A )  t o suppor t  th e creatio n o f  suc h sys -

tems .  T C A i s a  distribute d syste m wit h centra l  contro l  tha t  ca n construc t  an d manipulat e hierar -

chica l  plans ,  allocat e an d manag e user-define d resources ,  monito r  selecte d conditions ,  an d handl e 
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exceptions .  Robot-specifi c  processe s (suc h ;i 8 controllers ,  planners ,  an d visio n processes )  commu -

nicat e wit h on e anothe r  throug h T C A an d us e th e T C A mechanism s t o schedul e an d synchroniz e 

thei r  activities . 

T CA i s currentl y i n us e o n tw o testbed s — a  prototyp e o f  th e six-legge d C M U Planetar y 

Rover ,  an d th e Hero ,  a n indoo r  mobil e manipulator ,  whos e task s includ e collectin g cup s fro m ou r 

lab' s floor ,  retrievin g printe r  output ,  deliverin g objects ,  an d rechargin g itsel f  whe n necessary .  I n 

implementin g th e Her o an d Rove r  systems ,  severa l  simple ,  bu t  effective ,  organizin g principle s hav e 

emerge d fo r  takin g ful l  advantag e o f  th e robot' s availabl e resources . 

Hierarchy :  Hierarch y i s effectiv e fo r  planning ,  monitoring ,  an d handlin g exceptions .  Ou r 

syste m plan s onl y t o th e leve l  o f  detai l  warrante d b y it s curren t  knowledg e o f  th e environment , 

deferrin g th e remainin g detail s t o b e filled  i n a t  executio n time .  Th e Her o syste m use s coarse-to -

fine  sensin g strategies .  Fo r  example ,  th e syste m use s it s 2 D visio n syste m t o detec t  approximatel y 

cup-shape d regions ,  whic h trigger s task s t o approac h an d m a p th e object s wit h a  wrist-mounte d 

sona r  t o determin e i f  the y i n fac t  matc h th e robot' s mode l  o f  a  cup . 

Concurrency :  Th e distribute d natur e o f  T C A i s use d t o exploi t  opportunitie s fo r  concurrency . 

Thes e includ e interleavin g o f  plannin g an d execution ,  an d asynchronou s pre-processin g o f  visua l 

data .  However ,  ou r  system s d o no t  hav e sufficien t  sensor s o r  computationa l  resource s t o continuall y 

monito r  al l  conditions .  T C A handle s thi s b y enablin g processe s t o specif y th e tempora l  interval s 

durin g whic h selecte d condition s shoul d b e monitored ,  an d th e frequenc y a t  whic h the y shoul d 

be polled .  Fo r  optima l  performance ,  thes e frequencie s shoul d b e base d o n th e likelihoo d o f  th e 

monitore d conditio n occurring ,  th e urgenc y fo r  response ,  an d th e tim e neede d t o react . 

Focu s o f  Attention :  Sinc e i t  i s  unreasonabl e t o expec t  th e syste m t o monito r  al l  possibl e 

condition s o r  t o pla n fo r  al l  task s a t  once ,  th e robo t  mus t  explicitl y  maintai n a  focu s o f  attention . 

The resourc e mechanis m o f  T C A i s use d t o maintai n th e focu s o f  attentio n o n th e currentl y activ e 

tasks .  Multipl e task s ca n b e handle d concurrentl y a s lon g a s the y us e separat e resources ;  whe n 

contentio n fo r  resource s occurs ,  th e associate d task s mus t  b e prioritized .  Whil e T C A currentl y 

uses onl y a  simple ,  pre-programme d prioritizatio n scheme ,  w e ar e startin g t o explor e ho w th e robo t 

coul d mak e it s ow n prioritizatio n decision s b y reasonin g abou t  model s o f  it s  capabilities ,  limitations , 

and th e relativ e utilit y  o f  th e tasks .  Fo r  example ,  i f  th e Hero' s batter y monito r  warn s o f  a  lo w 

charge ,  th e robo t  shoul d decid e whethe r  i t  ca n affor d t o complet e it s curren t  task ,  o r  whethe r  i t 

shoul d immediatel y procee d t o th e charger . 

Memory and Agency^ 

Kristian J. Hammond 

T h e Universit y o f  Chicag o 

Artificia l  Intelligenc e Laborator y 

Increasingly, the study of planning is being recast as the broader study of planning, action, 

and understanding .  Th e particula r  approac h tha t  w e ar e takin g t o thi s stud y cast s plannin g a s 

embedded withi n a n understandin g syste m connecte d t o th e environment .  Thi s approac h allow s u s 

t o vie w pla n selection ,  conflic t  resolution ,  an d actio n throug h th e singl e ey e o f  situatio n assessment . 

Togethe r  wit h th e us e o f  episodi c memor y a s th e vehicl e fo r  understanding ,  thi s vie w lead s naturall y 

T̂hi s wor k wa s supporte d i n par t  b y th e Defens e Advance d Researc h Project s Agency ,  monitore d b y th e Ai r 
Forc e Offic e o f  Scientifi c  Researc h unde r  contrac t  F49620-88-C-0058 ,  an d th e Offic e o f  Nava l  Researc h unde r  contrac t 
N0014-85-K-010 . 
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t o a n abilit y  t o lear n fro m bot h plannin g an d execution .  I n thi s paper ,  w e dra w a n outlin e o f  agency , 

our  mode l  o f  th e relationshi p betwee n plannin g an d action . 

Our  mode l  o f  th e relationshi p betwee n plannin g an d actio n i s a  complet e theor y o f  agency .  Ou r 

theor y o f  agenc y rise s ou t  o f  thre e piece s o f  work :  Schank' s structura l  mode l  o f  memor y organizatio n 

(Schank ,  1982) ,  ou r  ow n wor k i n case-base d plannin g an d dependency-directe d repai r  (Hammond , 

1986) ,  an d th e wor k o f  Marti n an d Riesbec k i n Direc t  Memor y Acces s Parsin g (Marti n 1989) .  Ou r 

model  ha s bee n articulate d i n tw o programs ,  T R U C K ER an d R U N N ER (Hammond ,  Marks ,  an d 

Converse ,  1988 ;  H a m m o n d,  1989) . 

Our  origina l  objectiv e wa s t o captur e th e abilit y  o f  a n agen t  t o suspen d goals ,  ye t  stil l  recogniz e 

execution-tim e opportunitie s t o satisf y them .  W e use d a  singl e se t  o f  memor y structure s bot h t o 

stor e suspende d goal s an d t o understan d th e agent' s circumstance s i n th e world .  I n respons e t o a 

blocke d goal ,  th e agent' s first  ste p wa s t o d o a  planning-tim e analysi s o f  th e condition s tha t  woul d 

favo r  th e satisfactio n o f  th e goal .  Th e agen t  the n suspende d th e goa l  i n memory ,  indexe d b y a 

descriptio n o f  thos e conditions . 

Durin g execution ,  th e agen t  performe d a n ongoin g "parse "  o f  th e worl d i n orde r  t o recogniz e 

condition s fo r  actio n execution .  Followin g D M A P (Martin ,  1989) ,  thi s pars e too k th e for m o f  marke r 

passin g throug h episodi c memory .  Becaus e suspende d goal s wer e indexe d i n th e sam e memor y use d 

fo r  understandin g th e world ,  th e goal s wer e activate d whe n th e condition s favorin g thei r  executio n 

wer e recognized .  Onc e active ,  goal s woul d b e reevaluate d i n term s o f  th e ne w conditions .  I f  the y 

fit  int o th e curren t  flow  o f  execution ,  the y woul d b e pursued .  Otherwise ,  the y woul d b e suspende d 

again . 

We calle d th e initia l  mode l  opportunisti c memor y becaus e th e agent' s recognitio n o f  opportuni -

tie s depende d o n th e natur e o f  it s episodi c memor y structures .  Havin g turne d t o th e broade r  issue s 

of  integratin g plannin g an d action ,  w e no w refe r  t o ou r  wor k a s th e stud y o f  agency . 

Our  theor y o f  agenc y account s fo r  th e spawnin g o f  goals ,  th e selectio n o f  plans ,  an d th e executio n 

of  actions .  Lik e D M A P,  ou r  theor y relie s o n a  memor y organizatio n define d b y part/whol e an d 

abstractio n relationships .  Activation s fro m feature s i n th e environmen t  ar e passe d u p throug h 

abstractio n links ,  an d prediction s ar e passe d dow n throug h partiall y  activ e concepts . 

To accommodat e action ,  w e hav e supplemente d D M A P wit h th e notio n o f  permission s an d 

POLICIES .  Permission s ar e hande d dow n th e part s o f  plan s t o th e operator s the y include .  Th e 

onl y action s tha t  tak e plac e ar e thos e tha t  ar e PERMITTE D b y th e activatio n o f  th e operator s tha t 

ar e associate d wit h them .  Followin g (McDermott ,  1978) ,  policie s ar e statement s o f  ongoin g goal s 

of  th e agent .  The y m a y tak e th e for m o f  maintenanc e goals ,  suc h a s "Glasse s shoul d b e i n th e 

cupboard "  o r  "Alway s hav e mone y o n hand. "  Th e onl y wa y i n whic h goal s ca n b e generate d i s ou t 

of  th e interactio n betwee n policie s an d environmenta l  features . 

Most  o f  th e processin g take s th e for m o f  recognizin g circumstance s i n th e externa l  worl d i n th e 

contex t  o f  th e policies ,  goal s an d plan s o f  th e agent .  Goals ,  plans ,  an d action s interac t  wit h eac h 

othe r  an d wit h th e environmen t  a s follows : 

• Features in the environment interact with policies to spawn goals. 

• Goals and environmental features combine to activate plans already in memory. 

• Operators are permitted by plans and are associated with the descriptions of the world states 

appropriat e t o thei r  performance .  Onc e a  se t  o f  feature s ha s a n operato r  associate d wit h it , 
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tha t  se t  o f  feature s (i n conjunc t  ratlio r  tha n ;i s  individua l  elements )  i s  no w predicte d an d ca n 

be recognized . 

• Operators are specialized into actions by features in the environment and by internal states 

of  th e system .  A s wit h Firby' s RAP s (Firby ,  1989) ,  particula r  state s o f  th e worl d determin e 

particula r  method s fo r  eac h genera l  operator . 

• Conflicts between actions are recognized and mediated by the same mechanism that parses 

th e world . 

• Suspended goals are associated with the descriptions of the states of the world that are 

amenabl e t o thei r  satisfaction . 

This theory of agency not only bridges the gap between planning and execution, but approaches 

a start-to-finis h mode l  o f  behavio r  i n th e world .  Ou r  goa l  i s  a  conten t  theor y o f  agency .  W e se e 

thi s architectur e a s simpl y th e vehicl e fo r  tha t  content . 
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