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A b s t r a c t 

Theorie s o f  rationa l  tiehavio r  embodie d i n cognitiv e model s o f 
proble m solving ,  planning ,  an d pla n interpretatio n typicall y 
presuppos e tha t  th e plannin g agen t  i s  give n a  prior i  on e o r  mor e 
goal s t o pursue .  Thereupon ,  rationa l  behavio r  consist s o f  plannin g 
and carryin g ou t  a  sequenc e o f  ax;tion s i n orde r  t o achiev e th e 
most  importan t  activ e goals .  Thi s pape r  argue s tha t  a  complet e 
cognitiv e mode l  mus t  necessaril y  incorporat e ih e proces s o f 
acquirin g goal s whethe r  i n reactio n t o perception s o f  externa l 
events ,  i n respons e t o interna l  physiologica l  o r  psychologica l 
states ,  o r  b y othe r  les s direc t  means .  A n initia l  categorizatio n i s 
m a de o f  variou s mechanism s tha t  ca n giv e ris e t o goal s i n a n 
individua l  planner . 

1 .  I n t r o d u c t i o n 
The A l  literatur e abound s wit h model s o f  proble m solving , 

plannin g an d pla n interpretatio n (e.g. ,  G P S [11] ,  STRIP S [6] , 
N O AH [14] ,  PAM[18 ] ,  BELIEVE R [16] ,  TALESPI N [10] ,  POLITIC S 
[5,3]) .  Althoug h thes e model s diffe r  i n term s o f  th e specifi c 

cognitiv e phenomen a simulated ,  i n term s o f  thei r  interna l 
structure ,  i n term s o f  thei r  representatio n formalisms ,  an d i n term s 
of  thei r  theoretica l  motivations ,  i t  i s  strikin g tha t  the y al l  shar e on e 
centra l  hypothesis :  Eac h an d ever y syste m I s heavil y dependen t 
upo n th e presenc e o f  on e o r  mor e goal s attribute d t o th e activ e 
proble m solvin g agent s o r  planners .  I n essence ,  eac h planne r  o r 
proble m solve r  incorporate s a n implici t  theor y o f  rationa l  behavio r 
base d upo n th e assumptio n tha t  al l  action s ar e preforme d i n 
servic e o f  explicit ,  realizabl e goals .  Therefore ,  rationa l  behavio r 
to r  a  plannin g syste m consist s o f  formulatin g a  sequenc e o f 
planne d actio n t o achiev e a  se t  o f  goats .  I n th e cas e o f  stor y 
Interpretation ,  th e assumptio n o f  rationetlit y  applie s t o th e 
characters ,  an d th e tas k o f  th e understande r  t>ecome s on e o f 
divinin g thei r  goal s b y reconstructin g correspondin g plan s fro m 
sequence s o f  observe d events . 
Hence, under these models of planning and plan interpretation, 
rationalit y become s synonymou s wit h intelligence .  Or ,  a s Newel l 
define s it :  Intelligenc e i s th e abilit y  t o brin g knowledg e t o bea r  i n 
th e pursui t  o f  goal s [12] .  Wilensk y [19 ]  als o articulate s th e notio n 
tha t  al l  intelligen t  actio n ensue s fro m th e pursui t  o f  multipl e goals , 
includin g th e resolutio n o f  interna l  goa l  conflict s b y th e 
spontaneou s creatio n an d subsequen t  pursui t  o f  melagoals .  Th e 
implici t  centralit y o f  goal s become s mor e eviden t  whe n on e 
consider s som e attempt s a t  modelin g affec t  o r  idiosyncrati c 
behavior .  Fo r  instance ,  Lehnert' s  affec t  stale s [9 ]  I n stor y 
intepretation .  an d recen t  wor k o n modelin g emotion s [1,13 ]  rel y 
on mechanism s t o detec t  goa l  frustratio n o r  goa l  achievement .  M y 
earlie r  wor k o n modelin g ideologica l  belie f  an d certai n aspect s o f 
liuma n personalit y trait s relie s eve n mor e heavil y o n th e presence , 
pursui t  an d attributio n o f  differen t  type s o f  goal s t o plannin g 
agent s [2 ,  5]. ^ 2.  Goa t  Generator s i n Integrate d Cognitiv e 

Model s 
If  goaU s ar e centra l  t o al l  effectiv e A l  theorie s o f  intelligence ,  th e 

natura l  questio n arises :  Wher e d o goal s c o m e from ? Wherea s 
taxonomie s o f  goal s [IS] ,  relation s amon g th e goal s o f  a n 
individua l  (5 ,  19] ,  ar\ d method s o f  plannin g t o achiev e goal s ar e al l 
significan t  aspect s o f  th e stud y o f  goals ,  th e ke y notio n o f  wha t 
cognitive ,  physiologica l  o r  socia l  mechanism s giv e ris e t o goal s 
has bee n largel y glosse d ove r  b y A l  researchers .  A n A l  program , 
whethe r  planne r  o r  proble m solver ,  doe s nothin g unti l  a n externa l 

entit y (suc h a s th e programmer )  provide s i t  wit h a  goa l  t o pursue , 
whereupo n th e progra m single-mindedl y strive s t o fin d a n 
effectiv e plsi n fo r  tha t  goal ,  an d regardles s o f  succes s o r  failure , 
resume s idlin g indefinitel y afte r  th e solutio n attemp t  Clearly ,  an y 
complet e cognitiv e mode l  mus t  generat e it s  o w n goals . 
Philosophica l  debat e o n issue s o f  free-wil l  v s  determinis m 
notwithstanding ,  al l  intelligen t  being s exhibi t  s o m e mecisur e o f 
interna l  motivatio n an d abilit y  t o respon d t o unexpecte d situation s 
i n th e externa l  environment . 

The type of Integrated cognitive model I envision would contain 
a goa l  generato r  tha t  woul d monito r  continuousl y th e externa l 
environmen t  an d it s interna l  stat e a s a  backgroun d process ,  an d 
henc e i t  woul d notic e i f  i t  i s  gettin g hungr y o r  tired ,  o r  tha t  a n 
externa l  threa t  i s  imminent ,  bringin g thes e issue s (perhap s a s 
interrupts )  t o th e attentio n o f  th e consciou s "rational "  processor , 
whic h the n ma y decid e t o generat e ne w goals ,  reprioritiz e existin g 
goals ,  o r  ignor e th e interrupts .  Essentially ,  th e continuou s 
monitorin g o f  possibl e source s o f  goal s necessaril y  force s on e t o 
fac e th e issu e o f  focu s o f  attention ,  a n issu e tha t  ca n b e safel y 
ignore d onl y a s lon g a s a n externa l  entit y provide s al l  goal s an d 
thereb y limit s distractin g factors .  I n fact ,  th e single-minde d pursui t 
of  a  smal l  se t  o f  externall y impose d goal s determine d a  prior i 
obviate s th e nee d t o refocu s attentio n dynamicall y a s n o 
unforesee n happening s wil l  b e noticed .  Conside r  a  present-da y A l 
plannin g syste m deciding ,  fo r  example ,  h o w t o stac k blocks .  W h e n 
face d wit h a n externa l  threa t  o r  a  greate r  need ,  i t  wil l  no t  hav e th e 
sens e t o abando n o r  postpon e It s  presen t  task ,  generat e an d 
pursu e a  mor e appropriat e goal ,  an d thereb y chang e th e curren t 
focu s o f  attention . 

Rathe r  tha n attemptin g th e formidabl e tas k o f  characterizin g th e 
spac e o f  plausibl e cognitiv e model s capabl e o f  directin g thei r  o w n 
attention ,  an d respondin g t o changin g event s b y generatin g thei r 
o wn se t  o f  appropriat e goals ,  le t  u s focu s o n th e mor e tractabl e 
subproble m o f  explorin g variou s mechanism s capabl e o f 
generatin g goal s dynamically. *  Fro m a  psychologica l  standpoint , 
an obviou s sourc e o f  goal s i s th e interna l  physiologica l  stat e o f  th e 
plannin g agent :  Hunge r  lead s t o th e goa l  o f  satiatio n o f  hunge r 
physica l  exhaustio n lead s t o a  desir e fo r  rest .  Fro m a n A l 
standpoin t  a n equall y obviou s sourc e o f  goal s i s th e plannin g 
syste m itsel f  generatin g subproblems ,  wit h th e associate d goa l  o f 
solvin g th e subproblem .  Fo r  instance ,  a n A l  planne r  m a y decid e 
tha t  give n th e externall y impose d goa l  o f  "satiat e hunger" ,  i t 
shoul d firs t  locat e food ,  the n transpor t  itsel f  t o tha t  location ,  the n 
inges t  th e food .  Eac h o f  thes e steps ,  i f  no t  immediatel y executabl e 
i n th e externa l  world ,  generate s a  subgoa l  requirin g additiona l 
plannin g (e.g. ,  locatin g foo d generate s th e subgoei l  o f  knowin g th e 
locatio n o f  th e food ,  whic h the n ma y lea d t o searchin g o r  asking , 
etc. )  Ther e are ,  however ,  mor e comple x source s o f  goals . 
Schan k an d Abelso n postulat e a  se t  o f  theme s a s goa l  generator s 
whos e interna l  structur e remain s a  virtua l  blac k box .  Fo r  instance , 
th e lov e them e generate s th e goa l  o f  protectin g one' s love d ones . 
Unlik e othe r  aspect s o f  Schan k an d Abelson' s theor y o f 
representatio n an d understanding ,  thei r  treatmen t  o f  theme s doe s 
not  provid e a  ver y satisfyin g analysis ,  i n tha t  i t  neithe r  postulate s a 
computationa l  mechanis m fo r  h o w thes e theme s operat e o r  ar e 

In ihi s argumen t  I  d o no (  mea n t o impl y tha t  al l  ttieone s o f  emotio n o r  eve n 
theorie s o t  huma n miellKjenc e mterê ttn g t o Al  tjractittotier s ai e necessaril y base d 
on goal s an d thei r  unrcitntin g pursuit .  I  a m merel y notin g tha t  theorie s precis e 
enoug h t o resul t  i n operaiiona l  proces s model s ( e g .  Al  proqrams )  incorporatin g 
signihcan t  aspect s o l  huma n cognitio n hav e ttw s ta r  bee n rl«penden t  o n goal s an d 
tti e implici t  principl e o f  rationa l  behavior . 
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acquired ,  no r  doe s i t  attemp t  exhaustiv e coverag e o r  broa d 
samplin g o f  cognitivel y plausibl e goa l  generators .  Here ,  v̂ e pursu e 
th e latte r  goa l  wit h th e longe r  rang e objectiv e o f  eventuall y 
developin g computationa l  mechanism s tha t  giv e ris e t o goal s I n 
th e contex t  o f  a  complet e cognitiv e model . 

3.  Toward s a  Taxonom y o f  Goa l 
Generator s 

Let  u s agai n pos e the  centra l  question :  Wher e d o goal s c o m e 
from ? However ,  rathe r  tha n examinin g th e literatur e fo r  possibl e 
answer s a s I  attempte d above ,  le t  u s enumerat e an d categoriz e 
possibl e goa l  generator s i n humans .  I t  appear s tha t  th e followin g 
genera l  categorie s cove r  a  larg e range ,  i f  no t  th e entir e spac e o f 
goa l  generatofs : 
1. Internal physiological state changes 

2. Mental (e.g., emotional or attitudinal) state changes, possibly 
accompanie d by ,  o r  resultin g fro m physiologica l  stat e change s 

3. Knowledge state changes 

4. Perceptions of changes in the external world 

5. Socially imposed goals or constraints on the individual 

6. Instrumentality (i.e., goals generated purely in service of other 
goals ) 

Examining this list, several observations become readily 
apparen t 

• General coverage is indeed attained, in the sense that goals 
typicall y attribute d t o peopl e ca n b e coerce d int o a 
combinatio n o f  on e o r  mor e o f  the  categorie s above . 

• This list is of very little use in developing a process model, as it 
lack s commitmen t  t o an y line-structur e detail }  Generalit y i s 
not  th e onl y metri c on e shoul d appl y i n judgin g the  utilit y  o f  a 
theoretica l  concep t 

• The classification itself does not necessarily suggest that a 
unifor m mechanis m operate s withi n eacl i  categor y givin g ris e 
t o th e se t  o f  goal s thu s groupe d together .  Therefore ,  i f  th e 
analysi s i s  t o b e usefu l  i n constructin g a  predictive , 
psychologicall y plausible ,  proces s model ,  th e categorizatio n 
must  b e motivate d mor e strongl y b y th e processe s tha t  operat e 
i n generatin g th e classe s o f  goal s groupe d together . 

Bearing these concerns in mind, let us construct a more 
detaile d categorizatio n motivate d b y  commitmen t  t o finer-
structur e detai l  o f  the  processe s tha t  generat e goals ,  an d le t  u s 
plac e les s emphasi s o n globa l  genersUit y a t  thi s stag e o f  th e 
investigation .  I n th e taxonom y o f  goa l  generator s presente d 
below ,  th e hierarchica l  structur e i s  meaningful ,  a s  ar e th e 
suggeste d mechanisms ,  bu t  th e orde r  i n whic h th e categorie s ar e 
liste d i s quit e arbitrary . 

1 INSTRUI^ENTAUTY 

a. Direct instrumentality •• Given a higher level goal, 
subgoal s or e generate d b y th e plannin g o r  proble m solvin g 
proces s wheneve r  a  ste p i n th e pla n t o achiev e th e highe r 
leve l  goa l  i s  no t  directl y realizable ,  an d henc e require s 
additiona l  directe d planning .  Thes e goal s correspon d t o 
Schan k an d Abelson' s "delt a goals "  [IS] . 

b. Derived or indirect instrumentality -- Secondary 
goal s instrumenta l  t o th e achievemen t  primar y goal s aris e 
throug h severa l  mechanism s i n additio n o f  stric t  sut>goa l 
instrumentality ,  t o wi t 

i .  I n th e proces s o f  plannin g t o achiev e mor e tha n on e 
pnmar y goal ,  conflict s ma y aris e amon g activ e goal s o f 
th e planne r  givin g ris e t o meiagoal s [19 ]  o f  resolvin g 
th e interna l  goa l  conflic t  i n orde r  fo r  th e planne r  t o 
achiev e al l  (o r  th e mos t  crucia l  subset )  o f  hi s primar y 
goals .  Typicall y thes e conflict s ar e base d o n resourc e 
limitations ,  includin g limitation s o n th e tim e tha t  th e 
activ e planne r  ca n devot e t o a  particula r  se t  o f  tasks . 

ii. In the counterplanning process [4, 5], Instrumental 
goal s o f  assurin g tha t  a n adversar y canno t  (o r  wil l  not ) 
thwar t  a n otherwis e viabl e pla n aris e frequently .  Thes e 
are  no t  tru e subgoals ,  i n tha t  the y ma y pla y n o rol e i n 
achievin g th e primar y goal ,  bu t  rathe r  ma y b e directe d 
at  misleading ,  divertin g o r  negotiatin g wit h potentia l 
adversaries . 

Hi. Goal subsumption slates [19] arise when a primary 
goa l  recur s frequently ,  o r  man y primar y goal s shar e a 
c o m m on instrumenta l  subgoal .  I n essence ,  a 
subsumptio n stat e facilitate s th e achievemen t  o f  man y 
Instance s o f  pnmar y o r  instrumenta l  goals .  Hence ,  th e 
achievemen t  o f  a  desire d subsumptio n stat e t>ecome s a 
goa l  i n Itself .  A n Instanc e o f  a  subsumptio n stat e i s 
havin g a  stead y Income ,  thu s facilitatin g an y goal s 
requirin g money ,  an d aidin g social-statu s goal s a s well . 
Similariy ,  establishin g a n allianc e t o ai d i n futur e mutua l 
fulfillmen t  o f  differen t  primar y goals ,  o r  terminatin g a n 
adversar y relatio n ca n b e considere d subsumptio n 
goal s [5] . 

iv. Optimization of a plan, or saving mental effort while 
plannin g coul d b e construe d a s indirec t  instrumenta l 
goal s t o th e primar y objective . 

2. INTERNAL DRIVES these may be considered 
psychologicall y inat e goal s i n a n individua l 

a. Cyclic physiological drives •- these are goals 
generate d I n respons e t o interna l  physiologica l  state s tha t 
chang e wit h a  certai n periodicity .  A  cognitiv e mode l  ma y 
trea t  th e mechanis m tha t  generate s basi c drive s o f  thi s sor t 
as a  blac k box .  Schan k an d Abelso n labe l  thes e "Sigm a 
goals" .  A  partia l  enumeratio n o f  cycli c physiologica l  drive s 
includes : 

1. Satiation of hunger 
ii. Satiation of thirst 
iii. Desire for rest or sleep 
iv. Desire for sexual activity 
b. Non-cyclic physiological drives •- these occur 

primaril y i n respons e t o advers e change s i n th e 
environment ,  an d perhap s shoul d als o b e considere d a s 
blac k boxe s whe n constructin g a  cognitiv e model .  Thes e 
goal s hav e n o correlat e i n th e Schan k an d Abelso n 
taxonomy .  A  representativ e samplin g includes : 

i. Self-preservation (in response to overt threats) 
ii. Protection of one's offspring (again in response to 

over t  threats ) 
iii. Seeking warmth (if the external temperature drops) 

iv. Satisfying curiosity (e.g., in response to unexpected 
externa l  events ) 

V. Seeking companionship (in its absence) 

3. SOCIAL GOALS - These are goals that arise by virtue of 
interactio n wit h othe r  member s o f  th e species . 

a. Semi-autonomous social dynamics -- these goals 

^ e reade r  i s referre d t o (h e "Worl d Modeller' s Proiect "  (8.7 ]  lo r  a  discussio n 
ol  a  genera l  expcrimenla l  svsle m tha i  simulate s a  reactiv e environmen t  i n wtiic h 
one may bui U simpl e pUnmno system s Uu l  mus t  cop e will i  ctiaiige s i n th e 
environment .  Suc h a  syste m i s a n CKpefimoni.n l  too l  tha t  e«pcdile s researc h an d 
ihed s liyli l  o n signilican i  problem s no t  herplofor e investigate d m th e appropriat e 
coniext .  (Suc h problem s includ e th e topi c o l  thi s paper. ) 
192 

Sloman argue s convincingl y tha t  evaluatin g a  theor y b-ise d solel y o n breadt h 
ot  coverag e an d predictiv e generalit y ignoie s issue s o f  interna l  structur e an d 
coinmilnien t  l o detail ,  whic h olte n dilfcrenliat e usefu l  Iheoiic s fro m genera l  truism s 
(171 . 
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appea r  t o requir e n o explici t  learning ,  bu t  aris e onl y i f  a n 
individua l  interact s wit h othe r  member s o f  th e species . 
Again ,  thes e goal s hav e n o direc t  correlat e i n Schan k an d 
Abelson' s taxonomy .  Type s o f  semi-autonomou s socia l 
goal s include : 

i. Simple socieU ambition (e.g.. become the king of the 
hill ,  o r  th e leade r  o f  th e pack ,  o r  th e respecte d 
medicin e man ) 

ii. Property ownership, acquisition and protection from 
other s (Ther e ca n b e n o meanin g t o ownershi p withou t 
th e notio n o f  restrictin g acces s t o other s o f  th e object s 
owned. ) 

iii. Protection of others within the social group from 
externa l  threat s (Thi s clearl y goe s beyon d protectio n o f 
sel f  o r  biologica l  offspring ) 

iv. Protection of the nature and makeup of the social 
grou p itsel f  (e.g .  fro m othe r  member s o f  th e specie s 
w ho ma y pos e n o threa t  t o individual s withi n th e socia l 
group ,  bu t  pos e a  threa t  t o th e establishe d socia l  order ) 

V. Jealousy, wanting something merely because 
anothe r  memtje r  o f  th e socia l  grou p ha s acquire d i t 

vi. Avoid banishment by the social group 

b. Socially taught or imposed goals - unlike the 
previou s category ,  thes e goal s var y acros s socia l  group s 
withi n th e species ,  an d therefor e mus t  b e learne d b y 
individual s (fro m observatio n o f  mor e matur e member s o f 
th e socia l  group ,  o r  b y direc t  instruction) .  Her e I  defe r  t o 
anthropologist s o r  socia l  psychologist s t o provid e a  mor e 
comprehensiv e list ;  th e followin g i s mean t  a s a n illustrativ e 
sample : 

i. Abide by the formal and unwritten laws of the society 
ii. Live according to the ethics and morals adopted or 

impose d b y th e societ y o n th e individua l 
iii. Contribute to the communal wealth and well being 

(i n s o m e societies ) 
iv. Seek to attain those qualities that comprise a metric 

of  statu s i n th e societ y (wealth ,  power ,  respect , 
wisdom ,  notoriety ,  etc .  dependin g o n th e psulicula r 
society ) 

4 ENJOYMENT GOALS - these correspond roughly with 
Schan k an d Abelson' s " E goals" . 

a. Direct (physiological) pleasurable experience 
••  thes e goal s overia p substantiall y  wit h cycli c an d othe r 
physiologica l  Qoal s discusse d earlier ;  th e centra l 
distinctio n i s base d o n tn e circumstance s i n whic h the y 
aris e (e.g. .  th e motivatio n t o wal k int o a  ho t  tu b o r  a  stea m 
bat h dilfer s fro m th e motivatio n t o see k shelte r  i n frigi d 
weather ,  althoug h th e resultin g goa l  state s overla p i n term s 
of  th e physica l  stat e chang e sought) . 

i. Physical exertion for pleasure (as opposed to exertion 
instrumenta l  t o othe r  primar y goals) ,  suc h a s exercise , 
some form s o f  children' s play ,  etc . 

ii. Direct sensual gratification (such as eating lor 
pleasur e i n "gourmet "  dining ,  tactil e gratification ,  etc. ) 

iii. Aesthetic gratification (such as enjoying a painting, a 
sunset ,  a  concert ,  a  goo d novel ,  etc. ) 

b. Derived psychological pleasure -• satisfaction of 
most  non-trivia l  goal s yield s a  measur e o f  resultan t 
pleasure ,  bu t  som e goal s appea r  t o b e cause d b y n o 
interna l  o r  externa l  reaso n othe r  tha n experiencin g thi s 
measur e o f  indirec t  pleasure .  Fo r  Instauice : 

i. Vicarious pleasure (role playing, identification with 
character s i n movies ,  novel s o r  sportin g events ,  etc. ) 

ii. Acquisition of knowledge for Its own sake, when the 
knowledg e i s no t  instrumenta l  t o an y primar y goeils ,  no r 

i s it s presenc e a  realisti c subsumptio n stat e (e.g. , 
assorte d trivia ,  hal f  o f  th e feature s storie s i n 
newspaper s an d magazine s tha t  bea r  n o impac t  o n an y 
conceivabl e goa l  o f  th e reader ,  intellectua l  curiosity , 
etc. ) 

iii. Acquisition of objects for their own sake (For 
instance ,  mos t  stam p an d coi n collector s ar e no t 
primaril y motivate d b y th e prospec t  o f  makin g mone y 
fro m thei r  collections ,  bu t  rathe r  amassin g an d 
classifyin g thei r  preciou s object s become s a n en d i n 
itself. ) 

5. MENTALLY-DERIVED GOALS - these are goals resulting 
fro m deliberat e reasonin g processes ,  including : 

a. Goals arising from mentally deduced information (as 
oppose d t o directl y observe d information) .  Thes e goal s 
may bea r  similarit y i n conten t  wit h previou s goals ,  bu t  no t 
i n thei r  metho d o f  inceptio n (suc h a s decidin g tha t  th e 
disturbanc e i n th e campsit e coul d hav e bee n cause d b y a 
grizzl y bear ,  an d henc e activatin g th e self-preservatio n 
goal) . 

b. Goals arising from the result of purposeful reasoning 
(suc h a s decidin g o n a  particula r  caree r  t o pursu e afte r 
much thought) .  Thes e ar e no t  instrumenta l  goals ,  bu t 
ofte n long-rang e personal-objectiv e goals . 

4.  Concludin g Remar k 
The goa l  categorizatio n above ,  howeve r  imperfec t  o r 

incomplete ,  i s  offere d a s a n initia l  ste p toward s developin g 
effectiv e model s o f  th e goa l  acquisitio n process ,  an d thereb y 
eventuall y creatin g mor e complet e model s o f  huma n cognition . 
Subsequen t  t o th e postulatio n o f  a  particula r  taxonom y motivate d 
by plausibl e source s o f  th e variou s classe s o f  goals ,  I  inten d t o 
focu s o n modelin g explicitl y  a  plannin g agen t  tha t  acquire s it s  o w n 
goal s £in d refocuse s it s attentio n i n a n interrupt-drive n manner . 
Th e Worl d Modeller s projec t  offer s a n amenabl e environmen t  i n 
whic h t o creat e progressivel y mor e complex ,  cognitivel y plausibl e 
model s tha t  interac t  wit h a  simulate d environment . 
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